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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DOCUMENTATION ON DESIGN AUTOMATION SUBJECTS -
Part 1: EDA Industry Standards Roadmap

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote

int Ids. To
thig tion is
ent h may
par| liaising
with ational
Orgd en the
two

2) The ble, an
intg ntation
fron]

3) The e form
of ational
Cotl

4) In nittges unde ational
Sta i ati s. Any
div ational’ o clearly
indicated in the latter.

5) The for any
equ

6) Attention is drawn to the pogdibility tha \ ject of
patgnt rights. The IEC shalKnot b h¢ RONSI

The main task of IEC {e : i ver, a

techn|cal committee m ‘ ected

data ¢f a differ rd, for
example "state of\the

IEC 62017-1, which, s chhjcal repoft, has been prepared by IEC technical committ¢e 93:

It is . S Standards Roadmap - 1996 developed jointly by S$ilicon
Integnati Liati NC. grly CAD framework initiative, Inc.), EDAC and SEMATECH.
The text o report is based on the following documents:

Enquiry draft Report on voting
93/97/CDV 93/113/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has not been drafted in accordance with the ISO/IEC Directives, Part 3.
This document which is purely informative is not to be regarded as an International Standard.

The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

« reconfirmed;

- withdrawn;

- replaced by a revised edition, or

- amended.
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How thisBook is Organized

This book contains six chapters, summarized below:

» Chapter 1, “Introduction,” describes the charter, the three working groups that contributed
to the roadmap, and the scope of the work is detailed.

regardl ng the requi rements and the status of EDA standards W|th resp those'repuire-
ments, the recommendations for standards convergence, accel eratjon \( Standlards

> key

both
turing

' : other
&s, and the key standards that relate to those interfaceg Man-
Nnterfaces, software interfaces, and mechanical design inteffaces

How indthednformation You Want

Below are'sorme quick access tipsto help you find the information you want to read abqut in
thjs baok:

b TO accessthe l(py rn;'-ldmnp recommendations, their Inrinrity and timeframe_read Segtion 2
"Executive Summary".

» To access agiven topic’'s detailed information including the environment, requirements,
recommendations and roadmap tasks with descriptions, find the topic in the table of con-
tents and go to the referenced page.

» Thosetopicsthat relate to Design and Data Management are located in Chapter Four, since
they are related to the general design system environment.

 Topicsrelated to Technology Librariesand Models are located in Chapter Five, asthey are
specific representations of EDA design data.
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DOCUMENTATION ON DESIGN AUTOMATION SUBJECTS-
Part 1. EDA Industry Standards Roadmap

1 Introduction

1.1 Charter
The EDA Standards Roadmap Workshop was sponsored by the CAD Framework Initiat|ve
(CF!), Electronic Design Automation Companies (EDAC), and SEMATE igipa
tion by interested industry groups. The Workshop was specificaly ai N
industry-wide roadmap for development of design and test standards wi esign
Aytomation (EDA).
Th i JuiTe uderstanding
thq 0 > s 0SS
the
Th

111
A tems
ovi

112
With an understanding of the EDA industry requirements, develop a mapping to the relgvant
stixdards involved in supporting those requirements, and review the status and plans of gur-
r EDA standards that relate to those req lirements

1.1.3 Determine How to Coexist and Migrateto Improved Standards

Identify the standards changes necessary to meet the requirements, as well as the appropriate
coexistence and migration plans from today’s current situation to the target EDA system stan-
dards structure.

1.1.4 |dentify Standards Areas Requiring I mprovement

Identify potential standards convergence opportunities, areas where new focus on existing
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standards work is needed, and areas where acceleration of planned standards work is required.
Clearly identify elements of the standards roadmap in the following categories:
» Convergence of Standardsin Areas of Overlap

* New Focus on New Work

 Areas Requiring Acceleration.

el : mple-
mentation. Those tasks required in the Immediate or Short.Jerm e. end 0 998 to coi
with next generation of CMOS. 25um) will have maré€ detail than tasks,in teter timefraries.

tign plan for items in the short term.
may be less defined.

1.1.6(Ddliver Recom

CKl, EDAC and \TE ipal
inegration of the indivi yall
EIDA Standar !

Prioritize re

cil.

1.1.7|EDA S8

The Industry Council is comprised of individuals with the credentials and influence to support
theteadmap and promote industry adoption. The membership represents a broad range pf
geographic, academic, and government interests and reflects the major constituencies of the
EDA industry. Industry Council members include:

* Joseph Borel, SGS Thomson Microelectronics
* Ron Collett, Collett International

* Joseph Costello, Cadence Design Systems, Inc.
 John Darringer, IBM
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» Aart deGeus, Synopsys, Inc.

* William Evans, AT&T

 Richard Goering, EE Times

* Andrew Graham, CAD Framework Initiative, Inc.

» Alain Hanover, EDAC and Viewlogic Systems, Inc.
* Randy Harr, ARPA

Lambert van den Hoven, Philips Semiconductor
Lance Mills, Hewlett-Packard

L.J. Reed, Motorola

Wally Rhines, Mentor Graphics, Inc.

Robert Rozeboom, Texas Instruments, Incorporated

Greg Ledenbach, SEMATECH
Gadi Singer, Intel Corporation
Gary Smith, Datagquest

Kinya Tabuchi, Mitsubishi
Hitoshi Y oshizawa, NEC.

1.2 Background

Theinitial i
dgscribed inc 2

in[these docu

As indicated | A National Technology Roadmap for Semiconductors (aka, the SI|A
vS. semiconductor community faces new challenges as it moves towardls
dgsign-and manufacturing of chip feature sizes less than .50 microns. Thisisnot uniquelo the
U.S andisinfact agiobal problem. A Tew of these challenges Span the entire spectrum of
technology including chip cores, chips, MCMs, and boards (PCASYPCBS), and they require
major industry initiatives to devel op effective solutions. The SIA Roadmap states that the
magnitude of the challenges listed below demands the special attention of the semiconductor
industry leadership.

1. The National Technology Roadmap for Semiconductors, 1994

2. Design Needsfor the 21st Century: White Paper, Edited by Dr. James Freedman, VP of Research Integra-
tion, Semiconductor Research Corporation, 9/94

3. OEM Requirement as Input to National Technology Roadmap for Electronic Interconnection, 3/14-16/95
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1.2.1 Productivity Improvement

The SIA Roadmap suggests that the semiconductor industry will require productivity gains
greater than the 30% historical per-year, per-function cost reduction. Achieving projected den-
sities and projected growth will require unprecedented industry cooperation and standardiza-
tion through consensus. Many standards are required to achieve cost-effective factories; but
the EDA standards are key to the success of future design teams struggling to achieve the pro-
ductivity and density objectives.

1.2.2 fomplexity M anagement

The years 2007-2010 will see maximum chip sizes increase to 350-860 0 transi sfors
for |microprocessor designs, and 210M-430M gates! for ASIC desig
meft of designs this size will:

require very large design teams and enormous effort,

involve considerable design complexity, and

* [result in a huge amount of design data to manage.

DA-~gysterns néed to provide sophistig¢ated
iliies well beyond today’s. To support the
tive EDA solutions must be insefted

EDA Standards that support an evolving design environ-

-term research efforts has been reduced both in the U.S. angd the
Iting gap in infrastructure must be filled by members of the semi-

SO

Improvementsi tware engineering are required; software applications are now fundgmen-
tal fodesign, manufacturing, and business processes. Software development is the least per-

fected-of c||gi| Yeert 10 dlduphl €S

Increasingly, design and manufacturing of complex electronic systems requires a cultural
change, from local optimization, to global optimization of technology solutions across multi-
ple engineering disciplines. Changing industrial culturesis aformidable and time-consuming
task.

1. The National Technology Roadmap for Semiconductiors, Table 2, p. 16, SIA, 1994
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1.2.4 Technology Development Funding

Meeting the challenges of the SIA Roadmap will require an increased expenditure of
resources on research and devel opment of technology from the already heavy levels of today.
The key challengeisto clearly define requirements and find funding strategies that cover all

criti

ca needs.

Items 1.2.3 "Advanced Technology Development™ and 1.2.4 " Technology Devel opment Fund-

ing'

" above are not primarily within the scope of this work; however, 1.2.1 "Productivity

Improvement” and 1.2.2 "Complexity Management" are clearly contained within the scope of

work for this EDA Industry Standards for Design and Test Roadmap.

1.3 Stope
Thils section defines the scope of the EDA Industry Standards Roadn onic
Design and Test Areas. It includes strategic direction for key icest an-
darfs, with specific focus on the design system infrastructuite, toQ S desi key

The scopeisfocused on EDA, and is specifically focus

131

Ele
mal

13
Thi

tromi

dar

EDA systems and softwar e standardizati o (NOT stz d@zi of electronics hardyvare)
vzation of other CAD domjains)

EDA Roadmap for standards devel opment (NO al development of the standards)
~=.~=.\ or algorithm development roadmap

Electronic Des Focus
ctronic d cludes: infrastructure and tools, design and glata
nagement, desig and technology libraries and models.
1.1 The DeSig

aarizes the sta dards for the infrastructure surrounding and supporting [Elec-
i £st systerns and tools. It aso covers all design and data management [stan-
s re e-defiptition, execution, and management of the electronic design procgss.

systems, communications environment, user interfaces, tool encapsulation, inter-tool com-
munication, and general EDA development environment. These standards promote inno-
vation of new processes and methods for electronic design and test, that can be easily
inserted into the design environment (i.e., plug and play). Such standards operate at vari-
ous levels to bind tools together into design flows, and enable cost-effective multi-vendor
flows without requiring tight integration of tools.
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* Design and Data Management

Thisareaincludes all design and data management standards areas relating to the defini-
tion, execution, and management of the electronic design process and it’s associated work-
flows and data across the enterprise. EDA design tool integration and general tool
management standards are also discussed in this area.

1.3.1.2 The Design Information

This section addresses Design and Test design information (data) and the definition and re-use
of design technology libraries and models.

e[ Design Data kepresentation

Thisareaincludes all standards areas relating to the definition and reg ' Flec-
tronic Design and Test design information (data) created and used ) i pls
and/or the design team in the execution of the design process. eSi N
items as netlists, libraries, test benches, and many kinds of : A The se of
thisareaisto identify standards for EDA and point tool-suppliers 2 high
quality information exchange and data sharing throug ¢ S 0SS a

geographically dispersed enterprise.

Technology Libraries and Models
Included in this area are all standérds relating te iQn 2 bch-
nology libraries and models. KeyNi nti-
fied, and focus areas and a roadmap-
1.3.2[Technology Pac

The following technblogy a

Technol o% c
Chips

133
Th

System Level Design (i.e., Architectural and High Level Design), and

- Derated Design (i€, Detaited ogic Design and Detaited Physica Designy.

1.3.4 Key Electronic Design and Test Interfaces

The key interfaces involved between electronic design and test and other related disciplines
will be addressed, including:

» Manufacturing Build Interface
» Manufacturing Test Interface
» Mechanical Design Interface

» Software Design Interface.
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2 Executive Summary

This chapter of the document summarizes the findings of the working groups, and provides
the essentia information from which the Industry Council review presentations were drawn.
Highlights and key messages to the industry council are included for:

» recommended standards roadmaps for each of the key areas,

recommendationsfor standards convergence, accel eration, and new ar; ment,
recommendations for a modernized standards development pro
2.1 Roadmaps
The working groups and the charter are briefly reviewed £ of the

caegories of roadmaps developed, and then the roagn

2.1.1}Introduction to Roadmap

TrLe roadmap is designed to be a high level p ) EDA)
influstry to converge on a common set nda he
charter and scope of thiswork is sunhmari

The EDA Standards Roé A ] soréd by the CAD Framework Initiafive
(gF1), Electronic Design A ieS(E i par

tign by interested ifdustry~groups. shop was specifically aimed at developing gn

influstry-wide rQad design and test standards within EDA.
There were t@

th
ng

nding
er the

The charter of these working groups was as follows:

ldentify the EDA Industry Requirements on EDA Systems over time

- Immediate (Short) Term (1995-1998)
- Near Term (1999-2001)
- Long Term (2002-2004 and Beyond).

» Review Status and Current Plans of Related Standards

» Determine How to Coexist and Migrate to Improved Standards

* |dentify Standards Areas Requiring |mprovement
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- Convergence of Standardsin Areas of Overlap
- New Focus on New Work
- Areas Requiring Acceleration.

