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SILICON COMPILATION COMPANIES:
MISSIONARIES, MERCHANTS, AND DESIGN BROKERS

In Dataquest's CCIS Research Newsletter, "Silicon Compilation:
Market, Myth, or Methodology," we discussed how, despite many misconcep-
tions, a cell-based design methodology called silicon compilation is
entering the integrated circuit (IC) CAD market. We defined two types of
silicon compilation capability: silicon compilers and compiler
generators. The increased support required by users of this unfamiliar
methodology often blurs the roles and responsibilities of those companies
providing design tools and design services and those companies actually
fabricating the chips. Does silicon compilation consist of design tools,
design libraries, design services, or finished silicon? To address this

. dilemma, this newsletter will focus on the following issues:
® Commercially available compilation products
* Compilation vendors and their role in the market
° Dataquest's analysis of related issues
PRODU!

Dataquest defines silicon compilation as two basic types of design
tools: silicon compilers and compiler generators (see Figure 1). These
two product types differ functionally in the level of silicon expertise
required of users and also in their targeted markets. And, as the
markets for these products mature, vendors are more clearly delineating
product offerings to express these differences.

. © 1986 Dataquest Incorporated September--Reproduction Prohibited
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S8ilicon compilers such as Chipsmith from Lattice Logic, the
Concorde C3 and C4 from Seattle Silicon Technology (SS5T), and Genesil
from Silicon Compilers Incorporated (SCI}) are targeted at the system
engineer who is a novice chip designer. Such tools allow system
engineers the ability to automatically design application-specific
integrated circuits (ASICs), $Silicon compiler programs offer a user
access to design “data books" or libraries containing the process rules,
primitives, simulation models, and physical design information.

To design the chip, users select the desired functions from a menu
and f£ill in a form with their design-specific requirements. The modified
functional blocks are then either manually or automatically placed and
routed. Ideally., users will be able to "shop” their designs around,
comparing costs and design output of different foundries.

We have observed that compiler vendors Lattice, SCI, and SST target
their products at system houses and ASIC houses. Additionally, for those
companies ' with in-house IC designers wishing to expand compiler
libraries, these vendors offer compiler generator tools, such as S8CI's
Genesis and S8T's Concorde (€5, which contains 8ST's SLIC design
language. Lattice offers Shapesmith, mask data preparation software, as
an adjunct to its compiler.

In contrast, compiler generator tools offered by SDA Systems and
Silicon Design Labs (SDL) are aimed directly at the silicon-sophisticated
IC designer in either the system house or semiconductor company. This
user's goal is more efficient IC design, To such a user, compiler
generators represent a more evolved IC design methodology than that of
geometry-hbased, polygon  pushers. Compiler generators offer many
improvements, such as providing the structural means of capturing the
original intent of a design for future reuse by a compiler. Compiler
generators facilitate library development, and, in contrast with polygon
pushers, are wnique in their ability to combine electrical and geometric
information. The design information is in a more intelligible,
accessible, and recompilable format than designs completed with
traditicnal IC CAD systems, {(When we refer to compiler generators aimed
at the hard-core IC designer independent of front-end silicon compiler
considerations, we mean such products as SDL's GDT and SDA's ChipEdge.)

Both GDT and ChipEdge allow design specification through either
schematics or language. SDL's GDT consists primarily of a desigm layout
language called L, a hierarchical data hase, and L-sim mixed-mode and
behavioral simulater. SDA Systems offers its SKILL design language to
control the leaf-cell structure compiler of ChipEdge.

Figure 2 lists the major compiler products and vendors. Profiles of

the sixz major vendors of commercial compilation products can be found in
Tables 1 through 6.
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COMPANIES

Probably mere confusing than the concept of silicon compilation
itself is figuring out who the compiler players are and how they fit into
the overall IC CAD market. Are they CAD vendors or design brokers? For
example, SCI, SDL, and SST have alliances with EDA vendors Daisy, Mentor,
and Valid. The marketing ohjectives of some compiler companies have
undoubtedly undergone revision, as their preoducts find their way to
customers.

Some silicon compiler vendors offer design services in addition to
the usual c¢ustomer suppert. SCI and SST, for example, each consider
design brokerage to be a substantial c¢omponent of their businesses, and
Seattle Silicon has even conceptualized it as its first silicon product.
SS8T, which began business as a design house, refers to the design service
portion of its business as First Silicon Services. However, Dataquest
considers silicon compilers and related technology libraries to be the
primary bhusiness of these companies.

VLSI Technology Incorporated (VTI), an ASIC house and standard cell
market leader, sells compilation tools hased on its own cell libraries in
addition to its design and manufacturing services. VTI's tools include
compilers and libraries of standard cells and compilable cells. We
believe that a company such as VTI would have no reason to market
compiler generator capability. Other foundries, such as Cirrus Logic,
Gould-AMI, and LSI Logic, offer silicon compilation capability only as a
design service that they themselves perform.

We classify SDL and SDA as primarily compiler-generator vendors,
although SDL markets some libraries created with its compiler-generator
tools. SDL's announced strategic direction, however, is toward the
eventual offering of a full-fledged silicon compiler. SDA, in contrast,
currently sells no libraries, only the tools to develop them. SDA views
its business as providing a wide range of IC CAD tools, such as a layout
editor, automatic place and route, and design rule checking, in addition
to its compiler generator.

DATAQUEST ANALYSIS

The growth of the ASIC market is fueling the demand for more
auntomated IC CAD tools. However, questions of design responsibility and
gquarantees of manufacturability remain problematic for both IC manufac-
turers and end users. IC companies want to know who will guarantee a
compiler's design 1library. End users wonder who should provide design
support.

Almost by definition, silicon compilers stand as the interface
between silicon manufacturers and end users. At present, chip manufac-
turers foresee mnothing but problems with users supplying their own
layout, And, wunquestionably, compilation is limited by the silicon
expertise available to the silicon compiler company. The designs



available on compilers have necessarily been generalized to guarantee
working silicon. Efficiency in terms of speed and silicon utilization
has also been sacrificed as part of this generalization.

Dataquest believes that vrelationships with IC companies are
absolutely critical to the success of silicon compilation. Close links
between the chip manufacturers and tool wvendors will mean reasonable
guarantees of manufacturability to end users without sacrificing speed or
silicon utilization. We can easily foresee more players addressing this
problem, It is not difficult to envision a market niche opening for
library development companies supplying foundry-specific and/or tech-
nology-specific compiler libraries.

Support remains a critical and cost-intensive part of a compiler
company’s business. Branching out into design services may seem to be
the only logical business alternative to operating in the red. However,
Dataguest believes that if compilation is to move from a visionary
methodology to a commercially viable product, the tools themselves will
have to fulfill their original promise and stand on their own., In our
opinion, this means increasing degrees of automation and more specific
design expertise incorporated in the tools themselves,

Tony Spadarella
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Figure 1

COMPILER GENERATORS AND SILICON COMPILATION
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Figure 2

SILICON COMPILATION VENDORS AND PRODUCTS
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Headquarters:
Founded:
Origins:
Fundings

Participants:

Compiler Products:
Delivery:
CAD Alliances:

IC Alliances:

Hardware Platforms:

1985 Revenue:

Table 1

LATTICE LOGIC LIMITED

Edinburgh, Scotland (U.K.)
1982

University of Edinburgh
Hot disclosed

East of Scotland Investors (ESII), Investors In
Industry (III)

Chipsmith

Turnkey or unbundled

VIA Systems

European Silicon Structures (ES2), FELA
(Switzerland), Ferranti, Hughes (U.K.), IMP,
Lasarray, Newmarket Micro Systems

Apollo, Digital, IBM, Sun, Whitechapel

$1 million

Source: Dataguest
September 1986



Headquarters:
Founded:

Origins:

Funding:

Participants:

Industrial Sponsors:

Compiler Products:
Delivery:

CAD Alliances:

IC Alliances:
Hardware Platformst

1985 Revenue:

Table 2

SDA SYSTEMS

Santa Clara, California
1983

National Semiconductor and University of Californmia
at Berkeley

1983--$6 million (industrial sponsors), $4.5 million
1986--%$8.3 million

Alain Patricof and Associates, Applied Technology
Partners, Continental Capital Ventures, Sand Hill
Financial Company

General Electric, Harris Corporation,

L. M. Ericsson Telephone Company, National
Semiconductor

ChipEdge

Turnkey or unbundled

None

None

Apollo, Digital, Hewlett-Packard, Masscomp, Sun

$2 million (includes all products)

Source: Dataguest
September 1986




Table 3

SEATTLE SILICON TECHNOLOGY (SST)

Headquarters: Bellevue, Washington

Founded: 1983

Origins: Boeing Aerospace

Funding: Through 1984--87 to $8 million

Through 1985--$6.2 million
Through 1986--$6 million#*

Participants: Canadian Enterprise Development Corporation,
Hambrecht and Quist, the Hill Partnership,
Norwest Venture Capital, Paragon Partmners,
Prudential-Bache High Technology Research Fund¥,
Rainier Venture Partners

Compiler Products: Concorde Blue Chip Series: C3 (design entry),
C4 (compiler), and CS (compiler generator):
First Silicon design services

Delivery: Software only

CAD Alliancest Mentor Graphies, Tektronix-CAE, Valid Logic
IC Alliances: IMP, Motorola, HCR, Orbit, VTI

Hardware Platforms: Apollo, Digital, Sun

1935 Revenue: $1 million (includes OEM and design services)

#R&D funding; nonequity position

Source: Dataquest
September 1986




Table 4

SILICON COMPILERS IRCORPORATED (SCI)

Headquarters: San Jose, California
Founded: 1981
Origins: Intel, California Institute of Technology,

Scientific Calculations

Funding: 1981--$1 million
1983--%13 million
1985--$6.3 million

Participants: General Electric Venture Capital, Kleiner Perkins
Caulfield and Byers, L. F. Rothschild, Morgan
Stanley, Robertson Colman Stephens

Compiler Products: Genesil (compiler), Genesis {compiler generator)
Delivery: Turnkey

CAD Alliances: Daisy Systems, Mentor Graphics

IC Alliances: U.§.-—Genaral Electric¢, Gould-AMI, Honeywell,

IMP, Mosis, Motorola, National Semiconductor,
NCR, SEEQ, VIC, VII
Europe--AMI-Austria, Matra, SGS8
Japan~-Ricch
Hardware Platforms: Apollo, Digital

1985 Revenue: $10 million (includes design services)

Sourcet Datagquest
September 1986
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Table 5

SILICON DESIGN LABS (SDL)

Headguarters: Liberty Corner, New Jersey

Founded: 1984

Origins: ATT/Bell Laboratories

Funding: $10.9 million

Participants: Menlo Venture Partners, Welsgsh Carson Anderson and

Stowae, Technology Venture Investors, Battery
Ventures, Merrill-Lynch Venture Capital,
Technology Funding Inc., Crown Advisors

Compiler Products: GDT (compiler generator development tools),
SDL2000 (microprocessor compiler)

Delivery: Turnkey or unbundled
CAD Alliances: Daisy Systems, Mentor Graphics, Tangent
{Intergraph)
IC Alliances: Not applicable
Hardware Platforms: Apollo, Digital, Sun
19385 Revenue: Less than $1 million
Source: Dataguest
September 19386
=11 -




Headquarters:
Founded:
Origing:
Funding:
Participants:

Compiler Products:

Delivery:

CAD Alliances:

IC Alliances:
Hardware Platforms:

1985 Revenue:

Table 6

VLSI TECHNOLOGY INCORPORATED (VTI)

San Jose, California

1979

Synertek

$10 million (publicly held)

Bendix, Hambrecht and Quist, Olivetti, Rothschild

Datapath, logic, and cell compilers; megacell
libraries

Software only

Mentor, Daisy, Hewlett-Packard, SCI

Fairchild, VTI

Apollo, Digital, ELXSI, Hewlett-Packard, Ridge, Sun
$20 million (includes design services and NRE)

Source: Dataquest
September 1986
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THE 23RD DAC: S0 WHAT'S NEW?

INTRODUCTION

The relative maturity of the electronic CAD/CAM (ECAD) industry
demonstrated at this year's Design Automation Conference (DAC), and the
seeming lack of flash, overhyped new products, led many attendees to
ask: “So what's new?" What's new is precisely this maturity,
represented, in our opinion, by the nature of what was shown and
announced. There were a large number of announcements relating to the
broadening of product lines by means of increased functionality and new
hardware and software platforms, as well as synergistic agreements
relating to joint marketing and development, and to technology transfers.

23rd DAC. We present the companies who were at the DAC in alphabetical
order. We have also included a floor map of the show as a graphic
illustration of the ECAD Industry in 1986.

. This newsletter highlights major announcements by exhibitors at the

(For a complete analysis by Dataquest of the significant trends and
directions evidenced at the show, please refer to newsletter No. 20,
“"ECAD Industry Settles Down to Business, Not Las Vegas," dated July 1986).

COMPANIES

AIDA

Newcomer AIDA Corporation unveiled its AIDA Design System and ATPG
automatic test pattern generator at this year's DAC. Aimed at designers
of large, complex multiboard and multichip systems, AIDA Design System is
an end-to-end turnkey product, offering facilities for design and
analysis, rule checking, test, and fault simulation. AIDA claims its
system can handle more than 250K gates at 5 million evaluations per

. © 1986 Dataquest Incorporated August--Reproduction Prohibited
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second. The AIDA System Simulator Accelerator incorporates logic
simulation that operates on a levelized compiled code basis and is
event-driven. The AIDA Design System currently runs on an Apollo
workstation and, including the CoSimulator Accelerator, is priced at
$140,000. An upgrade for Apollo users is available at $85,000.

Analog Design Tools (ADT)

ADT, in addition to demonstrating its Analog Workbench scftware on
Apollo, BHP, IBM PC AT, and Sun workstations, made the following
announcements at the DAC:

* ADT introduced Smoke Alarm, a new module for automatically
evaluating the operating conditions of all ecirecuit elements,
including passive components, semiconductor devices, and power
supplies, warning designers if any components fall outside safe
operating areas. Smoke Alarm is based on ADT's SPICE PLUS
simulation software and runs on all versions of the Analog
Workbench. Available now, the Smoke Alarm's price is $10,000 on
Apollo, HP, and Sun hardware, and $6,000 on the IBM PC AT,

* ADT and linear ASIC developer Micro Linear Corporation signed a
joint marketing agreement, whereby Micro Linear will integrate
both its micro and macro cell libraries with ADT's Workbench
product.

. ADT signed an agreement with Data I/0 Corporation's FutureNet
division, under which FutureNet will license ADT's PC Workbench
design software, and will market the new DASH-Analog Workbench
based on it, beginning in third quarter 1986,

ADT's agreement with FutureNet, as well as its numerous agreements
with companies such as Hewlett-Packard, reflect the company's strategy of
increasing its distribution channels by adapting its products teo industry
standard hardware and software platforms.

11 g

Apollo announced a new, four-tiered Solution Supplier Program
designed to deliver third-party applications to Domain System users. The
program is structured as follows:

- Software/Hardware Supplier Program: Allows the supplier access
to discounted Apolloc development and demonstration equipment,
Apollo sales leads referrals, field technical support, entry
into Apollo's catalog of applications and summary updates,
referral in sales training, and other marketing resources.



b Impact Program: Allows suppliers to share in features of the
Software/Hardware Supplier Program and to participate in
Apollo's corporate advertising, corporate technical support, and
other joint marketing and promotional activities.

* Impact-Plus Program: For suppliers who want to integrate their
solutions within the Apollo enviromnment. This program includes
focused efforts in the areas of product integration, technology
sharing with Apollo R&D, cooperative advertising, and other
merchandising tools as described in the Sceftware/Hardware
Supplier and@ Impact programs.

* Foresight Program: Offers suppliers new OEM contracts, access
to technical documentation and saource code, expanded technical
support, OEM sales training and communications, direct sales
literature and distribution, joint marketing efforts, and OEM
systems configurationms.

Apollo highlighted more than 85 EDA packages running on the newest
generation of Domain workstations including the DN3000 and the DNS70.
Applications shown  included  schematic  capture, simulation, and
verification for IC and PCB design.

Applicon

Recently reorganized Applicon introduced Brave3 software, which
inecludes schematic capture, analysis, and physical layout for PCB and
VLSI applications. Bravol software components include the following
features:

A4 Schematic capture includes a set of component catalogs and
generic logic symbols, and allows the creation of user-defined
libraries. It supports multiple levels of design hierarchy with
multiple sheets and simulation data available at each level.

® Logic analysis includes an Iintegrated logie, timing, and fault
simulator providing network modeling at gate, functional, and
hehavioral levels,

L Layout can be performed using either the automatic or
interactive capabilities, or a combination of the two. Tools
include schematic analysis, gate packaging and placement,
routing, and design verification.

Also demonstrated were the company's MCAE software which allows for
mechanical analysis of electronic components without reentering data, and
the Bravo3d 4670 graphics terminal. The 4670 comes with 1,600 x 1,200
pixel resolution, 1,793 colors, 3D display list capabilities, and solids
modeling and shaded image generation,



Cadam
Cadam demonstrated the following recently announced productst

. The Military Electronic Devices Data Base provides comprehensive
military specification device information with cross-reference
indices covering parts by generic/industry, government, and
HSN designations.

. The Discrete Semiconductor Data Base covers directed and
suggested replacement information on more than 100,000
transistors, diodes, thyristors, optoelectronic devices, and
microwave devices, and offers alternate source information for
more than 100 manufacturers.

* The Integrated Circuit Data Base 1lists direct and suggested
replacements for more than 50,000 devices provided by
approximately 100 manufacturers as well as generic substitution
details on 150,000 digital, interface, microprocessor,
audio/video, linear, and memory ICs.

These three products are designed for use with either IBM 5080 graphic
display terminals running CADAM or with alphanumeric display terminals.

In addition to the three data bases, Cadam alse showed Thermal
Analysis, a software package that provides computerized evaluation of
thermal properties associated with the design of PCBs. The new package
expands upon the foundation provided by Interactive Prance CADAM (IPC).
Once IPC has completed placement, Thermal Analysis gquantifies related
heat dissipation characteristics.,

The company also announced that it has expanded its software product
offering with the addition of Digital Circuit Simulation, a product that
applies computer modeling techniques to the testing and analyzing of
electrical and electronic components, Digital Circuit Simulation
integrates CADAT logic, timing, and fault simulation into the CADAM
interactive graphics enviromment, allowing PCBs and ICs to be tested and
debugged in software. Digital Circuit Simulation is drivea by the
standard CADAM user interface. It is also fully integrated with CADEX
for schematic and wiring diagram extraction, and with IPC for PCB layout.

Cadnetix

Cadnetix introduced the GP Engine, a general-purpose accelerator
hased on the MIPS Computer Systems®' R2065 Series component kit, The
8-megahyte single-card accelerator, designated the CDX-760, utilizes RISC
technology and features a floating-point processor, cache memory, and
facilities for paralle)l processing., Initial accelerated applications
available on the GP Engine will be SPICE and data base compilation for
$29,000. Data base compilation is priced at $5.000. The GP Engine and
Data base compilation will be available in fourth guarter 1986. A UNIX
operating environment with a C compiler and debugging utilities is priced
at $120,000, and will also be available in fourth gquarter 1986.

-4 -



The company alsc announced the new Analysis Engine processing node
with specific configurations including accelerated compilation,
simulation, and mass storage for data bhase management with up to a
280-Mbyte Winchester disk. The basis of the Analysis Engine is a chassis
with a MC68020 processor and an Ethernet LAN interface. Preliminary
configurations for the Analysis Engine include the bit-slice engine with
simulation and the GP Engine with compilation for §$94,800; physical
modeling and the GP Engine with compilation for $84,800; and the
bit-slice engine with simulation, the GP Engine with compilation, and
physical modeling for $127,900. The Analysis Engine will be available in
fourth quarter 1986.

Cadnetix also announced a licensing contract with Sun Microsystems
for Sun's Network File System protocols for the IEM PC family of products
and compatibles. The new contract is a follow-on to an earlier agreement
between the two c¢ompanies that allowed the implementation of NFS on
Cadnetix's proprietary hardware.

Cadre Techpologies

Cadre demonstrated new real-time and structured design versions of
its Teamwork computer-aided software engineering (CASE) products on a
variety of workstations, including the Apollo, IBM RT PC, and Sun-2 and
Sun-3. The new Teamwork products are:

. Teamwork/RT: A real-time system analysis environment that
extends Cadre's original Teamwork/SA product te provide
real-time or contreol flow analysis for engineering, process
control, and embedded systems applications.

. Teamwork/SD: A systems design environment with enhanced
coordination and communications during software design and
coding.

Cadre is planning te offer its Teamwork products on a Digital
Equipment workstation in fourth quarter 1986.

Caeco

Utah-based start-up Caeco Inc. made its debut at the 23rd DAC,
demonstrating its schematic capture Caepac II package. Caeco's products
run on Apollo DNS70 and Sun 3/160C workstations. Caeco also announced
the following two new products:

. The Layout Design System, a full-custom IC layout software
package, offers a Process Definition File (PDF) that eliminates
duplication throughout the data base.

* Real-time Design Rule Checking allows users to c¢reate design
rule correct devices symbolically. It checks relational spacing
between devices and interconnect as the designer works.



The company recently received $2.6 million in venture funding from
Kleiner Perkins Caulfield and Buyer along with Adler and Company. Caeco
Plans to use the funds to expand its product offering in the VLSI design
market.

Caedent Corporation

Caedent announced the Tegas-to-IntelliTest Interface, the first of a
series of interfaces that will enable its interactive Intellitest
design~-for-test software. The interface reads TDL circuit netlist files
and Tegas simulation output files. The data in these files are then
processed and formatted by the interface. The interface outputs files
containing the c¢ircuit information in a form that c¢an be used by
IntelliTest products. The Tegas-to-IntelliTest interface is available
now as part of the IntelliTest software, priced from $2,500 to $5,000 for
a personal computer-based system, and from $20,000 and uwp for larger
systems.

Calay Systems

Besides demonstrating the Calay V04 PCB system with autorouting and
the ZX100 PCB front-end design workstation product, Calay introduced the
following two new products:

. The Calay Hardware Autorouter, which takes advantage of a special
microprocessor to accelerate computer-intensive autorouting
routines

» The Calnet for Ethermet communications

Calma

Calma introduced its new Board Series of PCB design products. The
Board Series consists of three packages:

. Board Designer: Schematic capture, board geometry, autoplace-
ment, back annotation, and interactive editing; has a parameter-
driven constructive router, and a local rip-up and retry router.

. Board Editor: The same design and layout capabilities as Board
Designer with the exceptions of routing and CAM; designed for
use on the Apollo DN3000C, linked to the Designer for routing
and CAM functions.

L ] Board Expeditor: A routing node users may use to off-load

computationally intense tasks from either the the Board Designer
or Board Editor, freeing them for interactive work.

-6 -



The Board Series is currently available for the Apollo DN660,
DN3000C, DN570A and DFS90. Approximate prices are as follows: Board
Designer, §50,000; Board Editor Plus, $40,000; and Board Expeditor,
$75,000.

The company also introduced upgrades to its GDSII IC Design System,
The core GDSII system has been upgraded with a windowing capability that
enables users to view portions of the physical design concurrently with
the entire design. Other enhancements include:

» CustomPlus: A symbolic, hierarchical IC design package, that
provides a netlist-driven layout capabkility that allows users to
produce electrically correct physical designs directly from
logical information. CustomPlus alsc includes a point-to-point
router.

® TechPlus: An application package for the design of thick and
thin film hybrids and analog PCBs that supports through-hole,
chip and wire, reflow solder, TAB, cofire, flex, and microwave
techniques.

Upgraded GDSII systems are available for 90-day delivery. A Data
General DS4200-based GDSII/32 system with CustomPlus is priced at
approzimately $100,000.

Calma announced an agreement with S-MOS Systems and General Electric
Semiconductor whereby the latter companies' gate array and standard cell
libraries that run on Calma's Logic Series workstations (formerly Tegas
Station) will now be available through S-MOS and G.E. .The $S-MOS
agreement features a gate array family, and G.E. has both array and cell
products, The 1libraries provide schematic capture, functional
simulation, and worst-case delay analysis,

Cage Technology

Case Technology announced product enhancements involving a new
workstation platform, a new PCB router, and dJdesign rule check post
processing. Case's Vanguard design system includes SCALD-based tools for
schematic and PCB layout editing, logic and fault simulation, and timing
analysis. The following are some brief highlights of the Case
annocuncements:

. A new VAXstation II/GPX multitasking, color version of Case's
Vanguard design system, available concurrently with the
VhXstation I1/GPX and priced at approximately $%,500

. The CT2500 auntomatic printed circuit board (PCB)} router from
Academic Systems Incorporated



L PCB Design Rule Checker featuring netlist compare, spacing
checks, and graphic error reporting

* An enhanced version of Vanguard's schematic editor that allows
users to define their own electrical rules checks

All Case Technology products run on three hardware platforms, the
IBM PC, Microvax, and VAX, and software pricing varies accordingly. The
price of the Vanguard schematic editor Release 3.0 ranges from $5,200 to
$12,500, Pricing for the CT2500 ranges from $5,500 to $15,000, and for
the Design Rule Checker from $500 to $2,000.

Clarity Systems

Clarity demonstrated the  SuperSet 5000 Computer  Integrated
Engineering (CIE) system for VLSI design. Besides employing an
integrated data base approach, SuperSet 5000 includes the following
application modules:

L 4 StrucSet hierarchical schematic capture

E SimuSet mixed-mode, multilevel simulation

- TopSet hierarchical symbolic layout and compaction

. GluSet automatic generation of glue logic layout
- PlaSet antomatic PLA generation
. GeoSet cell library layout design and verification

Clarity defines CIE as Integrating design solutions around an
integrated design data base, a network of state-of-the-art workstations,
and an advanced interface. Clarity currently offers all Domain nodes
from Apollo.

Pl

te si

Computervision introduced its new Autoboard software running on the
recently introduced CADDstation. Autoboard is CV's PCE layout software
with support of surface-mount technology, high-density digital placement
and routing, and single- and multilayer routing., The new software was
demonstrated as part of CV's complete PCB design package, which includes
schematic capture, digital and analog logic simulation, and layout. The
CADDstation is based on the BSun-3 family of workstations. Typical
configurations come with 8 Mbytes of RAM, two B85-Mbyte disks, 1/4-inch
tape drive, applications software, and@ library transfer and is priced at
$80,000 per seat.



Control Data Corporation (CDC)

Computer manufacturer Control Data announced its agreement with
Gateway Design Automation Corporation to convert four digital 1logic
design programs to run on CDC Cyber 180 Series computers. Gateway's
products include: Verilog/Veriloy-XL, a mixed-level simulator;
Testgrade, a logic and concurrent fault simulator; and Testscan, an
automatic test pattern generation program for large digital circuits.

In addition to its agreement with Gateway, CDC announced the
following new agreements

] An agreement with Endot, Inc., to convert N.2 applications
software to run on CDC Cyber 180 computer systems. N.2 is
integrated systems level design software that provides CaAD
support of complex hardware/software systems, including VLSI
custom and semicustom chips, PCBs, and digtributed
multiprocessing systems.

* An agreement with Rockwell International to develop and market
high-density silicon-on-sapphire integrated circuits. Under the
terms of the agreement, a new gate array family will be marketed
by Rockwell that includes built-in, self-test facilities based
upon proprietary Control Data technclogy.

Convex

Convex Computer announced a patent cross-license agreement with Cray
Research under which the companies will exchange all their issued and
pending patents, The agreement permits both companies to use their
patented supercomputing technologies in current and future products.
Convex is a supplier of standalone computers, and the Convex C-1 is a
64-bit system with Cray-like architecture offering an estimated
one-fourth the performance of the Cray 1-§ at one-tenth the price.

Daisy Systems

Daisy's presentations at this year's DAC featured the Board Master
PCB design system, analog design products, and products aimed at a more
open systems apprcach than previously demonstrated by Daisy. A number of
enhancements, new products, and agreements were also announced, including
the following:

* The Personal Analog workstation: Performs design entry through
analog simulation on an IBM PC AT-based system. Personal Analog
comes with Daisy's DSPICE simulator, as well as a basic analog
library of more than 30 components. The Personal Analog
workstation plus DSPICE, Virtual Lab DSPICE user interface,
3.25 MBytes of RAM, a 30-MByte hard disk, a 80287 coprocessor,
and Daisy DNIX sells for $33,000, beginning in October,
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The PLD Master: Performs design, test, and simulation of
programmable logic devices (PLDs) on Daisy's Logician, Personal
Logician, and Megalogician workstations. First shipments are
scheduled for September 1986, The price, including ABEL,
PALASM, and AMAZE compilers, is $6,500,

The PMX FastBoard: Enhances Daisy's Physical Modeling Extension
(PMX) system by allowing designers to simulate systems using
advanced components, such as Intel's 80386. PMX FastBoard plugs
directly into all PMX chassis, and is priced at $§15,000,
available in September,

ACE and ACE PI: Previously announced new user interface, ACE
provides an advanced schematic editor graphies interface for
creating and editing schematics, as well as ACE PI procedural
interface to Daisy's schematic data base. ACE with the Daisy
Logic Simulator DLS Il will begin shipments in October. The
ACE PI price, including a support package, is $50,000 for a site
license, also beginning in October.

The VX Server Node: A file and peripheral server including
design management and operating support for Daisy-DNIX
applications and Digital Equipment VAX/VMS applications. Prices
for the VX Server start at $35,000, including a MicroVAX II and
Daisy's Design Manager software. it will be available in
October.

The Analog Verification Software (AVS): Allows designs to both
compile and simulate analog circuitry using Daisy's DSPICE
circuit simulator. Bundled with a MicroVAX II, AVS is priced at
$50,000 for single-user and $65,000 for multiuser configurations,
Its availability date is Qctcber,

The IC Layout Verification Software (IVS): A complete set of
postprocessing layout verification tools from ECAD, Inc.,
including both DRACULA I and II packages, as well as various
mask data generation formatters. 1Its price, with MicroVax 1I,
is $85,000, available in October,

Daisy and linear ASIC developer Micre Linear Corporation
announced an agreement whereby Micro Linear will port its array
cell libraries to Daisy workstations, thereby expanding Daisy's
series of analog simulation tools.

Daisy and Motorola announced a gate-array design kit called the
HCA62A00, featuring automatic place and route using Motorola's
2-micron HCMOS gate arrays. Motorola will market the kit for
$1.000 beginning in September.
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Data General

Computer manufacturer Data General Demonstrated its Technical
Electronic Office applications platform. The company was also showing
CEQ, its office automation software, as well as DG/STAGE, a
user-configurable windowing environment and menu manager shipped with all
DS/7000 workstations. Applications software demonstrated included:

* Electronic design automation software that uses an
object-oriented data base and features interactive logic
simulation

* CADAT 5 integrated logic, timing, and fault simulator by
HHB Systems

- AutoMate, a CAD system for designing hybrid substrates and PCBs
by Royal Digital Systems

. BLOCKS, a layout tool for interactive placement and routing of
complex ICs by DeNies Resources, Inc.

- Cameo II, a productivity management CIM system for semiconductor
manufacturers by Cameo Systems, Inc.

These applications will be supported by Data General systems
including the high-end ECLIPSE MV/Family superminicomputers and DS/Family
workstations.

Digital Equipment

Digital announced an agreement with Case Technology, Inc., to market
cooperatively Case's EDA software for Digital's VAX family of computers,
Case Technology's products available under the agreement are the CT4000
for the monochrome VAXstation II, and the CT5000 for the VAXstation
II/GPX color workstation, Both are part of the Case Vanguard Design
System series.

Digital also announced a two-screen configuration of the VAXstation
II/GPX workstation, The new configuration consists of two consoles
running on a single MicroVaX II processor with a floating-point unit,
5 Mbytes of memory (expandable to 9 Mbytes), a 71-Mbyte disk (expandable
to 3 disks), a 95-Mbyte streaming tape drive, an Ethernet controller,
Ultrix-32m and Ultrix32-w software license, {(two) 8-plane graphics
coprocessors, two 19-inch color monitors, two mice, two keyboards, and
{two) 25-foot monitor cables. It is priced at $48,700 and will be
available in August 1986, Upgrades to the two-screen version will be
available in August for $14,450 per additicnal screen,
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ECAD

Software supplier ECAD's big news at the DAC was its move into more
core application areas, including symbolic IC layout and printed circuit
board (PCB) CAD.

At the show, ECAD announced its new SYMBAD product, which consists of
a block place and router (SYMBAD/BPR} and symbolic layout software
(SYMBAD/XTR). SYMBAD/XTR allows IC designers to sketch transistors in a
manner similar to the way circuit designers, using schematic capture,
place and wire components. Compaction and productivity increases result
from allowing IC designers to work at the symbolic device level rather
than at the polygon level, SYMBAD employs a symbolic data base, and
accepts both GDSII and CIF input files, and works with DRACULA for design
rules verification.

ECAD also announced an OEM agreement with Intergraph Corporation for
marketing rights and technology transfer of ECAD's newly developed
automatic place and route software for designing printed circuit beoards,
Dataguest sees this move by ECAD out of its traditional verification
niche and into layout as a strategic effort to broaden its product
offerings towards more core design applicaticons. Although the details of
this joint effort were not disclosed, we estimate that the PCB offering
will be available sometime in first quarter 1987.

ECAD also was showing its peripheral applications produets, including
the following:

. A new hierarchical wversion 3 of the DRACULA design and
electrical rules checker (DRC/ERC)

L LAYDE layout verification system (LVS)
. SIMON circuit simulation

SYMBAD/BPR, priced at $90,000, is available now; the SYMBAD/XTR price
and availability will be announced 1later. At the DAC, SYMBAD was
demonstrated running on the MicroVAX II with a Tektronix graphics
terminal, but it alsc uses Seike terminals and runs on all of Digital's
VMS-based products.

Elxsi

Elxsi demonstrated its parallel processing System 6400 hardware that
accelerates various electronic design applications. Elxsi supports three
operating systems: EMB0OS VMS-compatible, UNIX System V.2, and UNIX 4.2
Berkeley Standard. These three operating systems can be parallelized to
run concurrently on Elxsi's multiprocessor architecture, Elxsi offers
various configurations of up to 84 MIPS processing and 768 Mbytes of main
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memory. Elxsi announced both availability and support for versions of
the following software packages optimized for either parallel or
multiprocessing on Elxsi System 6400:

. Parallel HSPICE circuit simulation from Metasoftware ($64,000)
. Parallel DRACULA IC design verification software from ECAD
- Parallel DVS (Design Verification System) from Silvar-Lisco

] Multiprocessing MERLYN-S§ standard cell 1layout system from
Tektronix-CAE Systems Division

Elxsi also announced major performance increases in its Systems 6400
product, including a new high-speed processor and internal memory
expansion to 768 MBytes. System 6400 computers based on the new
processor are priced from $399,000 to $3 million. Production shipments
will bhegin in October, Elxsi alsc announced plans to offer 2 gigabytes
of physical memory next year, using l-megabit RAM chips.

FutvureNet

Data I/0 Corporation's FutureNet dJdivision, the market leader in
PC-based EDA, demonstrated its new DASH-4 Schematic Desigmer, the
DASH-CADAT PLUS circuit simulation product, the DASH-SPICE analog
simulation product, and the programmable logic design system called
Personal Silicon Foundry. FutureNet also made the following significant
announcements:

» an  agreement with Analog Design Tools (ADT), under which
FutureNet will license ADT's PC Workbench design software and
will market the new DASH-Analog Workbench based on it

L A new system for gate array design called the DASH-Semicustom
Development System

. Additional libraries from Motorola {macrocell arrays),
Gould-AMI, and National Semiconductor

Genrad

Genrad’'s Design Engineering Group demonstrated the HILO-3 1logic
simulator, HICHIP hardware modeling system, HITAP testability analysis
software, and HIPOST tester interface software. Genrad's products run on
a variety of hardware platforms. HILO-3 allows ASIC, PCB, and full
system designers to verify both functionality and test coverage, When
HICHIP is used with HILO-3, engineers can use actual IC devices as
simulation models,
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Hewlett-Packard

Hewlett-Packard was in full swing at this year's DAC, introducing its
HP DesignCenter product environment. The DesignCenter is an entire
environment that integrates the following products:

. HPF Electronic Design System (digital and analog schematic
capture and simulation)

. HP 64000-UX (microprocessor development system)
. HP Printed Circuit Design System (PCB layout)

. HP 3065 (board test system)

. HP 1631 (logic analyzer)

L ME Series 10 (mechanical 2D design and drafting)
» ME Series 90 (structural test)

. Technical office automation products

HP also announced a number of new links between these products, the
most significant of which were the links between PCB design and HP's
board tester, and between simulation and EP's new Precision Architecture
computer (HP 9000 Series 800 Model B840).

For a more complete analysis of HP's electronic CAD/CAM strategy
and product offerings, please refer to our July 1986 newsletter
"Hewlett-Packard: Turnkey Company or Software Catalog Vendor?"

HEB §ystemg

HHB Systems was demonstrating the CATS Accelerator with the CATS
Dynamic Hardware Modeler, CATS DHM currently supports approximately
60 incorporated VLSI chip models, and the company plans to approach
100 physical devices by year's end. Other HHR products shown included a
new version of the CADAT logic, timing, and fault simulator, and Personal
CADAT on the IBM PC, Other introductions and announcements included the
following:

. HHB's new EDL (behavioral Jdescription language) product creates
high-level behavioral models. HHB's BDL will also generate
source code for linking the model directly into HHB's CADAT
simulater. BDL will be available in third gquarter 1986, and the
license fee is approximately $7,500.
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- HHB introduced the CADAT 5 integrated logic, timing, and fault
simulator. CADAT runs on a number of vendors' mainframes, as
well as in the VAX/VMS environment,

- HHB announced a joint product development agreement with Zycad
Corporation to integrate HHB's CADAT Simulator and CATS Modeler
with Zycad's Expedititor, Logic Evaluator, Fault Evaluator, and
System Development Engine simulation accelerators.

1IBM

IBM, having introduced its CIEDS (Computer Integrated Electrical
Design Series) ECAD offerings via its agreement with software supplier
Silvar-Lisco, continues to develop and expand this offering. At the DAC,
IBM announced the following additional functiomalities:

- CIEDS/Engineering Access Routes: Provides access to information
stored within the design capture data base, allowing users to
translate data base logic descriptions inte spec;f;c netlist
formats for automated simulation or layout tools.

[ ] CIEDS/Interface: Provides an interface for the translation of
logic descriptions inte a sequential netlist either in
Structured Design Language or sequential output file formats for
use by design automation tools.

IBM is offering CIEDS/Interface for $2,000 and CIEDS/Engineering Access
Routes for $5,000, both available fourth quarter 1986.

Additionally, IEM announced the availability of CIEDS/Design
Simulation in the IBM 30XX and 43XX environments. Included are design
simulation data base, and behavioral, logic, mixed-mode, and switched
capacitor simulators, for $37,500 to $75,000. CIEDS/Design Simulation
can either be executed in batch mode or interactively. Each of the four
simulators uses common graphic display tools for output to an IBM 5080,

IKOS

Start-up IKOS demonstrated the IKOS 800 logic simulation hardware
accelerator for high-speed ASIC simulation in either full-timing mode or
unit-delay mode. The IKOS 800 consists of a series of linked hardware
accelerators that are controlled by user-interface software running on a
host computer. IKOS also offers timing templates, synchronization

testing, and semicustom IC libraries., The base price is $40,000 and
shipments begin in September.
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Intel

Intel idintroduced the ICE-5100/252 emulator for its 8051 micro-
controller family. The emulator runs on an IBM PC XT, PC AT, or
compatible rumning DOS 3.0 or later, and supports the 8051, 8052, and
80C51 families of microcontrollers. It also runs on Intel's own
development systems, the Series III and IV, ICE-5100/252 is available
now at a price of $6,995, including an assembler for the 8051 and AEDIT,
Intel’'s source code editor. A 44-pin plastic leaded chip carrier (PLCC)
adapter will be available in September.

Intergraph

Perhaps the surprise of this year's DAC was Intergraph's dramatic
annocuncement of its decision to continue to develop necnindustry standard
hardware platforms, Intergraph introduced the $25,000 InterPro 32C, a
new workstation incorporating the Clipper chip set Ffrom Fairchild and
claiming 5-MIPS performance, with the following features:

* UNIX-V

* Local area networking (Ethernet, IEEE 802.3)

. VAX terminal (VT 100/220) emulation

. 6 megabytes of main memory

. An B80-megabyte disk

* A l1l.2-megabyte floppy disk

* Optional C, Pascal, and FORTRAN compilers

A Optional PC-DOS operating system

There is also a dual-monitor wversion called the InterAct 32C,
described as a production-oriented workstation, as opposed to the
"professional” model InterPro. Pricing for the InterAct 32C starts at
$40,000.

The financial analyst community, normally outspoken in its demands
for industry-standard everything and critical of proprietary hardware
platforms £rom turnkey wvendors, was surprisingly accepting of this
announcement. Competitors, however, noted that while Intergraph is not a
computer manufacturer, it is "an annoyingly well-managed company." It is

perhaps the latter feature, personified by company president Jim Meadlock
who made the 32C announcement, which gave financial analysts pause.
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Dataquest believes, however, that open architecture means more than
offering UNIX and Ethernet; it means a wide range of applications from a
variety of vendors running on a general-purpose workstation. The impact
of the InterPro 32C may be greatest in application areas other than
electronic design, such as mapping, where price/performance issues, as
opposed to integration, are the primary consideration.

Intergraph alsc announced plans to expand its printed circuit board
CAD offering by means of a marketing and technology transfer agreement
with ECAD (see ECAD).

In T n m

IMS announced the Logic Master 2000, its second-generation product in
the Logic Master 1line of ASIC prototype verification systems. The
2000 integrates into one system support for up to 480 channels, full
DC parametric test capabilities, and 1l00-pico-second timing resolution
for both data edge placement and comparison timing. The Logic Master
2000 is capable of handling ASIC devices in the 300-pin range, depending
on the I/0 configuration. Pricing starts at $185,000 for a 256-channel
system, and delivery is targeted for September. The 2000 can he expanded
in increments up to the full 480 channels.

Additionally, IMS announced the availability of a DC parametric
measurement unit (PMU) on the Logic Master series of prototype
verification systems, The PMU is priced at $19,200 for the 192-channel
PMU~1001, and $31,200 for the 384-channel PMU-2001. Standard Logic
Master configurations with PMU begin at $48,700.

Lattice Logi

Lattice Logic both announced and demonstrated its new Application
Specific Engine (ASE), which, at $24,995, is unquestionably the lowest-
priced silicon compiler workstation on the market, The ASE includes:

L4 High-resolution graphics monitor
. 32-bit virtual memory CPU
. 2 megabytes of main memory

* 80-megabyte hard disk
. Chipsmith software
. MS-DOS and UNIX System V compatibility

Lattice is also offering an entry-level version of the ASE, priced at
$15,995,
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Chipsmith is Lattice Logic's silicon compiler software that converts
random logiec to layout for gate arrays and standard cell designs,
Designs are specified via user-modifiable forms or spreadsheets. Also
being shown were Lattice's other software products, including the
Shapesmith PC mask preparation product and the Exert switch-level
simulator.

Lattice Logic also announced an agreement with VIA Systems whereby
Lattice will be the exclusive distributor of VIA's products in Europe.
VIA will also be integrating Lattice's Shapesmith, Logic Generator,
Switch-level Simulator and plotting software into the VIA BuildingBlocks
system. In addition, the two companies will Jjointly develop and
introduce a set of function generators for memories, PLAs, and gate
arrays.

The U.K.-based company, which recently formed a U.S, subsidiary,
Lattice Logic USA, is both expanding and restructuring to accommodate
more aggressive marketing and sales activities worldwide.

ig A mation

Simulation model supplier Logic Automation announced 1-Mbit memory
models and models for Motorola's 68000 family. Logic Automation's
approach to the problem of simulating system designs with large amounts
of memory involves using a unigue simulator memory allocation technique,
Details of Logic Automation's announcements are as follows:

. SmartModels consists of logic simulation models for 1-MBit
memory devices, including Intel's 27011 EPROM, plus several
vendors' DRAMS, including Toshiba's TCS511Q00XP family and Texas
Instruments TMX4C1020. SmartModels include Logic Automation's
Symbolic Hardware Debugger for pinpeinting errors in design.

. SmartModels consists of logic simunlation models for Motorecla's
68000, 68010, and 68020. Both bus functional and full
functional models are avallable.

All SmartModels are behavioral-level models, Prices on standard
engineering workstations, available immediately, are $750 for a
1-MBit EPROM and $950 for a 1-MBit DRAMs. 680X0 SmartModels, available
in September, range from $1,500 to #$1,800 for bus functional models, and
$4,900 to $6,900 for full functional.

Mentoxr Graphics .
EDA market leader Mentor Graphics demonstrated its Idea Series, which

consists of six engineering workstations hased on Apollo's DN30G00 and
DN S70A platforms, Mentor BML (Hardware Modeling Library), and Mentor
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Compute Engine global accelerator. The company also made the following
introductions and announcements:

Omnicad

Development Station: A set of software development tools that
allow users to build and maintain their own applications.
Included in the tools are: C, FORTRAN, and Pascal optimizing
compilers, a symbolic debugger, and two "librarians."” Imnitial
shipments are scheduled for October and prices begin at $29,000
for one compiler on the DN3000-M. Bundled with Mentor's Compute
Engine global accelerator, Development Station prices begin at
$105,800 for an Apollo DNS570A and a 10-Mbyte Compute Engine,

REMEDI (Responsive Mentor Debugging Interface): An automatic/
interactive schematic-to-layout debugging module that operates
in conjunction with Mentor's Chipgraph custom VLSI layout editor
and ECAD's DRACULA II layout verification package. First Beta
site is scheduled for September and first shipments for fourth
quarter 1986, priced at $14,900.

Mentor Graphics and SCI signed an agreement for the integration
of Genesil on Mentor's series of engineering workstations.
Mentor Graphics is now the only EDA company with agreements with
all three major silicon compilation companies: SCI, SDL, and
SS8T.

Mentor announced a joint marketing agreement with Test Systems
Strategies Incorporated (TSSI) under the terms of which TSSI
will provide its Test Developmeant Series (TDS) software for
Mentor's 1IDEA series of engineering workstations., TDS takes
simulation information directly from the Idea Station’s data
file and optimizes it for use in production testing through the
automatic synthesis of an executable test program. TDS prices
range from $20,000 to $40,000 for the Idea workstation, with TDS
output for VLSI testers.

Omnicad's new product introductions at the DAC included:

Omnipro PC, a PC-based schematic capture package, features
schematic editing, symbol 1libraries and editing, design
analysis, and formatted output. The software runs under MS-DOS
in standard AT&T PC 6300 and IEM PC/AT Color Personal Computers.
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. Omnicards Release 2.2 for FCB design features its new data base,
Omnibase, for support of Surface-Mount Technology designs.
Omnicards supports component placement for two-sided boards.
Other features are automatic design rules checking, the expanded
Omnicards Installation Library, and full compatibility with
Omniroute, an autorouter that runs on a network compute server,

» The third-generation release of Omniroute, which has been
enhanced to support Surface-Mount Technology designs, available
with Omnicards software or as a standalone autorouting package.

In a related announcement, the company unveiled Omniroute on the
DSP9000 Compute Server from Apollo Computer. Omniroute may be installed
on the DSPY000 and connected into Network and Omnicards PCB design
software, which is available for Apcllo's complete line of workstations.,

The company also demonstrated an interface between Omnipage, a
PC-based publishing system, and Omnipro PC. The link enables users to
create schematics in a workstation and to pass the data into the
documenter's environment. The system can be used to merge drawings and
reports into engineering specifications, training manuals, and other
documents.

Pergopnal CAD Systemg (P-CAD)

PC-based@ software vendor P-CAD unveiled PC-CUPL for the design of
PLDs using P-CAD's schematic capture program, PC-CAPS., PC-CUPL consists
of CUPL, P-CAD's PLD design software; NX-CUPL, a netlist interface from
PC-CAPS to CUPL; and a 1library of symbols optimized for PLD design,
PC-CUPL 1is priced at §1,895; NX-CUPL is §900; PC-CAPS and NX-CUPL
together are $5,850; and the combination of PC-CAPS and PC-CUPL (PLD 1)
is $6,495.

The company also announced an enhanced version of PC-Route, its
automatic PCB routing software, New features include automatic 45 degree
diagonal routing and the ability to set routing priorities by netclass
definition, ' PC-Route is included in two packages: PC-Route Standalone
and PCB-3. For new users the enhanced version of PC-Route Standalone is
priced at $6,000 and the enhanced version of PCB-3 is $15,950., For
customers who are not on a maintenance contract the update is $480 (free
to maintenance contract customers). The enhanced version of PC-Route
will be available in the fourth guarter.

Available now from P-CAD is the PAL Starter Kit, a joint development
of P~CAD and Texas Instruments, The PAL Starter Kit contains four
l12-nanosecond PLDs from Texas Instruments, P-CAD's CUPL software for
these devices only, and assorted tutorial aids, manuals, and literature,
The kit will sell for only $49.95.
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Praxis Systems

Praxis demonstrated ELLA, an integrated toolset for IC design, ELLA
consists of the ELLA Hardware Design and Description language and its
compiler, the ELLA Simulator and the ELLA Application Support Environment
(EASE).

anti T

Quantic exhibited its newly enhanced family of electronic design
analysis tools, Greenfield2 and Phyllis. Greenfield2 is a boundary
element method field solver for the calculation of electrical parameters
for microstrip, stripline, multiwire conductors, and cables of general
shapes. Phyllis is a physical lcad and line simulator that permits the
arbitrary interconmecting and loading of 1lines. With Phyllis, ringing
and crosstalk waveforms are displayed in the time domain as would be seen
on a CRT. The one-time 1license fee for Greenfield2 is §$80,000 per
system, and $35,000 for a single-user workstation. Mainframe versions
are planned.

Racal-Redac

Racal-Redac announced a new version of Visula, its electronic design
system, Release 3.0 supports schematic capture, 1logiec simulation,
waveform analysis, and physical design, as well as HHB System's Cadat 5.1
simulator. The new release extends Visula's capability to accommodate
manufacturing information while using surface mount devices for PCBs, and
allows the utilization of mixed technologies on a single multilayered
board.

Visula 3.0 is currently available on Digital's VaXstation II and
2pollo Computer's Domain Series 3000 system. Turnkey system prices start
at $40,000. Release 3.0 is available at no cost to existing Visula
customers.

The company alsc announced that it will have a new version of Visula
for the IBM PC AT and compatible computers in September. The PC version
will have the same capabilities as the company's high-end Visula system
and will act as the front end to Visula PCB desiqgn capabilities. Sold as
either a turnkey product or unbundled, an Opus 32-bit coprocessor board
from Qpus Systems is required. Software prices start at $10,000.

SDA

SDA introduced its Standard Edge standard cell place and route system
at the DAC. Standard Edge employs a rectangular macrocell methodology
and runs on Masscomp 5600, Sun 3/160, VAXstation II/GPX, and on the DNG660
and@ DNS70A from Apollo. The software alone is $75,000. SDA announced,
but 4id not demonstrate, its new Macro Edge, a full-blown macrocell block
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place and router; Macrc Edge's availability is scheduled for fourth
gquarter 1986 and no pricing has been set. Besides demonstrating its line
of IC design systems for ASIC development, SDA also annouanced major
contracts with Hughes Alrcraft and Harris Corporation, The Harris
contract is valued at $8 million over the next three years. No valuation
has been announced for the Hughes contract.

ntifj i

Scientific Calculations introduced the Look Out Router as part of its
Scicards Program for PCB design., Look Out features greater speed, a
higher completion rate, and reduces etch length and via count. The new
router is available tc licensees of Scicards at no additional cost.

New enhancements to Scicard's autoplacement tools were also
demonstrated. New functions include Autoplace and Auto Resolv, which
solves component overlap, bounds, and void violatioas.

The company also announced the availability of its Micro Electronics
Design System (MEDS) on Digital Equipment's MicroVAX II. The system is
available in a single-user configuration and consists of nine Mbytes of
main memory, 213 to 598 Mbytes of disk space, and the MicroVMS operating
system. Pricing is from $88,000 to $111,000; the product is available
upon order.

S tl jli T ol T

Silicon compiler software supplier S$ST announced that it has expanded
and repackaged its product offerings to match end users. The new product
series is called the Blue Chip family of compiler tools, individually
called €3, C4, and C%. The missing integers in the series remain a
somewhat proveocative mystery and suggest expandability. The product name
change from “Concorde" represents an attempt to present a more coherent
product strategy, which Dataquest considers essential in moving the
silicon compilation companies from a missionary sales effort to an
established business. A description of the Blue Chip series is as
follows:

L The C5 compiler is actually a language-based compiler generator
tool for building custom compilers at the subtransister level,
and is targeted for the silicon expert,

. The C4 compiler is a novice system, aimed at the engineer with
little or no silicon expertise wishing to design custom parts
from a set of functional modules, both analog and digital,

. The C3 front-ends the C4 compiler, and is used to simplify and
automate circuit definition, schematic capture, and simulation.
The C3 is a companion product to the C4 compiler, and ruas on
the Apollo DN3000 from Mentor and Tektronix, and the IBM PC AT
coprocessor from Valid Logic.
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All Blue Chip products are available now, The C5 software package is
priced at $125,000, the C4 is $80,000, and the price of the €3, which is
s0ld only in conjunction with the €4, varies according to number of
licenses,

Shiva Multisystems/SimuCad

Shiva announced that it has acquired SimuCad, Inc., a logic and fault
simulation supplier, describing the move as a strategic alliance.
S8imuCad will operate as a wholly owned subsidiary of Shiva. Shiva was
founded in 1984 and introduced its first product, PowerSPICE, in 198S5.
PowerSPICE uses advanced algorithms and modeling and software engineering
techniques, and is offered as part of Shiva's SX series of Balance 8000
computers with SPICEngines and Shiva hardware accelerators.

SimuCad was founded in 1980, and introduced the SILOS logic and fault
simulator in 1983, SILOS-2 the current version of SILOS, and P-SILOS is
the logic simulation-only IBM PC AT version.

con jler T

Silicon Compilers Incorporated introduced an enhanced version of
its Genesil Silicon Development System automated ASIC design tool,
The latest wversion of the Genesil silicon compiler is referred to as
Version 86, Among other SCI announcements were the following items:

* SCI and Mentor Graphics signed an agreement to integrate Genesil
on Mentor's IDEA series of engineering workstations.

L 3 SCI and International Microelectronic Products (IMP) revealed a
strategic alliance agreement for the development of analog
compilation capability for Genesil. Such functionality will
allow the nonanalog circuit designer to create complexr chips
that incorporate both analog and digital eircuits, and will
round out SCI's currently digital-only ASIC compiler.

L SCI and Motorola have signed a cooperative ASIC agreement
whereby SCI will support design using Motoerola‘'s 1.25- and
2-micron CMOS processes on Genesil, and Motorola will
manufacture the resulting designs. Additional areas of
cooperation are anticipated.

. SCI .also announced a similar cooperative ASIC agreement with
Ricoh Company Limited of Japan, by which SCI will support
Ricoh's 2-micron CMOS and WMOS processes on Genesil,

SCI also presented an impressive array of satisfied customers who

endorsed the Genesil Development System at a DAC press briefing. On the
showroom floor, SCI demonstrated Genesil on Apollo and VAX systems.,
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ilicon D DI,

Silicon compiler developer SDL took part in a significant cooperative
development announcement invelving SDL, NCR's Microelectronics Division,
and Mentor Graphics for NCR's new VIGEN ASIC design system, VIGEN
provides NCR gate array and standard cell generators developed in the
GDT (Generator Development Tools) silicon compilation design environment
from SDL on an industry-standard engineering workstation, the IDEA series
from Mentor, VIGEN allows users to customize configurable cells from NCR
on a Mentor workstation and to incorporate them into an application-
specific integrated circuit (ASIC) design. SDL's tools consist
principally of GDT, which allows IC designers to develop silicon
compilers.

In addition to NCR's VIGEN announcement, SDL announced the following
three new products:

. LBRIDGE allows semiconductor manufacturers to provide their
users with the proprietary ecircuit generators (compilers)
developed with GDT, in addition to thelr standard cell libraries.

. LSIM is SDL's unbundled mixed-mode, multilevel simulator running
on Apollo and Sun workstations, The LSIM product is licensed at
$40,000 for a single-user workstation.

* LCELL is a library of generators, the first releases comsisting
of standard cell library with programmable pitch, transistor
sizes, power bus, and logic functions.

SDL also unveiled release 2.1 of the GDT tools, whose enhancements
include binary read and write, L data base access, and a compaction
function.

Silicon Solutions

Menlo Park, California-based Silicon Solutions demonstrated its new
Mach 1000 Fault Accelerator (Mach 1000F). The Mach 1000F, a high-speed
fault simulator, is used to develop comprehesive test vector coverage.

Besides demonstrating its Mach 1000 family of logic and fault
simulation accelerators, Silicon Solutions announced an agreement with
FutureNet to link the Mach 1000 to FutureNet's DASH-CADAT PLUS simulation
software. Acceleration functionality would be accessed through the
DASH-CADAT PLUS menus and would be transparent to the user. The
DASH-Mach interface is scheduled for later this year.

Silicon Seclutions also showed Calma's Fast-Mask Engine, which it
designed and manufactures, and which Calma markets. The Fast-Mask Engine
is a dedicated accelerator for integrated circuit layout verification and
runs on Data General's Eclipse $280 and GDSII/32,
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The Mach 1000F with both fault and logic simulation is priced at
approximately $200,000, depending on coafiguration. A fault simulation
upgrade for the Mach 1000 Logic Accelerator is priced at $80,000. The
company alse manufactures the Mach 100 Logic Accelerator.

Silvar-Lisco

Software vendor Silvar-Lisco (8-L) substantially broadened its
preduct line with the announcement of several new products for
simulation, test, and printed circuit board layout, as well as a new
hardware platform. The announcements were as follows:

- The LOGIX-SL standard 1logic simulation interfaces with the
company's GARDS gate array design product and CAL-MP standard
cell design product

L 2 The IZYCAD interface links S-L's SDS (schematic design system),
HELIX (behavioral simulator), and LOGIX-SL (logic simulator) to
Zycad Corporation's Logic Evaluator and Expeditor simulation
accelerators, IZYCAD also automatically transfers schematic data
from Silvar-Lisco's design and analysis products to Zycad's, and
the results are displayed by 5-L's waveform analyzer, LOGAN

- An interface between S-L's HELIX simulator and Test Development
Series (TDS) software from Test §Systems Strategies, Inc.,
enables design engineers to generate functional, executable test
programs for new devices and systems

R The CAL-PC interactive, printed circuit board layout, available
in September, is integrated with other §-L products, and its
multilayer router handles up te 16 layers

* The porting of S-L's SDS (schematic design system) to the Sun
3-160 workstation

Silvaco

Silvaco introduced UTIMOST (Universal Transistor Modeling Software
Techniques), which provides automated solutions for transistor
characterization, parameter extraction, and device modeling, UTMOST
contains BSIM (Berkeley short channel IGFET Model), a new submicron
subthresheld MOS transistor model. BSIM was just released by U.C.
Berkeley and is utilized in the SPICE circuit simulation program. The
new product does parameter characterization based on actual physical
measurements, and provides MOS characterization and modeling. UTMOST is
avallable immediately, priced from $15,000 to $45,000,
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SimuCad

(See Shiva Multisystems.)

Simulog

Simulog demonstrated its SuperS8im family of Thardware logice
accelerators bhased on a special-purpose coprocessor that needs no host
machine. Simulog's products consist of six SuperSim models with gate
capacities ranging from 32 gates to 1048K gates. Simulog products claim
hetween 10 and 200 giga logic gate evaluations per second, depending wupon
the particular model.

Micr em

Standalone workstation supplier Sun Microsystems announced the
following additions to its Catalyst third-party program:

. Vanguard CAE Design System from Case Technology, Inc. Vanguard
will be available on the Sun-3 family of workstations starting
at $9,500 in the U.S. beginning in October 1986.

L Test Development Series (TDS) from Test Systems Strategies,
Inc, TDS products work with information from a CAE workstation
simulation data file to provide users with analysis of
simulation waveforms for compatibility with a target tester.
TDS is currently available on the Sun-3 family of workstations
for $25,000-$40,000, depending on configuration.

. VLSI Technology (VII). VTI offers its IC design software on the
Sun-3 family of workstations. The software will be available to
Sun customers for $20,000 to $140,000 in August.

Users of Sun's Network File System (NFS) will now he able to access
Digital Equipment's VAX/VMS and MicroVAX/VMS transparently. The
Wollongong Group (a supplier and consultant for networking products and
coresident operating systems) has added NFS as an application-level
product teo its networking software product, WIN/VX (for Wollongong
Integrated Networking/VAX). Wollongong's NFS option for WIN/VX will be
available in October for $5,000 for the VAX version and $2.500 for the
MicroVAX version.

Sun also introduced two new products, the Sun Integrated Fersonal
Computer (SunIPC) and PC-NFS. SunIPC is a 10-MHz 80286 coprocessor board
for Sun workstations that provides compatibility with the IBM PC AT,
allowing users to run MS-DOS applications in a window under UNIX. PC-NFS
allows the user to transparently access files and network peripherals via
the Sun NFS on an Ethernet network. The SunIPC hoard is $1,995 in single
quantities, and accompanying software is $395 for the single-user
version, The multiuser version is $995. In quantities of 100, PC-NFS is
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available for $305 per unit. For software alone, the price drops to
$255 per unit. When bundled with an Ethernet interface and
documentation, the 100 guantity price is $995 per unit. Availability is
30 days from receipt of order.

Tektronix

Tektronix announced the availability of its Designer Database and
Schematic Capture (DDSC) software for the VMS version of Digital's new
VAXstation I1/GPX. Tektronix will offer DDSC on standard
VaXstation II/GPX configurations for $54,700, with deliveries beginning
in August,

The company also announced that it will offer Apollo Computer's
DHS70A color graphics workstation with 1its WorkSystem family of
electronic design software. Configurations with DDSC start at $49,900.
The DN570A PCB design and layout system is priced at $90,000, The DNS70A
is available now through Tektronix,

New product introductions included:

* The design Verification System, which consists of four modules:
logic simulation, fault simulation, test pattern generation
{GenRad's HiLo3), and hardware modeling {(GenRad's Hichip). All
four modules will be available in August, with prices starting
at $11,000.

. 91DVS, the VLSI design verification software for the DAS 9100
Digital Analysis System, runs on an IBM PC, It controls up to
three DAS 9100s via GPIB Interface and provides chip test
capability. 91DVS software is available now for $5.000.

. HNEC's 1.5 micron CMOS gate array design libraries are on the
WorkSystem family of design automation tools. NEC's library
will be added to Tektronix's Connections program, and will be
available in August from NEC.

Telesisg

Telesis introduced a new AI router for PCB design called Insight,
The new router is a rule-based, expert system that uses an
English-language description of a board's physical characteristics and
required design rules to route PCBs., The Insight routing system was
developed using PROLOG, and is part of Telesis' EDA-3000 PCB Design
Application software. The new router will be available as an upgrade to
maintenance customers, and as a license for new customers as part of the
EDA-3000 software for $17,500, It is available for use on the EDA-700
Workstation and the EDA-620 Routing Accelerator. Insight is now under
beta test; shipments will begin in October.
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The company announced the VAX Networking Interface, which permits
direct file transfer bhetween Telesis workstations and the VAX. In
addition, Telesis PCB drawing data may be transferred to the VAX for use
in custom or third-party applications. Pricing of the VAX Networking
Interface is $3,500 with shipments scheduled for September.

Telesis also announced the signing of a licensing agreement with
HHB Systems for the integration and remarketing of the CADAT family of
simulation products as part of the Telesis EDA product line, Included in
the agreement are the rights to market Personal CADAT, the CATS dynamic
hardware modeler, and the CADAT 5 full-function simulation ported onto
Telesis' 32-bit EDA-620 Analytical Accelerator.

Teradyne

Teradyne demonstrated its new EDA products which all run with the
company's LASAR Version 6 simulation system. These products consist of
the following three components:

. DATAView is a PC-based design entry system for schematic
capture, documentation, and communications facilities. This
product was developed in conjunction with Viewlogic Systems and
is an enhanced version of Viewlogic's Workview-100 that is both
marketed and supported by Teradyne.

* DATASource physical modeling system provides physical
references, as opposed to software models, for LASAR-6
simulations, with a maximum of 2,400 pins and up to 256,000
simulation vectors per pin. '

A DATAServer simulation engine provides parallel processing for
timing analysis and fault and mixed-mode simulation, and hoasts
from 5 to 25 times the performance of a VAX 780.

DATAView's pricing starts at $4,500 and is slated for September
delivery. DATASource prices range between $40,000 and $120.000,
depending on the number of pins, and delivery is scheduled for fourth
quarter 1986, DATAServer costs range from $300,000 to §700,000, which
includes the LASAR-6 license, with its first delivery in fourth quarter
1986.

Teradyne also announced agreements with both LSI Logic and Fujitsu
Microelectronics to provide gate array cell models for LASAR Version 6
users.
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Valigd Logic Systems
Valid Logic announced the following products:

* Valid Graphics (VG): A proprietary graphics subsystem for
Valid's IBM PC AT workstation, with a 15-inch 60-Hz color
display with 1024 x 800 resolution, VG is positioned between
the IBM Enhanced Graphics and the IBM GX display, and is
available on all Designer AT platforms. Pricing is $20,950 for
the Entry Designer AT/VG: $24,950 for the Logic Designer AT/VG;
and $29,950 for the Validation Designer AT/VG.

. SCALDsystem ST Series: Based on the 68020 microprocessor, the
ST features a 19-inch monochrome or color graphics screen, UNIX,
and Ethernet. Included are 4 Mbytes of RAM expandable to
12 Mbytes, and a 170-Mbyte hard disk expandable to 340 Mbytes.
ST systems may be configured for two graphics design statioms.
All of Valid's digital and analog tools run on the ST. Pricing
ranges from $40,775 to $56,450.

. ValidPFG: A Probabilistic Fault Grader integrated into ValidSIM
logic simulator on Valid's 68020-based workstations. ValidPFG
is compatible with Realfast and is priced at $15,000.

b ValidEZLIB: A library development tool that uses a data
sheet-like template file for specifications and that calculates
delays and distributes them into the model. ValidEZLIB runs on
SCALDsystem and SCALDstar workstations and is priced at $5,000.

All products announced by Valid at the DAC will be available this
quarter.

Other Valid products demonstrated at the DAC included the Analeg
Designer AT running on the IBM PC AT. The system consists of a graphics
editor and a set of software-based analog test instruments coupled with
an analog simulator (ValidSPICE). The single-unit price is $31,950 and
includes a functional generator, wvoltmeter, oscilloscope, and network
analyzer. Software upgrades for existing IBM PC AT users start at
$10,500, Valid also announced a performance enhancement for the
SCALDsystem 20 version of the Analog Designer: the AD881 floating-point
accelerator, and enhanced ValidSPICE software.

Valid also announced support on Digital's VaXstation II and
VAXstationII/GPX workstations for Valid's full range of design tools,
Called the Logic Designer VX and the Validation Designer VX, both systems
are complete Digital hardware configurations. Each includes applications
software, 5 Mbytes of main memory, 70 Mbytes of hard disk, TK50 tape
cartridge, and either a monochrome (Logic Designer VX) or color
(validation Designer VX) graphics display. The Logic Designer VX pricing
begins at $63,500, The Validation Designer VX pricing begins at
$75,500. Valid's software will be available to customers as an upgrade.
Beta test site shipments are scheduled for July.
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Valid also announced that the company's Realchip Hardware Modeling
System and Realmodel Simulation System will also be offered on Digital's
MicroVAX II and VAXstation II systems. Called MicroVAX Realchip and
MicroVAX Realmodel, the systems are priced at $39,500 and $95,500,
respectively.

Valid's OEM agreement with Digital to remarket the MicroVAX 1II,
VAXstation II, and VAXstation II/GPX workstations, announced at the DAC,
is estimated at $10 million over the next two years.

Valid also was demonstrating Fujitsu's line of gate array design
software running on Valid's Validation Designer system. The Fujitsu gate
array software includes <cell 1libraries, simulation models, and
translation utilities. The software is available free of charge.

Via tem

VIA's product introductions included BuildingBlocks, an automatic IC
place and route package, with a library of predefined functional blocks.
VIA also introduced ChipTool-II, a cell editor and block generation
package, as an option for BuildingBlocks. Pricing for BuildingBlocks is
$55,000 and for ChipTool, $20,000. Availability is 60 days from receipt
of order. VIA also announced the availability of an interactive top-down
floorplanning manager, available as an option for the BuildingBlocks
package, and priced at $10,000. VIA also announced the porting of
BuildingBlocks ASIC design tools to the DEC VAXstation II/GPX, in
addition to Sun Microsystem's workstations.

VIA Systems signed an agreement with Lattice Logic whereby Lattice
becomes the exclusive distributor of VIA's products in Europe. VIA will
also be integrating Lattice's Shapesmith, Logic Generator, Switch-level
Simulator, and plotting software into the VIA BuildingBlocks system. The
two companies also plan jointly to develop and introduce a set of
function generators for memories, PLAs, and gate arrays.

Viewlogic Systems

Viewlogic made a number of announcements about product enhancements
to its Workview product, marketing agreements, and new sales channels.
Enhancements to its PC-based Workview system include analog and
semicustom design capabilities, as well as a simulation accelerator link
to Zycad's Expeditor. Also demonstrated was the PC to VAX 1link and
terminal emulation via Ethernet communications and Viewsim, Viewlogic's
proprietary 28-state logic simulator for programmable logic devices
(PLDs) with waveform analysis. Viewlogic has design support agreements
with a number of major ASIC vendors for gate arrays, standard cells, and
PLDs. Highlights of Viewlogic's announcements are as follows:

. An agreement with 2Zycad for the continued development of links
between Workview and Zycad's line of logic and fault simulation
accelerators; a Workview user can now choose to simulate with
Viewsim, a VAX/VMS system, or with Zycad's Expeditor
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* A codevelopment agreement with Teradyne for an enhanced version
of the Workview 100 to be marketed and supported by Teradyne
under the name DATAView: this product will be integrated with
Teradyne's LASAR simulator running on the VAX

L] A new European headquarters located in the Netherlands and an
agreement with distributor Marubeni HYTECH in Japan

Viewlogic offers four versions of Workview priced from $4,500 to
$13,000, running on IBM PC hardware and compatibles.

VIST T Inco VT1

ASIC-house VTI demonstrated its IC design software and family of cell
compilers that enable designers to create semicustom ICs, including gate
arrays and cell-based designs. VTII manufacturing support for designs
included a number of other DAC vendors, notably Silicon Compilers Inc.
(8CI). VTI also announced an agreement with Sun Microsystems to offer
VII's IC design software on the Sun-3 family of workstations. The
software will be available to Sun customers for $20,000 to $140,000 in
August.

XCAT

One-year o0ld XCAT Incorporated of Minnesota introduced its new MX/MXT
series of hardware accelerators for logic and fault simulation. XCAT is
attempting to fill the need for low-priced, high-performance, multiuser
hardware accelerators by starting the pricing of the MX/MXT at $49,000.
Prices range up to $295,000 for the MXT-400. MX/MXT hardware interfaces
with front-end design entry systems from Mentor and FutureNet. MX/MAT
also interfaces to industry standard hardware platforms such as VAX,
Apollo, and the IBM PC. The MXSIM software environment offers menus and
help screens for compilation, simulation control, and output reports.
Future product development includes an automatic test pattern generation
system scheduled for introduction in late 1986,

Zerox

The Engineering Information Systems (EIS) Unit of Xerox unveiled the
6085-Expert Designer workstation for electronics and electro-mechanical
designers. The 6085 runs Expert software for automating PCB design and
layout, logic design and simulation, mechanical drafting and engineering
publishing. With a personal computer option that adds MS-DOS software
capability, Expert users can also run software written for the PC
concurrently with 6085 applications.
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The 6085 is based on a 16-bit-slice Mesa processor developed by Xerox
that executes 48-bit-wide microinstructions at 8 MHz, The new
workstation comes with either a 15-inch or 19-inch monochrome dJdisplay.
The standard 6085 includes a 40-Mbyte, 5.25-inch rigid disk drive, a
500-Kbyte, IBM compatible 5.25-inch floppy disk drive, 1.1 Mbytes of main
memory expandable to 3.7 Mbytes, and an optical two-button mouse. The PC
option board sells for §750. MS-DOS operating system software is
available for $125. Pricing on the 6085 workstation ranges from $7,000
to $12,000, depending on configuration. Systems are available upen order.

Expert software offerings include the following applications:

. PCB Design ($32,500)

* Logic Design/Schematic Entry ($6,500)

- Logic Simulation and Hardware Description Language ($14,000)

. Mechanical Drafting ($14,000)

. Illustrator (publications) ($6,500)

. ViewPoint (office automation) ($375-81,200)

Xerox also signed a software development agreement with AWI, a
company owned by Satellite Communications Inc. Under the terms of the
agreement, EIS and AWI will jointly develop surface-mount software
packages that run on Xerox EIS' workstations. Jointly, the two companies

will build surface-mount parts to be included in an electronic software
library accessible to expert users.

2ycad

Simulation market leader Zycad demonstrated its family of special-
purpose accelerator engines, including the Logic Evaluator and the
Expeditor, as well as announcing:

. A joint product development agreement with HHB Systems to
integrate HHB's CADAT Simulater and CATS Modeler with Zycad's
Expeditor, Logiec Evaluator, Fault Evaluator, and System
Development Engine simulation accelerators

] An agreement "in principle” with Endot Inc. for integration of

Endot's N.2 front-end design environment with Zycad's Logic
Evaluator and Expeditor logic and fault simulaticn accelerators
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Additionally, Zycad took part in an announcement made by Silvar-Lisco
for the latter's IZYCAD interface linking 8-L's $DS (schematic design
system), HELIX (behavioral simulator), and LOGIX-SL {logic simulator) to
Zycad's Logic Evaluator and Expeditor simulation accelerators. IZYCAD
automatically transfers schematic data from Silvar-Lisco's design and
analysis products to 2Zycad's, and the results are displayed by S&-L's
waveform analyzer, LOGAN., IZY¥CAD is the result of a joint-development
effort between the two companies.

« Tony Spadarella
Kelly D. Leininger
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RESEARCH

Dataquest
BB 5 NEWSLETTER

CCIS Code: Newsletters
1986-20

CELL-BASED ICs IGNITE APPLICATION EXPLOSION

EXECUTIVE SUMMARY

From educational aids such as "Speak and Spell" to Smart Cards,
application-specific integrated circuits (ASICs) are transforming our
lives. What will be the next IC application? How will it impact our
lives? We are accelerating into another era of amazing electronic
achievements, and Dataquest expects cell-based integrated circuits
(CBICs) to play a leading role. System designers require '"no compromise"
single-chip system solutions. Cell-based ICs, with the aid of silicon
compilation, meet this requirement. We foresee silicon compilation as
the future design methodology for cell-based ICs. Dataguest believes
that specialized compilers dedicated to end-use markets will become

. mainstream products and receive widespread user acceptance.

During 1985, semiconductor suppliers worldwide were formulating plans
to capitalize on the high growth rates of the cell-based IC and gate
array markets. This newsletter will investigate the issues surrounding
the cell-based IC market and how it impacts the gate array market. We
will also explore futuristic ASIC design methodologies. Key questions to
be addressed in this newsletter include:

° How large are the cell-based IC and gate array markets?

L Why is the gate array market larger than the cell-based
IC market?

° What is the relationship between production volumes and gate
count for cell-based ICs?

L What is the status of silicon compilation?

® What are some of megacells or circuit functions required for
single-chip system solutions?
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AT

How will the Japanese companies impact the cell-based IC market?

What will be the dominant design methodology in the 1990s for
single-chip system solutions?

bt

Dataquest defines the terms commonly used in this newsletter as

follows:

g

Cell-hased ICs {CBICs): Digital or mixed linear/digital
integrated circuits that are gugstomized wusing a full get of
masks and that comprise precharacterized cells or macros
{includes standard cells, megacells, and compilable cells)

The term "cell-based IC" is an outgrowth of "standard cells."
Historically, IC cells had fixed heights and fixed widths and
thus were called standard cells. Today's cell-based ICs have
variable heights and variable widths, allowing for added dimen-
sional flexibility far beyond that of "“fixed" cells. The term
"cell-based design" {CBD) is used te describe the methodology
used to design cell-based ICs. '

Gate arraysi Digital or linear/digital integrated circuits

containing a configuration of uncoemmitted elements, They are
customjized by interconnecting these elements with one ¢r more

routing layers

Silicon compilers: A general term that applies to very sophis-
ticated integrated circuit computer-aided design (IC CAD)
systams employing a top-down, hierarchical design methodology
that accepts high-level specifications and automatically gener-
ates the mask tooling. Included in this term are specialized
IC CAD systems that work at the cell lavel

Intracompany revenue: When an IC manufacturer sells a product
line to both the merchant and captive markets, the revenue
associated with the captive (internal) consumption is called
intracompany revenue, The revenue from sales to outside
companies is called merchant revenue. We do mot count
exclusively captive suppliers such as IBEM or Hewlett-Packard

RRE revenue: HNonrecurring engineering revenue, or simply the
revenue associated with developing a device

Shipment revenue: Dataquest shipment revenue equals the
estimated production revenue plus the intracompany revenue plus
the HRE revenue, (Note: we count only processed wafers with
interconnect layers, not blank wafer sales, since this would
lead to double counting)
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HOW _LARGE ARE THE CELL- ED IC AND GAT AY MARKET

Figure 1 compares the estimated growth of the cell-based IC and gate
array markets. The 1985 gate array market is more than five times larger
than the cell-based IC market. However, the compound annual growth rate
(CAGR) from 1985 through 1990 for cell-based ICs is 66.7 percent compared
with 29.8 percent for gate arrays. The 1989 and 1990 cell-based IC
shipment revenues are dependent on the success of silicon compilation.

Figure 1
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Table 1 contrasts rankings, revenue, and growth rates of the top five
cell-based IC suppliers with those of the top five gate array suppliers
in 1984 and 1985, It is interesting to¢ note that the number one
cell-based IC supplier had less revenue than the number five gate array
supplier.

Table 1

WORLDWIDE ESTIMATES
TOP FIVE CBIC AND GATE ARRAY SUPPLIERS
(Millions of Dollars)

Growth
1985 Ranking Cell-based ICs 1984 1985 (1984-1985)
1 NCR $35.0 $ 48.0 37%
2 VTI 16.0 38.2 139%%
3 Gould Semi. 9.0 30.0 233%
4 TI 8.0 25.0 212%
5 Zymos 22.0 17.3 (21%)
Total $90.0 $158.5 T6%
GCate Arrays

1 Fuijitsu $188.6 $257.6 37%
2 LSI Logic 84.5 140.0 66%
3 Motorola 40.4 al.2 126%
4 Fairchild 47.0 60.2 28%
5 NEC 41 .1 57.9 41%
Total $401.6 $606.9 51%

Source: Dataquest
July 1986
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Why 1

a Arra Larger?

The following factors have contributed to this condition:

*

Gate arrays are cost effective for replacement of standard logic.
Gate array pricing has sharply declined over the last two years.

Cell-bhased IC NRE is inherently more expensive than NRE for gate
arrays.

Gate array software is user friendly and well accepted.

Gate array turnaround times are shorter.

We will first analyze the consumption of CMOS gate arrays. Figure 2

shows

that the majority of revenue in CMOS gate arrays is derived from

devices with less than 2,500 gates. This revenue is driven by gate
arrays replacing standard logic. Gate arrays are cost effective for
sweeping up numerous standard logic functions onto a single chip. There
are many gate array applications for replacement of standard logic that
only reguire low gate count devices.

Figure 2
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Dataguest is currently tracking 67 CMOS gate array suppliers that all
offer these low gate count devices shown in Figure 2. This large number
of suppliers with comparable products has caused serious price erosions.
The most popular gate array (CMOS, 2,000 gates, plastic package, in
quantities of 5,000 to 10,000), took a sharp price-per-gate d4rop from
between $0.010 and $0.012 in 1984, to between $0.002 and $0.004 in 1985,
This decline in pricing has increased the cost effectiveness of gate
arrays at the expense of cell-based ICs,

Nonrecurring engineering charges for cell-based ICs are inherently
more expensive than those for gate arrays. 8Since cell-based ICs are
customized using a full set of masks, average NRE charges range from
$60,000 to $250,000 (this includes 12 to 14 masks at $4,000 to $6,000 per
mask plus computer time). Gate arrays are customized using only the
final layers for interconnect, so the HRE charges are much less ($20,000
tc $80,000). In addition to lower MNRE charges, most IC designers have
found gate array software easy to use and a good way to get started in
ASICs.

Turnaround times from postschematic capture to delivery of prototypes
are also longer for cell-based ICs. Average turnaround times for cell-
based ICs range from 10 to 12 weeks, compared with 6 to 8 weeks for gate
arrays. Some gate array suppliers are queting turnaround times as short
as 2 weeks or less (see the Dataguest Research Newsletter *“The Quick
ASIC: Tomorrow's Prototyping Tool"” dated March 28, 1986). Quick turn-
around times are increasing in importance,

Wh Is e Relationshi n_ Pr ion Volumes 4 I

CBICs?

The preceding gate array advantages (competitive pricing, low NRE
charges, user-friendly software, fast turnaround times) have pushed CBIC
suppliers to compete with higher gate count devices and in higher
production volumes. In the early 1980s, ASIC users used CBICs rather
than gate arrays when production volumes reached 8,000 to 10,000 units a
year, with little concern for the gate count of the dewice., Today, the
crossover point is very dependent on gate count and device function-
aligy. If wunit production volumes are less than 15,000 units a year,
gate arrays will capture the business unless the device has a high gate
count and the CBIC supplier can offer increased functionality., Figure 3
shows the cunrrent relationship between unit volumes and gate count for
each of the ASIC design methodologies.



Figure 3
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S THE STATUS OF SILICON ILATION?

Silicon compilation is getting slow user acceptance. Silicon com-
. pilers are in the "early adopter" stage. Dataquest estimates that
99 turnkey silicon compiler systems were sold in 1985 compared with 12 in
1984. Successful designs are now being captured from these systems.
However, the future of the CBIC market is dependent on widespread user
acceptance of silicon compilers. Dataquest in not anticipating wide-
spread user acceptance until the 1989 to 1990 time frame. During the
next three years, we expect to see a growing cadre of users.

IC suppliers, silicon compiler companies, and IC CAD vendors are all
trying to position themselves for long-term lucrative growth. Each
player is currently experimenting with a variety of silicon compiler
products and marketing strategies. Current silicon compiler products
include turnkey systems, cell compiler generators, and software packages
that include 1libraries with compilable cells. These products are being
sold to a wide variety of users in different target markets. Key target
markets include original equipment manufacturers (OEMs), IC suppliers,
military users, and design centers.

What is apparent today is the trend for specialized compilable
cells. IC suppliers are now offering compilable cells in their cell
libraries. Compilable cells start with a standardized functional block
or a standard product, such as a multiplier-accumulator, and then are
altered by the user by inputting the desired cell specifications. These
compiled cells are combined with standard cells and megacells to form
libraries optimized for a specific end-use market.



LSI Logic, the leading MOS gate array supplier, is one of the first
IC suppliers to market a compiler system (MACGEN) with a specialized cell
library dedicated for a specific end-use market (digital signal
processing). The MACGEN generates complex megacells with functions such
as multiplier-accumulators {(MACs), multipliers, and adders. These
megacells combined with compiler technology provide the DSP IC designer
with new device functions and reduced design times, We believe that this
is just the beginning and that other IC suppliers will follow suit with
end-use cell libraries.

WHAT CIRCUIT FUNCTIONS ARE REQUIRED FOR SINGLE-CHIP SYSTEM LUTIONS?

The end users will wultimately determine the functions required in
the cell libraries. Most CBIC suppliers are analyzing the needs of the
end-use markets (mainly the computer and telecom markets) and are
offering the following types of cells:

. Microprocessors
* Memory blocks
. Linear/digital

* Compilable standard products

As sub-2-micron technologies emerge, these cells will reduce the part
count and power consumption, improve reliability, and ultimately lower
costs while improving periformance.

* Microprocessor cells are some of the most important cells in
designing systems for computer products. Most IC suppliers are
building 1libraries that incorporate a version of Advanced Micro
Device's 2901 bit-slice processor. The 2901 is popular because
of its flexible architecture, small cell size, and fast speed.
Other suppliers are implementing general-purpose miCroprocessors
in cells such as the 6502, B80C49, B80C51, and the Z80. Today,
microprocessors larger than eight bits are considered too
complex for implementation as cells. This is not to say that
you cannot design in a standard microprocessor with more than
eight bits, However, most suppliers have simply found it
uneconomical. Suppliers have found the most economical way to
achieve 16- and 32-bit core processors is by stacking 2901s.

. Memory cells are the type of cell that most vendors have in
common., Most all CBIC suppliers offer RAM and ROM in a variety
of configurations. Some of the suppliers have also announced
EPROM and EEPROM cells., For example, Sierra Semiconductor and
NCR have both announced EEPROM cells. Other suppliers are
expected to emerge with EEPROM cells that can be used in
telecommunications circuits, smart cards, analog-to-digital
converters, and voltage regulators.
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L Linear cells in combination with digital cells on a single chip
are popular for digital signal processing (DSP) applications.
Linear cells are surfacing in both CMOS and bipolar libraries.
Commorn linear cells include digital-to-analog converters,
operational amplifiers, wideband amplifiers, and voltage
comparators.

. CBIC suppliers will round out their libraries with compilable
standard@ products. Most people think that companies such as
AMD, Intel, Motorela, and National would have an advantage in
this area over current CBIC suppliers bhecause of their broad
standard product lines, However, customizing these standard
products to the end users' specifications regquires very
sophisticated CAD tocls ({cell compilers). Few companies
currently offer compilable cells. VLSI Technology Ine. (VTI),
the number two CBIC supplier, is a leader in this area. VII's
compilable cells include comparators, counters, flip-flops,
multiplexgers, PLAs, registers, ROMs, and RAMs. We expect other
companies to follow this strategy as the market matures,

HOW LL THE JAPANESE MPANTES TMPACT THE CELL-BASED IC MARKET?

During 1985, Fujitsu, NEC, and Toshiba entered the North American
CBIC market, It almost goes without saying that most domestic suppliers
are paying close attention to their progress after what has happened in
the memory market. Historically, large, vertically integrated Japanese
companies develop products for internal consumption, move down the
learning curve, then offer the device to the merchant market at a reduced
price. This was the strategy for memory products and gate arrays. Their
advanced memory technology drives their technology in gate arrays and
CBIC. Fujitsu, HEC, and Toshiba all offer products that incorporate
advanced technology.

During October 1985, Fujitsu announced its l.8-micron CMOS standard
cell family, which produces gate delays typically averaging 1.2 to
1.4 nanoseconds. This family includes automatic place and route with
user configuration RAM, ROM, and PLA. Fujitsu’'s compacted standard cells
include macros that are logically equivalent to 4-bit micros (2901),
USARTS (8251), internal timers (8254), and 12-bit microprogrammable
controllers (2910).

NEC unveiled its standard cell family, which incorporates 1.5-micron
CMOS technology., The family includes 130 megacells and can achieve
densities up to 17,000 gates.

Toshiba announced a 2-micron CMOS standard cell family with RAM and

ROM macros. The family includes approximately 200 megacells, and can
achieve device complexities up to 10,000 gates.

-9 -



Technolegy is important, but the ASIC market is pot driven by
technolegy alone. How will the Japanese companies manage the following
important issues?

- Software
» Shert production runs
Ld Service

Today, Japanese companies are known for their production capabilities
and not for their software. The merchant market is composed of a wide
variety of users' needs and hardware configurations. Developing scoftware
that can meet the needs of the diverse merchant market is hoth costly and
time consuming. How will the Japanese companies obtain silicon compiler
technology? Dataquest believes that they will form alliances with
domestic IC CAD companies.

The Japanese companies will also have to adjust to short production
runs rather than the high-volume runs that they now dominate., This will
require a change in production egquipment and production control systems,.

Service is one of the most important factors in marketing ASICs.
Will Japanese companies be ready with design/support centers where
customers <an get the technical guidance they require? The cell-based
IC market has a wide variety of users with a wide variety of needs which
must be attended to in order to capture and maintain business in North
America,

WHAT WILL BE THE DOMINANT SINGLE-CHIP SYSTEM DESIGN METHODOLOGY IN THE
1990s?

Dataguest believes that cell-based ICs will dominate in the 1990s for
high-volume applications as well as for applications that require large
systems on a chip. However, silicon compilers must get widespread
acceptance over the next four years for the CBIC market to reach its
potential.

Let’'s look at the race for the ultimate single-chip system solution,
Figure 4 shows the migration path of gate arrays and CBICs on their way
to the ultimate single-chip system solution. Keep in mind that gate
arrays are customized by the final layers for interconnect while CBICs
require a full set of masks.

From a historical perspective, CBICs started with fixed-height and
fixed-width cells in the late 1970s and early 1980s, and moved to
variable-height and variable-width cells by the mid-1980s. Memory blocks
were brought on-chip in 1982, linear/digital in 1984, and core micros in
1985. Silicon compilers started to emerge in the merchant market in 1984.

- 10 -



Figure 4
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Gate arrays started in the early 1970s. Most gate arrays were used
for replacement of standard logic until the early 1980s, when high gate
count arrays emerged and made systems on a chip practical. Memory blocks
were brought on-chip in 1984. [Linear/digital functions were brought
on-chip in the early 1980s. Core micros {2901ls) emerged in 1985. Gate
densities up te 50,000 gates became possible in 1986.

Both design methodologies will wuwltimately look very similar. Both
will offer complex cells, and both will be a solution to single-chip
systems. We believe that it will be difficult to tell a CBIC product
from a gate array product by the early 1990s, Perhaps it will only he of
historical interest how these products evolved.

How Can Semiconductor Suppliers Prepare for Future ASICs?
Suppliers can prepare for future ASICs by:
. Anticipating end-use application
» Exploiting the state of IC CAD tools
. Building cell libraries with the end users in mind
* Providing outstanding service

We expect an IC application explosion to occur over the next three
years, Today, device complexity and functionality are far ahead of the
designers® abilities to find applications. (For example, what are the
applications for a 50,000-gate array?) IC suppliers will not only be
selling ICs, they will also be selling insight on applications. We
believe that anticipating these future applications and directing the use
of IC CAD tools and ASIC products in the end-use markets will be e¢ritical
success factors.

IC suppliers must exploit the state-of-the-art design tools from the
leading IC suppliers and IC CAD vendors. We consider these tools to be
vital elements in the design of single-chip systems. The supplier who
offers unser-friendly integrated design tools directed at end-use appli-
cations will win. Today, those tools are widely dispersed and only a few
companies have taken steps to link them together to form integrated
design systems. How these tools are brought together and made available
to the design community is very important. This leads wus to conclude
that the companies that want integrated IC CAD systems will need to
develop or acguire all of the key elements. The right alliances between
compiler companies and ASIC manufactures can make the difference between
the leaders and the followers.

Building cell 1libraries that are intended for end-use markets is
key. The cell library should bring new specialized functions to a
particular market segment. Forming alliances or trading cells will help
companies cut the cost of building cell libraries as well as position
them to exploit ead-use markets.

- 12 -



Service is of critical importance in marketing ASIC products.
Providing first-rate service really means two things. First, it means
staffing design centers with personnel who are knowledgeable on system
solutions as well as on specific end-use markets. Second, it means
providing the fastest possible turnaround time during development and
prototyping. We believe that the stronger suppliers will invest heavily
in resources to provide short turnaround times.

End users' needs and IC applications are driving the cell-based
IC market. Probing the end users for possible future IC applications is
critical. Dataquest believes that the cell-based IC application

explosion is creating a wealth of opportunity for both suppliers and
users.,

(This newsletter is reprinted with the permission of Dataguest's
Semiconductor Industry Service.)

Beth W. Tucker
Bryan Lewis
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ECAD SETTLES DOWN TO DESIGN AUTOMATION--
NOT TO LAS VEGAS

INTROD' I

At the 23rd Design Automation Conference (DAC), held in Las Vegas for
the second year in a row, the vendors settled down to a routine. At this
year's DAC, wvendors got down to the business of demonstrating their
design automation wares, whereas last year the high-rolling Las Vegas
style prevailed. At that show, vendors' pitches were hard and full of
hype. This year, the prevailing theme was "WYSIWYG," or "What You See Is
What You Get." Product availability, for the most part, was shortened to

. immediately, or an acceptable 30 to 90 days.

This newsletter analyzes the state of electronic CAD/CAM and the
underlying trends that prevailed at this year's DAC. These trends
include:

L] Standard hardware platforms--They are standard as long as they
say Apollo, Digital, or IBM on the cabinet.

° The outlook for turnkey companies--Their success depends on
unbundling software as an option.

L] Personal computers--They are not a miracle, but are they a
mirage?
* The role of the niche company in the integrated design

environment--What is it?
Refer to CCIS Research Newsletter number 1986-21, titled "The 23rd

DAC: What's New?" for a description and our opinions of the products
shown.
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TANDARD PLATF —=H AN E BE?

Disregarding applications for a moment, clearly the big winners at
the DAC were Apollo, Digital, and IBM, Apcllo and Digital had booths
demonstrating their latest and greatest computers running various
software companies' products. IBM was busy demonstrating its own
Computer-Integrated Design Series (CIEDS) 1line of design automation
software., But the real thrust of the CAD computer giants was in the
turnkey and software vendors' booths. Results of our informal survey
reveal the following:

L 3 Digital computers were in 15 booths

. Apollo computers were in 33 booths

¥ IBM computers were in 20 booths

Users want and expect continuity. Standard computers offer

continuity between the past and the preseant, or between the installed
base and new system purchases, To wusers, continuity implies an
integrated design environment; to vendors, it implies the nightmarish
reality of developing, selling, and supporting products for multiple
computer platforms.

CAD vendors are quickly waking up to reality. Dataquest believes
that those that refuse to face reality and continue to support only
proprietary computers will face a losing battle. They must sell software
solutions rather than hardware features.

Software Ports

A more subtle case than proprietary computers is one in which a
CAD vendor supports only one platform, albeit a standard platform.
Apollo, Digital, and IBM dominate the ECAD segments, while Data General,
Sun, and all othérs scramble for ECAD OEMs and software ports, The
CAD vendor's decision involves which platform to make the second port but
is clouded by the perception of losing business without the port.

Datagquest's Integrative Design Environment Concept puts this decision
in perspective. (Refer to CCIS Research MNewsletter number 1986-12,
titled "Valid Restructures to Meet a Changing Industry" for the concept
description.) The concept relates to standard platforms in the following
ways:

L] Users do not prefer to mix and match new purchases of core
design products, such as PCB physical layout, within a given
work or design group.

L Users will mix and match periphery products, such as simulation,
analysis, libraries, or design rules checking.

-2 -



Vendors with core design products, or those that are related to the
design data base, can afford to stay with one computer manufacturer, for
that one application. Their value added is in capturing and manipulating
the actual data. Those same vendors, however, must also provide options
for an integrative strategy for their periphery products. This strategy
might encompass one or hoth of the following ideas:

. Run periphery software on other computer products

. Provide clean and comprehensive netlist extraction and inter-
faces to other CAD companies' programs

In the end, software provides the applications solutions. Will
users' design enviromments be a hodgepodge of hardware? You bet, because
users want freedom of choice.

ER AL, ERS-—ARE THEY A RAGE?

Personal computers were everywhere at the DAC. Interestingly, very
few were off-the-shelf PCs, The vast majority required a coprocessor,
i.e., UNIX and 32-bit, to function as a low-cost personal CAD workstation.

What is going to happen when the IBM PC-2, with the Intel 80386,
ships in quantity? Or when Apollo increases the 3000's production to
satisfy pent-up demand? Each system offers a window into the other's
strength, as identified in the following statements:

* An operating system that supports CAD programs, such as UNIX

. An operating system that supports general-purpose programs, such
as DOS

. Integrated design environment prerequisites

* Acceptable performance

L Acceptable price

These strengths spell neither personal computer nor standalone
workstation, Combined, they spell the user's ideal computer. Yet, no
single ideal computer exists because each meets its own set of user needs
and requirements.

Datagquest believes that the personal computer will continue to be
used as an ECAD platform as long as its price/performance ratio is
advantageous. The PC's advantage, in most cases, is also its mirage--the
coprocessor. We believe that it is the combination of the PC's mirage
and DOS that makes it a viable personal engineering workstation.

-3 -



c tational Al \

PCs force computational alignment, that is, aligning computer
resources with application requirements. With a few exceptions, PCs are
used mostly for logic design: schematic capture at the project level and
simulation at the block/small design level. However, PCs raise design
integration contradictions. By definition, schematic capture is a core
application because it captures and manipulates design data. The
contradiction occurs when a company sells PC-based EDA as a periphery
application.