» Develop a Roadmap to the Future Standards.

2.1.2 Overview of Design and Test Categories

The information in this document and in this executive summary section is organized into cat-
eggr_l_es_gg follows:

Design System (Infrastructure and Tools)

This part of the executive summary highlights the key roadmap jte bl ated

to the

- Computing Environment and User Interface,
- Design Tool Communication,

- EDA System Extension Language,

- EDA Standards-Based Software Developme
- Design and Data management areas.

Design Information (Design Datz

This part of the executive summa yhtsthe ke ‘ [ nthe

- Common topics ! erar-
chical processit

- Common to'cs !

ethe key roadmap items relative to the key interfaces agsoci-
of “design and test”. The interfaces to manufacturing build and

the roadmap |tems can befound in chapters 4—6 Notethat each roadmap |tem asshown inthe
figuresis numbered according to the roadmap chapter and section. In the figures, the follow-
ing scheme is used to indicate priority

* High priority items areindicated by the darkest fill color (or red)
» Medium priority items are indicated by alighter fill color (or blue)
» Low priority items are indicated by the lightest fill color (or white).


https://iecnorm.com/api/?name=23e86ebc9b79fb6c7bc55ef6d56d2eed

TR 62017-1 © IEC:2001(E) -19 -

Note: All items are considered important or they would not be in the roadmap.

The start and stop points for items in the roadmaps indicate a mapping of the consensus of the
workgroups as to the priority of the requirements (high, medium, low) and the timeframe for
the item (i.e., short term, near term, long term).

@%
X
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Design System Roadmap

Near Term
(1999-2001)

Short Term
(1995-1998)

Long Term
(2002-2004+)

4.1 Computing Environment
& User Interface

- Standard Unix GUI

Adopt CDE

- Standard Non-Unix GUI
- Standards-Based EDA Env’t
- Req'ts Path to OS Providers

4.2 Design Tool
Communication

- Tpol to Tool Communication

- Unix-Windows Communication

4.3 EDA System

[Extension Lanquage
- Ext Language Functions Library
- Srategic Ext Language
4.4 EDA Standards-Based
$oftware Devel opment
- EPA Standards Envir
4.5 Desigh Manag
- Pprtable Pr
- Tool Interfac
4.6
- T
- A
4.7 |
- P
- MetricsColl
4.8 Désign Tool Management

intion

Adopt Windows /\ D

[ Certified EDA ToolboX ¥~ O\

[ Formalize EDA Irdusty-Requirerents

Adopt ToolTalk \(% N

| ToojTalk to\W?rslqms OLE

O\
Viltiple EL Suport~ [

\['Re-&¥alualeStrategic EL(S

EDA Standafds Architecture Guide

f>

s | Standard Process Descrlptlon

Standard Interface Des gn Toolsto Des gn Mgr

Standard | nterface Design Toolsto Data Mar

Standard M etafi Ie Interface

Standard Process Metrics

I I
| Standard 1/F to Metrics Collection

Al Talle oo \AL Al aao ]

- I ntertee-Communications
- Tool Encapsulation
- Tool License Management

4.9 Resource Management

(=41 A
I'\UU'JI. IUUI TAn, I_IUVIUC V\IIIIUUVVO IIILCIU'JCl(JIJIIIL_)

Adopt CFI TES

Establish EDA |ndustry License Mgr/Use Policy

No Roadmap Recommendation |
[

Figure 2.1—Design System Roadmap
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2.1.4 Design Information Roadmaps

In this section, the roadmaps that pertain to the standards for design data representation are
addressed. The roadmap shown in Figure 2.2— "Design Information Roadmap” includes stan-
dards for the following areas:

» Common Topics Across All Design Information, which include:

- Incremental Processing
- Hierarchical Processing
- Design Object Naming

Common Topics Across All Design Steps, which include:

- Timing Information
- Simulation/Test Control

System Level Design (i.e. architectural and hig
Detailed Design (i.e., detailed logical and physi

Design and Technology Re-U ibraries and Model $.
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Design Information Roadmap

Near Term
(1999-2001)

Short Term
(1995-1998)

Long Term
(2002-2004+)

5.1

- Incremental Processing

Common Topics - All Info

Support Incremental Processing

5.1

- Hlierarchical Processing
- Design Object Naming

N

Support Hierarchical Processing

Support Design Object Namip@'Std— N\~ |

Common Topics - All Steps

-C
-F
54
-g
-d
-d
-q
ST

9.5
-D
-D

- HDL Interfaces to Tools
pnstraint Driven Design Support

- Ma

- Tjming Information Support Common Tirding-Madel~ N\ |
I AN Y
- §mulation/Test Control Common Simul ation/Test @%BI\ |
5.3|System Level Design X \ %
- System Design Use Model Standard Aﬁ%ﬁﬂ@g@ulse Model Stapdard
- Synthesis Support Stand@g*or’syrg&%i zable Primitives |

\&aﬁward ({ngeﬂéce\to Eﬁﬁulatl on - OM F |

anc@d\(‘:ér\trols\fo/ Constraint Dnven Design |

oorplanning Support

Qﬁg&ﬁs\tb\%port Floorplanni ng Loop |

Detailed Design

@‘Qbﬂ\@géd Connectivity Standard

Designilechhology Re-Use

|

| |
| Converged PCA/PCB Standard |
|

| Converged MCM Standard

| Converged Chip/Core Standard |

Standards to Support Test Anal

I
Standards to Support Mfg Ana|

ata DIC'[IOHW

Standard EDB Dictionary/Classifications |

esign Object “Datasheet”

Standard Des gnObj ect Specificatilon |

- Reusable Functions (Logical)
- Reusable Components (Physical)
- Library of Reusable Objects

Standards Reusable Function Taxonomy |

Standards Reusabl e Components

Standards Based Library Building |

—

Figure 2.2—Design I nfor mation Roadmap
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2.1.5 Key Electronic Design and Test I nterface Roadmaps

Key Electronic Design and Test Interface Roadmaps shown in Figure 2.3— "Key Design and
Test Interfaces Roadmap” include:

» Manufacturing Build Interface
» Manufacturing Test Interface

» Mechanical Design Interface

Software Design Interface.

A8
Key Design and Test Inter}eg%\ém\w

Ipler N IemPN bemlan
6.1 Manufacturing Build I/F a \
- Ghips and Macrocells (Cores) Merfése/See Chip Standard |
- Boards (PCA/PCB) (thblm\teﬂ‘ace SeePCB Standard |
- MCMs N \Std yﬁterface See MCM Starjdard|
6.2\ Manufacturing Test |/F
- Test Interface % Standard I nterface for Test |

6.3|Mechanical Désign

- Mechanical 69@\/\“ Standard Interface for Mechanical Design

6.4|Hardware/ S6ft

n
- H ardware/ Int Standard Interface for Co-Design
| |

Xig e 2.3—Key Design and Test I nterfaces Roadmap

2.2 Recom tions

In|thiSsection, the key recommendations are summarized. Additional information which pro-
vides backup and support for these recommendations 1S detailed in chapters 4-6 of this book.

2.2.1 Key Roadmap Recommendations

The key recommendations of the EDA Industry Standards Roadmap are highlighted in Figure
2.4— "The EDA Industry Standards Roadmap”. Along the roadmap on the chart are the time-
frames; short term (through 1998), near term (through 2001), and long term (2004 and
beyond). The column entitled “ Current Standards’ lists key current standards in use by the
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EDA industry today, arranged in groups entitled “ Systems Design” and “Detailed Design.”
Along the bottom of the roadmap, we see “ Co-Existence’, “Migration”, and “Evolution”
which characterize some of the key goals of the roadmap strategy. Aswe move aong the road-
map from left to right, there are a series of recommended EDA Industry Standards:

» Common Connectivity Standard

In thisinitial release, which is based on the common core information model from the
EDIF - CFl DR converged model work, the baseis created from which all the other design
data representation standards developments evalve. This release establishes, for the first
time, afileformat (in this case an interchange language format, based,on't IF 3 O 0), and
aprogramming interface (based on CFl DR 1.X) which are based upg \ orma-
tion model. In addition, note the “Hierarchical, Incremental, Naming” a the base of|the
diagram; thisis denoting the significant importance of providin 3 ar the higrarchi-

i dard
a0e type (ea.m.,
S)l

SE

From this point forward, the ideais to add functionaljt
for various “use models,” based on such design topic

ol |
) B.2.1
"Technical Approach” discu g e i ail.

Refer to 5.4.4.1"Converged|ndu i ivi itignal

, uding
Aiulti-chip modules) is added to the cominon
eloped in the previous step. There are two stan-

(S phase; onefor boards and onefor MCMs. A filefor-

In this phase, th
PCBs (prlnted g

s.described/above. Thiswork should begin as soon as possible, gnd
iationshould be initially based on the EDIF 35 O for PCB (and eventu-

of chips (cores or macrocells) are supported. A file format and Pl are both availablejand
arebased on the extensions made to the common information model.

Over time, the defacto standards of today which contain chip/core information will con-
verge into thisindustry wide standard. For example, the roadmap says that the timing
information which is today contained in SDF files, could in the future be contained in a
“chip/core” standards-compliant applications database. Because of the standards strategy
of information modeling, followed by afile format (or language) and aPl, it ispossible to
co-exist with legacy standards (e.g., the SDF), while migrating to a new standard (the
chip/core standards). It isimperative that vendor tools be devel oped as soon as possible to
this new standard to meet the design requirments detailed in Chapter 5; however, because
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of the ability to co-exist with legacy standards while migrating towards new standards,
new tools which operate from the new standard can exchange information with legacy
tools. EDA vendors can migrate to the new standard when their business situation dictates.
At any point in time, the industry would have some vendor tools which operate on legacy
standards, and other tools which capitalize on the new standard, and the strategy recog-
nizes the redlity of this, and supportsit.

Current
Stamdards

System Design

VHDL 2
Verilog 3
c S

Other
Detailed Design

E IF3OO >
CFf DR £/
ED F350 £/s
STIEP AP2XX]

'SII / Lpglcal | Physical
(CE/HSPICE r\| or agrom@l ‘

hce/Route]

-D-35X : '

nmon
ne

P COM-
prehensive than Verilog for system design, it is recommended that we start to build the ini-

tial system design standard base using VHDL as a base from which to determine thg
Information model. Similarly, the information model developed from the above step can
be extended if necessary to completely cover the information model requirements for Ver-
ilog. Additional requirements to support any additional new system design language
reguirements can also be factored into the information model as well in asimilar fashion.
From this converged information model, a system design standard with a Pl can be devel-
oped, with appropriate mappings to any HDL (e.g., VHDL and Verilog).

Using this strategy, for VHDL as an example, would allow the vision to be realized for a
new VHDL use model standard; i.e., thereis an information model, from which afile for-
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mat (i.e., the language, which in this exampleis VHDL and aready defined) and a pro-
gramming interface is developed. A new VHDL use model standard can be released in the
near term which includes both the language and a Pl to access that information in Pl-com-
pliant tools. Over the long term, the strategy states that for the file format, the system
design standard should move to a common exchange file format which supports incremen-
tal processing.

It isimportant to note that to the extent that the information modeling efforts between
VHDL and Verilog overlap (i.e., the information being modeled is the same information),

then the PI to access that Information Is identical. Over time, as extengons are made(l:o the

system design information model (e.g., for analog support), the Pl for those nsis
the same for both VHDL -based and Verilog-based customers, evefl thoug the le format
representations (i.e., the languages) are different. It is anticipated Qe and
more applications will migrate to the Pl approach for data & whkeredata shar-
ing is desired. It would be very desirable that the informal forts ibed
above be converged between VHDL and Verilog, but d tg achieve VHDL -

based or Verilog-based use model standards which-he
It should also be noted that this strategy for sta is developm upports the identifica-

tion of areas where VHDL and Verilog have a dire Ing.(e.g., the areas wherelthe

information model and Pl are thé s , as yvhere the information| mod-

els are different, and hence where S (& s would be different. The cre-
aciliteted by thisinformation modeling work;

however, it must also be noted that b erencesin VHDL and Verilog,|trans-

lation between tho ges i not@abitomatic, and human intervention may

se,the goal isredlly to not require data frans-
lation, but to useY ased strategy to help us co-exist with the
existing | . e migrate towards an information and data sharing

erived file format (designed for effective tool to togl data
information, not designed to be human readable) would
specific language dependency to be reduced over time, and this
languages, including graphical representations (non-textual) to
=4 port by the system design standard and PI, and thus be |ess dependent on
. Refér to Figure 4.2— "Open EDA Data Interoperability Architecturg” for
;! ents on co-existing with legacy languages and file formats. Ultimatgly, it
will be a combination of the users and the tool developers who will determine the rate of
movement from the traditional system design language based approach to more picture-

based System design approaches which are to be supported Dy the Sysiem design Stan-
dards. Again, this strategy for standards evolution is independent of that rate of change.