Two sets of companies, with two sets of problems and solutions, have
vested interests in protecting PC-based solutions, as follows:

* Companies that offer a PC-based point solution for logic design,
without back-end layout

- The geal is to protect a product that approaches being a
commodity.

- The solution is to open the data base as wide as possible
and develop clean and easy interfaces to other companies'
layout products and simulators.

- In this case, price becomes a more important competitive
edge.

. Companies that offer both PC-based logic design and back-end
physical layout

- The goal is to protect both the logic and layout
development efforts.,

- The solution is to deliver positively clean, data
base-driven interfaces between the two.

- In this case, integration and design manageability of the
process becomes the competitive edge.

Dataguest bhelieves that positioning and degree of integration
determine the growth of low-cost solutions. Users do not confuse
hardware features with application soclutions and neither should the
vendors.

TURNEEY COMPANY QUTLOQOK

Dataquest believes that companies in the turnkey business can
continue to thrive. Of course, the shape of their businesses and the
source of their revenue have changed forever. We believe that a turnkey
system is Jjust one of several ways to deliver a design automation
seolution.



This change occurred for the following reasons:
. Ho single vendor is best at all design phase solutions

. No single vendor can configure products for all possible
combinations of computers

L Some wvendors cannot give the same discounts on computers that
computer companies do

L4 Some users already have installed hardware

The precedent is set. At DAC, twe of the three largest EDA vendors,
Daisy and Valid, were demonstrating applications on proprietary hardware
as well as on Digital and IBM computers. Although demonstrating is not
equal to unbundling, end users will force the equality. We believe that
more and more vendors that traditionally deliver turnkey-only solutions
will also move to deliver unbundled software products.

As illustrated in Figure 1, Dataquest estimates that software revenue
will increase from more than 35 percent of 1985 revenue to almost
44 percent of 1990 revenue. We believe that this increase is due not
only to decreasing hardware prices, but alse to unbundled software
sales. Because computer companies vie for the elite position of the
designer’'s hardware choice, turnkey companies can now turn their
attention to their added-value applications solutions,

Profi ili I

What impact will this shift have on turnkey vendors? One significant
impact is on gross revenue--computer sales boost gross revenue,
Conversely, software-only sales and lower-priced computers decrease gross
revenue. Figure 2 illustrates the average gross profit margin percent
for turnkey and software-only companies, calculated by subtracting cost
of goods sold from total revenue. Software-only c¢ompanies have an
impressive 17 percent higher gross profit margin.

Because turnkey companies will ship more software-only products,
Dataguest believes that they will have to restructure to squeeze extra
profit from increased software-only revenue. Unless they do so, their
higher profits will be swallowed by their high operating expenses.
Needed modifications include the following:

] Minimize expenses associated with the sale and support of OEM
computers (Such options might include drop shipments, off-
loading all field engineering and computer training to the OEM,
and tighter marketing and sales alliances with OEMs.)

. Use selective unbundling strategies, with minimum purchase
requirements, stringent 1licensing policies, and well-defined
support mechanisms

* Implement tighter discounting contrels



Figure 1

[1 service
E’-E Software
m Peripherals

CPU/Workstations

Source; Dataquest
Auvgust 1986



Figure 2
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Dataquest believes that, for the most part, turnkey companies own the
major league, core design software. However, exposing the "software
hiding place" by wunbundling software leaves them in a financially
vulnerable situation. Turnkey companies must act deftly and quickly to
make a successful transition from a turnkey to software business.

E DOE NICHE COMPANY FIT?

Dataquest estimates that nearly ten vendors offer end-to-end
solutions, with products for both IC and PCB design in each of the major
design phases. Most of these vendors have strategies that call for
substantial market share of at least 20 percent. Obviously, ten vendors
cannot each have 20 percent market share, so not all will reach their
goal.

The remaining ECAD wvendors are niche companies. These vendors do not
offer end-to-end solutions--they specialize in one or more related
applications. For example, a horizontal niche company may specialize in
simulation or accelerated simulation. A vertical niche company may focus
on PCB design, offering both front- and back-end products. A mniche
company's product line is either horizontal or vertical--across or within
IC or PCB design implementation (refer to Figure 3).



Figure 3
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Borizonta) versus Vertical Niches

Companies with horizontal applications, such as Zycad, Logic
Automation, and HHB, compete for periphery products, Due to standard
platforms, turnkey companies that are unbundling software, and users who
are picking and choosing periphery products, these niche players can
force an integrative design enviromment by creating distribution pull for
their products. Of course, channel pull assumes working, functional, and
useful products. Creating a demand forces vendors with core products to

open data bases cleanly, and it ultimately creates incentives to adhere
to a standard, any standard.

On the other hand, vertically oriented niche companies, such as
Cadnetix, Personal CAD, and Caeco, compete with core design products.
They compete not only with other niche companies, but also with the
end-to-end vendors. Their disadvantage is their size; with many vendors
sharing small pieces of the market, revenue may not permit optimum
development or sales efforts. However, size may also act as an
advantage. Because the resources of small companies are not diluted
across many product lines, they can concentrate their resources on a
gingle narrowly, but strategically defined, product line.



Whereas we believe that creating pull is an important strategy for a
horizontal niche vendor, we believe that product definition, differenti-
ation, and function is the most important strategy for vertical niche
vendors. Excelling in defined product niches is the best way to compete
against end-to-end vendors and to ward off other niche companies,

Consolidation

How many vendors can survive? When will real consgolidation occur?
The number of new vendors continues to increase every year, while an
equal number do not exit. We believe that this occurs because of
technclogy. In the macro sense, design automation is still very young
and the absolute winners and technologies have not yet been decided.
Innovation is still the norm, not the exception. Because of the
technology drive, we believe that strategic alliances rather than mergers
and acquisitions will prevail in the short term. However, the design
automation pot is not infinite, and thus the most common form of
consolidation may be bankruptcy.

DAT ST YST

The 23rd Design Automation Conference was a good one--vendors settled
down to the business of design automation. Where gaps existed, product
lines were filled in., Although some early adopters complained that not
enough sizzling new technology was introduced, we think most attendees
felt secure with what was shown--secure in what you see is what you get,
We even heard one demonstrator allude to the hype of last year's show by
saying that although the company has been demonstrating this product for
a year, it is only now available for delivery.

Only by emphasizing on filling in product lines and delivering
products that work, can vendors move on to delivering process-oriented
solutions to industries designing electronic products. In our opinion,
the next product move regquires a concerted effort on data base and design
management with quantum improvements on user interfaces.

After all, the goal of all CAD/CAM systems is to automate product

design and manufacturing, But first, the dust from the current
generation of design automation systems has to settle,

Beth Tucker Romig
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INTERGRAPH BUCKS INDUSTRY TREND--—
INTRODUCES PROPRIETARY WORKSTATIONS

OVERVIEW

At the Design Automation Conference held recently in Las Vegas,
Intergraph unveiled two new 5-MIPS workstations based on the Fairchild
RISC microprocessor. The new workstations are the Interpro 32C and the
Interact 32C. With prices beginning at $25,000 for a fully configured
system, Dataquest believes that Intergraph has set a new price/
performance standard in the fast-changing technical workstation market.
In our view, the real question is whether Intergraph's decision to build
its own computing hardware is strategically sound, given a market that
favors standard platforms on commodity products from computer vendors.

. Currently, only Intergraph's electronic CAD applications run locally
on the new workstations. Intergraph's core IGDS and DMRS software, which
account for greater than 90 percent of its revenue, is not yet available
for the new workstations since these applications are VMS based.
However, the new workstations are capable of accessing Intergraph's core
software through a terminal emulation feature,

This newsletter describes Intergraph's two new workstations and the
underlying Fairchild microprocessor technology (e.g., the CLIPPER
architecture). Dataquest also analyzes and projects the future evolution
of Intergraph's product line as a result of this announcement.

RPRO/ 2

The Interpro 32C is a higher-performance version of its National
32032 ancestor. It is built around Fairchild's CLIPPER microprocessor,
which can execute instructions at the rate of 5 MIPS. The Interpro 32C
has the following features:

e 6 megabytes of memory

® 80 megabytes of formatted disk

® 1986 Dataquest Incorporated July--Reproduction Prohibited
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* 1l.2-megabyte flexible disk

. 156-inch, 32-color monitor with 1,184 by 884 resolution
4 Ethernet controller

. Three RS5-232 ports

. 85-key, ANSI standard keyboard with 57 user-programmahble
membrane-type keys

* UNIX System V release 2 operating system
. Intergraph and VI 220 terminal emulation

The Interpro 32C configuration listed above sells for $25,000, which
is a tremendous wvalue comnsidering that there are many workstations in the
market today costing twice as much with half the performance. However,
delivery is not slated until November or December of this year,

The pattern of this announcement is strikingly similar to
Intergraph’s October 1984 unveiling of the National 32032-based
Interpro 32; both workstations were announced heforg avallability of the
microprocessor. Dataquest views the microprocessor availability risk to
be much less of a factor in the case of the Fairchild CLIPPER. The
operating system snafus that Intergraph encountered during its National
32032 Interpro implementation are no longer problems under the Fairchild
architecture bhecause Intergraph has chosen to utilize Fairchild's own
UNIX System V port as the base operating system, In addition,
Intergraph's graphiec terminal emulation capability is available upon
delivery, which was not the case with the earlier, problem-plagued,
‘Interpro 32. Therefore, at the very least, Intergraph's installed base
could employ the new workstation as a graphics terminal device for
applications running on the Digital VAX series of computers, although the
5-MIPS performance would not be realized in this mode.

The Interact 32C is a dual graphic display version of the
Interpro 32C. It is packaged with the familiar Intergraph ergonomic
features including a built-in digitizing tablet. Pricing starts at
$40.,000.

Optional features for both workstations include:

. C, Fortran, and Pascal compilers

. PC-DOS operating system

L] Interact terminal emulation

. Graphical kernal system {(GKS) routines
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The Fairchild CLIPPER is a full 32-bit internal and external
architecture that consists of three chips: a CPU with on-chip floating-
peint execution and two combination cache/memory management chips, one
each for instructions and data. The large, 4-kilobyte cache chips are
linked to the CPU via a dual-bus architecture, with one 32-bit bus
dedicated to instructions and the other to data. The large cache size
yields a cache bit ratio of greater than 90 percent, which greatly
improves the execution speed of the system.

The CLIPPER is designed to operate at 33 MHz and has the basic
elements of a RISC architecture with 101 hard-wired instructions along
with a macroinstruction unit containing 67 macros to assist program
execution. Up to 2,048 macroinstructions can be added to ROM to create
more complex operations from the basic hard-wired instruction set.

Of major importance to CAD/CAM vendors is the CLIPPER's unique
on-chip floating-point unit., Placing the IEEE-754 standard floating-
peint unit on the CPU chip rather than using a separate coprocessor unit
{e.qg., Weitek) eliminates bus loading and bandwidth problems and allows
much faster execution speed., At 33 MHz, the CLIPPER performs double-
precision floating-point arithmetic at the rate of 2 million whetstones.
This performance egquals or exceeds most £floating-peint coprocessor
implementations omn the market today, although the Weitek 1164/1165
floating-point chips are capable of outperforming the CLIPPER.

. There is some concern about whether the CLIPPER's design will
accommodate any further performance migrations given its fast 33-MHz
clock speed. Fairchild believes that it can continue to improve the
CLIPPER's performance by improving the architecture, shrinking the line
width, and speeding up the clock.

DAT T ANAT.YST

A number of issues surround Intergraph's 3z2¢ workstation
introduction. On the positive side, Datagquest offers the following
observations:

» The 32C workstations offer excellent price/performance.

Lo At $5,000 per MIPS, the Interpro 32C is the current workstation
price/performance leader.

. Intergraph's older National 32032-based workstations are
upgradeable to the new 32C architecture.

Without gquestion, Intergraph's installed base will be elated with the
new workstations provided that Intergraph can successfully move its
applications to the new platform., Intergraph's large installed base of

. more than 15,000 workstations somewhat modifies the necessity for



Intergraph to play by the same rules that govern other CAD/CAM vendors.
Intergraph users we have spoken to generally feel comfortable with
Intergraph's make-versus-hbuy approach provided that Intergraph provides
an upward migration path for their applications and stays reasonably
current in workstation technology.

On the negative side, we offer the following comments:

L Intergraph's core IGDS and DMRS software is not available on the
32C workstations. Dataquest expects, however, that Intergraph
will soon introduce a new core graphics system called the
Intergraph Graphics Environment (IGE) that will retain most of
the IGDS and DMRS functiomality and utilize an object-oriented
data structure.

£ Dataquest believes that Intergraph will find it difficult to
continue to buck the industry trend toward standard computing
platforms based on commodity products from computer suppliers,

. Datagquest questions whether Intergraph's hardware R&D
organization is prepared to develop and deliver computing
products that must offer a twofold increase in computing power
each year.

Dataquest believes that Intergraph's decision te build rather than
buy its computing hardware represents a significant strategic risk. We
understand Intergraph's motive to protect gross margins, but question
whether the new workstations will really prevent margin erosion or simply
stall the inevitable. Because so many large end users are standardizing
on Apollo, Digital, IBM, and Sun workstations, Dataguest believes that
Intergraph could face a more difficult problem--that of an eroding market
share.

David B. Burdick
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AEC SYSTEMS 1986--INDIVIDUAL VERSUS PROJECT PRODUCTIVITY

SUMMARY

The 1986 AEC Systems show held recently in Chicago, Illinois, was a
showcase for many of the fortunes and wuncertainties facing the
CAD/CAM industry. We believe that one company in particular has had a
major effect on both fortunes and uncertainty. That company is AutoDesk,
which took a no-holds-barred approach this year and created its own
exposition within the show. Those vendors who were part of the AutoDesk
Expo received an enormous amount of attention because of the appeal of
low-cost PC-based systems. The larger turnkey CAD vendors have
understandably been nervous, wondering how to stave off the low-cost
PC mania that has gripped the industry.

The booth layout and flow of attendees at the AEC Systems show
. strikingly resembled the graph in Figure 1. The higher-priced turnkey
systems situated at the show entrance seemed to serve only as
interference for the stampede of show goers attending the AutoDesk Expo.
Some vendors we spoke to actually felt that the AEC Systems show was
merely a sideshow to the AutoDesk Expo, which included approximately

70 AutoCAD add-on products.

Figure 1
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This newsletter discusses our overall impressions of this important
annual event and describes what we considered to be the major exhibition
highlights,

INDIVIDUAL VERSUS PROJECT PRODUCTIVITY

We believe that the AEC CAD market is separating into two distinct
submarkets based on levels of productivity:

* Individual productivity
. Project productivity

Individual productivity refers to the use of CAD to improve or extend
the productivity of what an individual already does manually, such as
drafting or documentation., Project productivity, on the other hand,
refers to a CAD implementation that improves or extends the productivity
of an entire project, from concept design threugh the as-built
environment; the ultimate goal in this case would be one project, one
data base.

All the disciplines {e.g., architect, engineer, and facility manager)
responsible for a particular project would essentially use one data base,
creating their respective portions of the preject to be shared as needed
across disciplines; several vendors' exhibits reflected this theme
exactly.

The major implication from a CAD vendor's point of view is that PCs
have essentially conquered the realm of individwal productivity. One
need look no further than the success of AutoDesk and its AutoCAD product
for wvalidation of this point. Judging from this company's astounding
tripled revenue growth last year and its successful exhibition this year,
it would appear that AutoCAD software is on the way to becoming a
de facte standard for drafting using low-cost (mostly PC-based)
workstations.

On the other hand, users who want tc improve project productivity
will find that PC-based CAD systems usually cannot accommodate this goal.
We believe that larger-scale scftware systems from vendors like Auto-trol
Technelogy, Calcomp, Calma, Computervision, Intergraph, and McDonnell
Douglas are much better suited to handling the more complex applications
and data-sharing tasks associated with increasing project productivity.
We believe that most of these CAD vendors are banking on what many
bhelieve will be a shift away from the labor-intensive view of projects
toward a more global view of how tec improve the entire project 1life
cycle. Most of these vendors demonstrated this theme through their show
exhibits, some to a greater extent than others, and none without the
presence of a personal computer.

In our view, one of the major opportunities for the more established
turnkey CAD wvendor {(especially any of those named above) hinges on broad
user acceptance of advanced applications (e.g., rendering, solids
modeling, or analysis}), rather than on offering low-cost, PC-based
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versions of their software. We believe that the vendors that have chosen
to offer software on a personal computer platform will (if they have not
already) face an uphill hattle on the distribution front, due mostly to
AutoCAD's tight grip on the low-end channels,

AEC Systems 1986 set the stage for what we believe will be an era in
which data base management will play a much greater role in AEC system
purchase decisions. The ability to manipulate and share information
across an array of disciplines within a project is an impressive feature
that was shown by several vendors, both the new and the more established
ones.

INDIVIDUAL PRODUCTIVITY PRODUCTS

AutoDesk Unveils Release 2.5 and AutoSketch

AutoDesk announced a number of new and enhanced products in addition
to holding its own public exposition on the floor of the AEC Systems
show., The company introduced release 2.5 of AutoCAD, Release 2.5, as
AutoDesk president John Walker put it, "cleans out our user wish list.”
It contains more than 50 enhancements, with pan and 2oom operations
running S to 10 times faster than in previous versions of AutoCAD,

AutoDesk also introduced a new low-cost PC-based CAD product called
AutoSketch, which sells for $79.95. AutoSketch is a general-purpose
drawing tool for people who make simple drawings and sketches like flow
diagrams and organizational charts. A potential problem in our view is
that AutoSketch may replace the more expensive AutoCAD program and erode
AutoDesk's revenue and profit growth.

Sigma Design and Skok Systems Introduce Powerful PC-based Systems

Capitulating to the adage "if you can't beat them, join them,” Sigma
Design and Skok Systems have expanded their roles as turnkey
CAD suppliers and joined the ranks of others already offering PC-based
AEC CAD systems. These companies' two new systems, however, are more
than Jjust limited subsets of their larger systems, They are exact
replicas of their workstation-based programs at unbelievably low prices.
And both programs go beyond the drawing-only functionality typical of
most popular PC programs to incorporate relational data base management
systems. Both companies' strategies are very similar in this regard, not
to mention extremely aggressive in pricing.

Skok's system, in particular (called Drawbase), actually runs faster
than its Hewlett-Packard workstation predecessor and offers additional,
unigque functionality for performing space accounting, Skok has
implemented an interface to two popular spreadsheet programs, Lotus 1-2-3
and Symphony, another move to highlight the possibilities in completely
automating a design practice.



The Drawbase system lists for only $4,995, with discounts of nearly
50 percent available for quantities of 15. If Skok c¢an solve the
distribution puzzle that plagues most low-cost CAD products, Drawbase
could potentially become one of the leading PC-CAD systems because of the
incredible level of functionality it provides at such a low price.

Heolcuin CAD on the TEM RT-PC

With more than 7,000 installed workstations and $50 million in sales
in 1985, 15-year-old Holguin unveiled an IBM RT-PC wversion of its
AEC design and drafting system. This system is one of the best
CAD implementations we have seen on the IBM RT-PC. In addition to very
fast display speeds, the system has a refined user interface that allows
both horizontal and vertical menu scanning. Although Holguin's main
hardware platform to date has been based on Hewlett-Packard and
Wang computers, we Dbelieve that the IBM RTI-PC and forthcoming
IBM products will account for a major share of Holguin's future CAD sales.

PR PRODUCTIVITY PROD 5

lcomp's Ren i m

For users who want to produce very lifelike architectural renderings,
Calcomp's new color rendering software provides some of the most advanced
functionality available. Calcomp's proprietary picture processor {(found
only in the 600 Series version of System 25) adds to the impressiveness
of this new offering.

One feature in particular impressed us as being the coup de grace of
this rendering package. The feature (to be released on September 1)
allows for photographs or drawings to be scanned, using a color raster
format, and then overlayed on a background scene and edited using
different texture modification schemes. The output is a fully rendered
image that is vastly improved in quality and detail over slow and costly
hand-drawn artist's renderings. This capability is available through a
Calcomp-developed interface program for $2,500.

A Flurry of New AEC Products from Calma

Unlike Calma's mechanical and electrical product groups, which have
fallen on difficult times, the AEC division is flourishing. This group
struck pay dirt recently with a number of large orders, including those
from the People's Republic of China. At the show, Calma introduced
support for the Apollo DN3000, Apollo DN670, Digital MicroVAX II, and an
IEM PC-based product called Draftstation. The company alsc introduced
seven new software application packages that work in conjunction with its
Dimension III AEC software.



Calma's AEC strategy is a clear example of addressing project
productivity as opposed to individual productivity. Calma is just one of
a group of CAD companies that are implementing strategies to address the
needs of cross-disciplinary, project design firms, many of which also
carry out the building function. For these types of firms, productivity
is not only emphasized throughout the design phase, but also during and
after the building phase, when materials and equipment procurement
activities soak up the most capital.

Coupled with a truly synergistic relationship with its parent,
General Electric, in the areas of power generation and plant design, we
expect Calma's AEC division to rival in size and importance the company's
mechanical and electrical groups.

GMW Computers (U.S.A.) Showcases RUCAPS

Although no major announcements were made by Britain-bhased
GMW Computers, the company warrants mention here. GMW's RUCAPS product
is widely recognized in the United Kingdom and Australia as one of the
best building design products, and it has been marketed in the United
States by the company's subsidiary (also called GMW Computers) for the
past three years. It was the U.S5. subsidiary that showcased RUCAPS. An
estimated 75 systems are installed worldwide, with approximately
55 installed in the United Kingdom.

With RUCAPS, a designer or architect works on an entire model of a
proposed structure rather than on individual drawings. Most other
CAD systems offer 3-D modeling functionality, but there is usually no
direct 1link between the modeling and drawing functions; therefore,
changes made to the model are not reflected in the corresponding
drawing. With the RUCAPS product, drawings are actually offshoots of the
model. We believe that this feature, combined with other significant
features such as relational data base technology and object-oriented
modeling, provides a glimpse of the future orientation of CAD in AEC.

McDonnell Douglas Announces FM on MicroVAX

McDonnell Douglas' agreement to market Resource Dynamic's (RDI's)
facility management (FM) program has resulted in the most recent
announcement of FM on the MicroVaxX, Previously, RDI's software was
available only for PC- and Masscomp-based workstations., The software
will now run in the VMS operating environment on the MicroVAX, interfaced
to McDonnell Douglas' General Design System (GDS) for drawing
functionality. The integration of the GDS and RDI's FM modules
complements what we believe is an already strong system for project
productivity, McDonnell Douglas expects to release this integrated
offering September 29.



Pri uter: ADEM d AE

Prime Computer's exhibit epitomized the <concept of project
productivity, with approximately 2,000 square feet of show space serving
as the typical architectural office to display what Prime calls automated
design, engineering, and management (ADEM).

Prime expanded its design and engineering offering with the
anncuncement of a structural design and analysis interface (SDAI)
package, Industry-standard structural packages, including STAAD-III,
STRUDL, ANSYS, and MSC/NASTRAN, are now accessible through Prime's Medusa
AEC product. The interface is priced between §$6,000 and $8,000,
depending on the client's system configuration.

DATA T ANALYST

As William Zarecor, executive vice president of Intergraph, stated
during a panel session ("CAD Wars: Will PCs Slay the CAD Giants?"), "The
iron law of this bhusiness is to increase functionality, and increasing
functionality takes companies (CAD vendors) into greater levels of
business, putting them in a position of being the giants to be slain.”

Mr. Zarecor may be correct in his assessment, but we believe that
another iron law has emerged that so far has eluded the CAD giants--a
sound and profitable means of distributing low-cost (PC-based) systems to
a very large audience of small, one- and twe-person architectural/
engineering firms. We believe that two companies in particular are
prospering from a tight hold on the alternative (low-cost) distribution
channels: AutoDesk and T&W Systems.

The CAD giants are temporarily shelving the issue of distribution to
the world of small firms by continuing to focus on the more lucrative
markets, namely, midsize and large firms and Fortune 1000 companies,
where project productivity is becoming more of an issue. We believe that
the "“CAD wars" will be fought mainly among the large CAD vendors as they
attempt to differentiate project productivity systems from drawing-only
systems. The linchpin in this case will be a close relationship between
vendor and useér. Those CAD vendors with the resources and dedication to
establish those relationships will, we believe, come out ahead.

David Burdick
Eileen Lynch
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SUMMARY

The 1986 AEC Systems show held recently in Chicago, Illinois, was a
showcase for many of the fortunes and uncertainties facing the
CAD/CAM industry. We believe that one company in particular has had a
major effect on both fortunes and uncertainty. That company is AutoDesk,
which took a no-holds-barred approach this year and created its own
exposition within the show. Those vendors who were part of the AutoDesk
Expo received an enormous amount of attention because of the appeal of
low-cost PC-based systems. The larger turnkey CAD vendors have
understandably been mnervous, wondering how to stave off the low-cost
PC mania that has gripped the industry.

The booth 1layout and flow of attendees at the AEC Systems show
. strikingly resembled the graph in Figure 1. The higher-priced turnkey

systems situated at the show entrance seemed to serve only as
interference for the stampede of show goers attending the AutoDesk Expo.
Some vendors we spoke to actually felt that the AEC Systems show was
merely a sideshow to the AutoDesk Expo, which included approximately
70 AutoCAD add-on products.

Figure 1
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This newsletter discusses our overall impressions of this important
annual event and describes what we considered to be the major exhibition
highlights,

AL VER PROJE PROD IVITY

We believe that the AEC CAD market is separating into two distinct
submarkets based on levels of productivity:

. Individual productivity
. Project productivity

Individual productivity refers to the use of CAD to improve or extend
the productivity of what an individual already does manually, such as
drafting or documentation. Project productivity, on the other hand,
refers to a CAD implementation that improves or extends the productivity
of an entire project, f£from concept design through the as-built
environment; the ultimate goal in this case would be one project, one
data base.

All the disciplines {(e.g., architect, engineer, and facility manager)
responsible for a particular project would essentially use one data base,
creating their respective portions of the project to be shared as needed
across disciplines; several vendors' exhibits reflected this theme
exactly.

The major implication from a CAD vendor's point of view is that PCs
have essentially conquered the realm of individual productivity. One
need look no further than the success of AutoDesk and its AutoCAD product
for walidation of this point. Judging from this company's astounding
tripled revenue growth last year and its successful exhibition this year,
it would appear that AutoCAD software is on the way to becoming a
de facto standard for drafting wusing low-cost (mostly PC-based)
workstations.

On the other hand, users who want to improve project productivity
will find that PC-based CAD systems usually cannot accommodate this goal.
We helieve that larger-scale software systems from vendors like Auto-trol
Technology, Calcomp, Calma, Computervision, Intergraph, and McDonnell
Douglas are much better suited to handling the more complex applications
and data-sharing tasks associated with increasing project productivity.
We believe that most of these CAD vendors are banking on what many
believe will be a shift away from the labor-intensive view of projects
toward a more global view of how to improve the entire project life
cycle. Most of these vendors demonstrated this theme through their show
exhibits, some to a greater extent than others, and none without the
presence of a personal computer.

In our view, one of the major opportunities for the more established
turnkey CAD wvendor (especially any of those named above) hinges on broad
user acceptance of advanced applications (e.g., rendering, solids
modeling, or analysis), rather than on offering low-cost, PC-based
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versions of their software. We believe that the wvendors that have chosen
to offer software on a personal computer platform will (if they have not
already) face an uphill battle on the distribution front, due mostly to
AutoCAD's tight grip on the low-end channels.

AEC Systems 1986 set the stage for what we believe will be an era in
which data base management will play a much greater role in AEC system
purchase decisions, The ability to manipulate and share information
across an array of disciplines within a project is an impressive feature
that was shown by several vendors, both the new and the more established
ones.

INDIVIDUAL PRODUCTIVITY PRODUCTS

AuntoDesk Unveils Release 2.5 and AutoSketch

AutoDesk announced a number of new and enhanced products in addition
to holding its own public exposition on the floor of the AEC Systems
show. The company introduced release 2.5 of AutoCAD, Release 2,5, as
AutoDesk president John Walker put it, "cleans out our user wish 1list.”
It contains more than 50 enhancements, with pan and zoom operations
running 5 to 10 times faster than in previous versions of AutoCaD.

AutoDesk also introduced a new low-cost PC-based CAD product called
AutoSketch, which sells for $79.95. AutoSketch is a general-purpose
drawing tool for pecople who make simple drawings and sketches like flow
diagrams and organizational charts. A peotential problem in our view is
that AutoSketch may replace the more expensive AutoCAD program and erode
AutoDesk's revenue and profit growth,

Sigma Design and Skok Systems Introduce Powerful PC-based Systems

Capitulating to the adage "if you can't beat them, join them,” Sigma
Design and Skok Systems have expanded their roles as turnkey
CAD suppliers and joined the ranks of others already offering PC-based
AEC CAD systems. These companies' two new systems, however, are more
than Jjust 1limited subsets of their larger systems., They are exact
replicas of their workstation-based programs at unbelievably low prices,
And both programs go beyond the drawing-only functionality typical of
most popular PC programs to incorporate relational data base management
systems., Both companies' strategies are very similar in this regard, not
to mention extremely aggressive in pricing.

Skok's system, in particular {(called Drawbase), actually runs faster
than its Hewlett-Packard workstation predecessor and offers additiomal,
unigue functionality for performing space accounting. Skok  has
implemented an interface to two popular spreadsheet programs, Lotus 1-2-3
and Symphony, another move to highlight the possibilities in completely
automating a design practice.



The Drawbase system lists for only $4,995, with discounts of nearly
50 percent available for quantities of 15. If Skok can solve the
distribution puzzle that plagues most low-cost CAD products, Drawbase
could potentially become one of the leading PC-CAD systems because of the
incredible level of functionality it provides at such a low price.

Holguin CAD on the IBM RT-PC

With more than 7,000 installed workstations and $50 million in sales
in 1985, 15-year-0ld Holguin unveiled an IBM RT-PC version of its
AEC design and drafting system, This system 4is one of the best
CAD implementations we have seen on the IBEM RT-PC. In addition to very
fast display speeds, the system has a refined user interface that allows
both horizontal and vertical menu scanning, Although Helguin's main
hardware platform to date has been based on Hewlett-Packard and
Wang computers, we believe that the IBM RT-PC and forthcoming
IBM products will account for a wmajor share of Holquin's future CAD sales.

PROJECT PRODUCTIVITY PRODUCIS

alc 's Re rin

For users who want to produce very lifelike architectural renderings,
Calcomp's new color rendering software provides some of the most advanced
functionality available. Calcomp's proprietary picture processor (found
only in the 600 Series version of System 25) adds to the impressiveness
of this new offering.

One feature in particular impressed us as being the coup de grace of
this rendering package. The feature {(to bhe released on September 1)
allows for photographs or drawings to be scanned, using a color raster
format, and then overlayed on a background scene and edited using
different texture modification schemes. The output is a fully rendered
image that is vastly improved in quality and detail over slow and costly
hand-drawn artist's renderings. This capability is available through a
Calcomp-developed interface program for $2,500.

A Flur f R AEC Produ from a

Unlike Calma's mechanical and electrical product groups, which have
fallen on difficult times, the AEC division is flourishing. This group
struck pay dirt recently with a number of large orders, including those
from the People's Republic of China. At the show, Calma introduced
support for the Apollo DN3000, Apollo DN570, Digital MicroVAX II, and an
IBEM PC-based product called Draftstation. The company also introduced
seven new software application packages that work in conjunction with its
Dimension III AEC software.



Calma‘s AEC strategy is a clear example of addressing project
productivity as opposed to individual productivity, Calma is just one of
a group of CAD companies that are implementing strategies to address the
needs of cross-disciplinary, project design firms, many of which also
carry out the building function., For these types of firms, productivity
is not only emphasized throughout the design phase, but also during and
after the building phase, when materials and equipment procurement
activities soak up the most capital.

Coupled with a truly synergistic relationship with its parent,
General Electric, in the areas of power generation and plant design, we
expect Calma's AEC division to rival in size and importance the company's
mechanical and electrical groups.

GMW Computers (U.S.A.) Showcases RUCAPS

Although no major announcements were made by Britain-based
GMW Computers, the company warrants mention here. GMW's RUCAPS product
is widely recognized in the United Kingdom and Australia as one of the
best building design products, and it has been marketed in the United
States by the company's subsidiary {(also called GMW Computers) for the
past three years. It was the U.S. subsidiary that showcased RUCAPS. An
estimated 75 systems are installed worldwide, with approximately
55 installed in the United Kingdom.

With RUCAPS, a designer or architect works on an entire model of a
proposed structure rather than on individual drawings. Most other
CAD systems offer 3-D modeling functiomality, but there is usuwally no
direct 1link between the modeling and drawing functions; therefore,
changes made to the model are not reflected in the corresponding
drawing. With the RUCAPS product, drawings are actually offshoots of the
model. We believe that this feature, combined with other significant
features such as relational data base technology and object-oriented
modeling, provides a glimpse of the future orientation of CAD in AEC,

McDonnell Douglas Announces FM on MicroVAX

McDeonnell DPouglas® agreement to market Resource Dynamic's (RDI's)
facility management (FM) program has resulted in the most recent
announcement of FM on the MicroVaX, Previously, RDI's software was
available only for PC- and Masscomp-based workstations. The software
will now run in the VMS operating environment on the MicrovaX, interfaced
to  McDonnell Douglas' General Design System (GDS) for drawing
functionality. The integration of the GDS and RDI's FM modules
complements what we believe 1is an already strong system for project
preductivity. McDonnell Douglas expects to release this integrated
offering September 29,
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Prime Computer: ADEM and AEC

Prime Computer's exhibit epitomized the concept of project
productivity, with approximately 2,000 square feet of show space serving
as the typical architectural office to display what Prime calls automated
design, engineering, and management (ADEM).

Prime expanded its design and engineering offering with the
announcement of a structural design and analysis interface (SDAI)
package. Industry-standard structural packages, including STAAD-IIT,
STRUDL, ANSYS, and MSC/NASTRAN, are now accessible through Prime's Medusa
AEC product. The interface is priced between §$6,000 and $8,000,
depending on the client's system configuration.

ATA T ANALYST

As William 2Zarecor, executive vice president of Intergraph, stated
during a panel session ("CAD Wars: Will PCs Slay the CAD Giants?"), "The
iron law of this business is to increase functionality, and increasing
functionality takes companies (CAD wvendors) into greater levels of
business, putting them in a position of being the giants to be slain,"

Mr. Zarecor may be correct in his assessment, but we believe that
another iron law has emerged that so far has eluded the CAD giants--a
sound and profitable means of distributing low-cost (PC-based) systems to
a very large audience of small, one- and twe-person architectural/
engineering firms, We believe that twe companies in particular are
prospering from a tight hold on the alternative (low-cost) distribution
channels: AutoDesk and T&W Systems.

The CAD giants are temporarily shelving the issue of distribution to
the world of small firms by continuing to focus on the more 1lucrative
markets, namely, midsize and large firms and Fortune 1000 companies,
where project productivity is becoming more of an issue. We believe that
the "CAD wars" will be fought mainly among the large CAD vendors as they
attempt to differentiate project productivity systems from drawing-only
systems. The linchpin in this case will be a close relationship between
vendor and user. Those CAD vendors with the resources and dedication to
establish those relationships will, we believe, come out ahead.

David Burdick
Eileen Lynch
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HEWLETT-PACEKARD: TURNKEY SUPPLIER OR CATALOG VENDOR?

The memory of the 1985 Design Automation Conference (DAC) continues
to haunt Hewlett-Packard. There, at electronic CAD/CAM's most
prestigious trade show, and with a new line of workstations, HP seemed to
be waiting for some software. Contrasted with the splashy display put on
by Tektronix, another 1985 market entrant and an HP competitor,
Hewlett-Packard was definitely at a low-water mark.

At DAC '86 (June 30 to July 3), HP had something more than blank
screens to demonstrate. Coordinating a number of electronic CAD/CAM
(ECAD) product announcements, HP attempted to demonstrate that it is in
the market to play and to stay. But the question of how active a role HP
will take in future application development remains tantalizingly
unanswered. This newsletter analyzes HP's strengths and weaknesses, and
. addresses the following issues:

] HP's overall strategy and goals in ECAD
® HP's electronic CAD/CAM products

& HP's DAC announcements

STRATEGY

Reorganization

Following the dictum "structure follows strategy,"” Hewlett-Packard
reorganized over the past two years, creating the Design Systems Group
(DSG) to embody its corporate CAD/CAM commitment. Hoping to leverage its
market leadership and experience in the test and measurement area, HP
positioned the DSG as part of HP's Components, Design & Measurement
Sector.

The DSG consists of three business units, spanning 11 components, and
includes a partnering with a technical software group that manages all
relevant third-party agreements (see Table 1).
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Cericor Acquisition

Part of HP's overall ECAD strategy has been acquigition. In
June 1985, HP acquired an 11 percent share in BSalt Lake City-based
Cericor, a modest-sized EDA software house. In October 1985, it moved to
fully acquire Cericor. HP then began to fold Cericor into its newly
reorganized Design Automation group, referring now to the Cericor
component as the Salt Lake City Operation (5C0).

Dataguest believes that this acquisition was neither due to Cericor‘'s
unimpressive economic performance of under $2 million annual revenue nor
did it represent the purchase of a "hot" successful start-up for mere
public relations wvalue. 1In Cericor's unique approach to a design data
base and ongeing R&D in application development environments, perhaps HP
recognized what it and, more significantly, the general market 1lacked:
an integrative application software philosophy.

Cericor's products currently form the foundation of HP's front-end
Logic Design System, and future HP product development will build off the
following Cericor features:

L Object-oriented data base
' ] Human interface
[ Application development environment

To these, HP adds an array of architectures from the PC level to
mainframes, using industry standard networking.

Cericor's productized software at the time of acquisition included
schematic capture, logic simulation, and timing verification packages,
but its strongest cards were a powerful, object-oriented data bhase and an
application development systen. The Cericor data base provides
transparent data translation at all levels of the design process, working
off a central "“core" data base with a structure that allows an engineer
to work concurrently on multiple levels of the design process. Crucial
to an integrative deaign environment approach, which HP professes to be
selling, is Cericor's application software development environment, which
enables users hoth to integrate and customize specific tools, It remains
to be seen if HP intends to capitalize on the new announcements,

HP claims that Cericor provides the integrating paradigm for eventual
offerings and the key to future dJdavelopment. In the current round of
product announcements, however, we note that Cericeor's procedural
interface has not been fully utilized by HP. If Cericor is indeed the
cornerstone of HP's development plans, we would expect eventual products
aimed at programming productivity, such as an application development
system.



Thira-Party Software

HP's third-party software program is called the HP Plus program,
which, in the electronic CAD/CAM area, includes software from the
following companies:

[ Analog Design Tools (ADT}

® FatureNet

o SDA

® VLSI Technology Incorporated (VTI)
® Zuken

Por those products specifically designated as DesignCenter products,
third-party software is both marketed under HP's name and fully supported
by HP.

PRODUCTS

HP is currently marketing a design environment, a combination of
internal hardware and software offerings with third-party IC and
PCB design tools. This design environment has been dubbed the HP
DesjgnCenter, with products addressing electronic, mechanical, and
software engineering design needs, HP's DesignCenter products also
address the office automation and electronic test application markets.
DesignCenter offerings are augmented by third-~party packages. {(For a
description of DesignCenter CAD/CAM products, see Table 2.)

HP DesignCenter is based on networked HP engineering workstations,
including both 16/32 and 32-bit microprocesscors, the HP-UX UNIX V
operating system, and HP peripherals. Hardware bases include the HP 9000
workatations series 310, 320, and 500, and, at the low-end, either HP's
own PC, the Vectra Personal DesignStation, or IBM's PC AT outfitted with
a 32000 coprocessor to support HP-UX,



Table 2

BEWLETT-PACKARD DESIGHCENTER ELECTRONIC CAD/CAM PRODUCTS
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Simulation

Analog Deaign

PCB Physical Deaign

Physical Modeling

software Dmsign
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DAC '86 ANNOUNCEMENTS

For this y&ar's Design Automation Conference, HP made a flurry of
announcements, including both new product introductions and product
aenhancemnente to its DesignCenter electronic offerings. The following is
a brief list of HP's major electronic anncuncements, accompanied by
Dataquest—-supplied descriptions and analyses:

Design System Manager: This enhancement provides design project
management facilities, including data security, project
monitoring via design check-in and =-out, and revision control.
The Design Manager also provides network file management and
remote job processing. Dataguest considers this type of
facility an essential ingredient of an integrative design
enviconment.

HP Printed Circuit Design System: This PCB layout system is a
new addition to the DesignCenter and has 1links to HP's
previously announced Logi¢ Design System (LDS}. (Also part of
the DAC announcements were new LDS links to Racal-Redac and
Computervision; previously announced were LDS 1links for back
annotation purposes to Scientific Calculations and Calay.)
HP licensed the source code for this product from Northern
Telecom/Bell Northern Research in October 1985. HP then
enhanced and integrated it for inclusion in the DesignCenter.
Bell Northern alsc supplied IBM with its CBDS II PCB CAD
product. The HP PCB Design System is also linked to HP's own
3065 board test family.

HP Teamwork/Structured Analysis: HP describes this as a new
computer-aided software engineering (CASE) product, aimed at the
spacification phase of software development. It contains
facilities for developing a project library by means of data
dictionaries and flow diagrams. Because the graphics features
of this product are not presently linked to the source code, we
dispute the use of the term "CASE™ for it., Rather, it appears
to be a viable structured software deocumentation tool, which may
or may not form the basis of an eventual CASE offering.

HP64000~UX: Integration of the HP64000 Software Design System
into the DesignCenter UNIX operating environment, This
announcement refers to HP's microprocessor development software
being ported to the HP series 300 and accessible from the
HP DesignCenter environment.

LDS Enhancements: HP's schematic entry and simulation product
has been enhanced to include links to HP PCB Design System,
HP Software Design Sysatem, and HP Engineering Graphics System
{(EGS). Other enhancements include color display capability,
GenRad's HICHIP physical modeling, 1links to various ASIC
foundries including NEC and VTI, and data file compatibility
with HP's Analog Design System. HILO-3 is now available on the
HP 9000 series 500 technical workstation.,



Dataquest notes that while HP's PCB Design System has an open
design-file format with flexibility to accept inputs from a variety of
front-end systems, it is not linked to HP's own front-end by a common
design data base. Netlists and parts information can be transparently
transferred between the two HP products, but the productivity gains of a
common, concurrent design data base are bypassed.

While obviously able to leverage its market Jleadership strength in
board test equipment, we believe HP has missed the point of a front-end
link to its own LDS product. Tight integration of core application
software has been sacrificed here for a modular approach. If you want to
be an end-to-end supplier, you must provide unigue and highly integrated
end~-to-end solutiona, and not just £ill in the blanks in your software
catalog.

DAT T ANALYSIS

HP's pew announcements reveal a mixed and confusing strategy. On the
one hand, there seems to be an attempt to offer end-to-end design
solutions. On the other hand, there is an effort to have a large
third-party referral software catalog running on HP hardware. A design
environment aimed at integration has to mean a lot more than networked
and compatible workstations. HP's current approach to CAD/CAM can be
characterized as aggressively cautious (read tentative). It is a
questionable practice to introduce a variety of products and then let the
marketplace decide who you are.

Leadership in this market, rather, requires a greater amount of
risk-taking and innovation than merely offering what everyone else
already does, or porting every known software package to your
workstations. HP has the advantage of a reputation for excellence,
particularly for customer support, as well as a large and reportedly
loyal installed base. It also has the resources and potential to expand
its strengths in the board test market to become a major supplier of
PCB CAD.

HP's disadvantages include its hardware focus {some would say myopia)
as opposed to a focus on solutions to design problems. Ironically, its
large installed base could actually be compounding HP's identity crisis,
by compelling it to accommodate and support a wide range of competing
design solutions, rather than concentrating on developing its own. HP's
large sales force, unversed in selling applications, could also be
disadvantagecus here. In Dataquest's opinion, HP, like other giants
entering this marketplace, will have to clearly identify its strategies
and goals or risk dissipating its CAD/CAM marketing efforts. HP's
dilemma, simply stated, is: DO we really want to be another Digital
Equipment or Apollo, when we believe we have got the ability to be a
major turnkey supplier?



HP seems suspended in the process of deciding, and the spate of new
announcenents reveal attempts to be both innovator and market
accommodator all at the same time. HP does not appear to be building on
Cericor's innovative data base philosophy. Clearly, the Cericor
acquigition bought HP the option of eveolving an EDA busineas, What it
eventually does this Cericor base, in our opinion, will provide the
egsgantial clue to its choice between being either a hardware or a design
productivity supplier. In our opinion, HP wants it both ways and may or
may not realize that these are conflicting, if not mutually exclusive,

goals.

-

Tony Spadarella
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ASIC DESIGN CENTER CAD SURVEY

INTRODUCTION

ASIC design center CAD purchases are driven by the changing
requirements of their customers. The lead indicator of a design center's
CAD/CAM purchase plans is the ASIC customer rather than the ASIC house
itself. Ultimately, the ASIC customer 1is the target for all ASIC
products, both CAD and silicon.

This newsletter discusses the results of DATAQUEST's CAD/CAM Industry
Service's design center survey. In compiling the results, we have
identified three specific areas of controversy:

. & Personal computers—--engineering or office automation tool?
° Integrative design environment--is it possible in design centers?
[ Bottlenecks--~is the customer a bottleneck?
DEMOGRAPHICS

DATAQUEST polled 146 U.S.-based IC design centers, which is nearly
100 percent of the U.S. merchant ASIC design centers. Our survey
tabulations represent a 50 percent response rate from 73 design centers.

The respondents primarily consisted of three types of design centers:

® Semiconductor vendor affiliated

® Distributor affiliated

e Independent/unaffiliated

These types of design centers accounted for 90 percent of the total
responses. The remaining 10 percent were vendor-affiliated centers that

. typically received their funding from private sources.
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Deaigns

Cumulatively, there were 3,259 annual design starts in the sample,
designe@ by 503 engineers. This translates into an average of seven
design starts per engineer, and an average of seven engineers at each
design center. Please refer to Figure 1 and Table 1 for information on
the types of circuits being designed and the average number of gates.

PERSONAL COMPUTERS—--ENGINEERING OR OFFICE AUTOMATION TOOL?

IBM PCs comprised nearly one-third of the nonturnkey-supplied CAD/CAM
hardware. Yet, Pigure 2 indicates that the PC's primary application is
not engineering automation, PCs are used most often for office
automation-—-even in such an intense engineering environment as an ASIC
design center. Schematic capture represents the only engineering
application for which the PC is used with any frequency.

We believe that the PC is so widely accepted because it also allows
engineers to run office automation products. This suggests that vendors
with PC or low-cost solutions must provide a path for end users to run
general-purpose applications.

Purchase plans by product type are shown in Figure 3, Nearly
38 percent of the respondents indicated that they plan to purchase PCs.
Standalone workstations plans, however, were even higher, at 46 percent.

We believe that engineers have a realistic attitude about the
personal computer—-by itself, it cannot run the computationally intensive
applications that are typically run on a host or standalone computer. We
expect personal computers to continue to be used for general-purpose
applications and serve as a low=-cost design entry nodes in networked
engineering environments.

THE INTEGRATIVE DESIGN ENVIRONMENT

Software Perspective

Figure 4 shows the usage of analysis tools and the sources from which
they were acquired. This figure suggests that in spite of the
closed~door environment of ASIC software, there are a lot of commercially
developed general-purpose analysis tools available on design center CAD
systems. The most freguently c¢ited analysis tool purchased from a
software vendor is circuit simulation. This high response clearly
contradicts the widespread myth that transistor-level simulation is not
run on ASICs.

Although simulation tools are winning substantial design center
acceptance, this is not the case with analysis tools addressing the
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manufacturability issues such as design rules check (DRC), electrical
rules check (ERC), and layout-versus-schematic. Even though a
significant number of design centers stated that they purchased these
tools from outside sources, these applications were also cited most
frequently as tools developed in-house, indicating that customization to
a particular manufacturing process is frequently required.

We believe that ASIC design centers will continue to purchase
analysis tools for their customers® use rather than for internal use,
CAD vendors' products must be integratable with ASIC companies' in-housge
tools. Process—dependent tools must be easily customized to meet the
process=-specific requirements of individval manufacturers.

Turnkey Perspective

Figure 5 shows the installed bases of the five most frequently
mentioned CAD vendors. These top five companies comprise 47 percent of
all systems c¢ited in the survey. Another 21 vendors comprise the
remaining 53 perc¢ent of systems.

Figure 5 also illustrates buying plans and repeat purchases,
Clearly, no respondent is so committed to any one CAD vendor that it
excludes that vendor's competitors. The relatively low repeat business
rates do not necessarily reflect dissatisfaction with any one vendor.
Rather, they mirror the nature of the design center business itself--to
avoid excluding potential ASIC customers, design centers must provide
support and completion of customers' designs on corresponding CAD systems
at the center. Therefore, systems purchased by design centers are an
indication of general ASIC design community demands.

IS THE CUSTOMER A BOTTLENECK?

ASIC customers are strongly involved in the design process. Figure 6
shows that nearly half of the responding design centers' customers are
responsible for their own designs. The survey also indicates that
44 percent of the customers are responsible for simulation.

Figure 7 shows the distribution of time spent on each design c¢ycle
phase, Nearly 60 percent of the time it takes to complete a design is
spent on logic creation and simulation or the phases in -which customers
are directly involved. Yet design centers identify one of their biggest
bottlenecks as the customer.

It appears that the design centers, as well as the CAD vendors, have
not yet completed the end-user education process. CAD and ASIC vendors
are not acknowledging customers' steep learning curves and are expecting
expert results from novice users.



DATAQUEST CONCLUSIONS

Personal computers are only a platform; survey results show that PCs
are not perceived in the end-user community as low-cost end-to-end design
automation solutions. Although engineers use personal computers for
schematic capture, the major application for PCs is office automation.

Datagquest believes that CAD vendors must concentrate on positioning
PCs as design entry nodes that are easily integrated into networked
design environments. The acceptance of PCs is dependent on networking
and its ability to run general-purpose programs.

Dataquest believes that achieving the goal of widespread acceptance
of ASICS will require semiconductor vendors to release their physical
libraries and layout programs. As novice users become more proficient,
they will want more control over their designs, and therefore need more
information. This, in turn, will require a higher level of customer

support.

What clearly emerges from the results of the survey is an end-user
mandate for CAD vendors and ASIC vendors to take responsibility for
supporting their customers. Datagquest believes that CAD vendors need to
structure profitable and effective customer service so that all users get
the experience necessary to make their systems produce.

If the CAD vendors' training ends with the designh center engineers,
they are ignoring the actual end-user market——the ASIC users~-where
penetration is still very low. Using a design ¢enter CAD system may be a
customer's first opportunity for hands-on experience with ASIC design
automation. In reality, the existing CAD systems in & design center are
a sales opportunity in disguise; every time a design center customer uses
a CAD system, it is actually a real-world demonstration of that system's
capabilities. As prices continue to decrease and it becomes feasible for
more engineers to purchase design automation systems, it behooves CAD
vendors to ensure that every c¢ustomer who wuses that design center's
system is adequately supported.

The ASIC desigh centers' perceptions of their customers as one of
their biggest productivity bottlenecks is a example of the semiconductor
industry's discrete parts mentality. For the relationship between the
design centers and their customers to change, we believe that it is
necessary for the relationship between the design centers and the CAD
vendors to become a customer service partnership, with each assuming
responsibility for their common customer--the ultimate end user.

Kelly D. Leininger



Figure 1

TYPES OF ASICs DESIGNED
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Handcrafted

AVERAGE NUMBER OF GATES BY CIRCUIT TYPE

Type of Circuit

Gate Arrays
Standard Cells
Handcrafted
PLDs

Average Number
of Gates

1,930
1,879
1,058

283
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July 1986
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Pigure 2

USE OF PERSONAL COMPUTER SOPTWARE TOOLS
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Figure 4

ANALYSIS TOOLS: USAGE AND SOURCES
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Figure 5

ANALYSIS TOOLS: INSTALLED BASES AND BUYING PLANS
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Figure 6

WHO DOES THE DESIGN?
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Figure 7

AVERAGE DISTRIBUTION OF TIME PER DESIGN PHASE
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ASIC: CROSSING THE APPLICATIONS THRESHOLD

"Adolescence is the awkward age when a child is too
old to do something cute and perhaps too young to do

something sensible.”
--E. C. McKenzie

INTRODUCTION

The synergy between the application-specific integrated circuit

(ASIC) and the electronic CAD/CAM (ECAD) markets is so intense that it is

often difficult to differentiate between the two. The most important

difference is that both ASIC manufacturers and users are target markets

. of the ECAD vendors. It is for this reason that we republish a joint

newsletter from DATAQUEST's Semiconductor Industry Service and
Semiconductor Application Markets service.

This newsletter summarizes a recent survey conducted by our sister
services, and analyzes the trends in ECAD end-user markets.

AT THE THRESHOLD

It almost seems that the application-specific integrated circuit
(ASIC) industry has crossed the threshold from youth to adolescence.
Like the child who has grown and matured rapidly, who has seen his
potential but is not sure how to achieve it, so too is the ASIC
industry. Standing at the threshold, with great optimism, ASIC suppliers
visualize end-use markets as opportunities and challenges. The ASIC
industry knows it has a way to go, and believes it has the maturity, but
it is not exactly sure what path to choose.

© 1986 Dataquest Incorporated June--Reproduction Prohibited
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This newsletter summarizes a recent analysis of end-use ASIC applica-
tions done by our Semiconductor Application Markets (SAM) service and the
Semiconductor Industry Service (SIS). Our analysis shows three important
points:

° ASICs have diffused into most end-use applications but still
have a way to go.

8 Design starts are fueling the growth of the ASIC market.
@ ASIC suppliers are going to face a number of challenges and
opportunities.

We take a closer look at some of the more common applications for
programmable logic devices (PLDs), gate arrays, and cell-based designs
(CBDs), and we conclude with observations that indicate the strategic
direction for both ASIC users and suppliers.

As the youthful ASIC market captures a larger market share, we expect
suppliers and users to develop new relationships. Today, only 14 percent
of all integrated circuit (IC) revenue is ASIC, but by 1990 it will
exceed 25 percent. Furthermore, as Figure 1 shows, all North American
end-use markets are expected to use ASIC in one form or another. This
means that suppliers will have to learn how to service the unique
characteristics of each application. Users, in turn, will have to learn
which design methodology is the most appropriate for their needs. The
following sections expand on these issues and provide supporting data.

Figure 1

ESTIMATED NORTH AMERICAN ASIC END-USE CONSUMPTION
(Millions of Dollars)
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ASIC PENETRATION: A LONG WAY TO GO

DATAQUEST has just completed a major survey of 200 of the largest
electronic businesses in North America. These companies have more than
500 semiconductor procurement locations and represent a diverse group of
buyers, material managers, purchasing directors, and corporate contract
managers. While profiles of this group do not include all electronic
businesses, which number in the thousands, we believe they represent at
least 55 percent of the total dollars invested in ICs. From the ASIC
point of view, these companies represent the largest and most influential
body of procurement management to be found in North America.

Perhaps the most startling finding is that ASIC penetration has yet
to mature. This is because most users devote a major portion of their
procurement budget to logic products and because only a fraction of the
logic budget is currently devoted to ASIC. Figure 2 shows the end-use
distribution of IC dollars subdivided into the five major product
categories.

Figure 2

IC PROCUREMENT--1985
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It is interesting to note that logig, which includes ASIC and
standard logic, makes up a major portion of IC procurement in all the
end-use segments. While ASIC is not currently consuming a major portion
of logic, it does suggest its large potential. But the most important
finding shows that there is a wvery large group of users that is
contemplating using ASIC. Of all the system manufacturers that were
polled, 57 percent said they were seriously considering ASIC, 33 percent
said they were not, and 10 percent were undecided.

A corollary to the above finding is how ASIC procurement is
distributed throughout the United States. Table 1 and Figure 3 show that
ASIC purchases are concentrated in the Pacific area, followed by the
Northeast and the Midwest. These findings reinforce our previous
findings that most U.S. design centers are concentrated on the coasts and
in the Midwest.

Table 1

EXPECTED ASIC DESIGNS
{Percent of Respondents by Region)

Atlantic Midwest Northeast Mountain Pacific South Total

Gate Array 9.0% 13.4% 20,9% 7.5% 40.3% 9.0% 100.0%
Standard

Cell 8.7% 13.0% 19.6% 6.5% 34.8% 17.4% 100.0%
PLD 6,3% 12.5% 25.0% 12.5% 25.0% 18.8% 100.0%
Full Custom  8,3% 25.0% 18.8% 2.1% 31.3% 14.6% 100.0%

Source: DATAQUEST
May 1986



Figure 3

ASIC PROCUREMENT SURVEY AUDIENCE
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DESIGN STARTS—--FUEL FOR ASIC GROWTH

There 1is another way to look at ASIC growth--by examining the
estimated design activity from the user's point of view. Table 2
measures the estimated 1986 North American design activity. Respondents
were asked how many designs they were planning and what percentage was
planned per each design method. For example, for users who plan to do
greater than 76 designs, the percentage that will be done using gate
arrays is expected to be 60 percent. The other designs are expected to
be done using CBD or full-custom design methods. The data shown in
Table 2 suggest that regardless of the number of designs per year, most
users expect to buy more gate arrays than any of the other design type.



Table 2

ESTIMATED 1986 NORTH AMERICAN DESIGN STARTS
{Percent of Total)

Number
of Designs Gate Full
per Year Array PLD CBD Custom Total

All Ranges 47.4% 5.1% 23.1% 24.4% 100.0%

25 47.0% 5.9% 22.4% 24.7% 100.0%
26=50 43.3% 2.5%  30.0% 24.2% 100.0%
51-75 50.0% - 50.0% - 100.0%

76 60.0% - 7.0% 32.0% 100.0%

Source: DATAQUEST
May 1986

We believe that this preference for gate arrays can be traced to two
areas. It is fueled first by very user-friendly electronic design
automation {EDA) and second by the proliferation of low=cost
workstations. Most design centers now offer easy access to EDA, which,
in turn, can interface with ASIC suppliers.

While Table 1 shows a small percentage of design starts for PLDs, we
believe that the data do not ftruly represent their use, PLDs are
purchased like commodity ICs and the number of designs done are usually
not known by the buyer. Therefore, one cannot infer the true number of
PLD designs from the table. Furthermore, it does not reflect the
long—~term potential of the PLD market. DATAQUEST believes that PLDs will
become a wvery significant factor in applications that require low gate
count, i.e., below 3,000 gates on chip.

The CBD segment shows significantly less starts than gate arrays, but
each CBD start will generate three to five times the production revenue
of a gate array. Thus, what seems like a low number of design starts
does not imply less production revenue in the future. Also, remember
that CBD EDA tools are not as mature as those found in gate arrays. As
more sophisticated EDA tools emerge, we expect the gap in design starts
to narrow, A factor that could fuel CBD growth is the full-custom
category. The percentage of CBDs versus full-custom suggests that by the
end of the decade, full-custom designs will be replaced by CBDs, This is
because they are less costly to design and can be done in a fraction of
the time. Therefore, we believe that CBDs have a very significant growth
potential as better EDA tools emerge.



OPPORTUNITIES AND CHALLENGES

Table 3 shows some very interesting insights into what could be both
a challenge and an opportunity in disguise. This table shows the number
of respondents classified by the six end-use categories and is further
subdivided into ASIC users and nonusers, HNote that industrial users and
nonusers make up the largest segment. DATAQUEST believes that industrial
applications are a good opportunity for suppliers that position
themselves properly.

Table 3

ASIC USERS VERSUS NONUSERS
(Percent of Total)

End Use Users Nonusers
Data Processing 27% 22%
Communications 16 le
Industrial 35 45
Consumer 5 2
Military 16 15
Transportation 1 0

Total 100% 100%

Source: DATAQUEST
May 1986

At the same time, the industrial segment provides most of the
challenge. Industrial users are a large group, but they often buy low
production quantities and are evenly distributed throughout the
geographical regions. Thus, the challenge to the supplier is how to
promote, educate, service, and capture designs from the user base. It
appears that a well-positioned gate array or PLD supplier may have a
competitive advantage in this market.

The findings are much different for the consumer segment., The number
of North American buying locations is very limited, but they tend to
' consume very high volumes per design. It should be noted that most
consumer procurement is off-shore and thus is not reported in the table.
The ASIC users in the consumer segment prefer CBDs or full-custom,
largely because they offer the lowest unit cost.

A CLOSER LOOK

The following discussion examines application trends for three
growing markets: PLDs, CBDs, and gate arrays.

-7 -



PLDs--Application Markets

DATAQUEST estimates that worldwide consumption of PLDs in 1985 was
$241.9 million, with more than 97 percent consumed in bipolar
technology. We are estimating that worldwide consumption will be
$1,016.7 million in 1990 (a CAGR of 28.4 percent between 1985 and 199%0),
with CMOS products capturing 52 percent of the sales.

As with most ASIC products in North America, the data processing
segment is the largest application market for PLDs. As noted in Table 4,
data processing applications are expected to consume 77 percent of all
PLDs shipped in 1986.

Table 4

ESTIMATED NORTH AMERICAN PLD MARKET
BY APPLICATION MARKET
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Data Processing 823
Communications 7
Industrial 8
Consumer 1]
Military 3
Transportation _0
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Total 100% 100% 100% 100%

Source: DATAQUEST
May 1986

Among the more common applications mentioned for PLDs are the
following:

) Replacement of control logic¢ in computers

. Peripheral controllers

® CRT display sysatems

) I/0 port decoders

Bpeed has always been a critical issue for PLDs because of their use
in control path (decoding}, data path (arithmetic logi¢ units, storage
applications), and interface applications., As CMOS technology advances

and propagation delay times become closer to bipolar (25 to 35ns), we
expect fundamental changes in the PLD market.



Por those data processing applications that constantly push for
greater speeds, users will turn to ECL PLDs, which should reach speeds of
6 to 15ns. CMOS will find applications that require greater
functionality and lower power, where speed is of secondary importance,

The primary reason cited for CMOS PLD applications has been the
replacement of "glue logic,"™ thus offering roughly a four-to-one savings
in component count. The data preocessing segment has been the first and
most active market in terms of pushing for reduced component count and
power savings.

CBDs-~Application Markets

A closer look at applications for CBDs shows that these are young
markets with bright futures.

Data Processing

As shown in Table 5, during the 1984 and 1985 time frame, the data
processing industry was by far the largest market for cell-based ICs. In
the past, the emphasis on replacing TTL logic functions gave the first
generation of the cell-based suppliers a window of opportunity within
data processing applications. Most cell-based IC manufacturers believe
that although the data processing application will continue to dominate
the market, it will begin tapering off between now and the end of the
decade because of the pervasiveness of other segments.

Table 5

ESTIMATED NORTH AMERICAN CELL-BASED DESIGN MARKET
BY APPLICATION MARKET

End Use 1984 1585 1986 1990
Data Processing 63% 60% 59% 47%
Communication 16 16 17 22
Industrial 8 8 8 11
Consumer 2 3 3 5
Military 7 8 8 8
Transportation 4 5 5 7

Total 100% 100% 100% 100%

Source: DATAQUEST
May 1986



Communication

There is a tremendous optimism about this market in the long term.
We believe that because of expected high growth in communication
equipment markets themselves and because of general opportunities for
semiconductors within this sector, «c¢ell-based technologies will
experience positive growth within the communication arena. Most
applications come within telephony, modem, and PBX applications.
Incorporating analeg functions will also provide communication market
opportunities because of filter and data conversion needs within the
telecom market. However, there seems to be little use of the technology
in central office applications.

Industrial

We believe that industrial applications also provide opportunity for
all sectors of the ASIC market, including cell-based products.
Incorporating solid-state  electronics in industrial applications
traditionally has occurred slowly. Today, the emphasis is on replacing
traditionally mechanical and discrete semiconductor functions.

Frequently cited applications are process and numerical control,
robotics, and factory automation. The MAP program has provided clarity
and emphasis on standards and communication protocol within the factory;
thus, many semiconductor products are seeing a ™"more gquantifiable
opportunity”™ within the traditionaliy nebulous industrial market.

Consumer

To date, our estimates for the consumer marketplace have been fairly
pessimistic. U.S.-based production of consumer electronic equipment has
fallen dramatically, and we believe that this trend will continue. The
Japanese consumer marketplace has centered on gate array technology.
None of the manufacturers we spoke to were placing major emphasis on the
consumer sector.

Our belief in modest growth in this sector lies primarily in changing
the design methodology. Consumer products will wutilize semicustom
solutions in early production volumes of new equipment. If the product
ig successful, then a fuli-custom design will be used.

Military

DATAQUEST is optimistic about short-term prospects in the military
market. We are, however, cautiously optimistic about the military
markets' long-term opportunity because of political emphasis on cutting
both the budget defi¢it and defense spending, coupled with a changing
presidential administration in the near future.

The military market is a relatively small part of CBD consumption;
possibly even lower than our current projections of 7 percent. Many
manufacturers, however, are implementing military programs and product
lines and are optimistic about =stronger growth throughout the decade.
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Some manufacturers believe that the military will account for as much as
10 to 15 percent of their cell-based business within the next couple of
years. Design-to-production cycles are lengthy, but once into
production, military products tend to remain stable and experience long
life cycles.

Transportation

The automotive applications were perhaps the most eagerly discussed
by the manufacturers with which we spoke. Major applications for
cell-based products c¢an be found in the dashbhoard, engine control, and
safety-convenience features. CBDs not only offer cost advantages in
large volumes, but can handle high voltage requirements and expand
overall functionality.

One possible cloud on the horizon stems from the automobile
manufacturers' general refocusing to reduce their semiconductor supplier
base. DATAQUEST agrees with ASIC wvendor observations that these
reductions might impact +the ASIC supplier base in particular.
Nevertheless, a willingness to maintain historical alliances will
probably prevail unless a rival ASIC vendor has substantial advances in
technology, cost, and quality "to bring to the party."

Gate Array--Application Markets

Many of the company representatives we spoke with earn the majority
of their gate array revenue from the data processing segment., As shown
in Table 6, we believe that this market sector withstood 1985 fairly
well, but lost some market share to the military segment.

Table 6

ESTIMATED NORTH AMERICAN GATE ARRAY MARKET
BY APPLICATION MARKET

End Use 1984 1985 1986 1989
Data Processing 53% 47% 48% 41%
Communication 18 16 16 i8
Industrial 12 12 12 15
Consumer 2 2 2 3
Military 15 22 21 22
Transportation 0 1 1 1

Total 100% 100% 100% 100%

Source: DATAQUEST
May 1986
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Telecommunications applications also represent a sizable part of the
market today. We believe that telecommunications combined with
industrial applications represent opportunities for gate array
manufacturers. Here again, the small volumes typically associated with
industrial applications makes gate arrays an attractive solution.

We have seen 1little activity in the consumer and transportation
segments. We know of only one manufacturer that has gate array design
revenue from the auto market, and evidence of any future growth in this
market is not anticipated.

WILL THE ADOLESCENT REACH ADULTHOQOD?

The answer is an emphatic yes, but not without a maturing process.
When DATAQUEST contemplates the issues discussed in this newsletter, the
following conclusions become apparent,

ASIC Has a Long Way to Go

There are major revenue opportunities in all ASIC market sectors. In
effect, ASIC suppliers have not saturated any end-use markets. The
fundamental question is: Will the suppliers see the opportunity and will
they act on it? Each of these applications markets is very different--
each places different demands on the supplier and each requires a deeper
level of understanding of the application. Por some of the nimble
suppliers the answer is a definite yes. This means that they must
develop in-house expertise in application markets and form alliances that
foster and develop that expertise. such changes can ripple through
suppliers and affect business strategies. Thus the suppliers will
require a marketing organization that understands the characteristics of
the end market, an engineering organization that understands the
technical requirements, and a top management organization that
understands the strateqgic factors that influence the end market.
Therefore, the maturing process involves understanding what the customer
really wants.

Complex Procurement and Fewer Suppliers

In reviewing the responses to our survey questions, one gets a clear
message that many procurement managers are perplexed and overwhelmed by
the rapid change in ASIC design methodology. On the one hand, they wish
to narrow the base of suppliers and shorten the development schedule,
while on the other hand they must seek out the very latest in technology,
which may widen the vendor base., To make matters more complex, using
ASIC requires an understanding of the caliber of each design
methodology. HNot only is the semiconductor technology critical, but the
EDA tools are just as important, DATAQUEST believes that this complexity
will force users to seek out suppliers that understand their end market
and that are willing to develop close working relationships. Their
commitment will narrow the supplier base, since most users will be
willing to work closely with only a few suppliers.
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ASIC Suppliers Will Concentrate on Certain End Markets

It also seems inevitable that many of the smaller ASIC suppliers that
cannot afford to be broad-line suppliers must focus on certain
applications. They will tailor their process technology, EDA tools, and
design centers toward those end-use applications that best match their
strengths. For example, some suppliers will focus on data processing
while others may aim at the communication or industrial sectors.

So, like the adolescent who ultimately does something sensible, ASIC
companies will develop those important characteristics that will sustain
them through adulthood. Each will draw upon its own natural attributes
and develop its own unique personality.

(This newsletter is reprinted with the permigsion of DATAQUEST's
Semiconductor Industry Service and Semiconductor Application Markets
Service.)

Beth Tucker
Anthea Stratigos
John Brew
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VALID RESTRUCTURES TO MEET A CHANGING INDUSTRY

INTRODUCTION

Valid Logic is one of the original "three little guys" delivering
design automation solutions for electronic products. However, its
revenue growth has not kept pace with the other two companies--Mentor and
Daisy; Valid fell behind the pack.

At DATAQUEST's Fifth Annual CAD/CAM Industry Conference, Valid's
president, Ken Fine, described the EDA industry as in transition--from
novelty to necessity. Two of Mr. Fine's points were applicable to the
entire industry, as follows:

E] The purchasing cycle is taking longer because evaluation is
. evolving from a technical decision to a corporate commitment.
® In serving the unpenetrated EDA market, a transition is

occurring--from a task orientation to an integrative process.
This newsletter discusses how a recent strategic change at Valid
could help Valid grow its business from one of novelty to one of
necessity. It examines two points:

® Valid's recent formation of a marketing department and
commitment to marketing efforts

® Valid's adherence to industry standards and its striving toward
an integrative design environment

FROM WEAKNESS TO STRENGTH

Valid delivered its first products about the same time as Mentor and
Daisy. Valid was also right up there in the vanguard of technology,
delivering products such as IC CAD, silicon compilation, physical
modeling, and accelerators. VYet, its 1985 revenue amounted to roughly
40 percent of Mentor and Daisy's combined revenue. Why the disparity?

. © 1986 Dataquest Incorporated June-—-Reproduction Prohibited




Figure 1 illustrates the three leading EDA companies' quarterly
tevenue percent changes from 1982 through the first quarter of 1986.
With the exception of the beginning quarters, all three companies'
quarterly percent changes are fairly equal. Although Valid experienced
the most £fluctuation in the beginning, we do not believe that this
deviation was encough to set its revenue back nearly $80 million.

DATAQUEST believes that the primary Qifference between Valid's
revenue growth and those of Mentor and Daisy is due to Valid's early
myopic focus. While Valid was concentrating on the technical
capabilities of its products, Mentor and Daisy were building images,
developing markets, and hard selling their products.

Figure 1
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New Marketing Structure

Feeling the heat from being in the number three market position,
Valid has begun to learn from its competitors. Within the past
eight months, it has built and staffed what we consider a classic

marketing organization. Figure 2 illustrates the structure of Valid's
new marketing group.

Although this organization is relatively new, DATAQUEST believes that
Valid is already benefitting from it in the following ways:

*® System packaging, with the names of product 1lines following
design solutions, focus on the integrative process.

¢ The cradle-to-grave responsibilities of product marketing
managers with up-front market and product planning-focus on the
business of EDA as a corporate commitment,

Figure 2

Valid Logic, Inc.
NEW MARRKETING ORGANIZATION

VP Marketing
and
Product
Management

Customer Marketing
Marketing Communications

Technical Product Strategle

Support Management Ma%?gdeun?ntent

Source: Valid Logle, Inc.
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DATAQUEST'S INTEGRATIVE DESIGN ENVIRONMENT

Valid's clearest strategy is a commitment to an open systems
environment, at least within the Valid product lines. By supporting
three hardware platforms, Valid has joined the vanguard of an industry-
wide maovement. Moving the market from novelty to necessity means
adapting CAD solutions to the specific design environments of individual
customers. This requires both flexibility and an integrative environment.

DATAQUEST does not strictly adhere to the "stereo component”
analogy. We do believe, however, that CAD users will continue to buy the
best software and hardware to meet their needs, but that the software is
restricted to "periphery" software, not "“core" software. BEach type is
defined below:

L Core software is data base and graphics related, having to do
with data creation and management.

) Periphery software is the analysis and manipulation of data that
have already been created.

Pigure 3a illustrates the concept of DATAQUEST's integrative
component approach, while Figure 3b illustrates the concept with
application examples. We believe that the integrative approach meets the
following user needs:

L Process integqration, project management, and design control
® Choice of best application solution
] Use of installed or favored computer systems

We believe that users will c¢ontinue their c¢urrent practice of
purchasing the best periphery software to meet their needs. This
software does not have to be supplied by the same vendor as core-related
applications, because it is not capturing or managing design data.
instead, it is performing an operation on the data.

On the other hand, we believe that users wilil continue to carefully
pick and choose their core software, which captures and manages the
data. It is these products that must meet long-term design needs.

We believe that the Jlarge and successful ECAD vendor's product
development will represent a more integrated approach to design capture,
analysis, and layout. An integrated data base refocuses the user's
attention on the business of product design rather than on correlating
individual CAD products and tasks.

To date, Valid's open systems strategy centers primarily on openness
of the hardware rather than the software. The company achieves
flexibility by running core software on proprietary and IBM PC platforms,
while allowing users to run periphery software, either from Valid ar a
vendor of their own choosing, on a Digital or IBM host.



Figure 3a
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DATAQUEST CONCLUSIONS

While it can hardly be said that the electronic CAD/CAM market is in
a mature stage of its life, it certainly has grown up. Design automation
products are no longer novelties, they are a competitive necessity for
the worldwide electronic industry.

DATAQUEST believes that Valid's early commitment to user-accepted
standards will help position the company for the transition from novelty
to necessity. From the beginning, Valid rigorously adhered to user=-
accepted standards, resulting in an open systems design environment.

Valid is not alone in recognizing the value of pursuing an open and
integrated environment. But with its most recent commitment to marketing
as a necessity rather than a novelty, DATAQUEST believes that Valid's
position as the number three EDA vendor has been secured--at least for
the present. Now that all ECAD vendors face the threat of the three big
vendors--Hewlett-Packard, 1IBM, and Tektronix--the ability to market
technically sound products is becoming the single most important factor
in running an ECAD business.

Beth W. Tucker
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MECHANICAL COMPUTER-AIDED ENGINEERING--A NEW MARKET AWARENESS

The mechanical computer-aided engineering (MCAE) application 1is the
fastest-growing area of mechanical CAD/CAM, with an expected 40 percent
revenue growth rate in 1986. The MCAE market CAGR of 31 percent through
1990 is significantly higher than the expected 21 percent growth of the
total mechanical market. Figure 1 illustrates the strong growth in MCAE
software-only revenue. This dramatic market expansion is expected to
almost double the worldwide revenue figures twice in the next 5 years.

Figure 1
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Tc better understand the impact of MCAE, the topic was featured at
DATAQUEST's recent 1986 Annual CAD/CAM Conference. A user panel of
industry  experts shared viewpoints and experiences with the
standing-room-only audience. The driving issues and trends discussed. at
the conference are presented in this newsletter, along with DATAQUEST's
definitions, market forecasts, and market analysis.

DEFINITION

The basic MCAE application definition is straightforward., It
encompasses the computer—-aided tools that are required to assist the
working designer or engineer. In general, MCAE in this analysis is
limited to the computer graphic tocls that have been developed to aid the
product design and analysis process. The specific computer graphic tools
vary by industry, type of user, and type of computing resource utilized.
Word processing, spreadsheet, and other administration software sghould
alsc be considered in a complete review of computer-aided tools for the
engineering professional, but will not be included in this analysis.

MCAE is now dQefined to include the design and analysis tasks of
designers and engineers. Before a more succinct definition of MCAE can
be given, some background information concerning the functional
requirements of product design and analysis must be presented to enhance
the interpretation. }

Product Design

Product design typically begins with some form of modeling, The
modeling can be accomplished with 2=dimensional, 3-dimensional
wire=frame/surfacing, or with solid modeling techniques. The design goal
determines the level of sophistication required for both the modeling
precess and the subsequent analysis. At the simplest level, several
lines and arcs drawn to scale can represent an object and provide the
designer with enough information to make a decision. For more complex
problems, more advanced computer-aided tools are used. Three-dimensional
modeling, particularly solid modeling, i3 becoming the preferred
nodeling technique £or complex problems and is receiving the lion's share
of vendor development effort. The significant benefits of improved
integration and automation derived from solids-based modeling is driving
the development effort.

Analysis

Analysis generates all of the information concerning the qualitative
and quantitative aspects of the design. Shape evaluation, weight
calculation, and clearance between parts are the most common forms of
analysis. Contemporary MCAE products ordinarily include all of these
functions. Analysis of mechanisms is usuvally performed with optional
software, but the local computer has sufficient horsepower to perform the
analysis. More complex analysis of mechanical and thermal stress require
a more involved process using finite element modeling and analysis. The
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resulting analysis model describes the objects and procedure for
analysis, which are then submitted to a background process for
evaluation. Simple problems can be performed on a personal computer.
Large~scale simulation of complex asgemblies or rigorous calculation for
aerodynamic analysis can take hours or even days to accomplish on
supercomputers.

MCAE Application

The design and analysis activities described above apply to product
development in two areas, conceptual design and detail product design,
more commonly referred to as computer-aided design (CAD). The functional
requirements o©f conceptual design and detail product design are very
similar. The need to share information back and forth between these
operations is pushing the requirements even <¢loser., DATAQUEST's
definition of MCAE includes the application of dezign and analysis
directed toward both conceptual design and detail product design. The
documentation or drafting task associated with detail design is not
included in either the definition or forecast calculations.

TRENDS

DATAQUEST has identified a c¢lear trend in MCAE to expand beyond
conceptual design. This is expected to evolve into a complete design and
analysis tool that will be applied across the full range of manufac-
turing operations. This trend implies that MCAE will be used to develop
and maintain the corporate data base of product definition.

Correlation of design and analysis simulation with physical testing
of prototype hardware is an essential part of the engineering process and
is strongly associated with MCAE. DATAQUEST's analysis of the physical
test market will be the topic of a future newsletter,

Vendor Solutions

The general approach to MCAE has taken two paths. For the turnkey
vendors, MCAE has evolved as a subset of offerings in documentation,
desiqgn, analysis, and manufacturing applications. The MCAE software-only
vendors started with strong analytical programs and have evolved into
complete design and analysis tools. Both approaches have advantages in
application integration and depth~-in—-analysis functions.

Thecretically, the turnkey approach has a better opportunity for
application integration. By having control over the complete system, the
vendor can ensure an easier to use and more complete exchange of data
between the varicus modules of software. Realistically, this approach
has proven to be less than ideal. Real-world analysis usually requires
interface to one of the standard analysis codes such as Ansys or Nastran,
forcing an interface to an external data base and user interface. 1In
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addition, the pre~ and post-processing tools developed for the interface
by the turnkey vendors are generally perceived to be inferior to the
offerings of the analysis software wvendors. Exceptions exist, but the
general trend is there. The vendors with strong analysis tools are
working to expand their operations to include a very close interface to
design.

Vendors are showing a growing interest in providing MCAE tools in a
network environment, with computational servers adding the extra muscle
to increase productivity of the total system with a relatively low
increase in price. This approach is being applied to networks with
virtually all types of computers. An IBM PC AT networked with Ethernet
to a Ridge computer is a good example of this trend. At the midrange,
the 18-megaflop Culler Computer PSC plugged into the Sun Microsystems
network is another strong example, A Cray-XMP/48 networked with a
VAX 117780 speeds up the analysis by a factor of a hundred or more,
especially on large problems.

The Users

Most designh and analysis using CAD/CAM tools 1is performed by
dedicated users who work on a system full time, These individuals are
typically more junior designers or engineers working with design managers
who look over their shoulders. The reason for this is twofold, The
learning curve and effort to maintain a high level of productivity on
most design and analysis systems requires a full-time commitment. The
high cost of the system also encourages a dedicated usage. These two
points, ease of use and cost, are getting the most attention from the
vendors. MCAE products introduced in the last year have made significant
progress in both areas. The casual user is the target market of the new
products using the latest lower-price/higher-performance technology. For
the casual user, overall productivity must be good enough to allow the
system to sit idle 70 or 80 percent of the time.

USER_CONCERNS EXPRESSED AT 1986 DATAQUEST CAD/CAM CONFERENCE

Below are the primary concerns discussed by MCAE users at the
DATAQUEST conference.

L Ease of use is important so that the system can support casual
users in an efficient manner. On=line tutorial and help
functions were suggested as possible solutions,

. Networking must provide communications between systems and allow
computational servers in network.

¥ Data base management with associativity between part geometry
and data is necessary to maintain reliable design control and
management.

. The cost of system purchase and operation must be low enough to

allow widespread implementation on a corporate level.
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] Flexible and complete geometric modeling functions are
required. Solid modeling was perceived to be the preferred
choice.

» Interactive performance is required for modeling, analysis, and
display of results,

] The resulting data base must be suitable for later use as the
engineering data base. This data base will support drafting,
numerical control, and other manufacturing applications.

. Finite element analysis must be included with enhanced modeling
and updating functions.

- Both high-precision and rough (very quick) analysis should be
provided.
E ] Kinematic analysis is essential for development of mechanisms in

product design.

FORECAST

The forecast shown in PFigure 1 represents worldwide software-only
revenue, The 1985 market estimate and forecast to 1990 is based on
reported 1985 company revenue and survey data. Revenue for both bundled
and unbundled software products has been considered in the forecast.

The MCAE market CAGR of 31.2 percent is significantly higher than
the expected 20.6 percent CAGR of the total mechanical CAD/CAM market
through 1990. The 1985 to 1986 revenue growth for MCAE is expected to be
more than 40 percent.

Table 1 provides a detailed software-only forecast for the world
market. Total MCAE market revenue is forecast with the typical analysis
by product type. Host computer-based MCAE products dominated in 1985,
accounting for 87 percent of the market. The standalone-based offerings
are expected to gain acceptance quickly and to overtake host-based
products in 1989, Personal computer-based products represent a very
small portion of the revenue in MCAE but supply a wvaluable resource for
low-cost training and the basic design and analysis function. By adding
board-level or network computational servers, the PC becomes a more
competent assistant. The unit numbers indicate the total 1level of
workstations required to support the distribution of software revenue.
The number includes products s0ld bundled as turnkey products as well as
the units required to support the unbundled software revenue,

Table 2 forecasts the distribution of MCAE software revenue by
region. The North American market represented 45 percent of the total
mechanical application revenue in 1985. The MCAE market is much more
closely focused in WNorth America, with mere than 60 percent of 1985
revenue coming from that region. European usage of MCAE products
represented 25.7 percent of the total, and the Far East and Rest of World
represented 12.9 and 1.5 percent, respectively.

-5 =



Table 1

FORECAST MCAE MARKET BY PRODUCT TYPE-~
SOFTHARE-ONLY REVENUE
(Millions of Dollars and Actual Units)

1985 1986 1987 1988 1989 1990 CAGR
Worldwide
Revenue $202 $286 $369 $458 $598 $£785 31.2%
Systems 4,847 8,308 15,563 25,198 39,202 58,648 64.6%
Workstations 10,696 15,926 25,037 35,142 50,057 69,424 45,4%
Standalone
Revenue $ 21 $ 44 $£107 $200 $349 $568 92.9%
Workstation 964 2,195 6,160 13,390 26,981 47,199 117.7%
Host-Dependent
Revenue £176 $234 $246 $235 $224 $191 1.7%:
Systems 2,124 2,804 2,951 2,857 2,834 2,483 3.2%
Workstations 7,973 10,422 12,425 12,801 13,689 13,258 10.7%
Personal Computer
Revenue $ 5 $ 8 $ 16 $ 23 § 25 $ 26 38.3%
Workstations 1,759 3,309 6,433 8,951 9,387 8,966 38.5%
Table 2
FORECAST MCAE MARKET BY REGION
SOPTWARE-ONLY REVENUE
{Millions of Dollars and Actual Units)
1985 1986 1987 1988 1989 1990 CAGR
Worldwide
Revenue $202 $286 $369 $458 $598 $765 31.2%
Systams 4,847 8,308 15,563 25,198 239,202 58,648 64.6%
Workstations 10,696 15,926 25,037 235,142 50,057 69,424 45.4%
North Amecica
Revanue $121 $171 $219 $271 $352 $460 30.6%
Syatems 2,908 4,962 9,253 14,912 23,088 34,369 63,9%
Workatations 6,417 9,512 14,886 20,797 29,481 40,684 44.7%
Burcpe
Ravenue $ 52 $ N $ 97 $123 $161 $217 33.2%
Systens 1,243 2,162 4,111 6,757 10,669 16,202 67.1%
Workstations 2,743 4,145 6,614 9,423 13,624 19,178 47.5%
Far East
Revenue $§ 26 $ 36 s $ 57 $ 73 $ 96 29.9%
Systens 625 1,060 1,966 3,152 4,854 T,190 &63.0%
Workstations 1,379 2,032 3,163 4,395 6,198 8,511 43.9%
Rest of World
Revenue $ 3 $ 4 $ 5 $ 7 $ 9 $12 .o
Syatems 72 12 232 379 590 88 65.5%
Workstations 158 23§ 73 527 754 1,051 46.1%
Source: DATAQUEST
June 1986



Market Share Analysis

The estimated mechanical computer—-aided engineering market analysis
for 1985 is shown in Table 3. The 1985 revenue data represent software
and hardware revenue from both turnkey CAD/CAM vendors and software-only
vendors selling unbundled products.

Table 3

ESTIMATED 1985 MCAE MARKET SHARE

Hardware
and Software~
Software Only Market
Revenue* Revenue Share
IBM $252.1 $ 57.1 28.4%
Computervision 104.2 23.6 11.7
McNeil Schwendler* 77.5 21.90 10.4
SDRC* 66.6 21.0 10.4
Intergraph 55.3 12,5 6.2
McDonnell Douglas 48.5 11.0 5.5
Swanson Analysis* 46.8 10.1 5.0
PDA Engineering?* 34.9 8.8 4,4
Prime Computer 34.8 7.9 3.9
Applicon Inc, 33.4 7.6 3.8
Other 90.8 21.6 10,3
Total $844.9 $202.2 100.0%

*The if-sold value for hardware to support the unbundled
software products has been added where necessary, Market
share percentages are calculated based on software-only
revenue,

Scurce: DATAQUEST
June 1986



DATAQUEST CONCLUSIONS

MCAE technology is an effective weapon in meeting the competitive
pressures in the user environment. The rapid enhancements in MCAE are
increasing its usefulness and attracting a larger base of users, which is
making MCAE the fastest-growing segment of the diverse mechanical

market.

The major contributing factors to this growth are as follows:

The balanced combination of dramatic advances in hardware
performance and application software development is opening the
door to new market opportunities for MCAE.

The value of design and analysis performed on the computer is
perceived as a valuable tool in many industries and is growing.

Recent advances in high-performance graphics displays will
directly support the MCAE application.

Advances in computing hardware are improving the performance
levels of every type of processor, from PCs to supercomputers.
Networking is making high-performance computational servers
available to distributed networks of host-based, standalone, and
PC systems.,

The potpourri of esoteric analytical tools is being revised to
provide easy-to-use basic analysis functionality for the
novice, The more rigorous analysis tools for non-linear,
aerodynamic, and composite material evaluations are also being
enhanced with menu-driven user interfaces with tutorial
assistance.

Vendor focus in building easier-to-use MCAE tools will attract
new users to the market.

Michael J. Seely
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1986 DATAQUEST CAD/CAM CONFERENCE
CITES REASONS FOR OPTIMISM

QVERVIEW

The more than 250 attendees at the DATAQUEST CAD/CAM conference held
in Monterey, California, in May expressed feelings of cautious optimism
regarding the future outlook of the CAD/CAM industry. In general,
participants believed that while growth has slowed, the CAD/CAM industry
is in much better shape than other high-technology industries.

This newsletter summarizes the key issues and concerns raised at the
conference. The MCAE and Silicon Compilation sessions are discussed in
greater detail in DATAQUEST Research Newsletters entitled "MCAE: A New
Market Awareness," and "Silicon Compilation: Market, Myth, or

. Methodology," both dated June 1986.

DISTINGUISHING PERSONAL COMPUTERS FROM STANDALONE WORKSTATIONS

There seemed to be a good deal of confusion surrounding the DATAQUEST
workstation forecast illustrated in Figure 1. Most of this confusion was
centered on the distinction between a personal computer and a standalone
engineering workstation. DATAQUEST defines a personal computer as having
the following characteristics:

L] Nonvirtual computing
® Single tasking
® 8= or 16-bit microprocessor
. © 1986 Dataquest Incorporated June--Reproduction Prohibited
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Pigure 1

ESTIMATED CAD/CAM WORKSTATIONS
BY PRODUCT TYPE
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Standalone workstations have the following features:
L] Virtual computing

& Multitasking

] 32-bit microprocesscr

The single most significant distinction between a personal computer
and a standalone engineering workstation is wvirtual computing. Because
of the large size of many CAD/CAM data bases and applications, the
ability to use a hard disk transparently as a memory extension device
clearly distinguishes the level of functionality and performance found on
standalone engineering workstations as opposed to personal computers.
However, using the name standalone as a label for 32=bit, wvirtual
engineering workstations is probably not appropriate anymore since most
of these systems 4o not usually stand alone, but instead are networked
together. A better set of labels for standalone and personal computer
workstations might be distributed wvirtual and distributed nonvirtual,
respectively. In any case, DATAQUEST believes that demand for
nonvirtual, personal computers in CAD/CAM applications will slow
dramatically this vyear, giving way ¢to wvirtual, 32-bit engineering
workstations.



It is important to note that by the DATAQUEST definition, the
IPM RT PC is a distributed virtual workstation as opposed to a personal
computer. In addition, forthcoming products based on the Intel 80386
would be classified as distributed wvirtual workstations instead of
personal computers, Our forecast reflects this thinking.

DATAQUEST believes that distributed wvirtual workstations will also
contain a high degree of compatibility with the. personal computer
environment by providing the ability to run MS5-DOS programs. This
feature c¢loouds the distinction between a virtwal and a nonvirtual
workstation depending on the actuwal operating environment of the
CAD/CAM application. For counting purposes, DATAQUEST will treat
mixed-mode machines as distributed virtual systems.

THE CHANGING ROLE OF HOST COMPUTERS

According to the DATAQUEST forecast illustrated in Figure 1, the
demand for host-dependent workstations will be £lat through 1988 and
begin to decline in 1989. This forecast, however, represents the demand
for CAD/CAM interactive graphics application processing and does not
reflect the wuse of host computers used as network, f£file, and/or
computational servers. DATAQUEST believes that the role of the bhost
computer will change from an interactive graphics computer to a server of
distributed wvirtual and nonvirtual workstations. Future DATAQUEST
forecasts will identify this compute server environment as an independent
line item.

HARDWARE PRICE EROSION--PROTECTING MARGINS

A key dilemma facing the turnkey manufacturer today is the declining
price of computing hardware. As Figure 2 illustrates, the falling price
of hardware is uncovering the real or hidden price of software. The
danger here is that with falling hardware prices, standardized hardware
platforms, and more experienced users, the vendors will be forced to
unbundle their application socftware, thereby eroding margins. We agree
with Leif Rosqvist, Vice President of Marketing at Calma Company, when he
stated during his presentation that, "The CAD/CAM market is turning to a
mix-and-match mentality and there is no room for two markups anymore.®



Figure 2

CAD/CAM SOFTWARE HIDING PLACE
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Source: DATAQUEST
June 1986

Laura Conigliaro, Vice Preasident at Prudential-Bache Securities,
offered some interesting observations on ways that a turnkey vendor can
to some extent buffer the effects of price erosion by:

® Outsourcing workstation peripherals such as disk drives and
printers

s Building application accelerators

. Providing a wider range of application software

] Providing integration and support services

Ms. Conigliaro also 1likened the CAD/CAM market to doing the
"3-2-3 dance step" or, in other words, going three steps forward, two
steps backward, and three steps forward. 1In terms of this 3-2-3 analogy,
she felt that the CAD/CAM market had taken two steps backward and was
poised to take three steps forward but only on a selective basis and not
until well into 1987,
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MCAE--CHANGING FROM A BOUTIQUE MARKET TO A MAINSTREAM REQUIREMENT

Bradford Morley, Vice President at Structural Dynamics Research
Corporation, conveyed a number of very interesting points regarding the
emerging MCAE market, He presented some eye-opening statistics from
research within his company's client base, which indicated that
85 percent of the committed R&D costs associated with mechanical designs
are dictated by the first 5 percent of expended R&D dollars. His
research also revealed that the cost of changing a design increases
exponentially as a function of time. In other words, the further along a
project gets in the design and manufacturing.cycle, the more costly it
becomes to make a design change. Therefore, the most critical time in
the evolution of a design is in the early stages where MCAE tools can be
used to simulate product performance.

SILICON COMPILATION--IT REALLY WORKS

Four end users that have applied silicon compilation to real world
problems strongly indicated that this technology not only works, but
provides sgignificant productivity benefits over traditional EDA methods.
DATAQUEST believes that IC CAD workstations incorporating =silicon
compilation functionality will account for nearly half of all IC CaAD
workstation shipments by 1990, up from less than 5 percent in 1985.
Revenue from the sale of silicon compilation~based CAD equipment are
expected to reach $520 million by 1990, enjoying a 157 percent CAGR from
1985 to 1990.

ELECTRONIC DESIGN AUTOMATION-~-NO NEED TO SELL THE NEED

As Ken Fine, President of Vvalid Logic, pointed out, the transition of
the EDA market f£rom growth to maturity is really the transition from
novelty to necessity. Purchasers shopping for BEDA systems today
generally understand and appreciate the economic benefits derived from
using EDA workstations, Mr. Pine also stated that the purchasing cycles
for EDA systems are taking longer because the market is evolving from a
technical decisjion to a business decision.

PEOPLE--THE EKEY SUCCESS FACTOR

Grant Heidrich, General Partner at the Mayfield Fund, pointed out
that the three most important factors that dictate the success or failure
of a business venture are people, people, and people. He emphasized that
all companies are dipping from the same technology bucket and, therefore,
the human element is usually the determining win or leose factor.



Daniel Garms, Executive Vice President, and Or. Daniel DeWitt,
Psychologist, from CAD/CAM Specialists, also conveyed why having a
positive corporate culture helps to held a company together in a
continually changing environment. They presented an extensive study that
examined three corporate cultures in the CAD/CAM industry and found that
the successful CAD/CAM culture must represent somewhat of a paradox.
Companies must think small and specialized to react to market windows,
but encourage expansion to meet rapid product demand.

IBEM BELIEVES THAT CIM WILL BE THE NEXT KEY MARKET OPPORTUNITY

Robert Teil, Director of Engineering/Scientific Market Development
for IbBM, shared IBM's perspective of the CAD/CAM industry. He noted the
increasing emphasis that customers are placing on CIM solutions.
Recognizing this trend, IBM's PFederal Systems group will be piloting a
project to help design and implement large CIM systems for organizations
that wish to bridge data from many industrial disciplines. DATAQUEST
believes that this group could represent a major competitive thrust for
future sales of IBM equipment in the CAD/CAM marketplace.

Mr, Teil also alluded to the fact that IBM will be focusing most of
its development efforts on hardware and integration services as opposed
to application development. It is reasonable to expect, however, that
IBM will be adding new third-party applications to its CAD/CAM product
portfolio in the near future. DATAQUEST expects IBM to unveil a number
of new application packages including a PC AT-based drafting system and a
mainframe~based AEC system.

The new IBM RT PC was discussed along with the possible overlap of
thiz machine with forthcoming 80386~based products. Mr, Teil felt that
while there may be some overlap, the architecture of the RT PC would
allow IBM to migrate the RT PC's performance well beyond that of the
80386. DATAQUEST believes that IBM will announce improvements to the
RT PC's performance later this year, hut prior to the announcement of
80386-based products in order to put some distance between the two
products.

Pavid B. Burdick

Y
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SILICON COMPILATION: MYTH, MARKET, OR METHODOLOGY?

In 1985, the electronic CAD/CAM marketplace learned what silicon
compilation is all about, from trade shows, published articles, technical
sessions, and workshops. Despite this marketing blitz, many observers
still consider silicon compilation too immature to be a serious contender
in the IC CAD arena. One critic put it bluntly: Nobody wants it yet.

Well, somebody must. At DATAQUEST's recent CAD/CAM Industry
Conference, four early adopters of silicon compilation testified to the
design successes they have achieved. Furthermore, DATAQUEST estimates
that silicon compilers accounted for $8.8 million of 1985 IC CAD revenue,
growing impressively from $1.8 million in 1984. As silicon compilation
technology becomes increasingly incorporated onto IC CAD workstations
alongside competing design tools, we expect the demand for compilation
functionality to soar (see Figure 1).