Common Test Standard

In the area of test, it isalso envisioned that later in the decade, perhaps in the near term, a
common test information model for test information should be devel oped, from which
existing legacy test standards can be supported, and yet a common test standard can be
developed to enable new design and test support software and hardware to be developed to
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meet emerging design and test requirements. In the same fashion asin the other standards,
the test standard also would have afile format and Pl avail able based on the common test
information model.

2.2.2 Coexistence and Migration

The roadmap recommendations described above would be extremely difficult to achieve with-
out an effective method to coexist with today’s standards while we are attempting to migrate
to a better standards-based future

dards
d stra-
exi st-
ymat)
vail-
ified

ords-
n the
oper-
ans-
ieved).

fop cess (i.e., format
el | jter-
ou as primary design representations. Coexistence

ed by the trandlator set, and new tooI developmen
Pl
store
hnol -
from
/AN,
, yet

2.2.3|Areas of Convergence

This section summarizes areas where ongoing standards work has considerable overlap. This
overlap has been identified, and the recommendations contained here are that certain stan-
dards be strategically converged. Table 2.1: " Areas of Recommended Standards Convergence”
summarizes the recommended convergence of standards.

Asindicated in Figure 2.4— "The EDA Industry Standards Roadmap”, examples where stan-
dards efforts must be converged include:

» The convergence of EDIF 30 0 and CFl DR 1.X into an industry standard which encom-
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passes both of them. In the figure, the base core information model and the common con-
nectivity standard reflect this approach.

The convergence of common design topics such as timing and physical parametersinclud-
ing parasitics and floorplanning, and placement and wiring information must be converged
over time into the common information model. Over time, this would imply the gradual
phaseout of several current standards, including:

- SDF
- PDEF

- |GESI

- SPF

- potentially SPICE/HSPICE

- various floorplanning, and place and wire file formats.

The convergence of standardsfor all typesof pa
mon information model from wdjichwari
oped. Use models for boards (PCA
system design language are recoram

Heformat and Pl which supportsthe cony
sndards convergence examples above, thetegt stan-
dardsin potential phaseout of selected test-related stan-

dards, includi

- IEEE DA m.common chip tester interface.

Table 2.1: Areasof Recommended Standar ds Conver gence

Current Standard Recommended Standards Convergence
EDIF 5.4.4.1 “Converged Industry Standard for Logical Connectivity
CFI DR 5.4.4.1 “Converged Industry Standard for Logical Connectivity
SDF 5.4.4.1 “Converged Industry Standard for Logical Connectivity
PDEF 5.4.4.1 “Converged Industry Standard for Logical Connectivity
IGES I 5.4.4.1 “Converged Industry Standard for Logical Connectivity
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Table 2.1: Areas of Recommended Standar ds Conver gence

Current Standard Recommended Standards Convergence

SPF 5.4.4.1 “Converged Industry Standard for Logical Connectivity

SPICE/HSPICE | 5.4.4.1 “Converged Industry Standard for Logical Connectivity

2.2.4 Areas of Acceleration of Work

n|this section are areas of ongoing standards work which need an accel
t to meet current and future design requirements. A boost in fundi

m
Eﬁk vendor focus may be required to accelerate the work of devele
standard. Refer to Table 2.2: "Areas of Recommended Standards Accelera

areas where standards work should be accelerated.

atedrate of-deyvel op-

Table 2.2: Areas of Recommended/SénEN{s /

yARN
Current Work Recomrp&ﬁd%iséﬁd?n‘qs}cgel eration

OMF 534.3" SténQar}i\@w\rfaé% tob\es\ér% nalysis Tools’

Tool Talk 49.4.1" nte?nbA()I Co\aqn ic\af\ons: Adopt Tool Talk...”, others

Tool Management /4%4.%Fst\aQIi§t@%A Nﬁa{y License Manager/Use Policy

DCL Project 013 f{:&n@q\e Delj%/Proj ect and Extend Beyond ASICs’

Bamplesin@:at ory iaclude: \l{)}nent of HDL independent standards (e.g., OMF).

New
to
stan-

Table 2.3: Areas of Recommended New Standar ds Wor k

Related Standards Recommended New Standards Work

Tool Talk, OLE 2 4.2.4.2 *Provide Windows Interoperablilty for Tool Talk”

VHDL, Verilog, C | 5.3.4.1 “Standards for System Level Design”

Library Standards | 5.5.4 “Roadmap - Design and Technology Re-Use”
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2.2.6 Areas Where Additional Roadmap Work is Required

In this section, areas which require additional study to complete a detailed roadmap are
described. In these areas, the working groups ran out of time and/or resources, and it was
determined that additional follow-on work is required before conclusions can be reached.
Refer to Table 2.4: "Areas of Recommended Additional Roadmap Developmentfor alist of
areas where additional roadmap devel opment work is required.

Table 2.4: Areas of Recommended Additional Roadmap Dev?kopm{nt
Related Standards Recommended Additional Roadmap D elépr@nt\\hbr{

| ibrary Standards | 5.5.4 “Roadmap - Design and Techno/legx\ge-\{éa”\ \/
Board Standards 5.4.4.2 “Converged Industry &apd(a\(or B\}&dheckagé'

Data Management | Chapter 4 Design Data, RW\R\Q@WQmem

lanufacturing Test | 6.2 Manufacturing Test Ir({

Mechanical Interface | 6.3 MechaplcQD% @éf/afé <\) ‘\>

software Interface | 6.4 Softwarkgégﬁlqtéﬁa\m ?H\_cMé\re/Software Co-Design

—

2.3 The Standards

This section descril S enviyonment and provides recommendations for
the future.

2.3.1|Current
TTe most wide ] standards sypport tool interoperability through the use of “standgrd”
interface fi fandards efforts working on the definition of these file formats tend to
bg some iSeihted, and1o a degree, competitive. This leads to the necessity for industry
pl ihel ppo all of these different standards, or pick the one(s) they feel most
liKely to-satiShy theireustomers. To complicate matters, the standards tend to differ not only in

fofmat, but.akso in gontent and in the basic structure of their information models. For example,
the basicinformation model for EDIF 3 0 0 electrical connectivity isdifferent from that gf CFl
DRXX or STEP AP2XX. Thisleads to afurther need for translation software to conveit
between these different standards, which 1s costly, short Tived, and proneto errors.

To meet the challenges of the future, there are a number of standards related needs that must
get into focus:

» EDA standards efforts must be harmonized in line with asingle “roadmap” (as described
in this document). Some harmonization efforts have started, such as between CFl and
EDIF, but thisis*ad hoc” and without long term targets or goals. Thereisconsiderable con-
fusion and frustration acrossthe EDA industry, the ASIC suppliers, and the end-user design
community. A roadmap-driven standards effort will offer astrong and stabilizing basefrom
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which to build more effective long term set of standards.

» The time period from standardization to the appearance in commercia products is much
too long. A considerable reduction in this time should be a mandatory requirement in re-
forming the standards development process. The time required for standard identification,
definition, industry acceptance, and certifiably accurate implementation needs to be ad-
dressed, and requires much closer cooperation between EDA industry participants.

2.3.2 Standar ds Development Process Recommendations

nage-

na

data
0 be
ted

increment : preach can also be used to provide a strategic Pl interface

between ' . icatiqp which enablesthe support of legacy file foymats

while coexistirigrandhmigrat This
brela

ctal source of the data (e.g., an SDF or anew converged
e timing information).

t approach is designed to support the exchange/archival of design informa-
akes sense; e.g., when passing data between two companies, or a devel-
opment site and a manufacturing site (where the programming interface concept of ¢lata
sharing may not apply). Clearly, file formats also provide a base from which to translate
design data where trandlation is an effective mechanism.

It is possible that a binary computer readable (not human readable) file format which is
based on the information model can be developed which is suitable for data archival and
incremental data exchange between information model compliant applications.

Both the file format and the programming interface should be devel oped and delivered simul-
taneoudly, as new releases of the standard evolve.
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To better convey this concept, refer to Figure 2.5— "Vision of Standards Development™. The
concept isasfollows:

» The Common Connectivity Model

A common core information model is developed (in EXPRESS) for fundamental design
connectivity (which is the same connectivity model for all package types). That common
connectivity model must also ensure and record the mapping and relationship of all logical
and physical information about the entities being connected.

The Design Topics Modd

packages, MCMs, and also
visone of aPCB. Therefore, in gen-
on connectivity model, the design
hen considered collectively make Wip the

).

Dper

on
Ror which specific design topics can extend that core model (e.g.,
various use models (e.g. a package type such as*“ chip”) can be fur-
, ause model for system level design can be devel oped. From each of
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Vision of Standards Development

Chip/Cor
vrmi
%I
cM

Tlmlng
Power
ea
est

/ Logical | Physical

Core
/ I nformation Model

(Hierarchical and Ingpemental)

qvex|ap.and competition in selected standards areas. This problem must be
Py the industry council.

ressed

It |s recommended that the industry council come to acommon agreement that all desigp data
resentation standards developed for the EDA industry be developed under the proc
described in this document, and when ready (i.e., accepted by industry), be submitted to asin-
gle standards body (e.g., IEEE, EIA, etc.) for formal standardization process and life cycle
management.

2.3.2.3 Pilot Programs and Prototype Devel opment

Any new standard or significant new release of a standard should have a prototype implemen-
tation using the draft level of the standard to form a candidate standard.
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Such prototyping or pilot programs should be targeted at real-world design problems using
real EDA tools, modified to support the draft standards involved. It is viathese pilot programs
that key issues with the draft standards get identified and resolved before balloting as a new
standard. Coexestence with legacy standards as well as support to migrate to the new stan-
dards must be demonstrated.

2.3.2.4 Test Case Development/Management

Test casesfor Iarge chip designs should be gathered (or constructed) and made publ |cIy avail-
- . s = avelopec = Jniver-

world
t and

frerk

2.8.2.

A ignifi gle 3 should have a conformance off certi-
figati i hote
tr icgtion
sh imple-
me

2.8.2.6 Productj zati
dustry suppé%

dards
igh to
sffort
ne
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3 Electronic Design and Test Environment

In this chapter, environmental topics that are relevant to the effective design of complex elec-

tronic systems, are discussed. Many of the pressures on design and CAD integrator teams are
identified and discussed.

3.1 Emerging Paradigm Shifts

Sipnificant paradigm shifts within the el ectronic design community
the face of design and practices, and imposing new requirements G
These are discussed in this section.

311
Phas

esign

O-

area

g. Deep Submicron semiconductor technology, is forcing majof dis-
Al design methods. The complexity and scale of integration, and signif-
errors, promotes a reeval uation of design practice and agreat incregse in
nn| ng

des gn process.

3.1.4 New Architectural and I ntegration Concepts

The massive size of chipsis enabling the integration and increasing re-use of chip cores and
other design objects coming from different application domains (e.g. telecommunications,
computing, biomedical) into one design. This will demand whole new architectural concepts
and may include much more programmability to turn general architectures into application-


https://iecnorm.com/api/?name=23e86ebc9b79fb6c7bc55ef6d56d2eed

—-36- TR 62017-1 © IEC:2001(E)

specific products. Thisin turn will drive the development of new EDA tools, design processes
and methodologies, and libraries to support these concepts.

3.1.5 Changing Business Practices

The business of devel oping el ectronics-based systems is undergoing significant change, and
thisis expected to continue during the next decade. Design, and EDA environments for
des gn are now subj ected to strmgent Return-On-Investment (ROI) analyss This analyss

eams

flow to effectively use both operating envi ronments as |f they Were one envi ronment

3.2.2 Use Diver se Databases and Formats

Many design groups do not use Product Data Management (PDM) systems today, relying on a
loose network of tools fed by various forms of netlist files. As designs get larger and re-use
becomes more prevalent, this must change. There are many different PDM systemsin use
across the EDA industry today. Product data management systems exploit relational databases
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aswell as object-oriented database technology. This area of database technology isarapidly
emerging technology and thisis expected to continue. The challenge for EDA systemsisto be
able to exploit and capitalize on the best data management technol ogies as they emerge.

3.2.3 Use Toolsfrom Multiple Tool Vendors

Thereisacritical need for new EDA toolswhich help designers meet goals for minimum time
to market of therr products Deﬂ gner productivity isamajor |ssue now, and the pressure on

d signer produ A only increase as technology moves into deep sl lll on ommer -
il EDA companies will continue to strive to develop new tools and capg es that 'mpet
prductrvrty needs. It is clear that the “best of class’ toolswill not all co ene'vendor,
especially when the time pressure of the SIA Roadmap is considereg Jtiple
vandors need to behave asif they come from one vendor because GA Dhintegratorsanddesign-
erg will want to use the best practice tool in their design flow eir

cgmpetitive advantage.

size.
, higrar-

- ) ! pCess
fof each of these design elements, in asoncurral Jineering i , Wi ajor
challenge. It is expected that improve [ CESS'8 il he

As designs become larger and more complex,
In order to keep track of the state of ¥arious &

Thereisaco \teams to minimize the cycle time associated with the
dgvel opment gtically increased complexity of the electronics. While
the design cyclg g longer, there is a strong demand to increase the “cir-

cuits per day” C ! even as design complexity grows. This must be accgm-
ol{shed i )

3.2.6

As aways, IR e pressures to minimize design costs. Magjor contributors to reduced fevel -
ogment costs inchide reduction of design schedules, and production of adesign that is “|cor-
rect’thefirst timeinto manufacturing. Thus, there is constant pressure to shorten cycles and at
thesame time, maintain or improve quality.

3.2.7 Maximize Return-on-lI nvestment (Price/Perfor mance)

CAD integrators and design groups are well aware that their EDA systems design environ-
ment is a costly factor in the total cost of developing a product. At the same time, the product
could not possibly be developed without significant investments in design technology. The
goal is aways to minimize product development time, at maximum price/performance of
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physical assets such as workstations, PC’s, operating system and communications software,
and EDA software from multiple vendors. Measuring cost-of-ownership and return-on-invest-
ment for design technology is becoming a common objective in many design groups. Thereis
agrowing pressure on design groups to run themselves like a business, with investment in
design technology being a significant portion of their operating costs.

These pressures on designers and on the CAD Integrators that support them imply several key
requirements on the EDA System, and on the design information contained within the EDA

System. The Design System Environment and the associated EDA domain data standards are
b1[h kKey elements of the enviTonment.

This environment creates requirements in major categories that are identifi ign
Syistem Environment, and the Design Information Environment. Addti i tal
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4 TheDesign System (Infrastructure and Tools)

This chapter includes the computing environment and user interface, design tool communica-
tion, extension language, software devel opment environment, and several design and data
management areas. These topics are primarily domain-independent topics, but with an EDA
focus.

4.1 Computing Environment and User Interface

ydpws
$ have

The computing environment of the next decade will include UNI
ogerating system environments, and potentially some others.
certain implications as described briefly below.

4.1.1|Current Environment

Two main platforms are in widespread use for EDA o)y igh-end
server engineering workstations runni ig [ R nines
rupning variants of Microsoft Windows [ he& ‘ ipeesi using
UNIX applications, while PCs with Windowsare us sele igns, and

Prpogrammable | C designs, and some A esi [ ytions

of |the design process).

The most popular plat : ‘ i ion| The
fayored computing gxvi i

SunSoft @O
Hewlett P;

many

bers of the COSE alllance and are, or WI|| very shortly be, compllant W|th CDE (Common
Desktop Environment), that will be the standard graphical user interface and window manage-
ment environment.

In the PC world, Microsoft’s Windows (Windows 95, Windows NT, etc.) is aclear |eader.
Also, OLE 2 and Microsoft endorsed CAD standards continue to lay groundwork for future
EDA applications on these platforms. It is anticipated that Microsoft Windows and its variants
will be the dominant PC operating environment over the next decade. Some leading analysts
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have indicated that Windows will emerge as a more widely-significant EDA operating envi-
ronment, though a significant investment in EDA applications redevelopment for that environ-
ment will be required. The availability of back-porting kits for Windows-based applicationsto
run on UNIX workstations, as well as on PC platforms based on Windows, will continue to
promote a merger of the EDA marketplace into one large market divided into overlapping sub-
sets, rather than the more distinct and separate markets of today.

Apple OS 7 isthe environment for legacy Apple hardware, with OS 7.5 on current Apple
PowerPC platforms. Current announced industry strategies from Apple indicate PowerPC
:'I OIS Wit e Tigrating tOwWeard e Coptand* oparating SyStaT “'V‘l]l"" [1dl -S
oday.
EDA
3e major

e,
work-

St IOI‘IS

y Sep-
n for
€ nuni-
cae and cooperate on asngledesg ~This techn i , Wi Dtus

95. Itlstooearlytotel [ : Set this [ [ /iron-

4.1.2 Require@
low are list

d multiple operating environment described above, the inmpor-
essof the suppliers, the environment, as seen by the user, must [pro-
s and “look-and-feel”, independent of the underlying hardwarg and

by
gacy

€ OptimiZ € fearning curve 1or designers moving to New p ms or
OS environments is minimized. Since the coexistence of UNIX and Windows based platforms
and applicationsis now occurring, there is both a strong need, and real opportunity to identify
standards for common operating environments, and for commercial industry to realize and
adopt these standards.

In order to maximize the effectiveness of design teams, the operating environment and user
interface of the design system and its tools play an important role. Standards need to be estab-
lished that minimize the learning curve for designers moving to new platforms or new operat-
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ing system environments, whether they are UNIX-based or Windows-based. In many ways,
the UNIX and Windows environments have migrated to the point that they are similar enough
to each other that a user of one environment can quickly adapt to the other. Only recently has
the UNIX world had the ability to exploit acommon user interface that is similar to that of
Windows (and Mac), with the advent of the Common Desktop Environment (CDE). Thereisa
requirement for EDA vendors to adopt these operating environment standards in order for
designers to maximize the EDA and design technology resources, regardless of platform and
operating environment.

4. 122 Consstent EDA Envitonment

ective, the Ell working group feels
ey interfaces of CDE, Windows, and Macin-

and Windows as players in the next decade, and
awiriner or emphasize one over the other, recommends

ould™be pefiodically reviewed as new environments evolve (sugh as

DCUS should be to provide the EDA user community and possibly thef EDA
\ )y th a standards-compliant environment for EDA software devel pp-
ndus-

g
QD
8
o
o
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4.1.4 Roadmap - Computing Environment and User Interface

This section provides recommendations for the graphical user interface and EDA devel opment
tools.
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4.1.4.1 UNIX: Adopt CDE as Graphical User Interface

The recommendation on thisitem isto adopt CDE on UNIX platforms as the standard for

graphical user interf ace desktop management. Interoperability withtheW  indows environment
isan emer ging need. See“4.2.4.2 "Pro vide Windows Interoperability with T ool Talk",” for
additional information related to tool interoperability between UNIX and W indows applica
tions.

Thisitem should be adopted as high priority immediately (i.e., in the short term).

The recommendation for thisitem isto adopt W indows on PC (angd/ox platforms
~ doyvs environ-

ied ED A toolgin apack-
A domain negds in the

port, and

de UNIX

Lirements
D A indus-
p the OS

This section’da ents the major design tool issuesand pro  vides recommendationgfor inter -
topl cammunication standards.

4.2.1 Current Environment

Electronic design systems arerapidly e volving to geographically dispersed, netw ork based
environments. Major design tool impro  vements are needed to meet the challenges of the
future. The designers are struggling to manage the design process with the massi ve amounts
of datain volved. Approaches are needed that enable tools to perform cooperati ve computing
via collaborative efforts on design problems. It must be possible for toolsto interact in intelli-
gent ways viainter -tool communication and messaging, reaching acrossthew  orldwide net-
work.
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4.2.2 Requirements

4.2.

2.1 Standards for Inter-Tool Communications

There is arequirement to reduce design cycle time in key design loops by maximizing inter-
tool communication and interoperability performance. Through the use of dynamic inter-tool
communication between active applications of incremental design changes, as opposed to
sequential file translation and transfer of entire design sections, the overall cycle time for key
des gn process Ioops could be s gnlfl cantly reduced The reqw red part| Ci pat| on of the dESI gn

age

4231
The

d by CFI asthe standard inter-fool

mes age Dictionary (draft) standard that
meg s datlon for Tool Talk with the appropri-
ate Meet all known requirementsin this cate-
gory i

In gddition, 50N3 ol Ta se provided to meet requirements for inter-tool com-
muni : Parerenning in the Windows environment and those in the

UN

me
tive

4241

Thi
4.2

3 dows providers). In the absence of that solution, alt
ality could potentially be found.

5 section-heludes the recommendations for UNIX and Windows platforms.

4.2 UNIX: Adopt Tool Talk as the Standard I TC Mechanism

ty would best be provided by the operating envirgn-

Erna-

The recommendation on thisitem isto adopt Tool Talk on UNIX platforms as the standard for
inter-tool communication.

Thi
4.2

s item should be adopted as high priority immediately (i.e., in the short term).

4.2 Provide Windows Interoperability with Tool Talk
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The recommendation on thisitem is to enable inter-tool communication between Windows-
based software and UNIX applications. The recommendation is that a Windows OLE to
Tool Talk interface be devel oped to enable that communication.

Thisitem isa*“new standard”, that needs funding, and it should be pursued with medium pri-
ority immediately (i.e., in the short term).

4.3 EDA System Extension Language

This section includes the recommendations for EDA systems and tool set

4.3.1|Current Environment

N pro-
from

arid non-proprietary extgnsion
nents/ The multiplicity of langyiages,
FDA design systems functionality [that

DA tools and design system Such code|s
IS poorly written and documented. This

of standard reusable EL Functions Library, including access to EDA sfan-
ds—based fa(:|||t|e£for design data repraeentatlon |nter tool communication, tool enc

offers functions and capabiliti as that
* Can be used by the application developer or by the CAD integrator/user
* provides a consistent graphical user interface where needed

« offersaconsistent set of application controls to CAD integrators/users as well as applica-
tion developers

* isaccessible from al popular extension languages; today this includes CFl EL (Scheme)
and PERL.
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4.3.2.2 Standard EDA System Extension Language (EL)

In the short (immediate) term, in order to support legacy extension language contributions,
multiple extension languages may need to be supported. However, over the near and long
term, asingle strategic EDA extension language (EL) standard is ultimately required to enable
the creation of portable, reusable, migratable, and well-crafted and documented extensions by
designers and CAD integrators. This EL must have the following characteristics:

 Easy to learn and use

ecution

Provides accessto EDA design data and design system objects
able EL Functions Library, including access to EDA standards
data representation, inter-tool communication, tool encapsutati
structs, etc.) as indicated above

Allow binding of C/C++ code

Portable across all vendor tools and operating p
the EL Library, they operate to give identica

Support dynamic module/library’loadi 0 isol ate th@L ib
EL itself)

Other characteristics as defined |

essto

4.3.3lRecommendatia

oped in the above languages, a strategy muft be
pting to migrate to a more strategic solution.

heme, which is an |EEE standard) has been previ-

DA vendors and tools, as a standard extension lfan-

. RERL /has emerged as perhaps aleading contender for the ost
Additional study to determine which of these candidates (gr oth-
Strategic EL for the EDA industry, is recommended. Therg isno

mportant, is that access to EDA data, messaging, and other objegts be

Ieadlng to the creatlon of new or extended proprletaryextens on Ianguages

In addition, extensions to enable PERL to accessthe EL Library facilities viaan APl should
be supported, along with tools to assist users with eventual migration to the strategic EL.

EDA vendors should develop trandlation and migration tools to assist in migration to the stan-
dard EL at some future major release. EDA vendors should stop extending their proprietary
languages, while continuing to maintain them.
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4.3.4 Roadmap - EDA System Extension Language

This section provides recommendations for a standardized EDA system extension language
and functions library.

4.3.4.1 Provide Multiple EL Accessto EL Functions Library

Appropriate API bindings to support multiple EL language access to acommon EL Functions
Library need to be devel oped. Languages for which this accessisrequired include CFl EL and
PERL.

extiended, to meet new requirements (e.g., DR object access, TES ob
acqess, etc. per 4.3.2.1 "Standard EDA System Extension Language
forl EDA Extension Language).