Figure 1

ESTIMATED IC CAD SYSTEMS WITH SILICON COMPILATION
(System Revenuet*)
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This newsletter:

o Defines silicon compilation methodology and product types
e Analyzes the case for and against silicon compilation
L ! Examines user attitudes expressed during our silicon compiler

end-user panel

A Offers DATAQUEST's conclusions

DEFINITIONS

Distinctions

Some important distinctions have to be made immediately because
silicon purists will object to our referring to this automatic IC design
technology as "silicon compilation®™ rather than “cell compilation."

DATAQUEST believes that silicon compilation is the ultimately
intended product and that the current generation of cell-based tools
represents evolutionary steps on the way to true or fully automated IC
design. We can see no competitive advantage in confusing end users with
such academic distinctions at this time.

"True® silicon compilation, in the sense of artificial intelligence-
based, design synthesis, may not be here yet, but the form of it that
does exist is usable, and is being used, right now. A more significant
way to distinguish the warious products calling themselves silicon
compilers is by the level of IC design expertise required to use them.

Silicon compilation currently exists as two types of design tools,
one aimed at the non-IC designer and the other at the IC designer.
DATAQUEST classifies these design tools, respectively, as silicon
compilers and compiler generators. For example, Concorde from Seattle
Silicon Technology (SST) and Genesil from Silicon Compilers Incorporated
(SCI) are sgilicon compilers. GDT from Silicon Design Labs (SDL) is an
example of a compiler generator. (A subsequent newsletter will examine
in depth both silicon compiler market participants and specific
products.,} Silicon compiler companies offer design services in addition
to these products.

Silicon compilation as a design service is also being offered to
customers by a growing number of ASIC houses, such as Cirrus Logie,
Gould-AMI, LSI Leogic, and VLSI Technology Incorporated {(VII). We expect
the ranks of ASIC suppliers offering compilation to grow dramatically
over the next year. Additionally, VTI offers compilation products based
on its own cell libraries.



Silicon Compilerx

DATAQUEST defines a silicon compiler as a set of programs to
automatically generate the physical layout of an ASIC. Silicon compilers
generally employ a top-down, hierarchical design methodology that begins
with a high-level specification (see PFigure 2).

Figure 2
TRUE SILICON COMPILATION
Architectural Specification

Design High-teval Dascription
Information :

Silicon Compiler
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Source: DATAQUEST
April 1986

The user enters this specification using either a menu or a form,
choosing from a pre-designed functional Jlibrary and specifying the
particular process, electrical characteristics of the functional modules,
and foundry design rules. The functional library could consist of such
less complex cells as ALUs, ROMs, RAMs, register arrays, and steering
logic, or of more complex cells such as CRT controllers.

The silicon compiler +translates this specification, creates the
necessary cells, and generates a layout. The compiler coordinates
routing and placement decisions. The user manipulates this layout and
the specification until a satisfactory design is prodoced. Within the
compiler are simulation, design and timing verification, design rules
checking routines, and design data base management facilities--a fully
integrated design solution,



Compiler Generator

DATAQUEST defines a compiler generator as a system for creating the
functional modules used by the compiler. Simply, it is a compiler
development system, Compiler generators differ from silicon compilers in
the way designs are entered, in design wmethodology, and in the level of
IC design expertise required ({see Table 1). In reality, compiler
generators have more in common with handcrafted IC design systems, to
which they represent an alternative, plus a migration path to automatic
layout.

Table 1

COMPARISON OF EXPERTISE REQUIRED FOR IC DESIGN

Design Entry

Methodology Schematic Language Form Physical Layout
Compiler . N/A N/A Logic Novice
GA, SC Logic N/A N/A S Novice
Compiler Generator Silicon Silicon N/A Silicon
Handcrafted Silicon N/A N/A 8ilicon

N/A = Not Applicable

Source: DATAQUEST
June 1986

Functional modules are described in algorithms by means of high~level
programming languages such as C or LISP, or the logic itself. Compiler
generation description includes a set of customizable characteristics in
the modules or design primitives. These parameterized designs eventually
become the functional model libraries of a silicon compiler and are the
means that allow compiler end users to specify characteristics of the
particular module, such as aspect ratios, register size, memory size,
timing information, and other functional properties.



COMPILATION

Benefits

Prom our end-user research, we have jdentified the following as the
benefits of silicon compilation:

» Reduced design turnaround, compared with other methodolcgies
& Integrated design solution

] Greater design exploration/creativity

* Enforced standard design practice

. Automated layout

ASICs are, at present, most often designed by customers entering the
design using schematic capture and running logic simulation. In the case
of gate array or standard cell workstations, physical design is
accomplished via automatic place and semiautomatic route programs. The
resulting design is then passed over to the foundry either for physical
design or for redesign, and for test. By and large, the tools used
during the design process are coming from a variety of vendors and are
often highly nonintegrated. This fragmentation within the design process
can result in high nonrecurring engineering (NRE) costs, as the design
moves from concept to manufacturable product.

Silicon compilation bypasses the time~intensive and error-prone
schematic entry phase, and thus reduces c¢osts both in-house and at the
Eoundry. We think that users will find it strategically important to
know thejr designs are manufacturable months before they get to the
foundry.

Increased design creativity also results from freeing system
engineers or non-IC designers from the time constraints of schematic
entry and allowing them to work at a higher level of abstraction.
Compilers allow users to explore a variety of architectures or floor
plans, and their resulting layouts, before committing their designs.
This expanded product development phase results in better designs because
there are more opportunities to try out design alternatives.

Compilers assure design manufacturability by enforcing the standard
design practices of the specified foundry. The design and test rules the
compiler uses to accomplish this can be either a dgeneralized set of
design and process rules of supported foundries, or the highly specific
manufacturing rules of a single manufacturer. In either case, the
ultimate design benefits from having to conform toe manufacturing design
rules early in the design process, Turnaround time, both during design
and at the foundry, also benefits from such enforcement of standard
design practice, which translates into lower costs. That's the bottom
line.



The advantage of compiler generators is that they provide the means
for ASIC houses and semiconductor manufacturers to capture their design
experiences in 1libraries that are more descriptively and efficiently
developed, as well as more easily maintained. This type of tool permits
designs to be generalized and silicon expertise to be encapsulated.
Redesign is expedited. For the IC designer, the compiler generator
represents the freedom and creativity of designing at all levels of
abstraction. FPFor the users of silicon compilers, IC designers using
compiler generators translates into having more cells to choose from or,
in marketing terms, increased design flexibility.

In our opinion, the overriding advantage of both silicon compilers
and compiler generators is to provide a shared method of satisfying the
design demands of both system engineers and IC designers., These tools
provide the means of communicating IC design methodology in terms
understood by each class of user.

NEEDS

From our end-user research, we have also identified the following
shortcomings of current compilation products:

L Lack of automated test generation
L Limited number of functional design modules

] Limited number of supported IC manufacturers

' Inefficient silicon usage
] Low user comfort level or lack of user~friendly interface
] Few design successes

On the negative side, ocurrent silicon compilers do not include
automatic test wvector generation. DATAQUEST believes that to be
ultimately successful, silicon compilation is going tc have to solve the
enormous problem of automatic test generation.

At present, the designer's choices, in terms of numbers of functicnal
dezign modules to choose from, are limited. This is an area that will
require close cooperation between CAD vendors and IC manufacturers in
order to develop a richer functional module set.

Compilers necessarily employ block placement and routing of cells,
often resulting in inefficient utilization of the silicon. This means
expense, Better design compaction routines would result in a use of
silicon real estate that is comparable to the efficiency of handcrafted
chips. In any event, the trade-off between time-to-design and silicon
efficiency must be reduced.



The critics' most convincing argument concerns user reluctance to
change their current design methods. Rhetorically, the case can be made
either way. BSystem engineers are being asked to think in terms of IC
designers, and IC designers are being asked, not only to think in terms
of logic designers, but also to become software engineers. Compiler
vendors are going to have to provide migration paths to the new
methodology. For example, they must either provide easier user
interfaces that include on-line help and training facilities, or offer
some synthetic mechanism for translating a schematic into the
higher-level description regquired by a compiler,

There is only one way out of this to-change-or-not-to-change
juggernaut, and that is when the cost of NOT using compilation tools
begins to hurt competitively. Specifically, it's when the design
successes and resulting productivity gains of compilation clearly
outdistance the price of designing with older methodologies. DATAQUEST
believes that the use of compilers increasingly will represent a
significant competitive advantage, and that publicized endorsements of
compiler design successes will fuel the demand for these products.

SILICON COMPILER ISSUES AND END-USER PANEL

The following user comments are from the silicon compiler end-user
presentations and panel discussion conducted during DATAQUEST's CCIS
conference held in May. Included are brief DATAQUEST analyses of various
silicon compilation issues. The panel itself consisted of three system
engineers who are usfing silicon compilers and, amazingly enough, only one
"tall thin IC designer,” who uses a compiler generator product.

Reasons for Choosing Silicon Compilation

"We needed a full custom design and we couldn't get the density in
conjunction with the speed we needed from either standard cells or gate
arrays. We know how to apply more logic, but more 1logic was
prohibitively expensive."

"Obviously, anything that a silicon compiler ¢an do could be put into
a standard cell library . . . [but] we couldn't find a standard cell
manufacturer with all the cells we needed. 1It's simply a guestion of the
size of the library versus the capabilities of the compiler. When you
compare silicon compilers and standard cells, I expect you'll see silicon
compilers eat up the definition of standard cells as silicon compilation
becomeg more tried and true. So we had to look at some form of silicon
compiler.”

DATAQUEST classifies chips designed by the current generation of
silicon compilers as cell-based ICs. These cell-based designs satisfy a
demand for something between standard cells and fully handcrafted ASICs.
Full custom will ultimately yield to cell-based technology.



DATAQUEST's Semiconductor Industry Service forecasts that merchant
sales of cell-based ASICs will grow at 59 percent CAGR between 1985 and
1990, faster than the 26 percent CAGR of gate arrays and, more
significantly, faster than the negative 1.3 percent CAGR for full custom
ASICs (see Figure 3). In our opinion, the demand for cell-based designs
and cell-based design tools (i.e., silicon compilers) go hand-in-hand.
(For more information on this subject, refer to our CCIS Research
Newsletter, No. 91, entitled "Sharing the Expertise: The Semiconductor
and Electronic CAD Markets Team Up for Automated Design.")

Figure 3

ESTIMATED MERCHANT ASIC MARKET
(Billions of Dollars)
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Process Independence

"During design itself, there's no visibility of the target foundry or
process. You essentially compile out to all supporting foundries and
decide, based on power, speed, and die-size--essentially yield--which
foundry you'll go to."

"Process and foundry independence was key [:i.n our choice of
compilers]. . « « We had a choice of four foundries and eight different
processes."



Process—dependent tools and products, in our opinion, do not offer
users the design portability that DATAQUEST research indicates is a major
uger demand. The rule-of-thumb is the larger the customer, the more
critical the need for second-sourcing. The VTI end user on our panel,
however, disagreed; the assurance of manufacturability provided needed
security in adopting a new design methodology. Another system end user
predicted that the growth of ASIC design will eventually result in longer
foundry <gqueues, thus making the «case for second-sourcing via
process—independent design tools.

Slow User Acceptance

"The problem is expectations . . . because we're not there yet,
There's no totally automatic silicon compiler to automate the IC design
process yet. It's still pretty much an interactive tool."

*System engineers don't really care to be bothered with layout, . . .
There's a built-in reluctance to changing a design methodology.”

"We're still going through the first generation of design successes
using silicon compiler technology."

"We are not silicon designers. We couldn't spell silicon when we
started this process using compilation and, more importantly, after
finishing it, we still can't spell silicon . . . . If it's not a one or a
zero, we don't want to know about it."

*Just because we use handcrafted IC CAD workstations, don't assume we
like 'em."

From these comments, it is clear that in order for silicon compilers
to win widespread acceptance among non-IC designers, the human interface
is going to have to be related to the logic level and no lower. From our
primary research, IC designers themselves are actively pursuing both
compiler generator evaluation and purchase decisions.

Time to Design

*our first two designgs took ten months from CAD system delivery to
working silicon. Our estimate of how long it's going to take to do parts
in the future is around seven-and-a-half to eight-and~a~half months
total."

*So, even with the one error we found . . . it took us about 15
months to get to production silicon from the idea of doing a silicon
compiled chip, which is extremely good comparing it to another music chip
from another company. They were at first silicon with a handcrafted
chip the day that we started working on ours . . . . They have still to
get working silicon back from this handcrafted chip. The silicon
compiler is a tremendous leverage tool,"



DATAQUEST CONCLUSION

What Are We Saying?

We are saying that not every IC design will require a compilation
solution. Silicon-compiled chips are not yet quicker to design than gate
arrays, nor do we expect that they will displace this popular imple-~
mentation. Nor, for that matter, are compiler generators completely
satisfactory for microprocessor development and other highly yield-
sensitive designs. But we are saying that for a range of full-custom
applications, compilers do represent a significant design alternative.
For a long time to come, there will be an appropriate role for all three
IC design methodologies: handcrafted, autoplace and route, and
compilation.

Furthermore, we are saying that users will want the option of
choosing the appropriate methodology on a per design, rather than on a
per workstation, product basis. And this means offering the choice of
methodologies on a single IC CAD workstation. The market for silicon
compilation cannot be separated from the market for all IC CAD tools,
because each one is a piece of the puzzle.

Silicon compilation is not a myth., It is a functioning IC design
methodology in beta site, and the first repeorts, such as those presented
by the panelists at our annwal conference, are impressive. We believe
that both early adopters and vendors recognize silicon compilation as the
IC design tocol the market bhas been demanding for quite awhile now: an
integrative design solutioen.

We said earlier that 1985 was the year for market education, Well,
1986 is the year for endorsements and design successes. We believe that
word=-of-mouth endorsements from early adopters will snowball. From this
point on, we expect silicon compilation to combine with, and eventually
displace, competing IC design methodologies.

Tony Spadarella
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DAISY BREAKS NEW GROUND IN JAPAN-~FORMS ALLIANCE WITH TEL

SUMMARY

In response to the current trend of establishing wholly owned
subsidiaries rather than joint ventures in Japan, Daisy Systems has
recently created Daisy Systems International, Inc., in Tokyo to oversee
the marketing and distribution of its electronic CAD/CAM products.
Additionally, Daisy has appointed Tokyo Electron (TEL), an established
and respected supplier of CAD/CAM and application-specific ICs (ASICs),
to concentrate on selling Daisy's Personal LOGICIAN workstation based on
the IBM PC AT. Seike Instruments and Electronics will continue to sell
Daisy's entire line of products.

DATAQUEST believes that Daisy's decision to establish more control in
. the burgeoning Japanese market was triggered in part by the fact that it
is losing market share to Mentor Graphics (which has a wholly owned

Japanese subsidiary) and Valid Logic, as illustrated in Figure 1.

Figure 1

1984/1985 DAISY, MENTOR, AND VALID
JAPANESE MARKET SHARE COMPARISON

DAISY 50% DAISY 32.7%

VALID 8.3%
MENTOR 48.1% VALID 19.2%

MENTOR 41.7%
1984 1985

Source: DATAQUEST
March 1986
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DAISY'S MARKET PERCEPTION .

Daisy believes that there are two types of prospective customers for
electronic CAD/CAM products in Japan:

& - Approximately 20 major ;semiconductor manufacturers

[ An eStimated 4,000 ASIC users (e.g., computer manufacturers and
consumer electronics vendors)

Wnile Daisy believes that it has done reasonably well selling to
semiconductor manufacturers, it felt that additicnal steps had to be
taken to penetrate the large ASIC user base. TEL was chogen to address
that market opportunity on Daisy'’s behalf.

TEL'S MARKET PERSPECTIVE

TEL's Computer Systems Divison has distributed Computervision's
products in the mechanical market for many years, and more recently, it
has been distributing SDA's automated ASIC layout tools. The Daisy
products will not be sold through this division, but rather, they will be
marketed through TEL's Electronic Components Division. This group also
has respeonsibility for selling AMD, Pujitsu, and Motorola ASICs through
TEL's design centers.

TEL believes that it will sell more than 1,000 Personal LOGICIANS
over the next three years. It expects to be successful with this product
for the following reasons:

® Many ASIC customers do not like to visit design centers simply
to evaluate ASIC designs, Instead, they would like to be able
to evaluate ASIC alternatives at their own sites using CaAD
tools, and use the design houses to facilitate the design and
manufacturing implementation.

® The IBM PC-based Personal LOGICIAN is transportable and allows
TEL's ASIC sales engineers to carry CAD technology to the
customer sites to assist the sales and ASIC selection process,

L TEL plans to offer Personal LOGICIAN evaluation units on a
monthly lease basis for ¥300,000 ($1,666).

) The ability to offer a wider range of design and manufacturing
gservices (e.g., CAE training, consulting, and manufacturing)
simplifies the process and reduces the cost of producing ASICs.

TEL currently has 30 IC design engineers serving as ASIC design
consultants. The company has a major design center in Yokohama and plans
to build two more in Osaka and Nirasaki by June of this year.



DATAQUEST ANALYSIS

We believe that baisy's addition of TEL as a distributor will help
strengthen the company's position in the Japanese market. However, it is
reasonable to expect Daisy's competitors to counter by forming alliances
with other Japanese ASIC companies.

We also believe that the window of opportunity in the Japanese CAE
market is closing rapidly. Consequently, 1if other CAE manufacturers plan
to make an impact on the Japanese market, they should take concrete
measures to do so this year.

Japanese users have shown a greater tendency than their BAmerican
counterparts to purchase products from vendors with the largest installed
bagses. This fact emphasizes the importance of quickly establishing a
large user base. We believe that this is a key motivation behind Daisy's
new independent venture.

It is becoming more difficult for a single CAD/CAM vendor to cover
all applications. Consequently, many Japanese distributors are
re-examining their largely U.,S.-based vendor product portfolios and
gselecting products designed to address each application segment
separately. TEL's CAD/CAM strategy is an excellent example of this trend.

Yu Uemura
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WORKSTATION VENDORS RUSH OUT THE GATE

OVERVIEW

The engineering workstation market has recently witnessed an
unprecedented number of new product announcements, more than at any other
time during this industry's brief history. As Figure 1 depicts,
DATAQUEST believes that during the coming months, new products introduced
from the industry front-runners (Apollo, Digital, and Sun) along with
newcomer IBM, will be setting the pace for the entire workstation
industry. More importantly, DATAQUEST believes that the engineering
workstation industry will serve as a key barometer when measuring the
health of the entire engineering computing industry as well as its major
application--CAD/CAM. '

Figure 1

AND THEY'RE OFF!

Source: DATAQUEST
March 1986
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This newsletter will analyze each of the recently announced major
workstation offerings and discuss each product's ramifications on the
market as a whole. Their effect on the CAD/CAM marketplace will also be
dlscussed and analyzed.

COMPETITIVE EVALUATION

Measuring the technical merits of one workstation versus another is a
very difficult task cempounded bys

[ ] The lack of coansistent standards

] A phenomenon known as "vendor specsmanship® whereby the vendor
publishes only those specifications that make its products look
good and ignores those that do not

* The subjective nature of many features

* The effect that applications have on weighing the importance of
one feature versus another

A particular case in point is the often-used MIPS (Millions of
Instructions Per Second) specifications., With today's simpler computing
architectures employing microprocessor technologies and Reduced
Instruction Sets (RISCs) the types of instructions that these computers
are processing are very different from their mainframe ancestors. For
example, a RISC computer that boasts 2 MIPS in computing performance may
only produce a fraction of that speed when running a particular
application due to the complexity of the operating software. Vendors are
also guilty of quoting MIPS ratings on instructions that operate the
gquickest (such as an integer add) instead of advertising ratings that
indicate performance over an averade crange of instructions,

Discussing the implications of quantifying wockstation performance is
beyond the scope of this newsletter. DATAQUEST believes, however, that
workstation buyers generally evaluate four major technical categories
when making workstation purchases:

® Computing

® Graphics

L Networking/interconnectivity

] Application software

Bach of these categories carries with it a unigue set of specifi-
cations that are weighted by their particular importance within a given
application and/or environment. As Figure 2 illustrates, DATAQUEST

. believes that the two dominant environments emerging within the design
automation community are for low-end 2-0 and high-end 3-D workstations.

A
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Figure 2

CAD/CAM WORKSTATION MARKET

Source: DATAQUEST
March 1986

Low-end systems typically contain the following features: .

1 megapixel of display tesolution

Up to 16 colors

600 to 1,000 double~precision whetstone performance
Execution and storage of MS-DOS programs

Engineering documentation and data entry applications

High-end systems generally contain the following features:

Greater than 1 megapixel of display resolution
Greater than 256 colors

Aigh-performance graphic processors to perform near
viewing and shading functions

1,500 to 2,000 double-precision whetstone performance

Engineering analysis and simulation applications

—3-

real-time



Tables 1 and 2 list a cross section of specifications for the leading
machines for each of these environments. Tables 3 and 4 then rank each
of the vendors from a technical standpoint across the low-end 2-D and
high-end 3-D environments, respectively. It is important to note that
these rankings represent a snapshot in time and that more than likely
they will change as the workstation vendors continue to add more
functionality and performance. The following paragraphgs discuss and
analyze each of the workstation offerings by environment.

Table 1

LOW-END 2-D WORKSTATION COMPARISON

Apollo Computar

Digital Bguipment

Sun Microsystsms

Vendot a1 3008 vaXxStaction 11 PC AT &150/010 /520
Computing
Microprocessor w8020 DBC 78032 1M RISC N68020
Clock Spwad 12.5 L 20 5.68 1%
migs 1.3 0.9 1.5 1.5
Foating Point
Std./Wnetstones OF N562881 /685 DEC T8132/481 MEABEL/650
Opt . /Nbetstooes D@ Proprietary/i00
C Compatibility Tes »o ™e "o
Scaphics
fesolutlon 1,200 x 1,024 {momo) 1,024 x 664 (mono) 1,024 x 768 {mono) 1152 x %00 (mono)
1,024 = 309 (colox} 1,024 x 864 [oolor) 720 x 512 (color
Vactor Ixawing Speed §.500 5,000 7:380 10,000
Graphice Toole
Programming Alds 3-D OMR I wWindowe vl SunViaw
I Q8N o018 Suniindows
Dialogue
Standacde DOMAIN/COxe GKE Personal grapbics  SunCore
DOMAIN/GES GK3 SunCG]
Hetworking/ intecconmctivity
LAN Type Meopristacy Tokan Brhntnet Propristacy PC-Wet Ethacnet/WFS
LAA Speed 12 sbita/anc. 10 mbite/mec. Z/Mbite/nec. 10 Mbice/sec,
184 Inkecfaceis) DOMAIN/SHA Y -1 Y SunLink 3S#A
AIR: BASP/ITG/¥TBN SunLink 83C
oonAIn/PCI
{IC Interoonnect)
Digital Interfaceim) pDacCHeT
Application Softwace
Wamber of 3rd-party
Applicationa : 500+ §00+ 204 250+
Wumbar of OEM and
Software Vendors 200+ 100+ 10+ 100+
Peice 519,400 (color) $3%,000 {color) 325,090 {coloc)
314,400 (mono) $19,4640 {momo) $24,7%0 (wono} 13,900
BSource: OCNTAQUEST
Macch 1905



Table 2

AIGA-END 3-D WORKSTATION COMPARISON

) -Apollo Colpmter Digical Bguipment I8N BC BT Stlfpom Qitapics Sun Miccosystébs
Yendos Mode} el oex 6150/308 -} 3/260c
-Chaguting
Nicroprocensor MEB020 DEC 78032 1M RISC nE8020 | m58020
Clock Spaed 16.67 20 5.08 1§.67 16,67
MIFS 1.5 0.9 1.5 1.5 1.%
floating-Point
Std./Whetstonas pp M6ABAL/ T DEC 78l32/641 . HEREEL/ 190
Ope, Mnetatones DP Weitek/L,500 Peopr latacy/100 Weitak/1,300 Weltek/1,500
Graphics
Resolution 1,200 x 1,024 1,624 = 864 1,084 x 1,024 1,024 x Tes 1152 x 900
Vector Drawing Speed 100,000 (3D} 70,000 (2-0) 70,000 (2-D) 96,000 {3~D) 50,000 (3-D)
3-D Geaphics MAcceleration. Yen Mo o Yes Yes
Gouraud Shaded Ploygons/bmwy. 25,000 Not Applicable Nok Applicable 2,200 1,000
Graphics Toola
Programming Alda 31-D GMR X Windows vDlL IMIE Graphics Libracy IT SunView
3=D GBR uis IRIS Window Hanager Sunindows
' Dialogue
Standards DOMAIN/Coce GEB mmmm GR8 SunCore
DOMAIN/QKS GLS BunCG1
SunGRS
Wetwocx ng/ Interconnectivicy
LAN Type Proprietary Token Sthernet froprietary PG/st Ethernet Benernet/NFS
LM Speed 12 mitea/eec. L mbite/sec. 2 mbite/smc. 10 sbite/mec. 10 moita/aec,
10 Incerface(s] DOMAIN/SHA SN I8N Link SunLink SWA
RIE: BASPF2790/3740 SunLink B5C
- DOMATH/PCI

(PC Interconnect)
0BC Interiace (s} DOMATR/VACCESS ORCHMEY

Application Software
Number of 3rd-Party

Applicetions $60+ 600+ 20+ 80+ 250+

Number of QBN and

soltware vendora 200+ 100+ L0+ 40+ 100+
Prcice $68,600 39,930 $46,760 $51,250 $50,600

Socurce: DATAQUEST
March 1986



Table 3

LOW-END 2-D RELATIVE PERFORMANCE COMPARISON
{1 = Bast; 4 = Worsat)

Apollo Digital IBM Sun
VYendor /Model 3000 ° VaXStation II PC RT 3/52M
Computing 1 3 4 2
Graphics 1 3 4 2
Networking 1 3 4 2
Applications 2 1 - 4 3
Table 4

HIGH-END 3-D RELATIVE PERFORMANCE COMPARISON
{1 = Best; 5 = Worst)

Apollo bigital IBM Silicon Graphics Sun
Vendor Model  DHS80 VAXStation GPX PC RT 3020 3/160C
Computing 3 4 5 2 1
Graphics 1 5 4 2 3
Betworking i 3 5 4 2
Applications 2 5 4 1 3

Source: DATAQUEST
#arch 1986

Low—-£End 2-D Environment

The low-end 2-D environment has historically been dominated by
personal computers such as the IBM PC AT. DATAQUEST believes that the
personal computer era in CAD/CAM will 1level off dramatically and
eventually give way to the more powerful, Jlow-cost generation of
engineering workstations that were recently introduced. Our reasoning
behind this prediction stems from our survey of CAD/CAM end users who
suggested that 32-bjt, virtual memory, engineering workstations were more
desirable than personal computers. {(See DATAQUEST newsletter #84
entitled, ®CAD/CAM End-User Survey."™) However, CAD/CAM end users also
stated that price was ultimately the most important factor when
considering workstation purchases, with $20,000 being an important
economic target. MNow that the new breed of workstations has crossed this
critical price/performance barrier, DATAQUEST expects rapid expansion of
this market segment. Our findings are further substantiated by some of
the large, low-end workstation purchases recorded by General Motors' EDS,
Hughes Aircraft, and Schlumberger. In each of these instances, the
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requirement for a 32-bit engineering workstation c¢osting less than
$20,000 was the principal purchasing criterion. None of these purchasers
considered a personal computer due to its limited computing, graphics,
and networking performance.

As Table 3 indicates, Apollo's 3000 series and Sun's 3/52 are
technological leaders in the low-end 2-D environment capturing first and
second place ratings in all categories except Applications, where
Digital's VMS reigns supreme. In particular, Apollo's color 3000 series
should be a big winner in this marketplace because:

L It meets or exceeds all required specifications for this market.

) No other wendor comes close to offering a color workstation with
the 3000's performance for less than $20,000.

Apollo is planning to ship 600 of the 3000 series workstations by the
end of March. We believe that an additional 5,000 to 10,000 unit
shipments of Apollo's 3000 series are possible this year.

Sun's recently announced 3/52 is a very close second to Apollo's
3000 series. The major deficiency that Sun has in this marketplace is
the lack of a low=-cost color offering. DATAQUEST expects a competitive
response is forthcoming from Sun in the low-end color market some time
during the next 90 days. Sun als¢ needs to consider adding MS-DOS
compatibility in order to round out its low-end offering.

Despite recent industry criticism sucrounding Sun's IPQ during this
volatile time in the marketplace, DATAQUEST believes that the company is
extremely well positioned and strategically sound for the following
reasons:

[ ] It has secured many large OEM relationships (e.g., Gould, Kodak;
Schlumberger, Toshiba).

® It aggressively pursues market opportunities ignored by other
workstation manufacturers (e.g., selling to computer companies,
offering board-level products).

[ ] Its commitment to supporting and proliferating standards is
exemplary (e.g., NFS).

® While its products are not technological marvels in any one
particular area, they provide an excellent balance of
integration among the major functions of computing, graphics,
networking, and applications at unbelievably low prices that
OEMs can make money selling and end users can afford.

From a performance standpoint, Digital's VAXStation II is very
comparable to Apeclle's 3000 series and Sun's 3/52. The problem is that
the VAXStation II is priced more than 90 percent higher than Apollo and
Sun., Digital's vVAXStation II could suffer an identity crisis in the
marketplace in that it is too high priced for the low-end 2-D market, but



does not have enough overall performance to compete in the high-end 3~D
environment. DATAQUEST believes that Digital's OEM community will
probably opt to use the MicroVAX 11 as a multiuser machine rather than as
a distributed engineering workstation until Digital comes down in price
or improves performance for the high end. In any event, Digital is
virtually forcing its OEMs to get as much mileage out of the MicroVAX II
as possible (whether they intended to or not}) when it announced it would
lower OEM discounts on its new 8200 and 8300 VAX 11/780 replacement
machines.

Digital can currently demand a premium from the marketplace for its
machines due to the large number of installed VAXs and the large library
of application software available. Over time, however, DATAQUEST does
not believe that Digital will be able to sustain its higher margin
advantage on its workstation products based solely on its installed base
or breadth of application software. We expect Digital to react with both
a lower-priced version of its MicroVAX I1 for the low-end 2-D environment
and to improve its graphics performance on the high end with product
intreductions during the third and fourth guarters of this year.

As shown in Table 3, IBM's PC RT finished last in all four system
categories, We are at a loss to explain why IBM chose to introduce a
product for the “engineering/scientific, academic, and CAD/CAM™ market
that has only twice the power of a PC AT at three times the price. The
PC RT is essentially an Apollo DN300 class of machine (now obsolete) that
commands an Apollo 3000 class price tag on the low end and a DN570 price
on the high end. Surprisingly, IBM did not announce support for its new
token-based network on this machine. 1Instead, IBM offers the optional
PC-NET, which is widely expected to be phased out when 1BM's token-based
network enters the market later this year.

The poor computing and floating=-point performance {200,000
whetstones) of the PC RT could be improved by increasing the clock speed
of the system from its current 5.88 MHz to 16 or 20 MHz. ‘There is a
school of thought that believes IBM is purposely holding down the
performance of this machine so as not to interfere with forthcoming Intel
80386-based products expected early next year. IBM has cast a shadow of
doubt, however, over the future of the 80386-based products due to the
recent sale of its Intel stock holdings. In addition, DATAQUEST believes
that IBM is extremely sensitive to protecting its 43xx 1line of
shared-lcgic systems. After all, when you already have the biggest piece
of the pie, it does not make sense spending time chasing after the other
guy's crumbs.

Although the PC RT features PC-DOS program execution, it offers no
performance improvement over the PC AT for programs running in DOS mode.
Therefore, PC CAD/CAM developers with applications running under DOS are
faced with the difficult Adecision of rewriting their software for the
RT's AIX operating system, or waiting for the 80386 in order to improve
system performance. DATAQUEST thinks that most PC CAD developers will
choose to wait for the 80386.



DATAQUEST believes that 1IBM shot too low in performance with the
PC RT in order to significantly impact the CAD/CAM workstation
marketplace. We look for IBM to announce improved npetworking and
computing performance in the third quarter of this year.

High-End 3-D Environment

The high-end 3-D workstation marketplace is driven by the need to
push the interactivity of engineering applications such as solids
modeling, PCB layout, and finite element modeling as ¢lose to real time
as possible. #While this segment of the market has experienced a high
degree of user benchmark activity, DATAQUEST finds that high~end 3-D
applications have had very little success within the end-user community
due to the associated performance penalties. DATAQUEST believes that the
new breed of high-end 3-D workstations that offer 1.5 to 2 times the
performance of a VAX 11/780 at workstation prices will spawn a new
awareness that 3-D capacity can in fact be accomplished productively.
The software vendors have recognized this and have been converting their
applications to take advantage of the 3=D display 1list capability of
these new high—-end workstations. This software conversion should allow
3=-D applications to run much more efficiently by taking advantage of
high-speed VLSI features on the 3-D machines and eliminate a lot of the
algorithmic gymnastics that take place when the software alone is left
with the task of simulating the 3-D image.

As Table 4 indicates, Apollo's DNS80 and Silicon Graphics' 3020 are
the leading machines from a technological standpoint in the high-end
3-D workstation market. Ontil Apollo's recently announced DN580,
Silicon Graphics was virtually in a c¢lass by itself providing high-
pecrformance, distributed, 3-D graphics tightly c¢oupled with a UNIX
computing architecture.

DATAQUEST believes that Silicon Graphics is starting to gain momentum
as a major force within the engineering workstation marketplace. The
company more than doubled its revenue in 1985 to $30 million from
$13.8 million in 1984, In addition, the company shipped more than
1,000 workstations in 1985 and has already secured a number of large OEMs
this year, including Prime Computer, Raytheon, and Sperry. Although
8ilicon Graphics has fallen a bit behind Apollo technologically,
DATAQUEST expects another evolution of the company's Geometry Engine is
forthcoming and that it should push interactive graphics performance to
yet another higher level of industry standard. Silicon Graphics is still
the leader in providing 3-D application solutions in our estimation,
since most of its OEMs and third-party software developers have written
their applications to take advantage of the advanced 3-D capabilities of
the Silicon Graphics workstations,

Sun's 3/160C, while providing an excellent platform for computing and
networking, lacks the high-performance 3-D graphics horsepower necessary
to effectively compete with Apollo and Silicon Graphics. Sun's Graphics
Processor (GP) and Graphics Buffer (GB) will need to be improved by a



factor of 2 or 3 times in order to bring it in line with competitive
offerings. Sun's g¢graphics tools, bhowever, are very good and have been
implemented to take advantage of NFS, which accommodates a fully
distributed graphics file system.

Digital's GPX falls short--primarily in the 3-~D graphics area~-of
being considered a major league device. The GPX graphics architecture
currently does not support 3-D display 1list operations such as viewing
transformations and shading. DATAQUEST believes, however, that Digital's
investment in its own custom GPX graphics chip set will continue and that
it will produce a number of new products aimed at the high-end 3~D
market, The company is in the process of assembling a workstation group
in Palo Alto, California, to address the needs of this market.

Adage's new 6050 workstation, a high-performance alternative to
Digital's GPX, incorporates MicroVAX 1II workstation technology. The 6050
has superior graphics performance wvia Adage's Ocean Graphics Engine,
which performs 3-D vector drawings at the rate of 350,000 vectors per
second and Gouraud shaded polygons at 30,000 per second. & complete
system with a MicroVAax II is priced at $50,500, which is very competitive
with the similar Silicon Graphics and Apollo products. The only drawback
is that the graphics architecture is not as tightly coupled with the CPU
as Silicon Graphics, Apollo, or Sun.

IBM's PC RT with the 5080 attachment lacks the 3-D graphics and
computing performance necessary to pose any significant competitive
threat outside of the IBM installed base. The new 5085 Model 2 graphics
controller has greatly improved transformation performance, but offers
little in the way of shading and ig not very well integrated with the
PC RT. With the new Professional CADAM 2-1/2-D software running at only
about half the speed on the PC RT/5080 as compared to a 43xx system, we
think it is questionable whether the IBM CADAM installed base will spend
between $60,000 and $70,000 for a PC RT workstation version of CADAM.

DATAQUEST ARALYSIS

The following analysis discusses how DATAQUEST believes that each
faction within the marketplace will be affected by these recent
workstation announcements.

CAD/CAM Vendors

CAD/CAM OEMs and third-party software developers will reap
significant benefits from this recent flurry of workstation activity. On
the low end, the Apollo and Sun products offer a powerful price/
performance alternative to the personal computer, while the new high-end
3-D products should create a new market awareness for 3-D productivity
benefits. The only downside we see from the CAD/CAM vendor's standpoint
is that the rapidly declining workstation prices are revealing the REAL
software price. As Figure 3 illustrates, CAD/CAM vendors will have to
justify (to the marketplace) its cost of software beyond the turnkey
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price when, as William Zarecor, vice president of marketing at
Intergraph Corp., puts it, "the hiding place for software is uncovered.”
DATAQUEST believes that the uncovering of software costs along with the
fact that workstation technology is no longer a mystery will put pressure
on the turnkey CAD/CAM vendors to unbundle their software. Recent major
unbundled workstation purchases at General Motors, Hughes, and
Schlumberger suggests that unbundling is more than just an isolated
incident and is, in fact, a major trend.

Figure 3

THE TURNEEY SOFTWARE HIDING PLACE

Cost
)

Time

Source: Intergraph Corp.
DATrA'QU'Esrp v
March 1554

- Other Key issues we see affecting the CAD/CAM vendors as a result of
these workstation announcements are:

[ ] The workstation industry is consolidating into a handful of
vendors, thereby allowing the CAD/CAM software developers to
standardize on these surviving industry platforms.

® CAD/CAM vendors that still manufacture their own proprietary
computing and graphics hardware will face even greater market
pressure to move to industry standard platforms.

L Low-end workstations with the more functional and powerful
turnkey CAD/CAM software packages will place considerable market
pressure on personal computer-based CAD/CAM software vendors.

* It would behoove CAD/CAM software developers to ensure that
their applications software is written to take advantage of the
new 3-D display-list-oriented workstations.

® CAD/CAM vendors must be prepared to offer site licenses and
engage in cooperative marketing and selling activities with the
workstation hardware suppliers.
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End Users

End users are the major beneficiaries of these announcements. With
prices steadily declining and performance continvally improving, the
workstation is fast becoming a commodity that will adorn the desk of
every engineer.

DATAQUEST believes that end users are much more sophisticated today
with respect to CAD/CAM tools and engineering workstations. The “black
art™ of packaging graphics applications with workstations is no longer a
mystery to end users, which is why we foresee a trend toward unbundled
application solutions, However, the turnkey vendors have a wealth of
experience in c¢omputing, graphics, networking, and applications in the
engineering environment and can provide valuable services in integrating
thege functions on a device or organization level.

Workastation Vendors

In general, the workstation vendors will be operating in a less
competitive environment in terms of the numbers of vendors. However, the
vendors who are competing are formidable. DATAQUEST believes that the
workstation vendor must:

[ ] Immediately capitalize on any window of opportunity it may have
bacause the windows can slam shut at almost any time £from
competitive offerings

' Make sure that it offers a seamless nigration path for its
software and applications when introducing new hardware, even at
the expense of introducing new technology

® Work cooperatively with its OEMs in order to jointly market
applications and share commissions when appropriate

From the standpoint of each individual workstation wvendor, DATAQUEST
offers the following observations:

Apollo

) Apollo is the price/performance leader following its recent
workstation announcements,

o Apollo will have to capitalize quickly on its current leadersghip
by driving volumes on the low-end and pushing application
developers to commit to its graphics architecture on the high
end.

Digital

. Digital needs to improve the GPX graphics performance to
accommodate a 3-D display-list architecture on the high end.

. It will also need a low-cost, desktop platform to compete
effectively on the low end.
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IBM needs to improve <computing performance {especially
floating=-point) for the PC RT.

It needs to offer comparable networking capabilities., DATAQUEST
exXpects that a token-based system will be announced during the
third guarter of this year.

A more tightly coupled graphics architecture would also improve
the PC RT's marketability outside of the IBM world.

Silicon Graphics

DATAQUEST expects that the soon—-to~-be announced improvements in
the Silicon Graphics' display architecture will once again move
the company into a leading position from a graphics performance
standpoint.

Silicon Graphics would also benefit by providing an MS-DOS
compatibility feature,

DATAQUEST expects Sun to announce both a low-end color
workstation and an IBM PC-compatible workstation over the next
90 days.

David B. Burdick
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DIGITAL ANNOUNCES NEW NUMBERBUSTER FOR GRAPHICS:
THE VAXSTATION IIAGPX

SUMMARY

On January 14, 1986, Digital Equipment Corporation announced the
VAXstation II/GPX, Digital's latest high-speed answer to the popular
technical graphics workstations manufactured by major vendors such as
Apollo Computer Inc., Data General Corporation, and Sun Microsystems,
Inc. This newsletter assesses the graphics performance of the GPX;
another newsletter will follow that assesses its workstation performance.

This newest member of the VAX family is based on Digital's
MicroVAX II computer and is driven by a new Digital-designed VLSI
graphics coprocessor. It offers up to five times the graphics
. performance of leading workstations that have comparable configurations.
However, DATAQUEST believes that the real significance of the VAXstation
II/GPX is as follows:

] It is the first use of proprietary, in-house VLSI graphics-
specific integrated circuits (ICs) by a workstation or computer
vendor.

® It represents a high level of integration of graphics and CPU

power in an aggressively priced workstation, with much better
graphics performance than that of Apollo, Sun, or Data General
products.

® It is not, however, an advance in general graphics performance
since several graphics vendors offer systems with much higher
performance than the GPX system.

Four VAXstation II/GPX configurations are available, three in color
and one in monochrome. Prices, which include the MicroVAX II computer,
range from $33,000 (for monochrome) to $53,800. In 16- and 256-color
configuratiors comparable to Apollo, Sun, and Data General products, the
GPX is priced the lowest.

. © 1986 Dataquest Incorporated Feb. 18 ed.-Reproduction Prohibited
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Target markets for the GPX are computer-aided design and manufac-
turing (CAD/CAM)}, computer-aided engineering {CAE), computer-aided
software engineering (CASE), computer-aided publishing (CAP), and
artificial intelligence (AI).

THE VAXSTATION II/GPX

The graphics coprocessor produces fast image copy and vector drawing,
pattern £ill, c¢lipping, scaling and 2zoom, and scrolling., The chip is
optimized for rapid display of text. Its design results in equal
performance for 8~ and 4-plane systems.

Digital claims a unique £feature for the VAXstation I1/GPX, the
network-based X-Window System. The X-Window System allows users to
activate tasks on remote nodes that draw graphics on the local
workstation window. Compute-intensive tasks can thus be offlocaded to
larger VAX systems on the network while running other tasks locally.
Networking support includes DECnet (DECnet gateways allow communications
with SNA and X.25 systems), TCP/IP, and Ethernet, all of which allow
users a wide range of resources for their applications.

Color applications include VLSI design, printed-circuit board layout,
simulation and testing, mechanical drafting, design and analysis,
petroleum exploration, real-time control, molecular modeling, and weather
mapping. Other applications in which monochrome may be preferred for
high=quality text and graphics include image processing, mechanical and
architectural drawing, technical publishing, and software development.

The VAXstation II/GPX was tested on Whetstone, Linpack, and Spice in
comparable configurations of Sun and Apollo workstations and was found to
be consistently superior. Table 1 compares selected workstations in
comparable configurations.

Initial GPX shipments will begin in March, These units will support
UNIX; WS support will be available in early summer,

DATAQUEST ANALYSIS

DATAQUEST believes that the VAXstation II/GPX will have a significant
impact on the workstation market. It represents the first fully
integrated workstation from Digital; earlier VAXstation 500 products were
not highly integrated, since they were just MicroVAX IIs placed next to
Tektronix 4120 series graphics terminals. As such, they were not
analogous to the fully integrated products offered by Apollo, Data
General, Masscomp, or Sun Microsystems. The high level of integration of
this new product 1is reflected in the fact that almost all of the
workstation components, including the graphics processor and the 19-inch
color monitor, are designed and manufactured by Digital., In addition to
these firsts, the pricing of the products is very aggressive, based both
on past Digital practice and the prices of the competing workstation
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products shown in Table 1. Furthermore, the level: of graphics
performance on the GPX is much higher than that of Digital's two biggest
competitors, Apollo and Sun, and is at least egual to that of the GW
series from Data General., The combination of aggressive price and high
performance means that the GPX is the current price/performance leader in
the previously defined graphics intensive market segments targeted by
bigital for this product. The GPX puts pressure on Digital's competitors
in these segments to lower their prices and, in the case of Apollo and
Sun, to dramatically increase their level of two-dimensional graphics
performance.

The GPX system is not invincible, however, since the availability of
a WS version is at least sgix months away and the product's new graphics
processor uses a new set of commands for interfacing to application
programs, or emulates the Tektronix 4010 command set. This means that
the large body of scientific and engineering software that runs under VMS
with the color raster Tektronix 41XX products cannot move immediately to
the GPX system; and, when it does, each program will require a new set of
graphics drivers. The GKS implementation of the GPX product will make
this a less formidable task than otherwise, but will still take an
investment of resources by the software authors, This is also true for
the smaller body of such programs that run under Digital's ULTRIX, since
some conversion work will be required to move to the new GPX drivers from
the Tektronix/VAXstation 500-based products in exXistence today. As for
applications running under the other vendors' UNIX versions, -another
level of conversion will be needed to go from one "industry-standard"
DNIX to the other.

A final gquestion that arises is the status of the VAXstation 500
product line. From a hardware viewpoint, the GPX product would appear to
replace the VAXstation versions using the Tektronix 4125 and 4128, based
on its lower price and its egual or better graphics performance,
However, the VAXstation 500 that uses the Tektronix 4129 still remains
viable since it offers solid modeling support for shaded pictures, which
is not yet available on the GPX, But from a software viewpoint, the
issue is ¢louded, since the GPX does not support £full Tektronix
PLOT=10/IGL emulation—--~just the older 4010 version. Therefore, the
application software written for the VAXstation 500 1line is also not
supported, This lack of compatibility could cause users to pay the
higher price for the VAXstation 500 and thus slow the success that we
believe is inevitable for the VAXstation II/GPX.

{(This newsletter is reprinted with the permission of DATAQUEST's
Graphics Industry Service,)

Pavid Burdick
Lew Brentano
Karen Davis



Graphics Display
Lisk

Pixel Memory

Vector Drawing
Speed

Typical Price:
16 Color
256 Color

Table 1

TECHNICAL WORKSTATION PRICE AND PERFORMANCE COMPARISON

Digital Eguipment DMgital Equipment Apollo
ViXstation II/GPX* ‘VAXstation 500 ¢, ** DH560
Hong 128 Ebytes 1 Mbyte

1,024 n 864 1,280 x 1,024 1,024 x 800
x4 or 8 x & or @ * 4 or B

== 710,000 /second 50,000/5econd 20,000/8econd

50 pixel vectors

$35,800 348,000 %49,000
$39,950 $54,000 $53,500

Data General
oW 40008

128 Kbytes

1,280 x 1,024
x 8

&0,000/8ec0ond
40 pixel vectors

H/A
== $65,000

sun-3/160 clf

Hone Std. {[optional
and included in
price)

1,024 x 768
x B

50,000/second
== S0 pixel wectors

N/A
$48,700

Note: Configurations include CPUs with 3 Mbytes of memory, hardware floating point, 71 to 80 Mbytes of disk memory, and a disk

backup system, unless otherwise noted.
H/A = Hot Applicable

*The VAXstations use the MicroVAX IT as the CPU

**The VAXstation 500 graphics systea 18 the 412X series from Tektronix.

frhe pata Genaral aystes can suppork up to four graphics displays simultaneously.
Hone Sun-13/160C price includes 4 Mbytes of memory, hardware floating point, graphics processor, and 71-Mbyte disk and tape

subsystem.