Thjsitem should be adopted as high priority immediately
4.34.

Additi
By ile.,
CH rm
(i.e.,
Al , migra-
tio ic EL
wh

4.4 E
Th sed
de\

{ronment described in section 2 "Executive Summary", is driving thejneed
gopersincluding EDA vendors, proprietary development in user companies,
andl inuniversity and other remarch envi ronments to devel op their products to operate or] mul-
A2 Aare-en ~ ‘ ame

time, devel opment of applications should be doneto a number of various other EDA stan-
dards, as documented in this roadmap. Porting or simultaneous devel opment of standards-
based tools compatible with all popular environments will be important in ensuring timely
availability of toolsin customer environments, and in the cost of insertion into commercial use
at reduced cost.
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Developments in the university and other research environmentsis now done in an “ad hoc”
fashion with no direction from the EDA industry to enable innovative new tool development
and easier adoption by the industry.

4.4.2 Requirements

University, research, commercial and in-house developers of EDA tools need standards to

assist in reducing the cost of development, and improve the standards-based quality of EDA
software solutions for design problems,

T ereisarequirement for a“standards—based development environment’ (i.e.,develepr

idglines
ionsto
ied by
oufd overview the concepts, architecture, and relevant EDA

yironments, inter-tool communication, tool encapsulation,

N successful completion of the application. This document sholld
ce document for standards-based EDA software devel opment.

An overview of sdch an architectureis given in Figure 4.1— "Open EDA Enterprise Architec-
ture’Fhere are several important considerations of note in this architecture, including

* The use of inter-tool communicationsin:

- tool launching (e.g., by CDE, and by workflow managers, and by frameworks

- tool to tool communications such asin theinterface to datamanagement for such actions
as “check-in" or “check-out” of design objects from or to the design workspace

- tool to tool communications for the handling of incremental design changes as opposed
to reprocessing the entire design.

* The use of Tool Encapsulation files (TES - see 4.9 "Design Tool Management") for all
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EDA system related tools. The TES files enable the automatic encapsulation and integra-
tion of toolsin a consistent manner independent of the way the tool will be launched (e.g.,

from CDE, from the workflow manager(s), or from aframework).

» The concept that all tools expect their datato be in the local “design workspace”, and that
workflow managers and framework managers should make use of the ITC data manage-
ment message set to ensure that thisis true, so that legacy tools can operate in such envi-
ronments without change. In addition, tools which would like to capitalize on interfacing
directly with the data management services layer may do so with the same ITC messages,

bt thpy are nat rmluirpd todo sn

Accesstothe EDA System Extension Language FunctionsLibrary fro
to EDA system objects (i.e., ITC messages, design objects in thedes

files, graphics support, etc.). Thisfacility makesit easy to ex
dards-based extension language and functions library.

This item should be adopted as medium priority immedia

S

EDA Extension Languages (see 4.3 "EDA System Extension La guage!

any of the'standard
access

| TES

g astan-
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Open EDA Enterprise Architecture

User Interface Management

Computing Environment: Unix/Windows/POSI X/X/M otif J
UNIX CDE and Windows

{2 Workflow M anager (s) I Vendor Framework(s)

Design Workspace : |

Enterprise
Communication
Services:

Interfaceto
the External
World

Enterprise Data
Product and Re-use

<TVPTVWW—C "MEO>COZX>C Z0~-nZm—=AXm >»0m

D =Tool has TESfile

Figure 4.1—Open EDA Enterprise Architecture

Another important part of the Open EDA Standards Architecture is the design data standards,
and the data interoperability architecture which supports those standards in away that co-
existence and migration is supported. Asindicated in Figure 4.2— "Open EDA Data Interop-
erability Architecture", afamily of information model compliant client applications can be
developed for each important legacy language or file format, as well asto vendor proprietary
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databases, which can interface to the industry standard (e.g., the chip design representation
standard). These client applications exist for both directions (i.e., import and export).

Open EDA Data Interoperability Architecture

System Design Vendor Detailed Design
L anguages Proprietary File Formats
VHDL Verilog EDA EDA EDIF ( DF
Tools Tools Vendor 1|  Mendor N Tools(' (ORI
VHDL | V+erllog | Prz)riitaryl | Proprletary /\\ E iﬂ % 8DF
VHDL Verilog | |Vendor 1] |v do }&I\t/ SDF
Client Client Client \CQen Client

e

Informati on/bmdé\f‘\\)q\mgt\rér

$. The

standards

4.5.2 Requirements
4.5.2.1 Standards for Design Data Object Asset Protection

There are requirements for standards for license management that support protection of intel-
lectual property assets for design data objects. There is some overlap in the requirements to
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protect design data object assets and the requirements to protect design tool assets. The need
for asset protection spans a variety of design data objects, including re-use items such as
designs for re-use and various technology rules. Each of these examples (and many more)
demand an effective solution to protect intellectual property. It must be possible for thisinfor-
mation to be electronically distributed over a geographically dispersed network.

4.5.3 Recommendations

hile this topic is important to the EDA industry, it is beli
htely come from the OS providers. A more strategi

Deésign prejectsinyolving large design teams or large numbers of design steps and toolq are
finding.it increasingly necessary to incorporate design management automation to assure con-
sigtency and accuracy in the overall design process. While often true that design methodolo-
gies are loosely defined and enforced, there is a growing interest in formality due to the
increased complexities of semiconductor design, the number of designersinvolved with a
design entity and the necessary interaction across multiple design domains and geographic
locations.

4.6.1 Current Environment

Although there is a diversity of design environments within the industry today, the general
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norm isarather loose definition of the overall business process. The EDA design environment
tends to be captured within scripts, that define the tools required for the various design tasks,
written in extension languages such as SKILL, AMPLE, PERL, Scheme, and TK/Tcl. The
overall business process tends to be documented on paper, and to use manual procedures to
control the flow of design and information between people and organizations.

Design management (also called workflow management) tools are commercially available
from EDA suppliers and other commercial companies. Each has particular functional
strengths and capabl li |t| esin terms of wstem pl atforms supported ease of use, ease of mtegr&

ay’s complex designs.
In|the current environment or state:

Theformal definition of acompletedes € ig'acomplex, labor intensivie task
and once completed, it is not likely to be redone fox the sake of reformatting it

Customers desire theability S {gr'managers, and to change design|man-
agers with minimusa i grie become available (i.e., customer ghoice
of “best practice

from one

Many po@J of the oduicts require the ability to move design infornpation

RASSP program, are exploring the personalization and uge of
Nags, while others are doing internal research and devel opment of
esign teams interviewed, however, admit the need for formal

The.importance of automated design management is a function of the complexity of the
design process (number of different process steps, or number of design elements, for exam-
ple), the number of engineers or engineering teams involved in the design, and the required
interactions between the different design domains required for successful design.

Based on the following technology trends, the need for automation to aid in design manage-
ment will steadily increase:

» Design complexity will increase

The number of design process and checking steps that must be successfully enacted to


https://iecnorm.com/api/?name=23e86ebc9b79fb6c7bc55ef6d56d2eed

TR 62017-1 © IEC:2001(E) - 53 -

complete adesign will increase.

» Design team size (i.e., the number of engineers) involved with a single design entity will

increase

» Design interactions across multiple design domains will increase

I nteractions between design engineering and manufacturing engineering in order to design
for manufacturability will increase in importance as more sophisticated packaging evolves

as will interactions between other domains such as electrical and mechanical design

for

eyl t

yernent systems require the ability to encapsulate an
Itiple companies or locally devel oped) into the cho

standards devel oped must apply equally well across UNIX, Windows, and other popula

ks, but
at a

Al |

ingle

same

meet

odol -
dsfor

d exe-
5en

aJje-
ace

plat-

forms:

4.6.3 Recommendations

There are anumber of industry organizations who are or have been involved with design man-
agement standards including CFI, OMG, and the WM C. Government funded programs such

as RASSP and NI 1P have placed a high degree of importance on design management sy

stems

to their success and so, are encouraging the promotion of standards to meet the stated require-

ments.
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Use of ITC message passing technology and standard messages is recommended as the stan-
dard interface between design managers and tools. Therefore, it is recommended that a set of
I TC messages be developed and adopted by industry to meet the functional requirements for
design management including tool launch, tool completion reporting, metrics gathering, etc.

4.6.4 Roadmap - Design M anagement

Efforts to develop standards for workflow managed environments and a portable design meth-
odology process description should be accelerated

4.6.4.1 Design Methodology Process Description Standard

It

 Data accessinformation (user name to datafile name mapping)
 Data ownership and access authority information

» Managing concurrent data access

Managing different levels (versions, iterations,..) of design data

 Design configuration (collecting al required data at the correct level for adesign)
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With increasing design sizes, projected increases in the number of designersinvolved with a
design entity, concurrent design and globally dispersed design teams, the need for more for-
mal and automated methods for data management (and using multiple data management sub-
systems) is expected to increase in importance and provide a growing opportunity for
commercial data management products.

4.7.1 Current Environment

hage-
, jopen,
, €tC. IS
ormed when any of these data management
terms are akesit very difficult for potential customeys of
these pro te theymerits of the val ue added features because they often gannot
g i @ base on which they are built. Furthermore, the com-
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differences and often to a point where an internally
e economical.

enterprises, there is a need to move data from one data management system

graphlcal locations. This requires that the metadata (data records used by the des gn man-

management system and reformatted |nto another Th|s mappr ng needs to be done ina
fashion that guarantees no loss of information about the design; however with conflicting
and ambiguous terminology used between data management systems, thistask isfar more
complicated than simple data reformatting. Further, the completeness and accuracy of
such tranglation is suspect, again causing potential customersto favor internal solutions.

Design data management is an extremely complex problem when one considers hundreds or
thousands of design files, at different levels and versions, and which must be correctly interre-
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lated to assure accurate manufacture, concurrent use of design data by multiple people and
organizations, and distribution across tens or hundreds of computers. Further, these compl exi-
tiesare growing in direct proportion with the electronic technology advancements. That being
the case, design groups would desire the ability to purchase design data management solutions
from professionals well versed in the technol ogy as opposed to internal investment into ad hoc
solutions. However, the ability to do thisis severely hampered by the lack of basic consistency
standards as described above.

Making matters even worse, there are a number of digoint consortium or government funded
effor A are SEeKiNg o Tecti Ty Some of these probiams by Standardizing sgectedaegments

of|design data management, including RASSP, NIIIP, STEP, WfMC and, (undouktedly, gthers.

well intentioned efforts.

4.7.2|Requirements

adesign service that isinde-

the EDA applications, ajz;j’l
y the chosen design data managément
st be able to do so without imposing
for changes to those tools.

0 call jout design data management services from
des design methodol ogy workflow managed envi-

3 be possible for EDA tools to choose to integraté such
d0-$0. This ability must be available in such away sg asto
ability to choose or change the design management system

, it isnecessary to agree to a standard definition of the megning

gesign data management services. For each of these, an ITC Megsage

and adopted to support the invocation of these services independent df the
chosen managerment system and to support replacement of the design data management|sys-
tem without necessary change to the design environment or tools.

G

4.7.Z2.ZDesign Data Management MetafiTe Thterchange Standard

In order to support both the ability to incorporate multiple design data management systems
within an enterprise, and the ability to substitute different design data manager(s), a standard
must be developed and adopted for metafile data. Thisisto impose no requirements on the
design datafiles, but only on the metadata records used within design data management sys-
tems.
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4.7.3 Recommendations

To address the requirements for a standard interface between design tools and the data mange-
ment subsystem, it is recommended that an I TC Message be defined. This would support the
ability to call for the invocation of these services independent of the chosen management sys-
tem and to support replacement of the design data management system without necessary
change to the design environment or tools. EDA tools could optionally exploit these services.

It is aso recommended that the Industry Council commission an organization to work with

INndustry-to-develop themetadata standard:

4.7.4Roadmap - Design Data M anagement

Below are the key roadmap items for design data management.

It |s recommend that the Industry issue a“call to action” te_.com o5 iRdustry groups
inyolved with design data management to establish the sermanti lefin Linda-
mental design data management services. It should )SSi isto be quickly deyel-
oged using as the base those definitions currentiy\ik us vercial offerings and wjthin
the industry standard groups (RASSP, N TEP 1 compl ete, this standard set
of [function definitions should be offexed to ! C ganization (such as|EEE) for
life-cycle support and dissemination aekoss t

CFKl, or asimilar industry consortiu ssioned to devel op through its mpem-
bership, the standard ITC M ] 8 services and provide a mechanism|for

life-cycle support. This ished eifher through its own organization, the fprmal
stgndards body acceptigth iti 1e’X-Open consortium. NIHIP and its affiligtion

with OMG pe op the Object oriented class members equiyalent
tothe ITC m ferred life-cycle support organization.

Thisitemishighp term.

4.7.4.2 DesignDa etafile Interchange Standard

Inforde oo ability to incorporate multiple design data management systems
with i the ability to substitute different design data management sub-
syptem(s ust be developed and adopted for metafile data to meet the above
refjui rements

It |stecommended that the Industry Council commission an organization to work with indus-
try-to-devetopthe-metadata-standarek:

Thisitem islow priority in the short term.

4.8 Design Process Metrics Management

Design process metrics management encompasses the collection, analysis and use of metrics
about a previous design processin order to predict the needs of, and improve, a current design.
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4.8.1 Current Environment

Current methods for design process metrics management are necessarily ad hoc with little or
no support from the EDA industry. Design groups are finding it increasingly necessary to
gather and analyze process metrics about CPU usage requirements, design data storage
reguirements, memory requirements and the like in an attempt to predict their capital require-
ments for the semiconductor technology explosion. Lack of any standard methods, and per-
haps other business decisions, result in little or no customer support in this areafrom the EDA
suppliers.

ies.|Lack
pnner

etrics
ipleto
ough

ZIS

ure design densities in products.

Requirements

.8.2.1 Standard for Design Process |
ingful

all
q stan-

In|the area ofstandsrds for design process metrics, it is recommended that the current wprk in
the indostry be combined under an Industry Council endorsed group, and that standard ferms
definitions be created for use in metrics collection and reporting systems.

The recommendation to support standard metrics collectionisto develop astandard set of ITC
messages. Thiswill enable the collection of various metrics based on capturing such design
activity astools being used, by which users, for what amount of time, etc.

4.8.4 Roadmap - Design Process M etrics M anagement

4.8.4.1 Standards for Design Process Metrics
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It is recommended that the Industry Council endorse and support the activity currently under-
way at UNC (partly funded by SEMATECH) to develop EDA metrics. Thiswork should be
expedited with planned deliverables that can be adopted within the industry. In addition, itis
recommended that the work at MIT under the RASSP program in this area aso be evaluated
and the results used appropriately.

Thisitem is medium priority for the short term.
4.8.4.2 Standard Interface to Metrics Collection
It [STecommended thal the TNdusiry Council commission 0 develop astandard set af ITC

messages and an approach for commercial EDA toolsto report these me rd for-
mal.

Thisitem islow priority for the short term.

4.9 Design Tool M anagement

Electronic design tools and systems have evolved r|dIy OVE decade (though ot as

5 ) t part
of Ilfe for designers, the EDA industr 6 [ i ts
such asthose in the SIA and |PC Roadmaps Wil dri

pro-
Cess assoonasitisavailableinord N ea e . This chang-
» d and
o apsul ated into the
4.9.1|Current Envir OQme
Using EDA @n ¢ !
refiuirements for g itable
often
ion
m a
encapsulation and integration of toolsis unique for each togl in
Sis
devel-
Thefefore, there are several aspects of tool management that must be cons idered. Thefifstis

themanagementof individuat EDAtoots, that historicatty have begm Himitedto providing a set
of servicesto the individual design engineer. These services include the launching and stop-
ping of tools, encapsulating the required inputs and outputs for a given tool, and grouping
toolsinto logical clusters of tools (e.g., those tools used in design verification). Many of the
EDA frameworks avail able today provide these capabilities. Also, managing an EDA tool has
often been viewed from the perspective of a single user. However, in today’s environments,
tool management must be viewed from a more global perspective. Larger design teams are

working with a greater number of tools, spread over alarger geographical area. Asthe com-
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plexity of designs grows, larger design data setswill exist across alarger number of machines.
Tool managers must also be able to manage and track the status of tools on remote hosts and
in heterogeneous environments.

The second aspect of tool management is associated with the management of computer sys-
tems. Therise in complexity of the design problem has lead to an increase in the number of
design tools used by most users. In large design environments, installing and managing these
tools has become a problem large enough to impact designer productivity. The methods for
installing, licensing and upgrading tools differs with each vendor, and is often inconsistent
betwear toors fronTa sngte vendor:

4.9.2|Requirements

This section summarizes the requirements for inter-tool comm
and system management guidelines.

.9.2.1 Standards for Inter-Tool Communication (ITC)

agion,

rmine
DNO-
sce-

Z inter-
from avariety of vendors, a standard
essage dictionary are required.

eguiFechtoeapture the structural aspects of atool. Thepe

ents (along with their data types). It must be pos-
automated encapsulation of tools into multiple usage

non~graphical environment (e.g., tool execution via script files).

Fqrexample, in agraphical environment, the encapsulation of the tool may result in theuser
being presented with a dialog box and asked to enter information such as the location of a
design object. To enable encapsulating the structural aspects of atools (e.g., inputs, outputs,
launch mechanism), a common tool encapsulation method is required. This standard must
support tools that operate in either graphical or non-graphical environments.

4.9.2.3 Standards For License Management

Because of the number of tools required from different companies and the sheer volume of
licenses to be managed across multiple designers and computers, there is a requirement for
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standard(s) for license management. Ideally, it is desired that all EDA tools use asingle
license manager and that all useit in a consistent way so as not to require the customer to cre-
ate and maintain multiple key files and processes.

4.9.2.4 EDA Systems Management Guidelines
Another aspect of tool management is from the system management perspective. Therisein

complexity of the design problem haslead to aproliferation of EDA toolsthat are often aimed
at specmc probl ems. In many user environments, the number of tools has mcreased dramatl-

Cca g-of
the
Us brd
ma . ared
with users. This document could also identify additional opportunitiesfor S rdi zation. For
gor, 8 ‘0 0 i bt

EVE between tools from a single vendor. Thlsdocument could kecammend\a common tpol
ingtallation procedure be devel oped, such as the one ys > Wirdows envifjon-
m a

4.9.3
A Jnumber of vendors have implemented messa ' ised
within asingle vendor’s tool set. The K messapi ility, i DE, is
V6 echa-
ni ware
ve ment
an e \Win-
dqg
H acility by itself is not enough. Equally important, isa
cq Mes-
s
W rd
(T standard in this area. TES has been evoIV| ng to meet EDA inglustry
ng 5 into

d
bgcomesstandard pperating procedure for EDA vendors to ship TES files with thelr products.
Alll ather tool creators and CAD integrators should also use TES to aid in integration oftools

intothe desi gn process,

In the area of license management, it is recommended that the Industry Council commission
the creation of an RFT for acommercially available license manager that meets the EDA com-
munity functional and business needs. Since the industry has more or less already converged
on asingle license manager product, it is anticipated that the functional capabilities of that
product be adopted as a base standard, and modified only where there is a specific and justi-
fied EDA industry need (e.g. cost). In addition, a consistent policy for it's use must be devel-
oped. Further, it is recommended that upon selection of the winning RFT bidder that the
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Industry Council do whatever it can to enforce the industry-wide use of this product.

It is recommended that the Industry Council commission ateam of EDA companies to
develop a standard use model for the winning license manager product so asto provide a con-
sistent license management process for EDA customers independent of their tool choices. Life
cycle support for this standard use model could be commissioned to EDAC or another indus-
try organization of choice.

For the system management aspects of tool management, we recommend a set of guidelines or
best practices be collected. The quidelines should cover items such asthe tool installation, file
logation strategies, license setup, and managing multiple released versionsof-a tool. Gujde-

4.9.4|Roadmap - Design Tool M anagement

This section outlines the recommendations for inter-tool ca
and systems management guidelines.

ation,

4.9.4.1 Intertool Communications: Adopt ToolTal

tool
an
hould

ented requirements for support of tool encapsulation into
oW management, and vendor-specific usage environments, it

‘ d. Standard TES files should be shipped by EDA vendors|at

Se of their tools to enable the automatic installation of new toolsinto the

4,94 icense Management: Fstablish Base FDA Indus icense Manager and Use Policy

While there are some reasonably effective license management technol ogies available today
to support the management of design tool software, the policies for their use are not standard-
ized and cause much consternation in the user community. Thistask isto establish acommon
EDA industry-wide tool license manager, and a common policy for it’s use.

Thisitem should be adopted as high priority in the short term.
4.9.4.4 EDA Systems Management Guidelines
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The recommendation for thisitem isto collect a set of guidelines or best practicesto advise
userswith regardsto EDA systems and tool management. This document should be created by
users working closely with the tool vendors, and owned by a user group such as USE/DA.

Thisitem should be adopted as low priority immediately (i.e., in the short term).

4.10 Resour ce M anagement

With the advance in technol ogies, the design complexity isincreasing at a compound rate of
over 50% per year. The SIA roadmap predicts that the design team size approach-2f0 in
1998 and 600 in 2001. These large design teams will require an enviropent of Is of
networked desktops and servers, alarge number of Electronic De3| gRA EDA) and

In|the future, the EDA users will face two key problems:
1.[How to access and manage these resources (machines

2.| How to efficiently utilize these resources.

—]

he challenge is managing the exploding co

4.10.L Current Environment

vare
other
k
ifferent
on.
Erent
AuUto-

ngfrom these “band-aid” solutionsis very fragmented and
gtion can be achieved at the individual level, but there exigts no

beneficial in prescribing uniform ways, best practices or guidelines

4.10.p-Requirements

A study on the ratio of computers to users over time reveals, that in the future, each user will
have at his or her disposition a large amount of computer resources:. the challenge is how to
harness these resources. Asindicated in graph 5.3.5.2.1 in the seventies, a group of 50-100
people share a mainframe for their computing needs with aratio of 1/50-100. In the eighties
and with the introduction with the workstation, most of the users have a dedicated computer
and the ratio becomes 1/1-5. In the nineties, the hardware cost has significantly dropped and
the design complexity hasincreased dramatically resulting in aratio of 2-5 computersfor each


https://iecnorm.com/api/?name=23e86ebc9b79fb6c7bc55ef6d56d2eed

—64— TR 62017-1 © IEC:2001(E)

user. Thistrend is expected to continue in the year 2000 with 10-15 computers available to
each user.

The requirement is to transform the hundreds of networked computers, and the corresponding
data and tools, into asingle and “virtual” resource pool for the users.

These resources include: computers, disks, networks, tools, and data. They need
to be tightly coupled with each other in order for the users to achieve the full benefit.
4.10.2.1 Support for Load Balancer/Job Scheduler

int of

re-

e

ceed.

There@are no specific standards activities recommended at thistime. However, the above areas
shLuld continue to be monitored regularly as technology evolves.

4.10.4 Roadmap - Design Resour ce M anagement

There is no specific standards roadmap for this area at this time.
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5 The Design Information (Design Data Repr esentation)

This chapter includes descriptions of important design information (data) generated and/or
used in each of several key activities related to the electronic design of components and sys-
tems as described below.

The design information environments for designing cores and chips, MCMs, and boards are

5.3 "System L
5.4 "Detai
5.5 "Desig

ntroductory section are important independent of the desigp step
endent of the design information represented. The topics represent
erents to the unique requirements stated in the following sections (5.3(4
ystem Level Design” and 5.4.4 "Roadmap - Detailed Design”). They are stated
herein-erder to be more concise, and avoid repeating this information in both sections.

5.1.1 Incremental Processing

This section addresses incremental processing: the current environment, requirements, recom-
mendations, and roadmap.

5.1.1.1 Current Environment

The rapid growth of design size asindicated in the SIA Roadmap implies a corresponding
growth in the amount of design data. During the execution of the design process, design engi-
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neers make small changesin the design (small relative to the entire design), and then the effect
of those changesis evaluated.

What appears to be a*“small design change” by the engineer actually affectsa“largefile’ (in
the case of alarge SDF file or EDIF file, for example). The amount of time needed to repro-
cess these large files, is becoming prohibitive, and is not in proportion to the designer’s
changes.

5.1.1.2 Requirements

prming
mmu-

hnd
the
igation
inter-

ntal
npact

rd

DY

ycle
) le. This requirement needs to be implemented via appro-

e.and file-based solutions to meet the total set of requirements.