Source: DATAQUEST
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DIGITAL RESTRUCTURES VAX PRODUCT LINE;
INTRODUCES THREE VAX SYSTEMS AND VAXBI BUS

On January 29, Digital Equipment Corporation announced three new
general-purpose VAX systems, which it calls second-generation VAX
products. Two systems fill the void between the MicroVAX II and the VAX
8600, while the third is a dual CPU architecture positioned above the
8650. Digital is targeting two of the three systems for "computationally
intensive applications” for engineers and scientists. The three new
systems are as follows:

® VAX 8200

- Offers a performance of 1.0 MIPS
- Has a single board processor
- Is based on MOS/VLSI technology
- Offers 8 Kbytes of cache memory
- Supports up to 16 Mbytes of main memory
- Is priced between $127,000 and $154,000
. - Is available now in three prespecified configurations

L) VAX 8300

- Offers a performance of 1.9 MIPS

= Is based on two tightly coupled 8200 processors and on
MOS/VLSI technology

= Supports up to 14 Mbytes of main memory

- Offers processor support for 8 Kbytes of cache memory

- Is priced at $200,000

- Will be available in 60 to 90 days

® VAX 8800

- Offers a performance of 12 MIPS

= Is a tightly coupled dual processor sharing 32 Mbytes memory

- Has 64-Kbyte cache memory and integral floating point

- Is based on ECL technology

- Supports up to four VAXBI buses for up to 30-Mbytes-per-
second transfer rate

- Uses 27 custom ICs and 187 ECL gate arrays

- Uses 60-Mbyte CPU-memory interconnect

- Is priced at $850,000

= Will be available in 60 to 90 days

. © 1986 Dataquest Incorporated Feb. 11 ed.~Reproduction Prohibited
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All three systems support the new system bus called the VAX bus
interconnect (VAXBI), The VAXBI is a single-chip, synchronous, 32-bit
data, 30-bit address bus that is time multiplexed and runs at 13.3 Mbytes
per second. Up to 16 VAXBI nodes can be connected on one bus. The VAXBI
bus also has built-in multiprocessing capability. All the new systems
also support a Unibus adapter, which provides a transition path for
peripherals between other Unibus-based VAXs and the new systems.

The 8200 replaces the older VAX 11/789, which ran at the same =peed
as the 8200 but used a Unibus (1 Mbyte/second) instead of the VAXBI
running at 13.3 Mbytes per second, This will greatly improve any
application with a high degree of I/0 activity. The 8200 alsoc obsoletes
the Unibus-based VAX 11/7S0 and 11/730.

The 8300 replaces the 11/785 introduced in 1984, The 8300 is similar
to the now obsolete dual processor VAX 11/782. The real performance
advantage the 8200 and 8300 systems have over the older processors is
their I/0 performance--the new processors run at the same speed as the
older systems.

The 8800 is not a dual 8650 but is a new processor design. Its
12-MIPS performance is based on two CPUs, so a single job will probably
run at 6 MIPS--the same as the 8650, However, applications with a large
number of tasks or users will take advantage of the multiprocessor
features and fast I/0 bandwidth. This will be especially good for UNIX
applications.

DATA T _ANALYSIS

Digital has replaced the older VAX 11/7X0 processors with processors
of similar CPU performance (8200 and 8300), but using newer VAXBI bus and
the 8600 architecture concepts to improve I/0 performance. Prices for
the 1l.0- to 1.9-MIPS performance level have been reduced, however. The
8800 will give Digital a system that conmpetes with larger IBM mainframes
such as the IBM 3084,

We find it interesting that Digital has targeted these systems toward
*computationally intensive applications." A single, large (one million
lines of code) program will be allocated to a single CPU and will not
take advantage of the second CPU. Thus, for a single task, the CPU
performance of the new system is equal to the older system. For
"multistream®™ tasks, however, the cumulative MIPS will increase the
performance of the system as a whole.

Although Digital iz initially targeting the engineering/scientific
community, we believe that these systems will also be widely used in
business applications where the high I/0 performance will improve the
efficiency of multiuser and COBOL applications. The VAXBI bodes well for
I/0-intensive commercial environments.

(This bulletin is reprinted with the permission of DATAQUEST's
Technical Computer Systems Industry Service.)

Dave Burdick
Lew Brentano
Brad Smith
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TURMOIL AND TRANSITION SPELL OPPORTUNITY FOR CADNETIX

INTRODUCT ION

The printed circuit board (PCB) application segment is characterized
by turmoil and transition. For instance, a company such as
Computervision, which enjoyed nearly 50 percent market share in 1980, has
slipped to a 20 percent share of the market in 1984. On the other hand,
Cadnetix Corporation, which was not even a glimmer in its founders' eyes
in 1980, has grown from zero revenues in 1982 to $25 million in 1985.

This newsletter examines various aspects of the printed circuit board
(PCB) CAD segment and how Cadnetix dovetails its products and strategies
with the market. (Iook for the soon-to-be-published DATAQUEST corporate
profile on Cadnetix for more information on the company, its financial
. statements, and its product lines.)

THE EVOLVING MARKET

The PCB segment has been a nightmare for some companies and a golden
opportunity for others. The evolution brought about by the users'
changing demands has been merciless. Where major turnkeys with a strong
emphasis on mechanical design once dominated the PCB segment, the users
now demand an even stronger emphasis on electronic product design.

Printed circuit board design is not an isolated, discrete design
island, for it affects many different functional organizations within one
company. Because of this, DATAQUEST believes that a CAD company must
choose between the following two strategies:

® Comprehensive design, covering all major phases of PCB design

i) Niche focus, excelling in one or more tightly related areas

© 1986 Dataquest Incorporated March 10 ed.-Reproduction Prohibited
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Cadnetix opted for the comprehensive design strategy. This strategy
dictates that a CAD vendor provide options that address the following
phases-

L Schematic capture with forward and backward annotation
» Full-range simulation

. Automatic layout with interactive editing capabilities
. Manufacturing cutput

L] Test equipment interfaces

» Mechanical CAD systems interfaces

These functions cover the design of a board from conception through
final product integration. Within each of the phases noted above is
still more opportunity for providing solutions with products such as
hardware modelers, accelerators, and different system architectures,

DATAQUEST believes that the market's current emphasis on the
electronic rather than mechanical design aspect of printed circuit boatds
will be the primary focus of most major competitors for the next two to
three years. We compare the disparate focuses--electronic and
mechanical-~because this is an excellent example of the CAD/CAM
pendulum. It keeps swinging.

It swung from manual lavout with awkward automatic routing to
mechanical design because mechanical design was a strength of several
major PCB CAD companies and was more easily leveraged than pioneering EDA
applications, With manual layout mastered, at least by the CAD vendors,
the pendulum swung back to an emphasis on electronic design. We believe
that history will repeat itself. DATAQUEST expects that the next major
move, besides improving and expanding existing electronic design
functions, will be mechanical design integration including mechanical
computer-~aided engineering (MCAE). We believe that this integration,
however, will probably come from interfaces to external mechanical
CAD/CAM products.

In the meantime, however, primary opportunities exist in simulation,
data bases, automatic placement and routing, and testing of the
electronic portion of board design. PCB CAD vendors should focus their
efforts on these opportunities.

Another significant strategic shift in the PCB segment concerns
system prices and architectures, In 1983, Telesis 8Systems, 1Inc.,
pioneered the low-cost segment by introducing a single-user PCB system
for less than $100,000. Since then, prices have continued to reach new
lows, while performance has been wmaintained or improved due to
distributed processing architectures. Personal CAD Systems, Inc., was
the first vendor to offer personal computer-based PCB CAD. Now, most
major PCB vendors offer a wide range of price/performance system options.



THE CADNETI1X FIT

We chose Cadnetix as an example of the current electronic emphasis
because it is a young company with a broad applications focus.

Cadnetix calls itself a "systems® design company. We will not be so
nebulous in defining a company or its application. After all, an IC ecan
also be a system unto itself. Therefore, we will refer to Cadnetix as a
printed circuit board CAD company with a broad applications focus,
including EPA. Early on, Cadnetix recognized that in order to provide a
comprehensive solution to companies designing printed circuit boards, CAD
products must also address the needs of electronic engineers,

What makes Cadnetix stand out? Figure 1 shows the company's focus on
logic design, simulation, and physical layout. Beneath these three
applications 1lie a myriad of products to improve productivity.
Cadnetix's productivity improvements include the following products:

. Routing, simzlation, and graphics acceleration

] Physical device modeling for board-level simulation
L File and data base servers

L Local area networking

™ Wide price/performance ranges

The company's focus iz on neither physical layout nor logic design, but
on providing solutions to all phases of board design.

Cadnetix is one of the few turnkey vendors sgtill designing and
manufacturing system hardware. While the company believes that it can
manufacture the optimum system itself, DATAQUEST believes that this could
prove to be a major long-term weakness of the company.

Until February 3, 1986, when Cadnetix announced the addition of
software for the IBM PC, the company's entire product line was centered
on its proprietary 68020-based workstations. The new PC software is used
for schematic capture with net list extraction and an option for remote
job entry via communications networks for simulation and layout.

We believe that Cadnetix's decision to support an industry standard
platform was a sound strategic move. End users demand the security and
comfort of familiar computers and operating systems. We think that
Cadnetix responded to end-user demands, as well as competitive pressures.

Supporting other hardware is not without major c¢oncerns for the
company. Cadnetix had to choose which hardware it would port to, as well
as commit to support the port. Apollo's announcement of its Domain
Series 3000 on February 19 made the decision even more complex. Compound
this complexity with Digital’s market position with its Microvax II
series, Nonethelessg, Cadnetix's gtrategic decision to run on computer
company hardware has been set in motion. We believe that the company
will benefit from this decision in the long run.
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COMPETITIVE PFOSTURE

Based on DATAQUEST's primary research, users want the option to buy
the best product to meet their needs, even if it means buying from
several different vendors to solve a design problem. Because of this, we
believe that it is vital for all CAD/CAM vendors to adhere to the
following principles to achieve success:

® Exploit product strengths in both development and marketing

* Be one of the top three vendors in the particular application
arena that is a product strength

The EDA vendors are .entering the physical layout segment where
traditionally they have had a strong presence in the engineering of
boards. Layout vendors entered the EDA segment, some with only a fair to
weak position in both layout and engineering design. The bottom line
message is clear: Application solution choices are many, and vendors
must have a dominant position in areas where their strengths lie.

How does this relate to Cadnetix? Thus far, the company has
addressed most PCB application arenas (short of testing and mechanical
design) and has been fairly strong in all. We believe that one reason it
has been successful is the third ingredient for success* integration.
In this sense, we define integration as the following:

] Core applications from one company
X ) Logical and physical data bases that relate to one another
L ) True implementation of distributed processing, aligning computa-

tional requirements and capabilities through the use of a wide
range of gsystems, communications, and servers

DATAQUEST CONCLUS IONS

DATAQUEST does not forecast any radical PCB design technological
breakthroughs that would leapfrog the current tools. Instead, we believe
that development will continue to refine and expand existing technologies
and methodologies and will encompass the following types of activities:

. Sur face-mount devices

L 4 Double-sided device mounting

[ 3 Hybrid design on the PCB workstation

L 2 More efficient routing algorithms

» Higher completion routing accelerators



® More interactive accelerators

L] Better automatic placement routines

* Better board-level simulation, including physical modelers where
required

® Incorporation of microprocessor software models

® Test pattern development from the EDA data base
. Analog board design
® Two-way data base interfaces

Development activities must concentrate not only on the electronic
aspects of board designs, but also on the data management aspects, Such
activities include communications, networking, file and data access and
transfer, and servers, all of which should be fairly transparent to the
end user.

We believe that Cadnetix has established itself as a contender in
electronic CAD/CAM segments. The challenges facing the company, as we
see them, center around the following issues:

® Make global make-versus-buy hardware decisions--If the company
continues to manufacture its own hardware, it muost be prepared
to match hardware R&D expenditures as a percent of revenue to
that of the companies dedicated to pushing price/performance
ratios.

] Continue accelerated R&D, leveraging its internal development
staff to maintain leading-edge technology, and, equally
important, make use of strategic alliances where appropriate.

® Continue positioning itself in the competitive arenas of all EDA
and PCB companies.

* Manage its growth—--The corporate environment of a $25 million
company is significantly different from the larger corporate
environment toward which Cadnetix is headed. We believe that
Cadnetix will have to decentralize and reorganize now in order
to achieve the goals it has set for itself,

» Fully support its customers, products, and sales force—--Ensure
that every customer can turn out boards and that every sales
person is backed by technical applications engineers. In this
stage of the company's Llife, support is a critical do-or=-die
turning point.

Cadnetix is not alone in its strategies or challenges, but we believe
that it is influencing the turmoil and transition in the PCB segment.

Beth W. Tucker
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IBM'S EDA ANNOUNCEMENT-~-BIG BLUE SOWS ITS CIEDS

INTRODUCT ION

IBM's long-awaited entry into the electronic design automation (EDA)
segment came in conjunction with the announcement of the RISC Technology
(RT) workstation on January 21. However, IBM only partly demystified
rumors of its plans for the electronic CAD/CAM market., IBM's new product
line, based on products from Silvar-Lisco, is called Design Capture; it
is part of the Computer-Integrated Electrical Design Series (CIEDS,
pronounced seeds).

We say partly demystified rumors because we consider Design Capture
to be an entry-level product; it leaves many unanswered questions about
. IBM's full electronic product design strategy.

This newsletter discusses IBM's Design Capture, how it fits into the

electronic CAD/CAM market, and what this deal means to both IBM and
Silvar-Lisco.

IBM'S ECAD PRODUCT

IBM now joins the ranks of companies offering schematic capture
products. (Notice the absence of mention of analysis and design
verification solutions in IBM's announcement.) Design Capture is based
on Silvar-Lisco's Structured Design System (SDS) ; it spans
host-~dependent, standalone, and personal computer platforms. Table 1
describes the features, availability, and pricing of the software running
on each of the platforms. Table 2 1lists the minimum required
configuration for each of the platforms.

IBM has the exclusive right to sell the software on IBM platforms.
Silvar-Lisco will continue business as usual and sell its products for
non-IBM platforms, which include systems from Apollo, Digital, and
Prime. Under the terms of the agreement, IBM will support Design Capture
with its own application engineering force.
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Table 1

IBM'S DESIGN CAPTURE

Description

Schematic Capture/Editing
Standard Symbol Library
Netlist Extraction for
Connectivity Checks
Hierarchical Design Expander
Netlist Translator for Design
Automation Tools
Interface to Non-IBM Design
Antomation Tools
Engineer's Access Routines
Structured Design Language
Data Base Utility Routines
Interface to CBDS
Design Documentation Pacilities
Data Compatibility with IBM Industry-
Standard Plotting
Inter face to IBM Color Plotters
File Transfer Communications to IBM RT
File Transfer Communications to IBM AT
File Transfer Communications to
IBM 30XX, 43XX
Availability
Software Pricing:
Single License
Multiple License
Multiple License Schedule
Recommended Capacity (in Gates)

Host=~
Dependent

30XX, 43XX

X
X

-3

E - - - ~

oo

Q02 '8%

$75,000
$52,500

= 25,000

Stand- Personal
alone Computer
RT AT

X X
X X
X X
X
X X
X X
X
X
X X
X
X
X ). 4
Q3 '86 Q2 '86
38,000 36,000

Available Available
<<= 25,000 <I= 5,000

Source: DATAQUEST

February 1986



Table 2

MINIMIM REQUIRED CONFIGURATIONS

IBM AT
Requirement 30XX/43XX IBM RT {(Model 099)
Processor 4361+ RISC 80286
Memory (Mbytes) 6 2 0.64.
Hard Disk (Mbytes) 50% 70 20
Floppy Disk (Mbytes) - 1.2 1.2
Tape Drive 9 Tracks Optional Optional
Graphics 3270 or 5080 ACG** ecp?
Operating System VWM/SP 3.1 + AIX DOS 3.1 DOS 3.0
Other V8 PFORTRAN,
PHIGS

*50 Mbytes required to store Design Capture object code; additional
storage required for the operating system and user data files

**Advanced Color Graphics display

#Enhanced Color Display

Source: DATAQUEST
February 1986

DATAQUEST ANALYSIS

IBM Perspective

The electronic CAD/CAM market comprises more than just schematic
capture. It is comprehengsive and extensive design automation for all
phases of electronic product design. Design Capture touches only the
very beginning of an electronic engineer's needs and of the dJdesign
process. IBM now competes with a long and growing list of companies with
schematic capture products.

Average selling prices for schematic capture software hover at the
$5,000 level. At 36,000 and $8,000 for AT and RT software, respectively,
IBM's prices are only slightly on the high side. However, a closer look
at functionality could leave the IBM PC AT Design Capture slightly on the
short side., Specifically, we consider interfacing to analysis tools and
layout software to be a critical component of schematic capture
software. Without the ability to directly extract a netlist and format
it for analysis of layout tools, we belleve that it will be difficult for
users to justify the expense of a partial solution on the AT.



Concerned about the lack of functionality on the AT platform, we
believe that IBM will push the RT more than the AT 1line. {See our
Research Bulletin number 1986-2, *“IBM Announces PC RT RISC Technology
System Targeting Technical Applications,® for details on the RT
announcement.) If this were to happen, we believe that IBM would find
itself outside of the 3$10,000-t0o-3$20,000 price band for schematic capture
software, especially when some competitors alsc offer simulation at that
price.

We believe that IBM's host-dependent-based Design Capture is the most
comprehensive of the three platforms. However, most curcrent schematic
capture . products run on personal computers, or on the high-end,
standalone workstations. Because schematic capture is interactive and
graphics intensive, we gquestion the market's tolerance for schematic
capture running on shared-logic architecture.

In our opinion, Design Capture is the seed from which many IBM design
automation products will grow. It is not yet certain that Silvar-Lisco
will be the vendor selected for other design automation products.
However, considering that the groundwork for the schematic capture
product has already been laid, we believe that choosing Silvar-Lisco
makes the most sense.

If we were to try to second-guess IBM and look at Silvar-Lisco's
entire product line as IBM's potential electronic CAD/CAM offering, the
cards then stack up differently in terms of product functionality.
Table 3 shows Silvar-Lisco's current product line, which we believe is
well rounded with design verification and automatic IC layout, excluding
gilicon compilation. (Refer to the Silvar-Lisco corporate profile dated
August 29, 1985, in our Corporate Profiles binder for more information on
the company and its products.)

With a line of simulators, including behavioral, gate, switch, and
circuit levels, as well as gate array and standard cell place and route
products, IBM's potential 1line could appeal to a broader range of
designers with a broader solution set.

Silvar-Lisco Perspective

For more than two years, market participanta and watchers have
speculated about IBM's entering the electronic CAD/CAM market with more
than its CBBS printed circuit board layout product. Also, during this
same time period, strategic alliances have grown in importance as
technology and market demands have ocutpaced ECAD companies' capacities to
deliver solutions.

We believe that Silvar-Lisco is the big winner., It has acquired
IBM's thousand-plus sales force distributing products in 58 countries.
Silvar-Lisco is well known in its own right for its ASIC design and
simulation products.



¥,

Table 3

THE IBM/SILVAR-LISQO FIT

Silvar-Lisco IBM's
Design Phase Products CIEDS
Schematic Capture SDs SDs

Design Verification Helix
LOGAN
v AND I
SWAD
BIMOS

Zycad, Inc.*

Layout Cal-MP CBDS
. GARDS
Princess
PCB
NCA*»

Layout Verification NCA**
*3ilvar-Lisco agreement with 2Zycad, Inc., to

interface to Zycad's application accelerators
**Silvar-Lisco's acquisition of NCA Incorporated

Source: DATAQUEST
Pebruary 1986

why Silvar-~Lisco? We believe that it was chosen for three reasons:

® It is a software company and is not closely tied to any of IBM®s
competitors in the computer industry.

® Its strengths lie more in research and development than in
marketing, thus providing IBM with technical capabilities while
not strongly competing on the basis of company image.

o It has strong automatic IC design and layout products.

Silvar-Lisco ig not without challenges though. Most importantly, if

- it is to continue selling directly to end users, Silvar-Lisco must

maintain its own identity while capitalizing on exposure through IBM.
With a lot of the pressure relieved from generating all of its revenue in
the direct end-user business, it could become all too easy for the
company to slip into a pure product-development mode.

-5 -



Market Perspective

Through its announcements, IBM unveiled two factors that current
vendors must face: the new RT platform and a new applications competitor.

The guestion is, Will ECAD vendors flock to the IBM RT as a
supplement to and/or replacement for the current AT platform? We believe
that a fair number of wvendors will port software to the IBM PC RT.
However, we do not believe that the decision to port is unanimous or even
that all the votes have been cast. We believe that some of the major
ECAD vendors will adopt a walt-and-see attitude, waiting for the market's
vote as .well as any IBM enhancements.

With regard to a new competitor, we believe that once IBM has
acclimated itself to the ECAD market, it will be a major force in
flushing out the weak and unstable vendors. AaAnd the vendors that are
currently in a strong and secure position will feel a competitive pinch
and will most likely part with some market share. 1In the long run, we
believe that the ECAD market will become increasingly fragmented, and
that it will be shared by many vendora, including IBM.

QONCLUS IONS

With IBM's name now on the vendor 1list, even more endorsement and
credibility are given to the EDA market than the now-five-year-old
start-up vendors have achieved., However, IBM cannot expect to gain the
customer 's acceptance and dollars overnight, for it, too, is not without
stiff competition.

Competition has thus far dictated the fast rate at which new products
are introduced., But the introduction rate has perhaps been too fast in
the past, leaving many customers buying promises. IBM, though not immune
to premature product announcements, seems to be setting a slower pace for
introductions. We believe that if IBM is to compete in all electronic
CAD/CAM market segments, however, a more robust product line is required,
and it must come quickly.

Specifically, we believe that design analysis and verification tools
must be available directly from IBM and that they must work as an
integrated solution set. Por IC physical layout, such products as GARDS
and Cal-MP from Silvar-Lisco are required to complete the IC design
loop. IBM must at least catch up to the current offerings from the
leading RCAD vendors with products like physical modelers, software
development tools, and application accelerators. Complementary products
to GBDS or Silvar-Lisco's PCB product would further round out the product
line,

IBM must have a full complement of simulation, analysis, and layout
products to be considered an end-to-end provider., Surely it will not
settle for the smaller portion of the market generated by schematic
captuce.

Beth W. Tucker

o
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IBM ANNOUNCES PC RT RISC TECHNOLOGY SYSTEM
TARGETING TECHNICAL APPLICATIONS

Extending its line of personal computers, IBM has launched four new
products ranging in price from $15,000 to $23,000. 1IBM has targeted
these systems for the engineering/scientific, academic, and CAD/CAM
communities.

The IBM PC RT family consists of a desktop model, the 6151 model 10:
and the floor-standing models, 6150 model 20, model 25, and model 25A.
These systems have three to four times the performance of the PC AT, at a
price that is approximately 35 percent higher for the desktop version.

The PC RT uses IBM's advanced interactive executive operating system
(AIX), which is a multiuser, multitasking, demand-page virtual memory
operating system that IBM claims is designed to take advantage of the
. system's 32-bit architecture.

The PC RT family offers two options for graphics. The first option
offers a choice of three add=-on boards that support monochrome and color
displays with resolutions of 720 x 512 pixels or 1,024 x 768 pixels. The
bit-mapped raster graphics controller supports up to 16 colors from a
palette of 64 colors. The second option enables the PC RT to connect to
the 5080 graphics system via a serial line. Transfer speed between the
5080 and the PC RT can be up to 2 million bits per second (250K baud).

In addition to the PC RT, IBM announced the availability of a number
of application software packages for CAE/CAD, accounting, and personal
productivity.

Tables 1 and 2 1list the features of all the PC RT models and the
graphic display options. The 5080 graphic terminal can only operate on
the 6150 Model 20, 25, or 25A and is priced from $17,000 to $28,000. All
of the graphic options illustrated in Table 2 can be used with the 6151
and any of the 6150 series models.

© 1986 Dataquest Incorporated Jan. 27 ed.-Reproduction Prohibited
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DATAQUEST COMMENTS

We believe that these products will impact the high-end personal
computer and low end of the technical workstation marketplaces. At the
same time, we believe that the PC RT serves as IBM's endorsement of UNIX
as the operating asystem of choice for technical applications.
Forthcoming DATAQUEST Research Newsletters will provide additional
details on the RT family and analysis of its impact on various macrkets.

David Burdick
Brad Smith
Lew Brentano

Table 1

PC RT MODELS AND SYSTEM FEATURES

6151 6150 6150 6150
System Peature Model 10 Model 20 Model 25  Model 2sal
Tvpe Desktop Deskside Deskside Deskgide
Memory, Standard* 1 Mbyte 1 Mbyte 2 Mbytes 2 Mbytes
Hard Disk Storage . 40 Mbytes 40 Mbytes 70 Mbytes 70 Mbytes
Ploppy Disk 1.2 Mbytes 1.2 Mbytes 1.2 Mbytes 1.2 Mbytes
Price** $1s,100 $18,345 $21,340 $22,910

*Expandable to 4 Mbytes maximum
*sIncludes $3,400 AIX operating system license fee
#Includes 5080 graphics adapter

Table 2

GRAPHIC DISPLAY QOPTIONS

Advanced Extended
Graphic Feature Monochrome 6153 Advanced Color 6154 Monochrome 6155

Monitor Size 12 inchas 14 inches 15 inches
Resolution 720 » 512 720 x 512 1,024 x 768
Scan 46/928z 46/920z §0Hz

Interlaced Interlaced Progressive
Colors Monochrone 16 colors Monochrome
Price* $1,385 $2,9%00 $2,600

*Includes display adapter and display

Source: IBM Corporation
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1985 JAPAN CAD/CAM USER SURVEY

SUMMARY

DATAQUEST recently completed its first annual CAD/CAM end-user
survey in Japan. The purpose of the survey was to gain insight from
users currently using CAD/CAM systems. The survey gquestions closely
paralleled those asked in DATAQUEST's U.S. survey administered early in
1985 (see DATAQUEST's CCIS newsletter No. 84 entitled, %1985 CAD/CAM
User Survey Results®™) and was designed to detect similarities and
differences in the two geographical regions.

DATAQUEST surveyed end users using products from the following
CAD/CAM vendors in Japan:

. @ C. Itoh Data Systems (U.S. affiliation: _ Calma)
® Cadam
% Fujitsu
L] Marubeni Hytech (U.S. affiliation: Applicon, Ecad, Zycad)
e Mentor Graphics
@ NEC

] Sekio Instruments & Electroniecs (U.S. affiliation: Daisy
Systems, McAuto, Zuken)

(] Technodia (U.S. affiliation: Valid Logic)
@ Tokyo Electron (U.S. affiliation: Computervision)

[ Toshiba

© 1986 Dataquest Incorporated Feb. 4 ed.-Reproduction Prohibited
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In 1984, these ten vendors accounted for $441 million in Japanese
CAD/CAM revenue (60 percent of total 1984 Japanese CAD/CAM revenue} and
3,685 installed 1984 total workstations shipped in Japan (48 percent of
total installed Japanese workstations).

The 1,200 gquestionnaires were mailed to the CAD/CAM system managers
at these installations (sites), and 397 (33 percent) were returned and
used in compiling the results, The sum of the workstations at these
gites totalled 4,644 units.

SURVEY FOCUS

DATAQUEST chose the following five major issues as the focus of this
survey:

] Survey demographics--By industry classification, by type of
applications, and by system usage

* Penetration--Number of workstations installed, percentage of
trained wusers, trained users per workstation, number of
engineers and draftsmen per site, engineers and draftsmen per
workstation, the use of standalone workstations, and the use of
color workstations

* Personal computer use in CAD/CAM

®  Pricing expectations for workstations relative to the following
parameters: main memory, disk storage, screen resolution,
screen size, and preference for either color or monochrome

screen

R 3 Solids modeling in CAD/CAM

SURVEY DEMOGRAPHICS

Industry Classification

Those surveyed were asked to identify the one industry classifica-
tion from the following list that best described the type business in
which their company was engaged:

® Aerospace

e Architecture/building

* Automotive

® Chemical and allied products



Computers and peripherals

Electrical/electronic machinery, equipment, and supplies
Fabricated/structural metal parts

Iron and steel

Mapping

Metalworking

Semiconductor

Shipbuilding/plant

Telecommunications

Transportation (other than aercspace and automotive)

Other (to be specified)

The distribution of respondents for each industry is shown in

Pigure 1.

Electrical/electronic machinery, equipment, and supplies was

the largest response group with nearly one-~third of all responses.

Figure 1

INDUSTRY CLASSIFICATION
{(Percent of Respondents)

Electronic/Eiectricat
2%

Souroe: DATAQUEST
Fabruary 1900



The only major difference in the CAD/CAM industrial distribution
between Japan and the United States is the aerospace industry. The
U,8. aerospace industry has been one of the largest and most aggressive
groups to implement CAD/CAM technology. Without any appreciable number
of companies in this area, Japan obviously does not have this market

opportunity.

Applications

Thoge surveyed were asked to check all applications from the
following list that were being performed at their site:

) Architecture, engineering, and construction/2D (AEC/2D)

® Architecture, engineering, and construction/3D (AEC/3D)

L Mechanical/2D (MECH/2D)

* Mechanical/3D (MECH/3D)

» Computer~aided manufacturing (CAM)

® Printed circuit board physical layout (PCB)

® Integrated circuit physical layout (IC)

® Electronic design automation (EDA/CAE)

® Technical publications {(T-Pubs)

® Mapping

The distribution of respondents for each application is shown in
Figure 2, Table 1 shows the respondents for each application by
industry. As expected, mechanical applications dominate, with more
than 60 percent of the respondents indicating that they perform some
mechanical CAD/CAM work. The distribution illustrated in Figure 2
closely parallels the U.S. application distribution.

Pigures 3 and 4 segment 2D and 3D usage for mechanical and AEC
applications, respectively. Surprisingly, the use of 3D in AEC
{52.7 percent) and mechanical (55.9 percent) was nearly equal.
Nevertheless, DATAQUEST believes that 2D applications such as drafting

8till dominate when measuring the total elapsed time spent on a CAD/CAM
workstation.



Figure 2

APPLICATIONS
(Percent of Regpondents)
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Table 1

APPLICATIONS BY INDUSTRY
{Percent of Respondents within Bach Industry)

Industry AEC CAM MECHE PCB IC EDA/CAR T-Pubs Mapping
Architecture/Butlding 878 3% 208 0% O% 0% 0% 0%
Coaputers and Peripherals 0% 258 63y S0t 25% 44% os 0%
Electrical/Electronic

Machinecy e O3 438 S3% 218 23% 2% 0%
Fabricated/Structural

Metal Pacte 6% 63% 81%s 6% 0% 0% 0% 0%
Non-Blectrical Machinery 108 228 T2% 148 2% 28 0% 0%
Seaiconductor 08 148 108 74 748 55% 0% 0%
Shipbuilding/Plant 76% 3% 2% O8O 0% 0 0%
Transportation including

Aerospace & Automsotive 2% 358 T 1N 5% 1% 0% 0%
Othezs i8¢ 288 ST¢ 2ls 19 1% 2% 11t

Source: DATAQUEST
Pabruacy 1986



Figure 3

MECHANICAL APPLICATION USAGE

Source: DATAQUEST
February 1988

Pigure 4

AEC APPLICATION USAGE

AEC/3D Only
27.0%
AEC/20 Only
47.3%
Both AEC/2D
and AEC/3D
25.7%

Source: DATAQUEST
February 1088



System Usage

Respondents were asked to indicate system usage percentages among
the four following system functions:

"] Drafting/layout
® Design/modeling
- Analysis

[ ] Manufacturing

Figure 5 breaks out the system usage categories across all
respondents. Across the aggregate of respondents, drafting/layout
represents an average of 53.2 percent of system usage followed by
design/modeling (29.5 percent), manufacturing (9.6 percent), and
analysis (7.7 percent). This usage mix is nearly identical to what was
found among surveyed users in the United States., This is not unusual
because a high percentage of Japanese CAD/CAM products are U.S.-sourced,
and usage is highly dependent on system capabilities,

Pigure S

SYSTEM USAGE
(Averages)

Source: DATAQUEST
February 1988



PENETRATION

Number of Graphics Workstations Installed

Survey respondents were asked to indicate the number of graphics
workstations they had installed at each site, The distribution of
respondents by number of workstations installed is illustrated in
Figure 6. Greater than half of all CAD/CAM workstations are installed
at aites with five workstations or less. The largest single

distribution (17.3 percent) is found at sites with between 11 and
20 workstations.

Table 2 lists the average number of graphics workstations installed,
by industry. The semiconductor and transportation companies have the
largest average number of graphics workstations installed (16) while
companijes in the fabricated structural/metal parts group had the
smallest average number of installed workstations (6).

Figure 6

GRAPHICS WORKSTATIONS INSTALLED
(Distribution of Respondents)
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Table 2

CAD/CAM WORKSTATIONS INSTALLED, BY INDUSTRY

Average
Industry Number

Semiconductor 1le¢
Transportation including

Aerospace & Automotive 16
Shipbuilding/Plant ) i3
Electrical/Electronic Machinery - 12
Non-Electrical Machinery 12
Architecture/Building 7
Computers and Peripherals 7
Fabricated/Structural Metal Parts 6
Others 13
Industry Average 12

Source: DATAQUEST
February 1986

Trained Users/Workstation

DATAQUEST also asked survey respondents to indicate how many trained
engineers and draftsmen share a single CAD/CAM workstation. The average
number of users per workstation across the aggregate of respondents was
3.6. The distribution of respondents for the number of users per
workstation is shown in Figure 7.

Table 3 lists the average number of trained users per workstation,
by industry. The semiconductor industry has the highest number of users
per workstation (4.3) while the fabricated/structural metal parts
industry has the fewest number of users per workstation (2.3}.



Figure 7
TRAINED USERS PER GRAPHICS WORKSTATION

Percent of Respondents
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Source: DATAQUEST
February 1908

Table 3

TRAINED USERS PER INSTALLED WORKSTATION, BY INDUSTRY

Average
Industry Number
Semiconductor 4.3
Architectural/Building 4.1
Shipbuilding/Plant 3.9
Electrical/Electronic Machinery 3.6
Non~Electrical Machinery 3.5
Computers and Peripherals 3.4
Transportation Including
Aerospace & Automotive 3.0
Fabricated/Structural Metal Parts 2.3
Others 3.2
Industry Average 3.6

Source: DATAQUEST
February 1986

- 10 -



Engineers and Draftsmen/Workstation Penetration

DATAQUEST asked survey respondents to indicate the total number of
engineers and draftsmen {trained and untrained) per workstation at their
site. The average number of engineers and draftsmen per workstation
across the aggregate of respondents was 18. Figure 8 jillustrates
workstation distribution by the number of engineers and draftsmen.

Table 4 lists the average number of engineers and draftsmen per
workstation and the corresponding market penetration by industry. The
fabricated/structural metal parts industry has the highest penetration
of workstations (12.5 percent) while the architectural/building industry
has the lowest (2.6 percent). DATAQUEST believes that the Japanese
architectural/building industry has a much lower level of market
penetration (2.6 percent) than the U.S. architectural/building industry -
(6.0 percent).

Pigure 8

TOTAL ENGINEERS AND DRAFTSMEN PER GRAPHICS WORKSTATION
{Percent Distribution)
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Source: DATAQUEST
Feabruary 1986

- 11 ~



Table 4

AVERAGE OF ENGINEERS AND DRAFTSMEN PER WORKSTATION
INSTALLED BY INDUSTRY

Percent
Industry Average Penetration
Fabricated/Structural Metal Parts 9 12,5%
Semiconductor 10 10.0%
Computers and Peripherals 10 10.0%
Transportation Including Aerospace &

Automotive 11 9.1%
Non-Electrical Machinery 1s 6.7%
Shipbuilding/Plant 20 5.0%
Electrical/Electronic Machinery 21 4.8%
Architectural/Building 38 2.6%
Others 19 5.2%
Industyy Average 6.0%

Source: DATAQUEST
Pebruary 1986

Use of Standalone Workstations

Thoge surveyed were asked to indicate how many standalone 32-bit
engineering workstations vetrsus host-dependent, shared-lcgic work-
stations they have installed. Figure 9 illustrates the split between
these two system architectures. PFigure 9 does not account for the use
of personal computers. Standalone workstations account for only
10.6 percent of all inatalled workstations. However, DATAQUEST believes
that this number will rise dramatically in the future since the new
32-bit, workstation-based systems (e.g., Apollo, Sun, MicroVAX) are just
now beginning to gain favor in the Japanese market.

Table 5 shows the percentage of standalone workstations out of all
workstations installed by industry. The semlconductor and computer
industries account for approximately S0 percent of the inatalled
standalone 32~-bit workstation population.

-12 =



Figure 9

ROST-DEPENDENT VERSUS STANDALONE GRAPHICS WORKSTATIONS

Host=-Dependant
and Standaione
20%

Source: DATAQUEST
February 1980

Table $§

STANDALONE GRAPHICS WORKSTATIONS INSTALLED, BY INDUSTRY
(Percent of Standalone Workstations)

Standalone

Industry Workstations
Semiconductor ' 25%
Computers and Peripherals 25%
Non-Electrical Machinery 15%
Shipbuilding/Plant 12%
Pabricated/Structural Metal Parts 12%
Electrical/Electronic Machinery 7%

Transportation Including

Aerospace and Automotive 78
Architectural/Building 2%
Others 6%
Industry Average 1lls%

Source: DATAQUEST
February 1986
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Use of Color Workstations

Those sgurveyed were asked to indicate how many color workstations
were installed as a percentage of all workstations at each site. ‘The
survey revealed that 42 percent of all workstations installed were color
units. This compares quite closely to the 40 percent figure in the
United States.

Table 6 shows the percentage of color workstations installed by
industry. The semiconductor industry has the highest percentage of

installed color workstations (64 percent}, while the shipbuilding/plant
design industry has the lowest (24 percent).

Table 6

COLOR WORKSTATIONS INSTALLED, BY INDUSTRY

Color
Industry Workstations
Semiconductor 64%
Pabricated/Structural Metal Parts 53%
Transportation Including Aerospace &

Automotive 51%
Architecture/Structural 46%
Electrical/Electronic Machinery 44%
Computers and Peripherals 4]1%
Non—~BElectrical Machinery 27%
Shipbuilding/Plant 248
Others 31s
Industry Average 42%

Source: DATAQUEST
FPebruary 1986

USE OF PERSONAL COMPUTERS IN CAD/CAM

Those sutrveyed were asked to indicate how many personal computers
used for CAD/CAM were installed at each site. Additionally, they were
asked who used the personal computersz and whether or not they were
networked. For those who did not have any personal computer-based
CAD/CAM, we asked whether or not they had plans to use personal
computers for CAD/CAM in the future.

- 14 -



As Figure 10 illustrates, the findings indicate that 25.0 percent of
the respondents are using personal computer-based CAD/CAM systems and an
additional 44.7 percent are planning to use personal computers for
CAD/CAM in the future, The 44,7 percent that plan to use personal
computers in the future is much higher than the 30 percent who plan to
use personal computers in the United States, which we found in our
previous U.S. survey,

Figure 11 1illustrates the types of professionals using personal
computer-based CAD/CAM, Only 30.3 percent of the respondents indicated
that engineers are using personal computers compared to more than
50 percent of those surveyed in the United States.

Table 7 lists our respondents' anawers to personal computer use, by
industry. The seaiconductor industry leads all industry groups with a
90 percent approval rating for  using personal computers. The
fabricated/structural metal parts industry is least favorable toward
personal computer-based CAD/CAM, with only a 50 percent approval rating.

FPigure 10

PERSONAL COMPUTER USE IN CAD/CAM

Don’t Know
3.8%

Already Using
Peraonal Computev
25.0%

Planning to Use
Parsonal Computer
44.7%

3

Source: DATAQUEST
Fabruary 1986
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Figure 11

ACTUAL PERSONAL COMPUTER USERS
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Table 7

Source: DATAQUEST

PERSONAL COMPUTER USE, BY INDUSTRY
(Percent of Respondents)

Industry

Semiconductor
Shipbuilding/Plant
Architecture/Building
Electrical/Electronic
Machinery
Computers and Peripherals
Non-Electrical Machinery
Transportation Including
Aerospace & Automotive
Fabricated/Structural
Metal Parts
Others

Planning to Use

43%
56%
55%

48%
413
41%
37%

44%
34%

Fabruary 1986
Already Using Total
45% 920%
32% 883
28% 83%
25% 73%
29% 70%
14% 55%
14% 51%
6% 50%
30% 64%
Source: DATAQUEST

February 1986




PRICING EXPECTATIONS FOR WORKSTATIONS

Those surveyed were asked to indicate the graphics workstation unit
price from the following price levels that would enable them to install
one workstation on every engineer's desk:

. ¥ million ($4,200)

) ¥2 million ($8,400)

[ ¥3 million ($12,600)

3 ¥4 million ($16,800)

® Others (to be specified)

The findings revealed that 64 percent of those who responded wish to
pay ¥2 million or less, with 37.6 percent of the respondents indicating
¥2 million as the ideal price. Figure 12 jllustrates workstation price
levels across the aggregate of respondents.

Respondents also indicated what an acceptable workstation
configuration would be at the price level they indicated. Nearly
70 percent of all respondents indicated that color was necessary.

Figure 12

IDEAL PRICE FOR A WORKSTATION ON EVERY ENGINEER'S DESK

¥3 Million

28.8%

Source: DATAQUEST
February 1988



Figure 13 reveals the acceptable main memory capacity levels
selected from the following memory capacity levels at ¥2 million:

0.5 Mbyte
1.0 Mbytes
2.0 Mbytes

Others (to be specified)

Pigure 14 reveals acceptable disk storage levels selected from the
following disk storage levels at ¥2 million:

10 Mbytes
20 Mbytes
50 Mbytes
100 Mbytes

Others (to be specified)

Pigure 15 reveals acceptable screen resolution selected £rom the
following resolution levels at ¥2 million:

512 x 512
640 x 512
1,024 x 1,024
1,280 x 1,024

Others (to be specified)

Figure 16 reveals acceptable screen size selected from the following
size levels at ¥2 million:

14 inch
17 inch
19 inch

Others (to be specified)



Figure 13

ACCEPTABLE MAIN MEMORY AT ¥2 MILLION

0.5 MBytes
0.0%

ource: DATAQUEST
B g‘obnm 1988
Figure 14

ACCEPTABLE DISK STORAGE AT ¥2 MILLION

Source: DATAQUEST
Fabruary 1986
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Figure 15

ACCEPTABLE SCREEN RESOLUTION AT ¥2 MILLION

Others
1.4%

512 X 512
1.4%

640 X 512
6.2%

1,024 X 1,024
65.5%

Source: DATAQUEST
Fabruary 1988

Figure 16

ACCEPTABLE SCREEN SIZE AT ¥2 MILLION

More Than 14 Inches
‘90".‘“1 e 4.8%

17 Inches
20.4%

19 Inches

Source: DATAQUEST
Fabruary 1986
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The most frequent responses given for each of the features yields
the following configuration:

Main Memory 2,0 Mbytes
Disk Storage 100 Mbytes
Screen Resolution 1,024 x 1,024
Screen Size 19 inch

Color or Monochrome Color

SOLIDS MODELING USE

Those surveyed were asked to indicate their solids modeling usage.
Only 10.8 percent of the respondents are currently using, and only
42.4 percent are planning to use, so0lids modeling. This usage is much
lower than the 25 percent who are now using, and the 37 percent who plan
to use, solids in the United States.

Figure 17 illustrates the overall distribution of respondents for
solids modeling use, while Table 8 breaks out the responses for solids
modeling use, by industry. Table 8 indicates some significant market
opportunities for filling the solids modeling void in the
fabricated/structural metal parts, non-elactrical machinery, and
shipbuiiding/plant industries.

Those currently using solids modeling indicated that they were using
it on their sites for the following usages:

L J CAD

* CaM

As illustrated in Figure 18, more than 70 percent of the respondents
indicated that they are using solids modeling for CAD applications only.
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Figure 17

SOLIDS MODELING USE IN CAD/CAM

Table 8

Source: DATAQUEST
Fabruery 1988

SOLIDS MODELING USE, BY INDUSTRY
(Percent of Regpondents)

Industry Planning to Use

Transportation Including
Aercspace & Automotive
Architecture/Building
Fabricated/Structural
Metal Parts
Non~Electrical Machinery
Shipbuilding/Plant
Electrical/Electronic Machinery
Computers and Peripherals
Semiconductor
Others

Already Using Total
53% 21% 74%
46% 21% 67%
63% 0% 63%
57% 4% 61%
49% 4% 53%
41% 7% 438%
35% 12% 47%
1 21% ass
358 9% 44%

Source: DATAQUEST

February 1986




Pigure 18

SOLIDS MODELING USAGE

Sotrce: DATAQUEST
February 1988

DATAQUEST CONCLUSIONS

The 33 percent survey return of the questionnaires is a very
high return rate. DATAQUEST believes that end users like to
participate in sharing their thoughts and expectations to help
vendors develop more cost-effective and efficient products.

The application and usage wix of CAD/CAM systems by Japanese
and U.S, reapondents is nearly identical. Because a good deal
of the Japanese systems are U.S.-based products, this is not
totally surprising.

The Japanese semiconductor Industry appears to be the most
progreasive industry group in terms of accepting CAD/CAM
technology. This group leads in average number of workstations
installed (16), average numher of trained users per worksatation
(4.3), standalone workstation installation percentage
{25 percent), percentage of color workstation usage
(64 percent), and most favorable feelings toward using personal
computers (90 percent).
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Standalcne workstations and personal computers are bedginning to
play an important role in Japan. Although respondents
indicated that standalone and persohal computer usage was quite
low, DATAQUEST believes that these two architectures will soon
dominate new CAD/CAM systems shipments.

Overall Japanese market penetration (6 percent) is still very
low. DATAQUEST expects that the Japanese market will grow at
or above that of the United States over the next five years.

Yu Uemura
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DATAQUEST'S SEMICONDUCTOR INDUSTRY CONFERENCE:
SNAPSHOT OF AN INDUSTRY IN TRANSITION

SUMMARY

The shutter clicked and the moment was captured. The image: an
industry in transition--technolegically, econcmically, strategically, and
philosophically. Ready or not, a basic shift in the nature of the
business is occurring. low-cost, high-volume ("jelly bean") manu-
facturing is being transformed into a value~based, service-oriented
industry. Captive manufacturers are going merchant. One industry *
executive described this fundamental change in the market as "cost-driven
to customer-driven."™

An industrial community, emerging from bad times and eager to move
forward, gathered in October at Tucson's Sheraton El Conguistador at
. DATAQUEST's eleventh annual Semiconductor Industry Conference. The goal
was to try to understand both the changes taking place and the future
directions to take. By the end of the conference, the mood had shifted
to reaffirmed confidence in the strengths and resilience of this
marketplace.

The speakers, from the industry, finance, and government, analyzed
various aspects of this change. The following central themes were
addressed by several of them:

] ASICs and future products

° Software

® Silicon compilation

° The economy

) Japan

® Semiconductor equipment and materials

© 1985 Dataquest Incorporated Nov. 15 ed.-Reproduction Prohibited
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This newsletter summarizes the proceedings of the conference and
discusses the common concerns of both presenters and attendees.

ASICS AND FUTURE PRODUCTS

The opportunity of ASICs is to take over from conventional
electronic circuits. ASICs are a creativity tool and creativity
is not a particularly Japanese characteristic.
K. K. Yawata
Nihon LSI ILogic

Alljances between system houses and semiconductor manufacturers
will become commonplace as ASICs eclipse microprocessors.
Standard cells offer the greatest flexibility and most effective
and efficient use of silicon.

Eli BRarari

WaferScale Integration

From the number of speakers addressing this issue, it is clear that
application-specific integrated circuits (ASICs) represent more than just
a fashionable trend. wWith more than 150 companies offering ASIC
products, including the major IC firms, ASICs are the products of a
transformed IC industry. All these companies offer a host of products
that users can design to fit their particular applications, The
advantages ASICs offer are:

® Reduction in system size
® Decrease in system power consumption
) Major savings in system cost

One speaker noted that customer service is now the major factor in
determining ASIC market share, Most speakers acknowledged that ASICs are
both design—- and c¢reativity—-oriented and that the c¢reativity comes from
the users. ASICs have expanded the base of product innovation,
spearheading the transformation of the iC market from one of high-volume,
cost-bagsed manufacturing into a customer-driven, value-based products
market, Or, as Art Collmeyer, of Weitek, cnaracterized it, a transforma-
tion from "silicon c¢ranks"™ to "think tanks."

ASICs also represent a significant competitive edge for the
nited States. A speaker from Japan noted that it would be a long time
before Japan becomes competitive in the U.S. ASIC market, due both to the
creative nature of ASIC design and to the substantial lead the
nited States possesses in CAD,

Future products were the subject of several presentations and panel
discussions. Anthony Livingston, of Gigabit Logic, noted that a variety
of gallium arsenide (GaaAs) ICs are now migrating from the laboratory to
the production envircnment. Because of their high-speed properties,



GaAs ICs are currently marketed primarily to the military and tele-
communications markets. One conference panel discussed billion-
transistor ICs and theitr potential for use in such real-time applications
as simultanecus language translation during overseas telephone calls.