5:2.1.4.1 "Integrate Timing Information into Design Representation Standard"

* 4.6.4 "Roadmap - Design Management".

5.1.1.3 Recommendations

It is recommended that support for incremental processing be designed into the proposed
design representation standards. Refer to 5.4.2.1 "Standard Detailed Design Representation”.

5.1.1.4 Roadmap - Incremental Processing
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5.1.1.4.1 Support Incremental Processing in the Design Representation Standard

Incremental processing must be supported in 5.4.4.1 "Converged Industry Standard for Logi-
cal Connectivity" and the follow-on standards. The base standard and any extensions should
be monitored so that the strategic standard can include the necessary information. EDA ven-
dors should support incremental processing of the strategic design representation standard as
soon as it meets basic requirements.

Thisitem should be adopted as high priority immediately (i.e., in the short term).

5.1.2|Hierarchical Processing

eCcom-

i¢ated
team.
info
fem

of

5sing
igsto
) be

rchical
imilari-
infor-

5.4.4.1 "Converged Industry Standard for Logical Connectivity"

» 5.4.4.6 "Standards to Support Floorplanning”
» 5.2.1.4.1 "Integrate Timing Information into Design Representation Standard"
* 4.6.4 "Roadmap - Design Management"

5.1.2.3 Recommendations

It is recommended that support for hierarchical processing be included in the proposed
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design representation standards. Refer to 5.4.2.1 "Standard Detailed Design Representation”.
5.1.2.4 Roadmap - Hierarchical Processing

Hierarchical processing must be supported in 5.4.4.1 "Converged Industry Standard for Logi-
cal Connectivity" and the follow-on standards. The base standard and any extensions should
be monitored so that the strategic standard can include the necessary information, and EDA
vendors should support incremental processing of the strategic design representation standard
as soon as it meets basic requirements.

ets (such as net ng
his frequently causes

nt to access have a“name” attribute. Howeyer, in
ame may have limitations (e.g., on the leng

applications, so there are deflned mappl ngs to/from that standard naming convention to ven-
dor-specific naming conventions. This naming standard must also meet the needs for commu-
nicating mappings of named objects via standard inter-tool communication mechanisms (see
4.2.2.1 " Standards for Inter-Tool Communications").

5.1.3.3 Recommendations

It is recommended that a new standard naming convention be developed for EDA design
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objects. It is also recommended that in order to support coexistence and migration to that new
standard, a set of mappings from today’s naming conventions be documented so that the spec-
ification can define how existing vendor applications naming conventions map to that stan-
dard.

5.1.3.4 Roadmap - Standard Design Object Naming Specification

Develop a standard design object naming convention for the next decade, and define how
eX|st|ng vendor appllcatl ons nami ng conventlons map to that standard Ensure that 4 2.2
SJuded

in thls work Refer to those sectl ons for
further information.

Thisitem should be adopted as high priority immediately (i.e., in

5.2 Common Topics Across All Design Step

T igh step
the unigue require-
evel Design" and 54.4

ore concise, and nat

me!
IIF

nmen-

DF)

bl ate
Bsign.
iiming

|ng dESI gn asan embedded partofthe early hlgh Ievel deS| gn Tlmlng has become a key con-
straint in constraint-driven design.

Integrated Environment

In an integrated environment, where structural design changes or wiring changes can be made,
the engineer will need the delay calculation and timing analysis to be done on only the
changed area (or design object). The engineer will want to see the results back annotated on
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the source form. Thiswill require that the timing data be available in the procedural interface
form on a hierarchical and incremental basis, and across the geographically dispersed net-
work.

Separ ated Environment

In aseparated environment, such asan OEM designer interfacing with an ASIC foundry doing
the back end design, the OEM designer will need the capability to interface floorplanning tim-
mg constral nts, and t|m|ng esti mates, W|th the structuraJ data. This data is the basis for the

tailed
De¢s iming
in
Each EDA timing driven design tool
parformance and implementation reqi
arg

Nt

Duringthe early phases of the design, timing may be a matter of re-use information, arga
based estimates, or other design requirements. L ater, after the physical design, timingigfully
determined by the Structural, behavioral, and physical detal of the design. The tming driven
design process requirement, therefore, is embedding the timing design into the usual mixture
of Top Down, Bottom Up, and Middle Out design process paradigms.

» Top Down - Timing needs to be imbedded in the design of the overall target system func-
tions and performance targets.

* Middle Out - Timing needs to be propagated upward to higher levels of design and down-
ward to more detailed level of design.
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» Bottom Up - Timing needs to be imbedded in the early design of the underlying chip tech-
nology, low level design functions, and cell and transistor libraries used to implement the
low level design functions. This requirement includes interfaces to technology design for

joint development of accurate models. These lower level timing parameters need to
stracted, and propagated up the hierarchy.

be ab-

Oncetheinitia design steps have been completed, timing design must continue to be embed-
ded in the incremental design of the hierarchical chip.

These requirements include support for timing representation so that static t| ming analysisand

other calculations, can be performed hierarchically on a design element,

have unique timing information representation requirements, such
dgay requirements of CMOS.

T
pr

entire design to evaluate a change in only one element in the hierarchy.

e following paragraphsidentify information and supporting
pperly support timing design:

Timing Characteristic Type

time, period, rise and fall time).

Application Timing Informatio

attonprovides ameans for defining timing information val
eguirements, constraints, and parameters. The exprve

value set changes. For example, an ability to determine the sensitivity (rate of chang

hqut repracéssing

ogies
ndent

iredin

1. The
ivenin
le

of a
b that

- with

LIES aS

capa-
3ssive

udea
sand
e) of

delay to design and process parameters,

The above items will provide the capability to calculate delay using varying electric

al

parameters. These electrical parameters include source and load information that may be

associated with circuit transistor, switch, gate and block levels of design.

* |nterconnect Net and Path Identification

Means should be provided to identify the timing design related function, status, and
cality of the elements of net and path interconnect within a hierarchical chip design.

criti-
Iden-
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tification should include facilities such as nets, net segments, paths, ports, and signals. The
application function of the interconnect should be identified, (e.g., clock, bus, power, and
ground). The criticality of the interconnect should be identified as critical or noncritical.

5.2.1.2.2 Delay Calculator Language (DCL)

The requirements in support of the proposed standard Delay Calculator Language (DCL) are
as shown in the Standard Delay System Objectives Version 1.1, 11/8/94:

Allow silicon foundries to describe delay equationsfor ASIC libraries

Allow CAD vendorsto interface to delay calculation for specifi
singleinterface to the foundry supplied equations

Account for wire capacitance as well as gate capacitane
equations, more CAD tools are now required to access
plex equations

language, which when executed
delay characteristics of the net 3
lay values to each vendor tool

Provide a programming interfacg (Pl) to axcempiled form of delay equations descril

the delay equation expression | gu
i ibuitek he semicongductor vendor must be protected from|acci-

denta or intentip ss of i ptell ectyalproperty rights
The calcylati s must be of high enough performance to sypport
both the | nets
ithi Ay out
In|additigr hove, DCL bNs-

The IBI Sstandard ynust be enhanced to support non-monotonic drivers. Lack of this support,
ispreventing whole technol ogies from supporting the I1BIS standard, required for delay (calcu-
latiertand signal integrity above the chip.

5.2.1.2.4 Common Delay Calculation

A common delay calculation capability is required to provide consistent timing information
across applications.

5.2.1.3 Recommendations
In the area of timing information in detailed design representation, it is necessary that the

information transfer and correlation processing time of timing data be minimized. Thisis due
to:
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« the extreme significance of the wiring on the delay characteristics of the design

* the pervasiveness of the timing impact throughout the design process (i.e., in both system
level design and in detailed design)

* the large systems being designed across geographic dispersed regions.

Therefore, the current defacto standards like SDF need to be integrated into the proposed stan-
dard design representation (both procedural and file-based interfaces). The transfer of timing
data between functions should be supported, integrated with the structural data or independent

CF thactrictiwal data tn ctinnart tha manv diffarant mathadoloaiecs and docian cranario
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T meet the requirementsin this area, it is recommended that

» The CFI/OVI Delay Calculation Language and Pl eff nd this

capability beyond ASIC packages.
52.1.4 Roadmap - Timing Information
52.1.4.1 Integrate Timing Information
T

ming Information currently supporte Up-
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priority in the short term for ASICs, and medium priority for PCB and MCM

5.2.2 Simulation and Test Control

This section addresses standards for simulation and test control: the current environment,
reguirements, recommendations, and roadmap.

5.2.2.1 Current Environment
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There are anumber of different simulators that can be used during the system level and
detailed design phases. For most of these simulators, thereis aunique way to specify the stim-
ulus and expected response, control the simulation, control the debug of the design, and col-
lect the results from the simulation. Moving this type of information from one simulator to
another is atime-consuming, difficult conversion effort. The lack of acommon simulator con-
trol language is an inhibitor to simulator “plug and play”.

In addition to the lack of asimulator control standard, there are also several test vector formats
being used to drive testers in the manufacturing test envi ronment. Mow ng test mformatl on

SUCT &S SHTMUNTS ana expected TesN0 S, and other ControrIr OrTTaL OF OITLONe 16 aryiron-
ment to another is also difficult.

5.2.2.2 Requirements

refjuirements.
5.2.2.2.1 Standard Simulation Control Specification

. con-
fation.

uring

A Inew industry~standard should be developed to address the requirements for a common sim-
ul@tor, eentrol language to meet the requirements stated above.

The DASC Simutation Controt Canguage group intends to Start paparwork for PAR sub-
mission (completion date before 06/96) on this Standard Simulation Language. The work of
this group should be considered in the development of the industry standard.

This item should be adopted as medium priority immediately (i.e., in the short term).
5.2.2.4.2 Converged Industry Standard for Test Control Specification

The simulation control standard developed in the above step, should address not only simula-
tor control requirements, but enable the subset of simulator control information (e.g., stimulus
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and expected responses, and loop controls, etc.) to be included as part of the key interface to
manufacturing. Thiswould allow testing of the manufactured design object in the same way
that the design was simulated during the design phase.

This item should be adopted as medium priority immediately (i.e., in the near term).

5.3 System Level Design

This section addresses system level design: the current environment, requirements, recom-
mendations, and roadmap.

5.3.1|Current Environment

ivities,
thnol -
sks

gor throughput of canglidate
analyses, considering re-yise of

6&\\

asSeSS g Q€

fude Specsyn and the Ptolemy project gt the
P program.

so.during the system level design phase, test strategies such as BIST, traditional stuck|fault,
ipIn place, and delay testing are devel oped.

5.3.2 Requirements

Support for VHDL and Verilog standard hardware description languages is required, as well
as any future HDL representations for architectural and system design. A common inter-
operable interface from any HDL, is required to support independent EDA design tool selec-
tion and use. An example of thisisthe effort by the OMF to develop an HDL -independent
simulator interface. Any simulator that uses this interface can simulate models written in any
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HDL compliant to the simulator interface.

A key enabling technology for very large designs and designs that re-implement previously
developed designs has to do with support for architecture design specification and associated
re-use. Asthe popularity of architecture and high level design using hardware description lan-
guages such as VHDL and Verilog continues to increase, the potential for re-use of this work
increases. Standards to support this are still emerging, and design representation technology
needs to be established to encompass such information as design specification guidelines for
encoding the various SI mulatlon models (arch|tecture Ievel RTL level, |mpI ementatlon level,
) ‘ Erigi-
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re-
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d 3 d synthesis.too scouldtarget the HDL primitives as an input,

from which d < s effective). Standardizing on a common set of HDL
pr{mitives coutd'g ion for future innovations in systems design.

to
two

InSituations Where original design is being performed, design teams have a requirement
to-chose their preferred HDL in which to design, simulate, and eventually produce the
design object. Thisisthe typical scenario of the design team in acomponent supplier com-
pany, who have various design teams who may use different HDLs for a variety of rea-
sons. They may choose VHDL or Verilog based on familiarity and experience or other
business reasons. The same scenario istrue in large system design companies where mul-
tiple HDLs are used for a variety of reasons. In any case, if the design object is reusable
and becomes a building block for use in higher level design, there are additional require-
ments; for additional information on function reuse, refer to 5.5.2.3 " Standards for Reus-
able Functions'. When designing a single design object, the design team choosesan HDL,
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and the simulators which support it, and performs design.
» The*"reuse scenario”

In any design situation where teams desire to make use of previously designed and reus-
able design objects such as those from the “ design scenario” above, the reusing design
teams have requirements to also choose their preferred HDL in which to design and
release this higher level of design object, independent from the HDL that any of the build-

|ng blocks may have used. That HDL may be the same or different than the HDL used to
le bt |||rl|nr| blocks

T ereare no specific requwements for VHDL and Verllog mteroperabl ity Wlth Q asmg

Thereis arequirement for a standayd for speCitying desi aints on the design entity
being developed. This promotesinterqperabl S ch as synthesis and the HDL
i ificati uesfor total area, total poyver,

hximum path length, spec:|f|c path 0, EMI, etc. In addition, the stahdard
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5.3.3|[Recommendations

For system level design in general, it isrecommended that a new effort be started to develop a
system design standard (for use later in the decade), using the standards devel opment process
recommended in 2.3.2 " Standards Development Process Recommendations'. This work

should be started by building a system level design information model using VHDL asa

guide. Once thisis completed, Verilog coverage should be evaluated, and any required exten-
sions made to the information model. This process will clearly identify where the information
between the two languages is the same and where it is different. This approach also will facil-
itate adding new common information to the information model and the two languages in the
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same way (such as a common constraint language, or possibly analog extensions, or support
for higher architectural levels of design). To the extent that the information model between
VHDL and Verilog overlap (i.e., the information being modeled is the same information), it
should be observed that the Pl to access that information is identical.