The discussion of future products underscored the need for the
industry to examine new IC product definitions coming from end-use
markets. Anthea Stratigos, of DATAQUEST's newly inaugurated Semi-
conductor Application Markets (S5AM) service, sponsored a workshop at the
conference to examine more fully semiconductor industry trends and issues
from an application perspective.

SOFTWARE

Silicon design and system design will and must merge, (but) CAD
advances are required to advance silicon design.
Dave House
Intel

Product innovation is risky, as the market can only support a
few winners. Partnering reduces this risk, spreads out the cost
of development, and paves the way to industry standards,
second-scurcing, etc.
Art Collmeyer
Weitek

Currently available analog design tools lag two to four years
behind digital CAD/CAE tools.
Alan Grebene
Micreolinear

Prom the several references to software during the proceedings, it
became clear that the current generation of CAD/CAE tools significantly
lags process technology and remains, for some, a major bottleneck in the
design cycle. This appears to be particularly true in the area of
automated IC design. For this reason, one speaker noted, CAD software
applicability remains a more critical issue to users than price.

It is not only the IC companies that are in transition, but also
those companies around them, such as CAD/CAE vendors. The CAE market
faces enormous challenges in incorporating test, process, and design
expertise into their application software, as well as in automating the
entire design process. A few speakers suggested closer collaboration or
partnering between IC and CAD companies as a means of. developing the
design tools tequited by system designers, The United States, however,
significantly leads Japan in electronic design automation--by at least
ten years according to one conference speaker.



SILICON OOMPILATION

Silicon compilation is the automatic generation of full custom
ICs from specifications provided by the user. It will drive the
standard cell market. The challenge is user-variable circuitry;
the ultimate goal is application standard architectures.

Dick Gossen

Silicon besign Labs

Users want evolutionary tools, not revolutionary tools. Silicon
compilation will be the major design methodology for ASIC design
and possibly standard circuit desgign.

Douglas Fairburn

VLSI Technology Incorporated

ne of the conference's afternoon panel discussions concentrated on
silicon compilation. This session was chaired by the Semiconductor
Industry Service's &aAndrew Prophet, with representatives of the major
companies in this market participating. DATAQUEST forecasts that silicon
compilation will play a major role in the growth of the ASIC market,
driving the standard cell and cell-based markets beyond the $2 billion
mark by the end of this decade. Panel members presented a brief overview
of both their companies and prodicts and attempted to define this new
design methodology. Although the first-generation silicon compiler tools
are available, vendors must still convince system designers to use them
and to evolve the product offerings themselves towards true silicon
ccmpilation.

THE ECONOMY

There is no reasonably acceptable way to reduce the deficits to
acceptable levels without some tax increases. Whether they will
affect your companies directly, or your customerg, is something
you ought to be looking at.

‘ Lawrence Chimerine
Chase EBEconometrics

Large in the minds of many conference attendees was the state of the
V.8, economy and its relation +o the IC industry--that is, the
fundamental ability of the economy to support the ongoing businese of the
semiconductor  industry. Lawrence <Chimerine, c¢hief economist at
Chase Bconometrics, delivering what many attendees considered the best
presentation of the conference, stressed that growth per se will not get
the inited States out of its current trade deficit problems,

Mr. Chimerine identified the two primary factors currently limiting
economic growth as high interest rates and the overvalued 0,5. dollar.
In his opinion, the underlying reason for both remains the epormous and
still~increasing federal budget deficit. He predicted that the federal
deficit will remain at approximately $200 billion per year through the
remainder of the decade unless strong actions are taken with regard to
both taxes and spending. BHe specifically recommended increasing taxes
and cutting programs.
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Other speakers representing the financial community discussed U.S.
venture capital versus Japan's low cost of capital, warning against a
protectionist response to Par Bastern competition.

JAPAN

The Japanese tend to be production-oriented, emphasizing yield
and maximized output. ™is 1is due to Japan's culture,
educational eystem, and national focus, which all stress
homogeneity and uniformity rather than creativity.
K. K. Yawata
Nihon 1S1 Logic

Several presentations dealt specifically or in passing with the
Japanese semiconductor industry. A Buropean speaker characterized the
U.S. market as in danger of becoming “"Japan allergic.™ There is no doubt
that this competitjive challenge remains a major preoccupation of many
players in this marketplace.

Other speakers concentrated on the strengths of the 0D.S. semi-
conductor industry. The strengths most often cited were in the area of
applications and value-based products, such as ASICs. Also mentioned was
the significant lead U.S. CAD/CAE vendors have over their foreign
counterparts in application software. A discussion of relative
differences in patterns of long-term planning, government participation,
and capital funding provided significant insight into Japan's competitive
advantages.

Interestingly enocugh, it was a apeaker from Japan who discussed
Japan's disadvantages vis-a-vis the U0.5. market. Discussing ASICs in
Japan, K. K. Yawata, of Nihon LSI Logic, conceded that the U.5. advantage
lies in “creativity®™ products and tools. In Japan, where yield is
emphasized and output maximized, the creativity associated with ASIC
design is often slighted in favor of production. Dr. Yawata also
egtimated that it would take at 1least a decade or two before Japan
catches up with the Unitad States in CAD/CAE. Design application
software, therefore, remains the number one issue for the largely
hardware—-criented Japanese.

Dr. Yawata also forecast that 8-inch wafers would reach the
marketplace sometime in 1988, while dJdownplaying Japan's role in their
evolution. Several attendees, however, privately shared doubts that the
Japanese electronics industry's philosophy of *xei~-haku~tan-sho™
("lighter, thinner, shorter, or smaller®™) would preclude them from
further 8-inch wafer development. Others felt that Dr. Yawata slighted
Japan's creative powers in his presentation, perhaps out of courtesy to
the largely American audience.



SEMICONDUCTOR BQUIPMENT ARD MATERIALS

A3 an adjunct to the main conference, DATAQUEST's newly launched
Semiconductor Equipment and Materials Service (SEMS) held its first
annual conference. One of the conference's main themes was the need for
new equipment and materials to meet the challenges posed by the
nhigh-density, high-performance, submicron ICs. As devices go below
1l micron, manufacturers will run into physical limitations in materials,
photolithography, and yields.

SEMS conference speakers noted that manufacturers are going to have
to provide silicon wafers with much more stringent chemical character-
isties. M so addressed were the problems associated with wafer
dimensions reaching the absolute 1limits imposed by modern optics.
Mtomatic inspection equipment, direct-write E-beam, and X-ray litho-
graphy were analyzed as means of resolving this problem. As process
engineers push technology to ita 1limits, yields are in great danger of
falling, due to both contamination and variable process control. Thus,
contamination control and wafer fab automation are viewed as absolute
necessities for future evolution, a viewpoint also echoed by an 518
conference speaker.

DATAQUEST OQONCLUSIONS

This is a historical year, the worst recession in semiconductor
history. Downturns in the industry have been cyclical,
occurring in 1975, 1981, and in the current year. Long-=term
planning is hindered by {short-term) lending policies.
(However}, we anticipate an upturn in bookings in fourth quarter
1985, with billings reflecting this in second quarter 1986.
RBoward Bogert
DATAQUEST

The industry is undergoing a cost-driven to customer-driven
transition. (It is necessary) to develop a willingness to
change and change (quickly to suit future conditions,
particularly in customer relations. *Customer conscicusness®
involves responsiveneas, integrity, and consistency.
F. Joseph VanPoppelen
National Semiconductor

These two guotations best summarize the current state of the
semiconductor industry’s evolution. There was no attempt at the S§IS
conference to deny the severity of the economic events of 1985. All the
messages were there for the taking. We believe that the bhottom has been
reached. It is time to pick up the pieces and move forward into 1986.
The current period remains full of challenging opportunities, as
reflected in the views expressed by both speakers and attendees at the
conference.



This is the time to builid, buy equipment, be ready to ramp up, and
form strategic alliances. Customers value service and responsiveness to
their problems over marginal price/performance advantages. The customer
is a sophisticated, highly-talented engineer who will require superior
products and support. The new semiconductor industry is about creativity
and synergy, not jelly beans.

(This newsletter was written jointly by DATAQUEST's Semiconductor
Industry Service and the CAD/CAM Industry Service.)

Tony Spadarella
Eyan Lewis



RESEARCH

Dat st
b3 ‘i'f‘;b’ii'.'.‘.‘.'ggf:mpn.....n., N EWS I_ E -I—r E R

S

CCIS Code: Newsletter, No. 95

ADEE EAST SHOW: PARTNERS AT WORK

INTRODUCTION

The recent Automated Design and Engineering for Electronics (ADEE)
Show East was held October 15 through October 17 in Boston. While
attendance was disappointingly low at 3,300 people, vendor activity and
announcements were numerous, varied, and on the positive side.

The ADEE showcased what we believe are significant deviations from
already outdated business and product strategies. The ECAD business is
maturing to the point where vendors are ridding themselves of the
not-invented-here syndrome by forming strategic alliances that benefit
not only their revenue figures, but also the end user.

This newsletter summarizes our observations at the ADEE in

two parts: part one presents our major trends analysis and part two
reports on the actual products.

PARTNERSHIPS AND ANALYSIS

Computer Systems

The most evident deviation from normal business concerned hardware
platforms. We believe that the change will leave all parties involved
feeling like winners, from the CAD vendor to the user to the computer
manufacturer. The biggest computer manufacturer winners are IBM and
Digital, with much attention paid to the PC AT and MicroVAX II at the
show.

The migration to the IBM PC is not a new one, but we believe that the
PC's posture and the user's perspective of it is changing. The PC is no
longer a whiz kid's or hacker's toy, it has become a respectable and
productive link in the design automation chain. This is certainly the
case if the number of attendees in a PC vendor's booth is any indication
of interest.

© 1985 Dataguest Incorporated Nov. 25 ed.-Reproduction Prohibited
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The MicroVAX II introductions build on Digital's presence in the
engineering market. Digital's operating system, VM3, is a tried and true
operations system, and is suppeorted by many engineering analysis
programs. We believe that the inclusion of the MicrovVAX 1I indicates the
industry's recognition of the open system, including both hardware and
software, as a viable means of doing business. The open system, or
platform~-free system, means that the end user is able to construct a
custom design environment based on individual preference. This 1is
significant because DATAQUEST believes that the ECAD matKet will remain
fragmented, with a lot of companies operating on lesgs than 25 petcent
market share. We believe that it is in a vendor's best long-term
interest to port to, or at least interface, its products to the most
sought~after and common computers.

Software Products

Relationships between CAD companies and their software sourges are
increasing substantially. The most commonplace alliance is with software
companies producing analysis- products. In these cases, users are
demanding access through either interfaces or ports to the products, thus
creating pull for the products in the distribution channels.

Following the same reasoning as open hardware systems, software
alliances offer users a choice of which products they want to use or
interface. As the software portion of the market will also remain
fragmented, we believe that these alliances will proliferate in the
future.

Making Money with Partners

Clearly, users carry clout in terms of which products they want to
use. However, as turnkey CAD vendors continue to increase the number of
partnerships, the guestion remains: Where is the profit?

DATAQUEST views partnerships as critical components of a CAD vendor's
pusiness. Users do not always want one=-stop shopping, nor do they always
want to beta test all of the latest and greatest products, However,
OEM-type partnerships tend to increase the cost of goods sold. Profit,
therefore, must come from the value and expertise of the vendor, which
should be centered around targeted applications software, performance
ennancements, application-specific hardware, integration, and support.
Although they may wind up with attractive revenues companies that miss
the profit target may also wind up in bankruptcy court.

Partnerships will continue to prevail in the ECAD business. However,
we believe that behind closed R&D doors, current ECAD leaders are
regrouping and focusing development on next-generation applications,
performance ratios, data management, and user interfaces. Only in this
way will they be able to control their profitability and destiny.



EXHIBITORS AND PARTICIPANTS

Tne following conmnpanies announced or demonstrated products at the
ADEE show,

Analog Pesign Tools, Inc., Menlo Park, California

Analog Design Tools (ADT), which markets the Analog Workbench, a CAE
product for analog design, announced that it has ported its software to
the Hewlett-Packard 9000 Series standalone workstations to be distributed
by HP under the RP Plus Distributed-Software program. Under the terms of
the agreement, HP will resell ADT's product while ADT will provide
applications and technical support. This adreement significantly expands
ADT's distribution c¢hannel, which consists of three direct sales offices.

Applicon, Ann Arbor, Michigan

Applicon did not introduce any new products at the show. Instead,
its major announcement was the relocation of its headquarters from
Burlington, Massachusetts, to Ann Arbor, Michigan. Electronic CAD/CAM
products will be available from two new entities. The Applicon entity,
headed by Dick Mohrman, will be responsible for the mechanical and
electromechanical products, including printed circuit board applications.
The Electronic Design Matomation (EDA) group, headed by Ren Jenkins in
Scotts Valley, California, will be responsible for the IC CAD product
lines. EDA reports to Schlumberger's Factron Division, which is
responsible for automatic test equipment. Applicon reports to the
Computer-Aided Systems group.

Cadnetix Corporation, Boulder, Colorado

Cadnetix made seven new system platform announcements at the
ADEE show, all incorporating the Motorola 68020 microprocessor. Four of
the seven systems are color, and the 68020 is available either as an
upgrade to existing systems or as a new system sale. It will obsolete
new system sales based on the 68010, although Cadnetix will continue to
support existing 68010 systems.

The company also formally introduced its CDX-1732 Technical
Publications Package. Based on the Q=0NE word processing package from
Quadratron Systems, Inc., the CDX-1732 integrates word processing with
graphics data created on Cadnetix's CAE or CAD products for engineering
documentation.

Caedent Corporation, Colorado Springs, Colorado

Caedent, formed in February 1985, showed its back-end CAE products
for fault grading, test vector generation, and testability analysis. The
IntelliTest product runs on a full range of system architectures,



including personal computers, standalones, and host-dependents. The
company also has a circuit analysis product. Products are sold through
CEM and direct sales channels.

Calay Systems, Inc., Irvine, California

Calay, known for its 100 percent PCB routing system, announced the
Calay V04, which is the company's next-generation PCE product, replacing
the V03 system. The V04 is based on Digital's 11773 computer with a
proprietaty routing and graphics processor, The technologies encompassed
by the new system include surface-mount devices, digital, analog, and
fine-line. The V04 is available as a new product or as an upgrade to
existing V03 systems.

Calma Company, Milpitas, California

Calma, the dominant company in the handcrafted portion of the IC CAD
segment, demonstrated its full line of electronic CAD/CAM applications.
The company's product functionality inc¢ludes the following:

* CAE applications, including behaviorial, 1logic, fault, and
circuit simulation, timing verification, prototype verification,
and simulation acceleration

. IC physical layout applications, including handcrafted, gate
array, and standard cell methodologies

. PCB physical layout, including traditional board design,

surface-mount devices, and nybrids; company also has
electromechanical capabilities

Case Technology, Inc., Menlo Park, California

Case announced that it ported its PC-based CAE software products to
Digital's VAX and MicroVAX 11. Using this new port, typical Case 1BM PC
users can also utilize the popular VMS/VAX line to run Case's full line
of CAE software, with no need to relearn user interfaces and command
structures., The Case schematic capture, timing verification, and logic
simulation software is based on the Structured Computer-Aided Logic
Design (SCALD) tools developed at lawrence Livermore Laboratories.

Computervision Corporation, Bedford, Massachusetts

Computervision showed its traditional line of ECAD products; its only
new introduction was the CADDS 4X graphics transfer interface. The new
product allows schematic data to pass to a CADDS 4X system from either
Case's Personal Engineer (IBM PC-based CAE product) or its CDS 3000 line
(standalone CAE systems). Once data are passed, documentation and bills
of material can then be created on the CADDS 4X system.



Control Data Corporation, Minneapolis, Minnesota

Control Data Corporation (CDC) announced two new simulation programs
available through CYBERNET services, VERILOG is a behavioral-level
simularor, facilitating logic analysis at various levels of hnierarchny.
AIDSSIM is a logic and concurrent fault simulator., Both products were
developed by Massachusetts-based Gateway Design and are supported and
documentea by CDC.

CDC also announced OceanView, a logic simulator postprocessor that
allows engineers to compare one simulation run to another, analyzing the
differences. Also available through tne CYBERNET services, the OceanView
runs on PC-based systems.

CDC announced that its mainframe-based Modular Integrated Design
Automation System (MIDAS) was enhanced with two new features, The
Boolean Evaluation (BEV) simulates designs of up to 2.5 miliion gates.
It works with design iterations or ECOs, rebuilding and rerouting only
the parts of the design that are changed. BEV works with PATH TRACE, a
timing verifier that checks every path.

Daisy Systems Corp., Mountain View, California

&s usual, Daisy made mega product announcements, one of which is a
radical change from the company's previous build-versus-buy standalone
workstation strategy. Daisy announced its OEM agreement with Digital and
introduced the Logician VX and VX node MicrovVAX II-based systems. Refer
to DATAQUEST!'s Research Newsletter No. 92, "Daisy Systems Wraps
Digital's VAX Products into Fold," for our opinions and analysis of this
major introduction.

Other Daisy product announcements at the ADEE show included the
following:

® ChipsiM, a circuit simulator from Daisy's 2analog Design
Automation Division. ChipSIMm is supported by ADLIB (to add to
or modify existing analog libraries) and the Daisy Parameter
Extraction Program (compares simulation results with those from
test wafers).

] Daisy Design Manager (DDM). This product addresses what
DATAQUEST believes to be the largest overall ECAD implementation
problem, that of design and data base management.

® Mega product line continuation. The MegaFault is an accelerated
fault simulation workstation.

® DocuMaker. This product is a technical publications package
that merges text and graphics, facilitating the documentation
process.



[ A productized EDIF net 1list intertace, with demonstrations
centered around HHB's CADAT simulator. DATAQUEST views this as
a suptle, but significant product because through the standard
interface, Daisy is opening its design data base to a hest of
non-Daisy supplied products.

X3 Personal Physical Modeling Extention (PMX) and Daisy Behaviorial

Modeling Language (DABL}. Both these products run with the IBM
PC-based Personal Logician.

ECAD, Inc., Santa Clara, California

ECAD announced a finalized OEM agreement with Daisy Systems, whereby
Daisy will resell ECAD's DRACULA II layout verification software for
CHIPMASTER, Daisy's handcrafted IC layout system. Daisy now joins the
ranks of Calma, Mentor, Tektronix/CAE, WValid, and Via, companies that
also OEM ECAD's DRACULA.

ECAD also announced new features for SIMON Simulator, its circuit
simulation product developed by the ECAD-acquired SIMON Software. The
new features include additional modeling capabilities as well as
Ungrounded DC Sources, whereby the power used to drive a circuit may be
variable.

Futureet Corp., Chatsworth, California

FutureNet, one of the leading PC-based CAE suppliers, announced the
expansion of its applications product line to include a printed circuit
board design system called DASH-PCh. The new PCB product was developed
by Vectron Graphics, which QEMs the product to FutureNet for integration
ana resale. FutureNet uses a 32~bit coprocessor board based on a
National Semiconductor 32-bit microprocessor. Front=-end design is
accomplished using a DASH CAE system, including net list extraction for
the automatic router.

FutureNet also showed its Personal Silicon PFoundry, used to design

and program programmable 1logic devices. It works in conjunction with
parent Data I1/0's PLD programmers.

Genrad, Inc., Concord, Massachusetts

Genrad announced a cooperative marketing agreement with Daisy.,
whereby Daisy will recommend HILO-3 as a simulation option, as well as
list the product in its third-party software catalog. Genrad's HILO-3
will run on Daisy's Concurrent workstation line.

Genrad demonstrated its HILO=3 logic and fault simulator, as well as
its HICHIP physical modeling product.



Hewlett-Packard, Fort Collins, Colorado

Hewlett-Packard (HP) announced several new ECAD vendors to its
multitiered third-party software program called the Distributed-Software
Program. The new vendors in the tier in which HP sells both the hardware
and software (the software vendor supports the application, RP supports
the hardware) are listed below:

] Analog Design Tools, Inc,, with its design automation products
for analeg circuits

) Futurelet Corp., with its design entry system
* VLS1 Technology, Inc., with its automatic IC design products

[ Zuken, Inc,, with its PCB CAD system, including analog boards
and hybrid circuits

At yet another tier, HP signed SDA Systems to its HP Plus Referenced
Software Program, in which the two companies will jointly market SDA's IC
design software running on the HP 9000 Series, but HP sells and services
only the hardware while SpPA both sells and supports the applications
software.

DATAQUEST views these HP announcements as its entry into the ECAD
market. We think that HP's decision not to succumb to the not-invented-
here syndrome is a wise move on its part, especially considering the late
timing of its initial market entry. We alsoc expect more announpcements of
both the Distributed=-Software and HP Plus Referenced Software program
types. (DATAQUEST's revised HP corporate profile will be mailed in late
Movember.) .

HHB Systems, Mahway, New Jersey

RAHB, developer of the CADAT logic, timing, and fault simulator, made
several announcements at the ADEE show. The first announcement concerned
the change in the company's name from HBB Softron to HHB Systems. We
think that this name better reflects the business that HHB is in--that
being simulation systems.

The CATS (Computer-Aided Test Simulation} Accelerator was announced
at the show. The CATS Accelerator is a standalone or networked server
based on a full-custom chip incorporating CADAT simulation functionality,
depending on configuration.

The CATS Dynamic Hardware Modeler (DHM) was also shown. This is a
redesigned version of HHB's Chip Checker. The DHM is a physical modeling
product that allows actual ICs to be used during board-level simulation.



Other HHB announcements include the following:
* Release of CADAT 5

. EDIF support through a joint development effort with Daisy,
whereby Daisy products will run CADAT

- An agreement with COmnicad to integrate CADAT 5 into the Omnicad

product line; Omnicad will market the newly integrated product
as OMNISIM.

Intergraph Corporation, Huntsville, Alabama

Intergraph was at the show with jits PCB product and its new standard
cell product based on TANCELL from Tangent Systems Corp., TANCELL is a
place and route product with integrated timing verification. logic
design is accomplished through Intergraph's hierarchical schematic
editor., RILO-3 and SPICE2 are supported for logic and circuit analysis.

DATAQUEST believes that for Intergraph to be a successful competitor
in the ever-changing ECAD market, it must choose a more aggressive and
flexiple strategy and run with ic.

Mentor Graphics Corp., BSeaverton, Oregon

Early in October, Mentor announced several major additions to its
product line--BEntry Station and its internally developed Compute Engine
&celerator. bBoth were demonstrated at the ADEE show.

The Entry Station is Mentor's response to the demand for low=cost 1BM
PC=based CAE products. It pecforms basic schematics capture and is
linked to the company's Apollo-based products through a standard RS5-232
interface for design simulation and analysis.

The Compute Engine is a general-purpose application accelerator that
employs parallel processing and reduced instruction set computer
technology. It is based on compiled applications software, and thus is
able to accelerate more than one application. DATAQUEST believes that
this unique accelerator technology has the potential to revolutionize the
way in which future application accelerations are implemented.

At the show, Mentor announced its newly developed user interface,
which is supported by its complete product line, including the IBM PC.
T™he new interface is integrated with Mentor's documentation, graphics
editor, and schematic capture packages. It features new menu schemes,
such as popup, pulldown, and cascading, as well as mouse control.



Pergonal CAD Systems, Inc., los Gatos, California

Due to its low-cost, PpBC=-based products, Personal CAD (P-CAD) was one
of the exhibitors at the show enjoying what little traffic there was.
The company displayed its line of CAE and PCB products and made two
announcements: PC-DRILL and a high-resolution graphics system. PC-DRILL
iz a software product that drives printed circuit board NC drilling
machines from the P=-CAD created design data base. The graphics addition
is a 1,024 by 800 resclution monitor plug the graphics software driver,
It is fully IBMm-compatible.

Phoenix Data Systems, Inc., Mountain View, California

Phoenix Data Systems (PDS) announced GEMstation, a handcrafted IC
layout editor running on the IRIS workstation from Silicon Graphics.
(Please refer to DATAQUEST's Research Newsletter No. 392, "IRIS==The
Integrated Raster Imaging System,™ for our opinions and analysis of the
IR1S workstation.} PDS thus becomes the first ECAD vendor to make use of
this high=-performance color graphics workstation. MASKAP and LOGCAP, the
company's mask output and mixed-mode Jlogic simulator, also run on the
GEMstation.

PDS announced that it has ported its ICAP line to the MicroVax II.
ICAP is a full-function IC design system, including schematic capture,
logic simulation, geometry creation, and mask output.

Racal-Redac, Inc., Westford, Massachusetts

Racal-Redac (RR) featured its revamped product lines for CAE and PCB
applications, both running on the Apollo workstation and the IBM PC.

Visula is Racal=Redac's Apollo-based PCB  product, including
schematics capture, auvtomatic placement and routing, interactive routing,
and an integrated, relational data base.

Racal's products are based on the IBM PC and cover a comprehensive
range of CAE applications as well as physical layout. REDIOG, REDSIM,
REDFAULT, and REDWAVE are the CAE applications products for schematics
capture, logic and fault simulation, and wave form analysis,
respectively. REDBOARD is the printed circuit obpoard physical layout
product, and is based on the same functionality found in the company's
larger systems, including automatic placement and routing.

Racal made a major effort to develop its CAE product line and migrate
its applications to the Apollo and 1IBM PC. We believe that the product
line revitalization will help the company to protect or increase its
share of the ECAD market,



Bilicon Design Labs, Inc., Liberty Corner, Bew Jersey

Although Silicon Design Labs (SDL) did not announce any new additions
to the product line that it introduced in May 1985, it exhibited at the
show. SDL showed its Generator Development Tools (GDT), which are
silicon generators used to ¢reate compilers. Please refer to DATAQUEST's
Research Newsletter Ne. 87, "The Ultimate Design Tool Race Rages On,* for
more analysis of this product.

Scientific Calculations, Fishers, New York

Announcing release 85.01 of SCICARDS, Scientific Calculations (SC)
has made significant enhancements to its mainstay product line, The new
version of SCICARDS removes previous constraints on the number of data
elements and supports true multilayer routing. The new version also
supports a new hierarchical menu scheme called COACH.

8C also announced SCIDESIGN, its IBM PC-based CAE product. Although
it presently supports just schematics capture, future plans include,
among other functions, simulation and design analysis, Although
SCIDESIGN currently lacks the necessary analysis tools for it to be a
truly competitive CAE product, it is tightly integrated with SCICARDS,
including true back annotation capabilities, We believe that the tight
integration will make this an attractive product, certainly for 8SC's
installed base.

SC will support SCICARDS on Digital's MicroVAX 11. The company adds
its own graphics devices, thus alleviating the shortcomings of the
MicroVAX Ii's current graphics capabilities. §&C also announced SCITHERM,
a thermal analysis software product for printed circuit boards.

Silicon Solutions, Menlo Park, California

Silicon Solutions {(88) develops and markets two application
accelerators: FAST-MASK for design rules and electrical rules checking,
and the MACH series for logic and fault simulation. Distribution is
through OEMs such as Calma and HHB Systems, respectively.

At the ADEE show, 85 introduced the MACH 100 logic and fault
simulation accelerator. Similar to the MACH 1000 in functionality, the
100 differs in the speed, capacity, price, and configuration.

'I*erady_ge! Inc., Boston, Magsachusetts

Teradyne demonstrated the latest release of LASAR, its simulation and
test program generation software product. Version 6.2 runs on Digital's
products and is avalilable directly from Teradyne as well as from
valid Logic. The newest version supports behavioral modeling with
mixed-mode simulation; wire and loading delays; timing verification with
functional delay specifications, timing hazards, and minimum/maximum
timing delays reflecting the similarity of propagation delays.

- 10 =-



Tektronix, CAE Systems Division, Santa Clara, California

Continuing its theme of comprehensive end-to=-end product design
automation, Tektronix demonstrated its repackaged design automation
products. Products are now logically grouped into WorkSystems, which
comprise sets of applications products used to complete a particular
phase of design.

Application WorkSystems include the following (for a more complete
description, refer to DATAQUEST's corporate profile on Tektreonix to be
published in November 1985):

) DESIGNER'S WorkSystem

L ] GATE ARRAY WorkSystem

® FULL CUSTOM WorkSystem

® STRUCTURED CUSTOM WorkSystem

] STANDARD CELL WorkSystem

. PCB WorkSystem

] TEST AND MEASURBMENT WorkSystem

[ ] SOFTWARE DEVELOPMENT WorkSystem

Tektronix also announced that the CAE Systems Division will market
the MicroVAX 11 through an OEM agreement with Pigital. While DATAQUEST
believes that this move indicates a critical strategic direction for

Tektronix, we think that it is another solid move on Digital's part to
further strengthen its OEM position in the CAD/CAM market.

Valid logic Systems, Inc., San Jose, California

Valid demonstrated several major additiens to its preoduct line, most
of which were annpounced six weeks prior to the show., DATAQUEST believes
that the additions and repackaging could play a key role in helping Vvalid
maintain its position as the number three CAE vendor.

Valid's newest products include the following:

] Llogic Design AT, an IBM PC AT-based CAE product. Following
valid's philosophy of using standards where appropriate, the
Logic Design AT runs PC=-D0S, a coprocessor with URIX 5.2, and
uses standard IBM G or GX color displays. It supports file
transfer, remote log-in, and remote execution for simulation and
analysis.

e MicroVAX I1 support for its analysis and background products,
including the processing engine for the new PCB routing product.

- 11 -




® board Designer, a newly announced PCB CAD product. It runs on a
SCALDsystem and uses the MicroVAXx 11 for the routing machine,
which can then be used as a shared resource by many designers.
Board Designer supports surface-mounted devices and £fine line
technologies  with interactive, semiautomatic, and fully
automatic placement and routing.

L 3 Analog Designer, which supports design o©f analog board and
circuits. It provides software functionality similar to a lab
bench, including a voltmeter and oscilloscope.

» ValidSim, a new logic simulator that addresses an area DATAQUEST
considers one of the biggest problems in current simulation
products-~reducing the time to recompile a schematic and its net
list for simulation.

] Realdraw, a graphics accelerator based on the Motorola 68020.

It works with Valid's SCALDstar, a handcrafted IC layout editor
to improve the graphics performance.

Versatec, Santa Clara, California

Versatec demonstrated its Expert Engineer ECAD workstations. Based
on Star architecture, the Expert Engineer includes CAE, PCB, and office
automation applications. The Expert Engineer CAE systems' logic
simulation operates directly from the design data base, with no need to
compile a net 1list through lengthy postprocessing. The Expert PCB
Designer was the first PCB system to incorporate gridless routing. The
Expert Engineer office automation product includes much of Xerox's office
astomation software, including word processing, electronic mail,
technical publications, calendar, and spreadsheet capabilities.

We believe that Versatec, with its highly integrated products, is one
of the industry’s sleepers.

Viewlogic Systems, Inc., Marlboro, Massachusetts

Viewlogic, a PC-based CAE vendor, announced that it has signed an
agreement with Practical Technology Marketing (PRATMA), an independent
sales organization. PRATMA will market the line of Workview CAE systems,
and extend Viewlogic's six existing direct sales offices. The company
also announced that it has added a color graphics display.

VLSI Technelogy, Inc., San Jose, California

VLSl Technology (VT1), a leading ASIC supplier, announced that its
IC design software for its own line of chips will now be supported on the
HP 92000 Series 300 systems. HPF will market VTI's full line of design
software, including schematics capture, simulation, and place and route
for standard cells and gate arrays. VTI will distribute its Megacell
Libracry and compliler products, as well as support the products for HP
customers.
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VTI also announced 250 new 2-micron double-metal CMOS standard cells
including process dependent simulation and physical models.

Zycad Corp., St. Paul, Minnesota

2ycad's two announcements both concerned open systems, specifically,
interfacing 2ycad's application accelerators with other products, The
EVENlink option allows the company's Logic Evaluator and Expeditor
accelerators to exchange events with any system that accepts or ocutputs
events. The BIIO Translator interfaces directly with Genrad's HILO=-2 or
HILON=-3 simulator product. '

SUMMARY

In our opinion, the IBM PC and the MicroVAX I1 stole the show. The
pottom line is that hardware platforms are standardizing on the tried and
true. BSeveral years ago, DATAQUEST stated that nardware will become a
commodity--it had to be a given. Vendors can now negate the users'
hardware objections by not allowing hardware to be an issue.

ECAD vendors are also moving toward standardizing on tried and true
analysis packages. End-user markets demand that their favorite
simulation products work with schematic capture systems from the turnkey
ECAD wvendors. The result is the increased number of third-party
relationships.

CAD users got what they wanted--alternatives. And, along with
alternatives came innovations. DATAQUEST believes that the acceptance
rate of new ECAD products will not be as high as that of their
predecessors. We think that a higher comfort level needs to be reached
with current products before users rush to absorb the rash of new
alternatives. Vendors would do well to <¢oncentrate as strongly on
customer support as on new product introductions.

Product acceptance will be slower than in the early 1980s. But

standardization of hardware and software will ensure that it does happen.

Beth W. Tucker
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COMPUTER-AIDED INSPECTION: MEASURING UP TO QUALITY

INTRODUCTION

Manufacturing companies in the United States and Europe have been
rudely awakened by the Japanese to the importance of improving product
quality. This has led to a drastic reevaluation of the gquality assurance
function in manufacturing. To achieve the level of accuracy and
reliability in inspection that is now required, a wide range of automatic
measurement aids have been introduced. These aids are usually referred
to as coordinate measuring machines (CMMs).

Though CMMs have been around for over 20 years, a new deneration of
these machines is now emerging to cope with the challenge of computer
integrated manufacturing (CIM). With the need to produce quality
components at minimum cost, it is now required that these CMMs be capable
of integration into fully automated, flexible manufacturing systems.

The demand for the more advanced programmable machines is rising, and
one country, West Germany, seems to be taking the lead in the sophisti-
cated application of these machines. The integration of inspection
machines into flexible manufacturing systems and technology changes such
as noncontact probes are just beginning to affect the manufacturing
industry.

This newsletter examines the current market for CMMs, concentrating

particularly on developments that will have to be taken into account by
CAD vendors.
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CMM PRODUCTS

Product Segments

Four tasks are involved in the control of quality in manufacturing:

Design of measurement scheme
Measurement of the component features
Comparison of values with design data

Interpretation of results and feedback to the manufacturing
process ' '

CMM products can be divided conveniently into the following three
segments, based on how they achieve these tasks:

Manual feature checkers
Programmable full inspection machines

Inspection cells

Figures 1 and 2 show the worldwide distribution of these segments,
which are further described in the following paragraphs.

Figure 1

ESTIMATED WORLDWIDE CMM MARKET BY
MACHINE TYPE--REVENUE

Programmable
69.3%

Inspection Cells
14.2%

Source: DATAQUEST



Pigure 2

ESTIMATED WORLDWIDE CMM MARKET BY
MACHINE TYPE--UNITS

Programmable
26.5%

Inspaction Calls
2.5%

Source: DATAQUEST

Manual ®Feature Checkers*®

This segment consists of machines that are manually operated; all
four of the inspection tasks are performed with manual assistance. These
machines typically cost between $18,000 and $40,000.

Programmable "Full® Inspection Machines

T™is segment consists of machines that are automatically driven
through a measuring seguence, controlled by either microcomputers or
computerized numerical control (CNC). The measuring scheme and the
analysis tasks are performed manually. There is much variation in this
segment, with the human effort involved in the manual tasks. These
machines begin at around $65,000, with the more sophisticated ones
costing more than $250,000. ’ :

Inspection Cells

This segment consists of machines that are capable of integration
into a CAD/CAM environment. Such a machine would jdeally be capable of
performing all four quality control tasks totally automatically. The
development of this type of machine requires two links to be made., The
first 1ink would be between the CAD data base and the machine controller
to allow the automatic generation of part programs; the second would be
between the machine controller and the flexible system supervisor to
allow automatic feedback of results to manufacturing. Machines in which
these 1links have been partially established are available at prices
greater than $200,000.



We have not included in our figures two special submarkets. One is
for the use of a general-purpose machining center as an inspection
machine by adding a probe. OQlivetti is taking this approach to the
market and has recently installed a flexible machining system (FMS) at
Cessna Fluid Power. There are, however, problems of wvibration and
economics associated with this solution.

The other submarket employs very high-precision machines for tooling

calibration. This submarket is small in volume of shipments but crucial
to the implementation of the other machines.

The Importance of Software

It is the quality of software accompanying the CMMs that
distinguishes different machines. The growing demand for programmable
machines is due to two major scoftware developments:

) Inncvative conversational {menu—driven) programming as an
off-line capability

) Statistical analysis modules processing measurement data

In the inspection cell market, integration will be achieved largely
through sophisticated software. A good deal of research and development
(R&D) work has been initiated by combining the efforts of both CAD and
CAM vendors to develop integrated software packages.

The benefits of a truly integrated CMM system at Toyota were reported
at the recent CAMP ‘85 conference in Berlin. In this case, car body
stamping dies were finished by hand under the computer's guidance using
data from the CAD systems surface model in comparison with a specially
constructed (MM. By integrating the CAD system with the (MM, a serious
bottleneck in the production of new models was eliminated.

The CMM Market

DATAQUEST estimates that the world market for CMMs of all types will
reach $323.7 million in 1985. PFigure 3 and Table 1 show the regional
distribution of CMMs. Our research has concentrated on the European
market, where Germany is using off-the-shelf machines in a most
sophisticated way. The leading European vendors, LK Tools and Zeiss, are
doubling in size and exporting significant volume to the U.S. market.
Cincinnati Milacron bought LK Tools {which was previously associated with
Rennishaw) earlier this year. 'The British company, Rennishaw, has a
leading position in the probes. market and supplies both CAI machine users
and machining centers. The only Japanese company to export significantly
is Mitutovo, which makes a range of smaller machines. DATARQUEST believes
that these machines are going into the more straightforward
applications. The main U.S. vendors are Brown & Sharpe, Sheffield
Cordax, and Pederal Products (formerly Boice),



Figure 3

ESTIMATED WORLDWIDE CMM MARKET BY REGION--REVENUE

Source: DATAQUEST

Table 1

1985 ESTIMATED WORLDWIDE CMM MARKET BY MACHINE TYPE

United Rest
Segment Europe  Japan States of wWorld Worldwide
Manual 600 1,000 1,500 200 3,300
Programmable 350 300 500 80 1,230
Inspection Cells 30 50 30 5 115
Total Units 980 1,350 2,030 285 4,645
Total Value (M$) $82.2 $92.8 $129.0 $19.7 $323.7

Source: DATAQUEST




Within the European countries, DATAQUEST believes that national
markets are dominated by local manufacturers: L.K. Tools and Ferranti in
the United Kingdom, 2Zeiss and Leitz in the Federal Republic of Germany,
Renault in Prance, D.E.A. in Italy, and Johansson in Scandinavia. The
largest national market appears to be the Pederal Republic of Germany,
followed by the United Kingdom, and then France. The Federal Republic of
Germany has a higher proportion of programmable machines than does any
other European country.

Linking CMMs to CAD

The Opportunity

With component design details already defined in a CAD data base, it
should be possible to use this information to automatically generate the
CMM part program. This would also allow a dramatic reduction in the time
taken to measure a particular workpiece. At present, it is necessary to
set a clearance plane well above the workpiece and move slowly down in
*"grope™ mode. With an accurate model of the workpiece geometry, it is
possible to move rapidly to a position near the surface before starting
the "groping" action.

The Problens

The dimensional information reguired to adequately inspect a
component includes tolerance data. This data is often not stored in CAD
data bases in an easily accessible manner. Also, there is no standard
programming language for CMMs; therefore, a different post-processor is
required for every different manufacturer's machine.

Available Solutions

A number of the major CMM manufacturers are now offering partial links
to CAD systems, Typically, these take the form of three software modules:

e A module to allow the interactive generation of a machine
neutral part program file

. A ({set of) post processor({s} to allow the generation of a part
program for a specific machine o '

* A module to convert the data obtained during measurement to a
form readable by the CAD system t¢ allow graphical interpreta-
tion of the results

To facilitate the integration of CAD to CMMs, efforts are being made
to develop a standard specification for an interface between the two.
This work is being done by CAM-I to define the Dimensional Measuring
Interface Specification. When completed, it will be proposed as an
international standard for future systems,




Integrated Systems Available

A number of CAD-based products have recently arrived on the market.
These include Computervision's Automeasure, which will 1link its CAD
system to the CMMs of Brown & Sharpe, DEA, Sheffield Cordax, 2eiss, and
Federal Products; McAuto's Unigraphicg interface, linking to the same
manufacturers as Computervision's Automeasure; and Calma's DDM/CMM
package, presently for 2Zeiss machines only.

Table 2 and Figure 4 present the 1985 Buropean CMM market by machine
type and country, respectively.

Table 2

1985 ESTIMATED EUROPEAN CMM MARKET BY MACHINE TYPE

United Rest of
Segment gingdom Germany France Europe
Manual 130 180 120 170
Programmable 60 150 50 g0
Inspection Cells 6 10 5 9
Total Units 196 340 175, 269
Total Value (MS$) $15.1 $32.1 $12.9 $22.1

Source: DATAQUEST



Figp:e 4

ESTIMATED EUROPEAN CMM MARKET BY COUNTRY--REVENUE

Source: DATAQUEST

DATAQUEST ARALYSIS

The CIM ideal is still an unattainable goal at present. However,
there is becoming available a range of systems that will increase the

attainable level of integration. Those CMM manufacturers and CAD vendors-

who currently are not involved with these new developments will not be in
a position to take advantage of this growing market.

Figure 5 shows how the Germans, with their strong national vendors,
have already begun to outpace other countries in their introduction of
programmable CMMs, although penetration there is low as well. According
to the leading vendor in West Germany, the key issue today concerns which
machine will provide the best measurement scheme. 1In the United States,
it is still necessary to convince many companies that they need a machine
at ali. However, some corporations have heard the message, as evidenced
by General Motors' announcement of a $15 million program to introduce
CMMs .

DATAQUEST believes that a largely unheralded benefit of CAD is the
accuracy of the data in the system. 1In the mechanical CAD market, the
data is routinely used to create numerical control tapes. CMM provides
an opportunity to use the data again to check and improve quality. This
will offer a real competitive advantage. DATAQUEST expects that the
techniques will spread from the current defense, aerospace, and
automobile industries into the small-batch production of what the
Japanese call "Mechatroniecs.

Michael Evans
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DAISY SYSTEMS WRAPS DIGITAL'S VAX PRODUCTS INTO FOLD

OVERVIEW

Daisy Systems has expanded its product portfolio to include Digital
Equipment Corporation (DEC) MicroVAX II products, accompanied by a number
of product announcements and enhancements that are most significant both
to those who provide CAE solutions and those who implement CAE
technologies.

Within this newsletter, DATAQUEST will provide the following:

[ Details of the new announcements

°® An analysis of the strategy behind the move

. e The downside and the upside of the product portfolio expansions
and enhancements

FOURTH QUARTER 1985

During this fourth quarter of 1985, DATAQUEST observes the following
taking place:

[ The microelectronics market is experiencing one of the worst
downturns in its short history.

L] The CAD/CAM/CAE markets are questionable and are, at best, the
"little darlings" of the Wall Street crowd.

@ The availability and acceptance of the personal computer within

design automation disciplines has virtually changed the very
nature of doing business within the CAD/CAM/CAE market segments.
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] The CAE industry is taking on a new identity, from one where
*technology selling® and early adapters were once  the
proponents, to a new phase where success is based on strategic
marketing and the fact that CAE tools are viewed as "competitive
imperatives."

. The entire design automation marketplace is speculating on IBM's
next generation of CAD/CAM/CAE tools.

. DATAQUEST has adjusted its CAE industry revenue growth forecast
for the period 1985 through 1989 from a 47.5 CAGR to 33.6 CAGR
{see Table 1).
Table 1

ESTIMATED CAE REVENUES—-1985-1989
{Millions of Dollars)

Segment 1984 1985 1986 1987 1988 1989 ngBEEfEBQ!
IC 3157 $ 181 $ 224 3§ 298 § 408 $ 5S71 29.4%
EDA 276 442 700 1,042 1,387 1,798 45.4%
PCE 355 392 525 679 850 991 22.8%

Total 3788 31,015 $1,450 82,019 82,277 §3,360 33.6%

Source: DATAQUEST

DAISY SYSTEMS' PCOWER PLAY

Reacting to the lightning-fast pace of change within the CAE
environment, Daisy Systems has just executed a power play that includes
the following:

] The completion of a $50 million, 24-month OEM agreement with
Digital Equipment for MicroVAX Il-based microcomputers and
workstation products

L] Portability of Daisy Systems' entire applications software
library to the MicroVAX II products

. The availability of two new general-purpose processor engines
based on the MicroVAX I1 product platform:

- The logician vX, a single-user configuration for
computation~intensive tasks

- The VX NODE, a multiuser server that may be accessed by any
of Daisy's workstation products, including the Personal
Logician series



® Availability of Daisy's application software, either 3 la carte
{unbundled) or in a turnkey configuration

L Interconnectivity across the networked environment, including
IBM PC ATs {(Personal ILogician), VAXs, and Daisy's own
proprietary hardware, which includes a high-speed interconnect
and a 1lo-Mpb/sec Ethernet c¢onnection between the Personal
logician series and the lLegician VX and/or VX RODE

® Development and availability of a multitasking c¢oncurrent
operating system environment enabling users to execute DENIX and
onhe  other operating system {PC-DOS, VME, or ULTRIX)
simultanecusly. Provisions also include:

- Access of all applications‘via DENIX, therefore providing a
transparent shell to end users who are working outside of
their native environments

- Access to nomDaisy applications software via a DERNIX
interface, permitting users to execute programs such as
MAINSAIL, LISP, or other CAE software normally run on VAX
processors but not provided by Daisy

] Provision of a network-wide data base manager, DDM (Daisy Design
Manager), which may be accessed from any workstation within the
network topology. Utilizing the DIM utility system, users can
manage the movement of data across the network. This is
especially significant when tracking design changes, and used
properly it will provide a vehicle for design and configuration
control.

® Availability of the Procedural Interface, or PI. With this new
announcement, end users will have the ability to use their own
customized software programs in an inteqrated manner with
Daisy's application software. Acting as an applications
interface, the PJI becomes a tool for linking these customized
programs directly with the available Daisy algorithms.

® With the VAX interfacing comes complete Digital Bquipment VT-100
and IBM 3270G and 3270GX emulation on all Daisy products;
emulation of specific Tektronix products is planned in the near
future.

NOTES

DATAQUEST views the new announcements as most significant. The
implications of the strategy are multidimensional, and we believe that
they will affect a majority of those participating within the CAE
environment.

In accordance with the new announcements, Daisy now offers a wide
variety of both applications software and computational hardware
platforms, ranging from perscnal computers, engineering workstations,
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application-specific processors, and networked servers to general-purpose
architectures. In addition, we believe that the availability of this
wide range of processing power combined with applications software will
enable users to align the proper computer platform with the most
appropriate applications, thereby creating a ‘state of "computational
applications alignment.”® The current products address applications
within the realm of:

® A shared-logic environment
i A computation-intensive environment
] An interactive environment

Aligning the proper level of computer power with the correct
application becomes a critical issue in both the system throughput and
the justification scenario for implementing these sophisticated design
automation tools.

The migration of Daisy's application software to the VAX architecture
provides a vehicle for penetrating the VAX installed base, not only
within the design automation marketplace, but also with those accounts
that have VAX-based products installed for other applications.

In addition, DATAQUEST believes that Digital BEgquipment has sold more
than 5,000 MicroVAX Il units within this environment since initial
shipment in May 1985. Combined with the fact that there have been
between 200 and 300 model 8600s sold, the total population exceeds
11,000 vnits within the design automation marketplace alone. In looking
at the entire population of VAX products, DATAQUEST estimates that there
are more than 30,000 units installed.

One additional key point of the "environment architecture® is the
inteliigent inplementation of the concurrent operating systems. These
systems permit the execution of multiple applications concurrently even
though they are executed under different operating systems. Picture the
following scenario: §Sitting at the Personal Iogician, an end user may
access any application program across the network via a DENIX shell, The
shell provides a transparent medium of access to non-Daisy applications
software. Having picked a window via DENIX, the user may now enter the
native operating system of an application such as VM8 or PC-DOS. Once
into the operating system, he or she may chose to execute a number of
applications that may be accessed across the networked distributed Adata
bases. Hierarchical in nature, this system allows one to move onto
different levels of the operating systems environment depending on what
is to be accomplished.



DATAQUEST ANALYSIS

DATAQUEST believes that the new positioning of Daisy's product
portfolio will have multidimensional implications for not only its
competitors din the CAE enviromment, but also for suppliers of
computational hardware. In addition, there are the new alternatives
provided for both the installed users of CAE technology and the future
buyers of this ever-so-evasive automation technology.