In the synthesis area, to support the concept of raising synthesisto a higher level, it is recom-
mended that a standard set of synthesizable primitives among HDL s be established.

To address HDL independent design analysis, a promising approach isto complete the work
of the OMF, whose goal isto have a simulator interface for compiled HDL models (be they
' ace.
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t&ted (Wlth the assumptlon that much of the mformail on model derlved from VHDL also has
arelationship to Verilog). It isthe goal that once these information models are devel oped (and
extended for architectural design as required), a system design standard can be rel eased.
Potentially, use models for VHDL and Verilog could also be released.

Thisitem is high priority for the near term.
5.3.4.2 HDL Standardsto Support Synthesis
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A standard set of synthesizable primitives among HDL s must be established. An |EEE work-
group is currently working on the problem of synthesizable subsets. The Industry Council
should endorse this effort or commission atask group to address this problem.

Thisitem is high priority for the near term.
5.3.4.3 Standard HDL Interfaces to Design Analysis Tools

The OMF effort described above is high priority in the immediate time frame including the
support for negative delay in constraint specification aswell asin normal path delay specifica-

tign.
The analog extension is high priority after VHDL and VERILOG suppott analog,(Thi's [tem
shpuld be implemented as high priority in the immediate time frame:
differ-
Cify
at the
541
Tlr {a gn? the current environment, requirements, recommenda-
ti
54.1
In tailed des S
fO’ q
In|the logical design phase, detailed logic design is created and analyzed. In selected situa-
tignswith today’ s technol ogy, the logic of certain elements can be completely synthesized into

technology specific gate level designs. In other cases, manual entry of the gate level logic of
the design is required, at least in part. In any case, verification of the functionality and timing
of the detailed level of the design is performed in this phase. Also in this phase, given high
level layout of logic, estimations of testability, and certain design quality and reliability, can
be performed (e.g., thermal analysis, power estimation).

In the detailed physical design phase, the detailed physical layout of the design object takes
place. The detailed placement and wiring of the logic of the design is accomplished, guided by
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the high level constraints and floorplanning steps from high level design, and detailed logic
design. Next, an assessment of the impact of the placement and wiring on the overall timing of
the design is performed (e.g., accurate timing analysis across design levels, hierarchical inter-
connect modeling, hierarchical parasitic extraction and modeling). Also in this phase, the
analysis and measurement of design quality and reliability is performed (e.g., signal quality
analysis, power grid analysis, thermal analysis, power analysis).

In the current environment there are a host of standard and defacto standardsin use, including
EDIF CFI DR, PDEF, DEF SPF SDF, and several others EDIF, CFI DR, and PDES (STEP

esys

provide an effective interface for manufacturing build and
pport parameterized connectivity to enable a single primitjve to
of inputs.

port detailed logical and physical design, thereis aneed for adesign repre-

nhtains the relationships between the logical and physical components pnd
esspoints and the logical connectivity model. This enables interoperability betweentools
that extract parasitics, calculate delays, and that do back annotation, manufacturing diagnos-
ticsand repair actions, etc.

In Table 5.1, “Impact of Design Size on Design Processing Times,” on page 78, there are sev-
eral mgjor items of interest:

« The columns entitled “ Transistors per Chip” and “ASIC Gates per Chip”

jected number of transistors and chip area over the next decade

describe the pro-

» The column entitled “ Relative Design Data Size Increase” uses 1995 as a base for normal-
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ization of datato show the data explosion for the years that follow:

-1995is"1"; i.e., the point of normalization.

- In 1998, the number of transistors nearly triples (from 5M to 14M). Therefore, whatever
the design datasizewasin 1995, it will increase by afactor of 2.8n 1998 (for ASICs),
and so on. By the year 2010, the amount of design datawill be 86 times the amount of
datain 1995.

» The column entitled “Relative Simulation Times” uses a similar approach. Based on his-
torical and empirical data, the amount of simulation time (e.g., CPU time) required to do

sumulatlon isn® tm&the number of cwcwts bemg smulated Taklng he-design sizeli

Thi
the
pd
an
hg

Sic Relative Relative
] . Simulation
Year [Tr S'St?rQ G Design Data Times
Q P Chip SizeIncrease N2

=
[

1995 ~N
S| 5M
(\ P 1 1 1
RN
14M 2.8 7.8
u

28M 2.3 5.3
2001
ASIC 26M 5.2 27
uP 64M 5.3 28
2004
ASIC 50M 10.0 100
uP 150M 125 156

1. The National Technology Roadmap for Semiconductors, Semiconductor |ndustry Association, 1994,
Overall Roadmap Technology Characteristics, Table 2 on page 16.
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Table5.1: Impact of Design Size on Design Processing Times

dlati Relative
Transistors ASIC R_ ative Simulation
Year . Gates per Design Data :
per Chip . . Times
Chip Size Increase N2
2007
ASIC 210M 42 1764
uP 350M 29 /&SH\
2010 /\\\%7%\\

To provide for EDA support for concurrent front end and back end physical design automation
and aids, chip physical information needs to be integrated with the rest of the hierarchical
electronics design representation. Support is needed for tracking of timing and performance,
requirements, and design decomposition, across multiple levels of design and diverging
design hierarchies. The tracking information isimportant in accurately back annotating, later
more accurate design details back up to higher level, and earlier versions of the design, as part
of the re-verification process.
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The chip physical representation needs to support implementation of engineering change
order (ECO), and other incremental change requirements by efficiently handling of redesign
through re-use of previous physical design. The representation needs to support library
changes, net list and other high level design representation changes, placement adjustments,
and routing edits.

5.4.2.4.2 Logical to Physical Correlation Requirements

nop.
pgical
DN to
Q-

bl uMmi -

he Cir-
rol | ec-
nal

d of line” and “back end of line” concept. The back end af line
1ask levelsin the manufacture of the chip. This consists of arestficted
e circuit library and the interconnecting wire data. The standard must
support requirements, such asthis, that are unique to the chip level package.

5.4.2.5Placement Data

There isarequirement for a standard to provide a meansto efficiently record placement of
cells, cores, and components to support a standard interface that will be used between:

* placement tools and wiring tools.
* placement and delay estimation
* placement and timing driven synthesis.

Thisinformation will be passed aong with and be correlated to the logical connectivity
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model, or may be passed as an incremental piece of information. Performance isaconcernin
tool interactions such as those listed above. In addition to the requirement for chip support,
these concepts apply to higher level package types (i.e., boards, MCMs)

5.4.2.6 Standards to Support Floorplanning

There is arequirement to share information between the synthesis and initial floorplanning
activities performed during system level design, and the detailed floorplanning with subse-
guent placement and wiring.

pport
This
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sis must be run early in the detailed design cycle, and as part of the
st data generation. Subsets of testability analysis, are even run as part of
the synthesisprocess. No matter when it isrun, there is aneed for the following:

amanufacturing fault model (e.g., for traditional stuck fault coverage)

* delay fault model (for designs that are pushing technology performance).

These test rules are required to support testability analysis during the design process. When
the design is pushing the technology limits for performance, then delay test generation, which
requires a delay fault mode, isrun.

Both of these fault models are addressed in 5.5 "Design and Technology Re-use".
5.4.2.8.2 Support for Test Vector Specification
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In the process of performing testability analysis or final test data generation as described
above, test vectors may be generated and captured. Any standard for test vectors must support
the specification of thistest vector information. Thisinformation is part of the key interfaceto
manufacturing and is discussed further in 6.2 "Manufacturing Test Interface”.

5.4.2.8.3 Standards to Support Component Self-Test

Ascircuit densities increase, use of test technologies that depend on inserted test logic (e.g.,
on-chip), will also increase. Automatic insertion of standard BIST and emerging test logic
insertion must be q1ppnrfpd in EDA Desi gn toals

5.4.2.8.4 Standards for Component Test Data Re-Use

A$ components and cores (subsets of chips), continue to be re-useg/ esig fest

information for those reusable design objects must also be captur ' n|be re-
used in the design and test of the new design. Thlsalsoappllto QPORE t sed in
higher levels of package, so that the component test data c3 \ e hi level
package. Thistest information must be included in the appropria ik

cares. Two different kinds of test information are required, i

Thisfirst requirement is satisfied
observahility of the embedded cormy

ifity/
, ising

This second requi q 3 Jard'that records modes of the component of core
that allow ’ gt patterns for the logic around the componeft can
be flush certain control conditions are met.

he
con-
r_

Th
ca

build
ign pro-
cess. These manufacturing process capabl lity rules are reqU| red for al levels of packagl ng to
enable design for manufacturability to be part of the design process.

5.4.2.9.2 Support for Virtual Manufacturing

Currently, there are key stepsin the design of electronic packages to verify the functionality
and timing of designs. This concept needs to be extended to include a virtual manufacturing
process capability, in the EDA Design System, so that the manufacture of the device (i.e.,
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macro-cell, chip, or board) can be simulated, as well as the functional operation of the device.

5.4.3 Recommendations

Action must be taken now to drive towards a converged and common core information model
from which future standards effort(s) in design representation can be based. EDIF and CFl DR
are currently working on acommon core information model for logical connectivity. This
work should be accel erated and be expanded if necessary toincl ude any other appllcable stan-
dards. Over time, other industry standards related to detailed design must be included in this
convergence strategy.

extended EDIF), and a programming interface (e.g., extended CFI DF
Omnce a common information model is agreed upon, all futurer

21 eases G
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Thisitem should be adopted as high priority immediately, i.e., in the short (immediate) ferm.

5.4z 2 Convergedinaustry Standard for Board Packages

Based on the above logical connectivity standard, extensions must be made to support the
design and manufacturing build interface for high level board packages (i.e., PCA/PCB).
Thisitem should be adopted as high priority immediately, i.e., in the short (immediate) term.

5.4.4.3 Converged Industry Standard for MCM Packages

Based on the above logical connectivity standard, extensions must be made to support the
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design and manufacturing build interface for MCMs.
Thisitem should be adopted as high priority immediately, i.e., in the short (immediate) term.
5.4.4.4 Converged Industry Standard for Chip Packages

Based on the above standards, extensions must be made to support the design and manufactur-
ing build for chip subsets (e.g., macrocells) and chips. This standard must include support for
placement information as described in 5.4.2.4 " Standard Detailed Design Representation -
Extensions for Chips, Macro-Cells".

THisitem should be adopted as high priority immediately, i.e., in the sho
5.4.4.5 Placement Data

term.

D¢fine a standard to efficiently record placement of cells, cores, and comg that will be
passed along with and be correlated to the logical connectivit asan
incremental piece of information.

term.

ine a standard to support floorpl
ween detailed floorplanning, plat

ferm.

erm.
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ineastandard for test vector specification.
This item should be adopted as high priority immediately, i.e., in the short (immediate) term.
5.4.4.8.3 Standards to Support Component Self-Test

Define standards required to support insertion of BIST and other test logic.
This item should be adopted as medium priority immediately, i.e., in the near term.
5.4.4.8.4 Standards for Component Test Data Re-Use

Define standards required to support component test data re-use including:
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