With the evolution of the new Daisy platform, many significant
factors come to mind:

] The number of consumer-accepted. computer platforms will
consolidate over the next 36 months. This is based not solely
on Dajisy's reinforcement of Digital‘'s VAX product offering, but
aiso on the presence  of the IBM personal computer
architectures. With the availability of both the MicroVAX 1II
and the IBM personal computer, the majority of vendors have
chosen to provide proprietary hardware only when the application
demands computational power beyond the scope of a specific
Processor., Over the past 18 months, we have witnessed a
tremendous change in the very nature of the CAD/CAM/CAE
business. Total solution providers, once known as turnkeys, are
now in a situation where they are evolving to applications
software suppliers.

* The fact remains that in order to maintain success in such a
competitive and chaotic environment as CAE, a c¢company must be
assured at all times that it is ®riding the right horse®™ ang,
just as important, that the horse is headed in the right
direction.

- DATAQUEST views the Daisy move as one designed to put additional
pressure on those who are neither supporting nor providing
low-cost solutions and general-purpose computational platforms.

o Regarding the guestion of margins, DATAQUEST believes that the
availability of application-specific hardware platforms and the
Daisy-specific utilities will temper the erosion of margins.

) DATAQUEST also expects the availability of the ILogician VX
and/or VX NODE with the Personal Logician to greatly reduce the
average cost per seat within the Daisy environment,

® DATAQUEST has good reason to believe that IBM's- next generation
of engineering processors and workstations will be fully
compatible with the existing PC architectures.

- To the best of our knowledge, because of the VAX platform and
the integration modules developed by Daisy, virtually any piece
of CAE applications software that is running on the VAX can how
be executed within the Daisy environment.



" The questions that remain are those associated with the
management of the data across the network and the movement of
the data between the networked distributed processors. Although
Daisy announced the availability of both the Procedural
Interface and the Daisy Design Manager to provide a vehicle for
this complex issue of data management and transfer, DATAQUEST
might ask, Is the hand quicker than the eye?

At a time when a majority of the players within the design automation
marketplace are honing their competitive edges, there also comes the time
when each participant is involved in an environment where mergers,
acquisitions, consclidations, and bankruptcies are prevalent. In
addition, the challenge of ™making a- buck®™ is becoming increasingly more
difficult; so all companies are protecting their margins. This becomes
even more arduous in an environment where IBM, Digital, and Apolloc are
providing hardware platforms at very aggressive and rapidly diminishing
prices that are falling faster than a barometer during a hurricane, or in
this case, perhaps it is the calm before the storm,

DATAQUEST views the Daisy announcements as a significant move to
lower the barriers to entry for future implementors of CAE technology.
As the business of CAE moves from an era of missiopary work to an era of
necessity, it will become increasingly more important to provide timely,
cost-effective, and painless methods of adopting technologies that imply
change.

. Jim Newcomb
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ENGINEERING WORKSTATION MARKET HEATS UP IN JAPAN

Paralleling the trend in the United States towards distributed,
32-bit workstations for engineering applications, the Japanese now appear
ready to embrace this concept. As illustrated in Figure 1, DATAQUEST
believes that Japan's share of the total engineering workstation market
will grow from 6 percent in 1984, to 14 percent by 1989. Two major
events signaling the trend toward more widespread use of engineering
workstations include: :

® The Toshiba 1,200 unit workstation order

° The Sumitomo Electric Industries (Sumitomo)/Digital Computer,
Ltd. (DCL) Ustation E-20

Figure 1 2
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THE TOSHIBA 1,200 UNIT ORDER

Toshiba and Sun Microsystems recently announced an agreement whereby
Toshiba will purchase 1,200 Sun workstations over the next three years.
DATAQUEST believes that Toshiba will use the workstations as part of a
turnkey CAD/CAM system for both the mechanical and electronic CAD
marketplace, DATAQUEST believes that Toshiba will also distribute
Sun workstations on an OEM basis sometime next year,

THE SUMITOMO/DCL USTATION E-20

Sumitomo and BDCL have developed the first Japanese 68020-based
engineering workstation, the Ustation E-20. Jointly developed and
manufactured by Sumitomo and DCL, the Ustation E=-20 contains similar
price/performance characteristics to those found on the 2apollo and
Sun 68020-based products, including a UNIX operating system and an
Ethernet local area network. 1In addition, the Ustation E-20 has Japanese
processing features including a Japanese editor, a Japanese subroutine
package, and a Japanese data base program.

The Ustation E-20 is a_ follow-on product to the 68010 E-10
workstation, which was introduced in October 1983. DATAQUEST estimates
that Sumitomo and DCL have sold and installed more than 750 engineering
workstations in Japan over the past two years. They expect to sell more
than 1,000 new Ustation E~20s over the next 12 months.

DATAQUEST ANALYSIS

We offer the following observations regarding the market for
distributed engineering workstations in Japan.

[ DATAQUEST believes that the Japanese manufacturers have finally
acknowledged that distributed systems are a credible and
cost-effective alternative to shared-logic mini- and mainframe
computers.

» The rush toward adopting a 32-bit, distributed platform is
expected to produce an avalanche of cooperative associations
between U.S. workstation suppliers and Japanese system
integrators. We believe that the window of opportunity for
vendors to get "designed-in® will extend through the fourth
guarter of 1986.

iy DATAQUEST predicts the transition from host-based systems to
distributed workstations will . happen much more Quickly
{12 months maximum) in Japan than it did in the United States
(24 to 36 months).

Yu Uemura
Devid B, Burdick
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SHARING THE EXPERTISE: THE SEMICONDUCTOR AND ELECTRONIC
CAD MARKETS TEAM UP FOR AUTOMATED DESIGN

INTRODUCTION

Application-specific integrated circuits (ASICs) continue to
represent significant growth opportunities for both electronic CAD
vendors and semiconductor manufacturers. Although user demand for ASICs
currently drives the IC CAD market and props up the custom-design
segments of an otherwise ailing semiconductor market, the ASIC revolution
is just warming up. When it really gets hot, we expect radical changes
in the way both design and the business of design are done.

This newsletter, the first of a series examining automated IC design
trends, analyzes the dynamics of the ASIC market, focusing on the
following issues:

. ® The relationship between current economic conditions in both the
IC and IC CAD markets
L] The acceptance, application, and direction of ASICs
[ ] The user demands driving the ASIC market

THE IC AND IC CAD MARKETS

The IC and IC CAD markets have historically kept pace with each
other, with the IC CAD segment slightly trailing during the last few
years (see Figure 1). This is reasonable, since design houses and
_semiconductor manufacturers were among the first eager purchasers of the
new design tools and such purchases naturally follow successful earning
periods. The customer base then began to expand beyond IC
manufacturers. The newer customers, forming a numerically larger
potential base, were the large computer system houses such as Apollo,
Digital, and 1BM. The IC CAD market began to chart an independent course
that, should the design automation trend continue, will eventually ripple
outward to include many Fortune 500 companies.
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ANNUAL PERCENT CHANGE

Figure 1
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The reasons ¢generally cited for the success of design automation are
the shortage of designets, the resulting necessity for system engineers
to do IC design, and the growing availability and sophistication of the
design tools themselves, This situation continues to accelerate,
particularly in the area of ASICs, with increasingly more areas of custom
design being done by customers., Pigure 2 suggests that the ASIC market
is now both driving, and, in turn, being driven by the 1C CAD market.

The current recession is not affecting IC CAD vendors to the same
degree as the manufacturers of standard parts, according to our analysis,
largely due to continuing customer demand for ASICs., |Neither is the
slumping semiconductor industry taking the entire IC CAD market along for
the slide. Pressure on the CAD market is coming more from the halting
computer industry, in terms of obsolete inventories and downward price
spirals. Capital expenditure, estimated in early 1985 to be growing
approximately 13.1 percent, is now looking more like & percent. Other
factors include the offshore strength of the 0.S5. dollar's severely
limiting export capability, and the effect of internal competition,
represented by low-cost systems, on an already overpopulated marketplace,



ANNUAL PERCENT CHANGE

Figure 2

IC CAD, ASIC, AND IC MARKET COMPARISONS
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THE ASIC MARKET .

Market Forecast

What we are witnessing is an anything but smooth transition from an
IC market dominated by standard parts to one shared to a large degres
with custom ICs, DATAQUEST forecasts that the $3.3 billion 1984 merchant
ASIC market will grow at a 25 percent CAGR to reach nearly $10.2 billion
in 1989 (see Table 1). The major requirement for this impressive growth
is users' adapting to new ASIC design tools and methodologies, such as
silicon compilation, which the electronic CAD (ECAD) vendors are
offering. These are the design technigues we will be examining in depth
in this series ¢f newsletters.

By offering knowledge-based, highly automated design and layout
tools, ECAD companies can extend their potential customer base beyond the
system houses and computer manufacturers into the larger, general
manufacturing marketplace. These products, however, are going to require
that semiconductor manufacturers share more and more of their design
expertise and process technology with both ECAD vendors and, ultimately,
with customers.

Tnis collaboration is not totally unwelcome. Most IC vendors will
admit that their design business is neither as profitable nor as
streamlined as it could be. These vendors see the new IC CAD tools as a
way out of fab line bottlenecks. Customers see them as an effective way
of reducing production time and the prohibitive reengineering or, to be
precise, noarecurring engineering (NRE) costs associated with custom
design.

Customers' use of productivity tools, such as simulation accelerators
that speed full-custom design turnaround, is now, 1in fact, being
encouraged by the ASIC houses. From all aspects, the resulting synergy
between IC foundry, ECAD vendor, and users promises increases in both

_productivity and profitability.

ASIC Design Methods and Implementation

DATAQUEST defines ASICs as semicustom and custom integrated circuits,
designed for a specific application, for which one or more mask layers
are changed. This definition includes programmable logic arrays (PLAs),
gate arrays, standard cells, and full-custom or handcrafted ICs,

Bach type of custom IC reguires a different and increasingly more
complex design methodology. To the system-level designer, the question
of whether $0 produce a gate array or a standard cell should be largely
irrelevant. Functionality, wvolume, turnaround time, and cost are the
immediate issues. The ultimate goals are productivity and
producibility. For these reascns, choice of implementation is a decision
that must be shared with the IC vendor.



: Table 1

ESTIMATED WORLDWIDE CONSIMPTION OF APPLICATION-SPECIFIC

Total ASIC

‘Captive ASIC
Marchant ASIC

Total Semicuston

Gate Arrays
MOS
Bipolar

Programmable Logic
MOS
Bipolar

Total Custom
Standard Cell
Pll Cuatom

INTEGRATED CIRCUITS
{Millions of Dollars)

1984 1985 1986 1987 19848 1989

5,938.4 7,60%.7 9,167.3 10,524.0 12,958.4 16,134.1

2,596.0 3,063.3 3,614.7 4,265.3 5,033.1 5,939.0
3,342.4 4,546.4 5,552.6 6,248.7 7,925.3 10,195.1

988.6 1,352.0 1.,806.0 2,209.9 2,862.2 3,843.2

737.6 1,029.4 1,364.3 1,671.2 2,175.7 2,932.7

402.8 584.1 794.4 992.0 1,300.8 1,769.2
334.8 445.2 569.9 678.2 874.8 1,163.5
251.0 322.¢ 441.7 538.7 686.5 916.5

0.5 27.0 81.0 141.9 246.1 42).6
250.5 295.6 360.7 3%6.8 440.4 488.8

2,353.8 3,194.5 3,746.6 4,038.9 5,063.1 6,351.9
122.9 255.2 482.0 862.7 1,463.2 2,401.9
2,230.9 2,939.2 23,264.6 3,176.1 3,599.9 3,950.0

Source: DATAQUEST
Semiconductor
Industry Service
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Today's designer is presented with a spectrum of choices. Each
method represents a tradeoff between the time required to design the
product and the development cost. Figure 3 shows the four major design
methodologies that have emerged. At one extreme are the full-custom
chips, which require handcrafted layouts., Here, the area on a chip is
minimized at the expense of development cost. Generally, full-custom
products are used in very high volume applications where chip cost is the
critical factor. At the other extreme are the quick~to-program PLAs.
The development effort for these is a matter of days, but the tradeoff is
less efficient area utilization, which results in higher production
costs. Between these two extremes are gate arrays and standard cells, or
what is sometimes referred to as "structured logic."

Pigure 3
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ASIC design complexity, coupled with the now almost legendary
shortage of IC design engineers, has created a vast market of opportunity
for IC CAD toecls. ECAD vendors are busily attempting to transfer the
design process from IC engineer to system engineer, and the success of
this shift iz closely linked t¢ design methodology.

For example, using CAD tools to design PLAS or gate arrays is
comparatively easier than designing with standard cells, largely because
of the relative ease of translating these designs into a physical
layout. In the case of PLAs and gate arrays, CAD tools are concerned
with solving only the routing problem, whereas, with standard cells,
these tools must also address the placement of the cells in addition to
routing. Predictably, there are more systems supporting gate array
design than standard cell design. There are even fewer CAD systems that
can perform true silicon compilation.

Most ECAD vendors see that their real opportunity is in attacking
more and more of the design process, and they are therefore moving from
the simpler implementations toward the more complex. The growth
opportunities are most dramatic in the standard cell arena. The market
for standard cells and other cell-based designs is expected to grow from
$122 million in 1984 to $2.4 billion in 1989, and it is widely believed
that silicon compiler CAD will fuel this growth.

THE IC CAD MARKET

ASICs have begqun to gain market share over the standard parts, except
for items such as memories, microprocessors, and floating-point
PLOCessors. And the corresponding demand for highly sophisticated,
custom design tools also shows no sign of letting up. DATAQUEST
forecasts that the IC CAD market will grow to approximately $570 million
in 1989 {see Figure 4).

The ASIC market has, in effect, challenged both semiconductor and
ECAD vendors to redefine their roles and product offerings. Certain
semiconductor companies known as "ASIC houses," such as Gould=AMI, LSI
Logic, and VLSI Technology Incorporated (VTI), have always referred to
themselves as "design service businesses®™ and as "foundries.®™ Others are
only now beginning to restructure their businesses in a similar manner.
The ASIC business is a service business and requires a different mode of
operation from that required for the standard product business. As the
ECAD vendors begin to offer automated, knowledge-based products such as
silicon compilers that require specific foundries' standard cell
libraries, and process technology variables, ASIC and ECAD vendors
increasingly are regarding each other more as partners than as
competitors for the custom trade.

4
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USER DECISIONS

The most important and mysterious element in this market is the user
or buyer. Will the user really be able to deal with the complexity of
silicon design? Users believe that they can. Most likely, they will
have to rely on design tools that are heavily experience-based, with
design constraints that they may or may not recognize. Training, design
centers, and application support will alsc have to increase to support
these new design methodologies. The guestion still unanswered is, at
what point will customers move over to employ these products? We believe
that users are making definite decisions about ICs that carry
implications for both sets of vendors. The following are some of the
decisions we have identified:

» Minimize off-the-shelf solutions, except for cost-effective
proprietary products such as memories, microprocessors, and
controllers (devices not practical to redesign)

® Design unique, or proprietary, custom ICs wherever appropriate

® Use IC application design software that is process-oriented,
transportable between different hardware platforms, compatible
with other software, and produces guickly manufacturable designs
{quick turnaround and lower NRE costs)

) Choose a design methodology that best integrates logical and
physical design and that is most consistent with the user's own
level or expertise, but as sophisticated as the best designer

L Maintain as much c¢ontrol over the project as possible by
generating tests and simulation in-house, and retain production
flexibility by avoiding getting 1locked into any IC vendor's
manufacturing process and gueues

[ ) Get the product to market as fast as possible by choosing
products that offer good “first silicon™ technigues

The user is going to hesitate to commit monies to new design systems
that are confusing or incompatible with current design tools. Antomation
of these tools and their demonstrated integration with existing systems
and hardware would go further than education aldne in ending buyer
confusion. Vendor beware: The user is not interested in ™products®™ so
much as in systems solutions for designing and fabricating micro-
electronic circuitry in the most effective and efficient manner possible.

- 10 =
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EST ANALYSIS
We believe that custom IC design automation includes many subtopics.
The drive toward design of increasingly complex custom 1ICs with automated
technigques has heightened the need for the market to address the
following issues:

® Design methodology

L ] Array-based design

. Cell-based design

* Silicon compilation

[ Testability analysis and simulation
Application accelerators

® Standards

The challenges presented by customers designing ASICs are formidable
and take a different shape for each market. Por IC vendors, it means
sharing process rules and parameters and cell 1libraries with ECAD
vendora. They will also have to adapt production to customer-supplied
layocuts. For ECAD vendors, it means providing users with ASIC design
tools that integrate with existing design environments and incorporate
the silicon designer's expertise.

These new design solutiongs must be knowledge-based, highly automated,
fully integrated, and easy-to-use tools if ECAD vendors hope to appeal to
a wider total available market and a new class of user than their present
products allow. These tools will also have to demonstrate significant
productivity gains by speeding the design's route to silicon. And they
will have to be flexible enough to adapt to the next-generation design
and production methods. Only if these conditions are met can everyone
prepare to ride out the next technological wave: the era of the
*superchip.™

We believe that the collaboration between silicon foundries and CAD
vendors in responding to users' demands, as well as to internal market

pressures, is what will determine whether we are talking doom, gloom, or
boom .

Tony Spadarella
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NEW 68020 WORKSTATIONS . . .
RIGHT ON TRACK, BUT FOR BOW LONG?

INTRODUCTION

Sandwiched between Digital's MicroVAX 1II unveiling and 1IBM's
soon~to-be-released workstation, comes a flurry of Motorola 68020-based
workstation announcements. The long-awaited 68020 is Motorola's full
32-bit microprocessor extension of its popular 68000 and 68010 chips.
DATAQUEST believes that volume availability of the 68020 and its
incorporation into the popular engineering workstations, is one of the
last pieces of the puzzle ushering in the era of true l-mip (millions of
instructions per second) workstations. However, as Figure 1 depicts, it
is not clear whether or not these new 68020 workstations will be able to
hold off the charge of the MicroVAX II and the forthcoming IBM products.

Figure 1

. ENGINEERING WORKSTATION MARKETPLACE

Source: DATAQUEST
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This newsletter will focus on the recent major 68020 workstation
announcements and our perceptions as to what effect these products will
have on the engineering workstation marketplace.

COMPETITIVE OFFERINGS

Table 1 lists the 68020 upgrade prices and Table 2 lists the base
configuration prices for Apollo Computer, <Cadmus, Hewlett-Packard,
Masscomp, Silicon Graphics, and Sun Microsystems. With the exception of
Cadmus, all the vendors offer some type of board-level upgrade solution
for their older, 680l0-based workstation systems. Cadmus dces not offer
an upgrade solution because its new 68020-based 9800 workstation utilizes
the faster VME bus instead of jits slower (Q=Bus predecessor. Upgrade
pricing ranges from 94,000 for a single board with 2 Mbytes of memory
from Sun Microsystems up to $13,500 for a high-performance board set with
the Weitek 64-bit floating-point processor from Silicon Graphics.

As DATAQUEST expected, most of the 68020 workstations are priced at
nearly the same level as their older 68010 predecessors even though the
68020 offers two to three times greater performance. Falling memory -
prices and ferociously competitive market conditions are the root causes
of this phenomenon.

An jinteresting skirmish that appears to be brewing is the issue of
availability. Apollo says that it will begin volume shipments of the
12-MHz version of its 68020-based products in September, while Cadmus,
Maszcomp, Silicon Graphics, and Sun will not begin shipping until late in
the fourth quarter of this year with their 16.67-MRz versions. While it
is understandable that Apollo could offer a product sooner due to volume
availability of the slower, 12-MHz 68020, Hewlett-Packard claims that it
will be shipping 16.67-MHz 68020 units in volume beginning in September.
It appears that Motorola is sticking with the tried and true practice of
having the integrators line up in a row and then deoling out parts based
on the volume size of unit commitments.

The floating-point processor issve is another focal point that
carries great importance due to the widespread use of engineering
workstations in floating-point-intensive applications such as CAD/CAM and
scientific computing. Motorola manufactures a companion floating=-peint
processor chip for the 68020 called the 6888l. Currently, the 68881 is
only available in limited quantities, and rumns at the slower, 12-MHz
clock rate. DATAQUEST does not expect volume availability of the 68881
until close to the end of this year. An interesting alternative for the
68881 is the Weitek 1164/1165 64~bit floating-point processor chip set.
Because of its highly pipelined architecture, the Weitek chip set
operates from five to ten times faster than the 6888l. Weitek, which is
already a household name in the CAD business with its graphics processing
chip sets, has recently received design wins at Silicon Graphics and
Masscomp for handling 68020 floating point using the 1164/1165
combination. DATAQUEST expects that other 68020-based workstation
vendors are likely to adopt the higher-performance Weitek floating-point
implementation as well.



Apollo Computer

Apollo announced jits 68020-based systems during the Siggraph ‘85 show
held recently in San Francisco, California. 1In addition to a 87,500
upgrade to its 68010-based systems, Apollo announced two new products:
the DN330 and the DN560. The DN330 and the DNS560 are the new 68020-based
versions of the DN320 and DN550 produgts, respectively, and are identical
to their 68010 predecessors except that they now use the 68020 CPU.
Apollo also announced price reductions on its higher-performance
DN460/660 products, which DATAQUEST believes are now virtually obsoleted
by the 68020. Apollo is attempting to differentiate the DN330/560 from
the DN460/660 by limiting memory expandability to 3 Mbytes on the
DN330/560 versus 16 Mbytes on the DN460/660. DATAQUEST believes that the
memory expandability limitation imposed by Apollo is purely a temporary
marketing manuever that will be lifted when Apollo unveils its higher-
performance (2 mips and greater) products, which are expected later this
year.

Apolle also announced some very strong networking products that
position the company as the leader in network communications. These
Products incilude:

® DOMAIN/BRIDGE--A  hardware/software product that connects
multiple Apollo networks wvia a high-speed coaxial bridge or
industry standard T-1 long-distance links

[ ) DOMAIN/VACCESS--A hardware/software product based on Ethernet
that allows Digital's VAX to be plugged into the Apollo
network. Apollo users can execute Apollo directory and
file-manipulation functions on VAX/VMS files as if they were
local DOMAIN files

) DOMAIN/SNA--A hardware/software product that links the Apollo to
IBM hardware via 1BM's System Network Architecture (SNA).
DOMAIN users can either log on to a remote IBM host through a
3270 emulator or submit batch jobs via Remote Job Entry (RJE)

® DOMAIN/PCI~~A software package that allows the IBM PC to tie
inte the Apollo network as an ASCII terminal and also allows PC
users to steore DOS 3.1 text and binary files on the DOMAIN
network

DATAQUEST believes that these announcements, coupled with Apollo's
demand-paged, virtual network and highly integrated graphics environment,
will continue to help Apollo differentiate itself in the face of the
cutthroat market conditions that are 1likely to occur after IBM's
forthcoming workstation announcements.

Cadmus
Like Apollo, Cadmus announced its 68020-based system at the

Siggraph '85 show. In recent months, Cadmus has shifted its focus from
being a general-purpose workstation supplier to being an Apple Macintosh
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high=-performance lookalike. The new, 68020-based 9800 workstation has
the capability to run the CadMac graphics environment. It also
incorporates the VME-bus architecture instead of the older Q-bus, in
order to take Full advantage of the higher-bandwidth 68020.

DATAQUEST believes that Cadmus, for whatever its worth, will have to
continue emphasizing its Macintosh connection in order to differentiate
itself from the rest of the pack. We believe, however, that Apple may
introduce a 68020 version of its own before long, which would place
considerable pressure on Cadmus.

Hewlett-Packard

A relatively disappointing performer in the engineering workstation
marketplace, the HP 9000 has been given 2 new lease on life with a face-
lift that includes the Motorcla 68020. HP anncunced the 9000-310 and the
9000~320 machines, which utilize the Motorola 68010 and 68020, respec-
tively. The HP 9000-500 series, which incorporates a proprietary
microprocessor design, has been repriced and repositioned as a higher-
performance, multiuser machine. DATAQUEST believes that the 300 series
is much more in line with the mainstream workstation market and should
help HP in its attempts to 9gain wider acceptance as a workstation
supplier in the design and manufacturing automation markets, At a
minimum, the 300 series will provide a sound computing platform when HP
unveils future vertical software applications in the CAD/CAM and EDA
areas.

Magscom|

Priced at the higher end of the 68020~based workstation market,
Masscomp has announced two board-level upgrades for its 15-slot,
68010-based machines. One upgrade employs the Motorola 68881 floating-
point processor, while the other offering uses the faster and more
powerful Weitek floating—-point chip set. Masscomp appears to be moving
away from a workstation orientation toward more ¢f a systems orientation.
DATAQUEST also believes that Masscomp will continue to place major
emphasis on squeezing more performance out of its 68000-based systems and
differentiating itself by attempting to become the peak computing
performance leader.

Silicon Graphics

Also unveiled at the Siggraph '85 show, Silicon Graphics' 68020
offering consists of a 16.67-MHz board with 2 Mbytes of memory, along
with an optional, high-performance Weitek floating-point processor called
the "“turbo® option. Silicon Graphics is alsc migrating away from its
terminal business and placing increasing emphasis on its workstation and
computing environments. The c¢ompany also announced an interesting new
breed of wogkstation called the 2300 that contains a minimal disk
configuration and a custom execution-only UNIX kernel for people who need
to run, not develop, application programs. This kind of device appears
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to be an ideal vehicle for offering a lower-cost computing environment
without sacrificing Silicon  Graphics' high=performance graphics
capability.

Sun Microgsystems

Sun, as usual, offers the most aggressive pricing of the 68020-based
machines. While other vendors were cutting memory prices 20 to
30 percent, Sun recently slashed memory prices a staggering 63 percent--
from 34,100 per megabyte down to an incredible $1,500 per megabyte., Sun
also introduced a new VME-bus—-based extension to its product line called
the 2/130. The 2/130 is essentially a VME-bhus version of the 2/120 and
will eventually allow a $4,000, 68020 upgrade option to be added when it
becomes available by year end. DATAQUEST believes that Sun will continue
its strategy of being the low-cost supplier, although margins are likely
to get squeezed when IBM enters the workstation fray. We consider Sun's
pioneering efforts in the area of standards such as the network £ile
system (NFS8), in addition to its having more than 7,000 workstations
installed, to be strong factors driving the success of this company.

DATAQUEST ANALYSIS

It is clear that the MicroVAX II-6802¢ true l-mip workstation market
is out of the starting blocks and running full stride. What is not clear
is who is going to finish the race--especially after IBM's workstation
announcement, which is expected during the first week of September. The
slowdown that has hit the CAD/CAM industry in recent guarters, along with
the fact that most of the major OEM workstation deals have already been
completed, has rapidly changed the complexion of this market. Where once
the operative word was thrive, we eXpect that the new credo will be to
survive. In light of this, DATAQUEST believes that the following points
are salient:

) The window of opportunity has snapped shut for competing 32-bit
microprocessor vendors in the workstation market, with the
possible exception of Intel with its forthcoming 80386 chip in
an IBM PC product.

) Now that all the workstation vendors have true l-mip workstation
offerings, workstation purchasers are likely to scrutinize more
heavily the issues of networking, graphics capabilities, and the
breadth and depth of the third-party scoftware that is available.

* The eye ©f the needle has closed with respect to new players
getting into the workstation marketplace.

David B. Burdick



Table 1

68020 UPGRADE PRICING

Apollo

- $7,500 to upgrade 68010 (DN220, DN550)-based system.
Includes:

. 68020 CPU at 12.5 MHz
. 68881 floating point
- 2 Mbytes memory
- $11,000 for same as above with 3 Mbytes memory
Cadmus
- No upgrade available
Hewlett-Packard

- 36,000 to upgrade 6&8010 (HP 9000-310)~-based system.
Includes:

. 65020 CPU at 16.67 MHz .
. 68881 floating point
Masscomp

- $7,900 to upgrade 638010 (MCS500 15~slot)-~based system.
Includes:

. 68020 CPU at 16.67 MHz
. 2 Mbytes memory
. 638881 flcoating point
- $12,900 for above with Weitek advanced floating-point

processor

{(Continued)



Table 1 (Continued)

68020 UPGRADE PRICING

e Silicon Graphics

$6,000 to upgrade 68010 (2400, 2500)-based saystem.
Includes:

. 68020 CPU at 16.67 MHz
- 2 Mbytes memory

37,500 for above with Weitek advanced f£floating-point
processor

. Sun Microsystems

34,000 to upgrade VME-based products (2/130, 2/160).
Includes:

- 68020 CPU at 16.67 MHz

. 2 Mbytes memory

Source: DATAQUEST



Apollo Computer

Bevlett-Packard

Silicon Graphice

Sun Miccoaystena

Table 2

BASE 68020 CORFIGURATIONS

Monoctrows

o 33--826,800

12-hitz &8020, 17" acreen, 1,024 = 408 resclution,

2 mbytes memngy, floating point, 70 Sbytes hacd diek,
5-1/4" Flexible disk , 2 RS5-232 porte, COMAIM LAM,
AEGIS O/5, 20710 GNE, OIALOGUE-user lotac(ace

9800—4%21,500

166713 6020, 17° screen, 1,024 & 000 resalution,

1-Moyte memory, 40 Mbytes hard disk, 5 1/4° flexible disk,

2 RS5-232 portm, Ethecnet LAM, UNIK, Coddac grapbice soltware

HP SOO0—320--%31,470

16.67-MHx 68020, LT" acresn, 1,024 & 760 resclutlon.
1 Mbytes semcry, GHEBL Lloating point, 55 Hoytes
hard disk, l/4* tape, 1L RB~211 port, Ethernet

HC500~~849,200

16.67-Niz 68020, 19* wcrasn, 1:024 2 000 resolution,
2 Mbytes memory, 66681 Eloating point, 50 Hoyted,
5-1/4" Elenible disk, 3 RE~33}2 ports, Ethacnat LAN,
ONIX, Fortcan, ©

Hot available

27130--224,800

16.47-MHx £8020, L%" screen, 1,152 a 900 reaolution,
2 Moytes memory, 7L Mbytes hard disk, 1/4° tape,

2 RE-423 poris, Ethernet LAM, UMIX, Bun MWindcws, Core,
C, Yortean, Pascal

Coloy

DM 560~-$46,400

12-mHx &£8020, 19" ocCreen, 1,824 = MDD tesclution, 16 colors,
2 Moytes memory. Eloating point, 96 Mbytes Mcd disk,
5-1/4" flexible disk, 2 RS-232 pores, DOMAIN LAN, AEGIS O/5,
/30 IR, DIRLOGUE user interface

ot available

HP $000-320—%54,17%

l6.67-MHy 68020, 15" screen, 1,024 ¥ 788 ceatlutlon,
256 colorm, graphice accelecator, 2 Mbytes mamory,
68BBL Floating poknt, 55 Moytes hard disk, 1/4" tape,
1l RS-232 port, Ethernat LAN, UNEX LAN, UNIK

MCS00--#60, 200

16.67-MHz &8010, 19° wcreen, B32 x $00 rasclution,
64 colors, 2 Mbytes mamory, Weitek Eloating polnk,
50 Mbytes hard disk, 5-1/4" floppy, 3 RB=312 ports,
Etharnat LAN, UNIX, Fortran, ©

Iris 2400--B67,500

16.67-MHz 68020, 19" acrean, 1,014 x 768 remclution,
256 colore, IMbykes memory, Weltek Eloating point,
72 Mbytas hard disk, L/4" tape, 3 RE-~23% portw,
Ethernet, UNIX, C, IRIS graphice library

2/160--345, 700

l6.67-MHz 68020, 13" screen, 1,152 ¥ 900 resclutlon,
2%6 colors, graphica procesaor, 1 Mbytes memosy,
Il-Mbyte disk, 1/4" tapa, 1 RE-42) portes, Ethecnat LAM,
Wik, Sua Windows, Som Core, C, Foctran, Pescal

Source: DATAQUEST
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THE 22ND DAC: THE INDUSTRY SHAKES, RATTLES, AND ROLLS
IN LAS VEGAS

INTRODUCTION

Amid a backdrop of corporate shakeouts and a troubled economy, an
anxious ECAD market rolled out its new product offerings at the
22nd Design Automation Conference (DAC) on June 23 through 26. Flashy
Las Vegas seemed an almost contradictory location for a relatively
serious-minded technical conference and tradeshow. Imagine hundreds of
ele¢trical engineers scurrying past roulette and blackjack tables,
one~-armed bandits, and fun seekers to attend technical sessions such as
"synthesis of Logic Structure from Behavioral Descriptions" and
"Mixed-Mode and Switch Level Simulation.™ Yet, by conference end, it
seemed only Las Vegas could match the energy and excitement of the

ECAD market itself.

. Several new product announcements, including significant entries from
major corporate players, lent the tradeshow an electric atmosphere. As
any gambler knows, when the stakes get high, as they are today in the
$789 million electronic CAD market, competition gets fierce and the
number of new players begins to dwindle. Predictably, not as many
start—-ups were represented as at previous shows. And, at times, the
dialogue resembled advertising hype more than high technology. '

What is happening seems clear: With increasing degrees of design
automation, the ECAD players have become more marketing-oriented and less
engineering-driven. As the design functionality offered by vendors
becomes more similar and more a function of software, spec sheets are
being replaced by rhetoric.

This newsletter discusses some of the industry-wide issues raised at
the DAC.

© 1985 Dataquest Incorporated July 25 ed.-Reproduction Prohibited
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SYSTEMS-LEVEL DESIGN )

DATAQUEST believes that -the theme of this vyear's DAC was
systems-level design integration, as product introductions and
demonstrations focused on the following phases of the design cycle:

* Functional description

L Logic and circuit design and analysis
® Physical layout

. Layout verification

. Test interface and analysis

Vendors' product lines have necessarily expanded or migrated beyond
earlier product offerings to address full-design functionality. EDA or
front-end design companies are adding physical layout technology to their
product lines. Many traditional layout companies have announced
front-end capability. Both types of companies are now offering test,
simulation, and compilation.

DATAQUEST believes, however, that as part of seeking to provide total
design solutions, these vendors need to address the major challenges
posed by the installed user base: How to integrate within their own
specific product line, as well as provide communication and integration
with outside vendors' products or a user's own in-house developed
software.

RICHEMANSHIP

Alsco present in number at the DAC were the so-called "niche"
companies offering isolated or discrete functionality rather than full
systems-level design functionality. These niche companies are able to
play one of two roles: either jdentifying and trailblazing new niche
markets, or addressing voids in current ECAD companies' products with
their own offerings. Their specific application products include tools
addressing the following areas:

] Application accelerators
. Test

] Analysis

- Simulation

[ ] Project management

] Communications

- Data base management



DATAQUEST believes that, as the process of migration continues among
the systems=-level vendors, windows are increasingly opened for these
niche companies. As these smaller players possess a high degree of
flexibility, responsiveness, and specialized expertise, they are uniguely
able to anticipate and respond to the market's direction. In certain
cases, niche company products actually complement existing major ECAD
company products. FPor example, as major ECAD companies begin to approach
the analog market, these niche companies are already offering analog
design, test, and compilation tools.

INTEGRATION

Besides the unique product offerings of the niche companies,
DATAQUEST believes that other healthy trends evidenced at the DAC were:

-

® The inclusion of alternate, third-party supplied products and

methodologies
L Alliances based on complementary technologies
L ] The relative "openness" of hardware and software to include or

complement other systems and solutions

These trends all spell integration in the larger sense. By
integration, we mean tying together applications within each of the
design cycle phases to provide a cohesive design solution., Integrated
test and simulation product anncuncements clearly demonstrate the level
of sophistication of the current design tools.

DATAQUEST believes that the integration of microprocessor development
systems, computer-aided scoftware engineering, logic analyzers, and
automatic test equipment represent new directions which the industry must
now take. Vendors must begin presenting the buyer with a clearly
comprehensible product line, one that makes sense rather than one that
merely occupies shelf space. Only in this manner can vendors hope to
truly integrate their products to meet users*® total design needs.

FEATURES VERSUS BENEFITS

The focus of the vendors at the DAC Seemed more on the competition
than on design solutions, which is understandable when the competition is
in an adjacent booth. However, the customer is not a marketer, but a
relatively sophisticated engineer seeking solutions to design problems.
The benefits of any particular design solution must be readily apparent,
and ideally must integrate with systems already in-house, as well as
provide significant c¢ost advantage when compared with the cost of
non-implementation. The design solution must also integrate with future
products, as no customer wishes to commit to a cleosed~-end technology.

-



Engineers are well aware that technological leads are short=lived.
Precisely because of this, we believe that they will choose systems that
allow for add-ons, upgrades, or enhancements to take advantage of
whatever the leading edge may be. Buyers also want to believe in the
integrity of the vendors' product: Will the product perform as claimed
and will support be there when needed? In short, buyers purchase a
product's benefits, not its features. By c¢ontrast, the DAC seemed
replete with ®"features"™ hype, and rumored performance replaced
benchmarking.

Should this feature-marketing trend persist, customers will be
hard-pressed to differentiate products. What will be left is confusion.
For example, two companies announced “gridless® printed circuit board
{PCB) layout systems at the DAC, Asked to distinguish their products,
the company representatives replied something about "dynamic gridding®
versus "truly gridless." A gridless system would seem to be an
advantage, if you could be sure you bought the right system and not a
buzzword. DATAQUEST believes that differentiating products on the basis
of intangible features alone can be a very risky gamble indeed, and can
confuse the issues, The question raised is: What is being sold=-=the
products' features or its benefits?

DATAQUEST ANALYSIS

The 22nd Design Automation Conference once again outdid the previous .
years' shows, with 6,200 people attending the exhibits and conferences
(3,800 paid attendees wversus 2,400 vendors and free passes). The
interest level in developing and improving the electronic product design
process underscored the end user's need for comprehensive and cohesive
solutions.

Like any high-technology industry, product introduction rates, vendor
learning curves, and product line mixes experience growth similar to the
industry itself. Although electronic CAD/CAM as an industry is not so
young, the vendor's current focus on general design automation tends to
reposition the industry into the early growth stages of an industry life
cycle. Illustrated by the products at the DAC and the growth of the
ECAD market itself, the industry is maturing beyond a simple focus on
product features to a focus on the benefits of new design automation
solutions.

DATAQUEST identifies several issues relating to the long=-term success
of  the ECAD market and the companies that comprise it, and to the
advancenent of the electronic product design process.

Integrity

With s¢ much emphasis on features, benefits, intangibles, rumored
performance, and hype-filled 9glossies, one has to wonder how a new
company, or at least one with a good product, gets its message across
without getting lost in the shuffle. There is no question in our minds
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that the marketing- versus engineering-orientation of the ECAD vendors is
here to stay. We believe that is inevitable, However, we also believe
thatt the marketing focus must concentrate on long-term customer
relationships. To do this, DATAQUEST believes that it is critical for
vendore to not only focus on what their message is, but also on living up
to that message. A&s the industry matures to a marketing orientation, we
believe that companies must concentrate on the following:

[ Differentiate between zannouncements, introductions, and delivery

[ ] Define product specifications and target market strategies from
the beginning

» Recognize internal strengths and weaknesses as well as the
competitors' strengths and weaknesses

® Sell internal strengths, not the competitors' weaknesses
. Be willing to perform comprehensive benchmarks

® Develop product solutions and benefits that match the user's
problems and needs

We believe that integrity is c¢ritical to the long~term success of
both companies and the industry. This is due to the high degree of
competition and the speed with which the industry changes. Integrity
refers to integration of internal product lines as well as to a company's
public and corporate image. Without it, buyers are left to a random
decizion-making process. As competition apnd change continue to
accelerate, we believe that the scphisticated engineer will seek out
those vendors that demonstrate sound product strategies, benefits, and
features.

Marketing

With the growth of the industry, responsibility for product
definition and marketing strategy shifts from a solo engipeering
performance to one directed by marketing and perhaps shared with
engineering. It is marketing's responsibility to differentiate the
product from those offered by the competition and to separate facts from
fantasy. It is clear that marketing's reole is twofold:

. Perform classical marketing functions
[ Ensure that technology does not have to sell itself, by itself

As the degree of automation and integration increases, companies must
take a pro—-active role in educating, marketing, selling, and supporting
their products. We believe that those that do not take an active lead
will not only succumb to competitive pressures, they will also confuse
and clutter the industry.



Flexibility

Where did all the traditional turnkey companies go? Although at the
conference in force, the traditional turnkey companies (i.e., Applicon,
Calma, and Computervision} are late in providing the front-end and full
systems-level design capabilities offered by companies such as Daisy,
Mentor, and Valid.

Perhaps established and high=technology are mutually exclusive terms,
and that if a company maintains pace with ever~changing technology it
cannot also be large and bureaucratic. We do not believe that this is
entirely true, as one very large company (Tektronix) introduced its
products at the DAC with all of the focus, integrity, and functionality
of any of {ts younger competitors. Managing growth is the obvious
challenge. However, the possibility exists that even the young stars of
today's market will become entrenched in their own politics and miss
moving-target market oppoctunities,

We believe that the focus must be on providing soluticons to, rather
than products for, the design automation problem. To achieve this focus,

vendors must be flexible enough to react quickly to changing design,

methodologies, as well as to the changing technologies of the products
themselves.

Barriers to Entry

Given that wvendors must be flexible with a strong marketing
orientation, they must also protect their market positions and installed
bases. Developing or capitalizing on barriers to entry is a short-lived
luxury with tremendous protection payoffs. Recognizing that barriers to
entry can take many forms, DATAQUEST believes that these barriers are
undergoing a transition.

The number of vendors at this year's DAC increased to 76 from 40 the
previous year. Not only did the number of vendors increase, but the type
and scope of these companies changed. Companies with a strong hold in a
particular ECAD application segment are experiencing competitive
pressures from what seemed to be outsiders. The barriers to entry are
being broken down, One example is printed c¢ircuit board CAD applications
and the ever-increasing types and numbers of companies offering them.

If a company's barriers to entry are short- rather than long=-lived,
it can expect steady and increasing competitive pressures. We believe
that this situation is an excellent opportunity for the company to form
strategic alliances with which to balance its features and barriers to
entry. However, strategic alliances that offer advantages which
competitors can easily obtain are, in our opinion, short-lived. ‘They
merely maintain status quo rather than gaining an edge, This distinction
is important because it focuses on the barrier as a means to an end
rather than as the end itself,

<«



‘.l' SUMMARY

The 22nd DAC proved to be a good show in terms of attendance,
interest level, and new product announcements. This question remains,
however: To what degree will the electronic CAD/CAM market be affected
by the doom and gloom of the computer and semiconductor industries? We
believe that the following applies, regardless of the financial status of
the market:

] Companies must develop and manage barriers to entry
- Marketing must take a pro-active role in directing the company

. Companies must manage their public images, maintaining a balance
between advertising strategies and deliverables

3 Companies with measureable productivity tools in general will
survive through a financially unstable period

DATAQUEST believes that Darwin's theory is in effect: only the

strong will survive. It's in the cards.

Tony Spadarella
. Beth W. Tucker
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AE SYSTEMS 85
LOW-COST PC DRAFTING PENCILS VERSUS INTEGRATED SOLUTIONS

In Henny Youngman-like fashion, the AE Systems 85 show held recently
in Anaheim, California, might best be characterized as "I went to a
personal computer show and an AE conference broke out." With few
exceptions, most of the wvendor exhibitions consisted of offerings based
on IBM's PC AT with two-~dimensional drafting functionality. Under-
standably, the low cost of PC-based systems is generating a great deal of
interest within the typically conservative architectural community.
However, we fear that these low-cost systems are being unfairly compared
with the more expensive, more fully integrated design systems. As
dramatized in Figure 1, creating such unrealistically high expectation
levels usually leads to disappointing results.

This newsletter will describe what we considered to be the highlights
of the conference and discuss our overall impressions of this important
. annual event.

Figure 1

UNREALISTIC EXPECTATIONS

Reprinted courtesy OMNI Magazine © 1985
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COMPUTERVISION'S PERSONAL ARCHITECT

Computervision Corporation announced what appears to be a very
promising architectural design system based on the IBM PC AT and software
from a French-based company that has more than 50 systems installed in
France. The new system, called the Personal Architect, combines a simple
3-D wireframe interface with AI-styled routines that guide the designer
interactively through the design process. The system is driven by
information extracted from a construction technology data base that helps
to define the geometrical relationships between walls, floors, and
ceilings, as well as aiding in the proper material selection. Plan and
elevation drawings are created by passing the appropriate cross sections
to the drafting module,

While the system seemed a little rough around the edges in the sense
that some of the system prompts were in French and the units were in
metric, it looks like it could evolve into a highly useful product. The
design-based orientation of the system is a very strong feature that goes
beyond the electronic drafting pencil mentality found on many other
PC-based products.

AUTOTROL'S 32-BIT IBM PC-BASED SYSTEM

Autotrol Technology Corporation announced a new hardware platform
based on the IBM PC AT coupled with a 32-bit, UNIX co-processor bhoard.
Unlike many of the point-source PC offerings recently unveiled from the
turnkey CAD/CAM suppliers, this product will run the full spectrum of
Butotrol's software used on the Apollo-based workstations, including
Series 5000 ({(AEC) and Series 7000 (mechanical CAD/CAM). In addition,
this product platform will be fully upward and downward compatible with
hutotrol's Apollo-based offerings. Detailed pricing information has not
yet been released, but the company did reveal that a fully functional
system running its AEC or mechanical software would be available for less
than $20,000.

ARTECON INCORPORATED~-OBJECT-ORIENTED SYSTEMS -

Artecon Incorporated is a new start-up founded by Jim Lambert, a
former Calma Company engineer from Carlsbad, California. Artecon has
developed an object-oriented AEC system based on the Sun Microsystem
family of engineering workstations, In addition to the elegant,
woodgrain, works—-in-a=-desk styling, the system features a visually
appealing icon-user interface. This user interface is similar to
Autotrol's Steel 3-D arrangement except that the ioons are color coded to
specific functions, adding an even greater level of clarity.

Although Artecon's current application functionality is very limited,
this system appears to have a strong foundation for future developments.
Artecon plans to develop modules for site planning, road layout, bridge
and building construction, drafting, solids modeling, and project
scheduling. )



Lol

SROK'S HANDS-ON TRAINING

Although Skok did not announce any splashy new products, it was the
talk of the show with its 4,000-square-foot main exhibit and a second
800-square-foot exhibit used as a bhands-on training lab, DATAQUEST
applauds Skok's innovative hands-on training booth, where users got a
first~hand feel for the Artech personal workstations during the half-hour
gesgions, Instead of wading through the seemingly endless array of
canned demonstrations, we found this personalized training approach to be
very useful, informative, and refreshing.

We also thought that the park-like setting of the main exhibition
booth was both unique and attractive. Although sometimes maligned by
competing vendors, we believe that the main booth reflected Skok's keen
eye for appealing architecture, and was closely aligned with the
company's intended audience. After all, the AE Systems show caters to
people whose . very livelihood depends on designing cost-effective,
appealing architecture.

CALCOMP'S CADVANCE PC=BASED SOFTWARE

From California Computer Products, Inc.'s recent acqguisition of
Personal CAD's AEC group comes a new program called CADVANCE. CADVANCE
is a completely rewritten AEC-based software package designed for
IBM personal computers. CADVANCE uses the same basic menu structure
found in its earlier predecessor, CADPLAN, but has vastly improved sgpeed
and functionality. Some of the major functional improvements include the
ability to do macros and nested display commands, and a much more
powerful dimensioning capability. The system also uses a fully
relational data base and allows data entry in user~defined units.

AUTODESK'S APOLLO AND_SUN WORKSTATIONS

Autodesk, Inc. announced that it will begin to offer AutoCAD on the
Apolle and Sun Microsystems engineering workstations. Product
availability is expected sometime during the fourth quarter of this
year. Information on pricing was not available. DATAQUEST believes that
this product is significant because it signals Autodesk's intention to
offer a UNIX-based system in an environment that has been dominated by
vendors who provide software and hardware integration with direct sales
and support. Autodesk does not currently provide hardware support and
integration on its popular PC-based systems.

Another interesting note about Autodesk: although its booth at the
AE Systems show was small, it was virtually swamped with people. It took
nearly a superhuman effort to get close enough to look at the systems.



ENERCALC'S LOTUS-BASED STRUCTURAL ANALYSIS

Tucked away in a corner of the show was a little company called
Enercalc, which has developed a powerful structural analysis program that
runs under the [otus 1-2-3 spreadsheet program. By using lLotus 1-2-3 as
a menu template, a2 user can type in the appropriate input parameters and
get nearly instantaneous answers in the areas of structural steel,
concrete, and timber design. The system is well documented and comes
with 26 user modifiable templates for $79S5.

ROBO SYSTEMS'