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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ADVANCED LIBRARY FORMAT (ALF)

DESCRIBING INTEGRATED CIRCUIT (IC) TECHNOLOGY,
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an rerRaton errererre—s— yrotetary—Ha C-ard— setatm-tability for
any per nal injury, property or other damage of any nature whatsoever, S indirect,
consequential, or compensatory, directly or indirectly resulting from the publicati dnce upon
this, or anly other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of ;in, and
expressly|disclaim any express or implied warranty, including any implied w or fitness

for a spqcific purpose, or that the use of the material contained herei
IEC/IEEE|Dual Logo International Standards documents are supplied “

infringement.

The existgnce of an IEC/IEEE Dual Logo International Standard doe ot _i b tP r ways to
produce, [test, measure, purchase, market, or provide other ggods and se pe of the
IEC/IEEE| Dual Logo International Standard. Furthermore, th¢ viewpoi andard is
approved|and issued is subject to change brought about through d i e art and

comment$ received from users of the standard.
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IEC/IEEE a EEE Standards document, should rely upon the advice of a
competen i in determiing therexerciselofreasoplable care in any given circumstances.

Interpretations — Oc asio IIy questi iSe regarding the meaning of portions of standards as they relate
to specm ons is brought to the attention of IEEE, the Ingtitute will
initiate aq s. Sihce |IEEE Standards represent a consensus of ¢oncerned
interests, ppretation has also received the concurrence of a balance of

interests. yérs of its societies and Standards Coordinating Committees are
not able f{ terpretation requests except in those cases where the matter has
previousl|

Comment iste EEE Dwal Logo International Standards are welcome from any interesed party,
regardlesp b ith the IEC or IEEE. Suggestions for changes in documents should be in
the formf a of text, together with appropriate supporting comments. Comments on ptandards
and requgs ations)should be addressed to:

Secretaryj A Standards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, UBA and/or
General S E rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland

Authorizalion*to_photocopy portions of any individual standard for internal or personal use is grantgd by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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IEEE Introduction

The purpose of ALF is to provide a modeling language and semantics for the functional, physical, and
electrical performance description of technology-specific libraries for cell-based and block-based design.
Without a standard, EDA tools would be left to use tool-specific and fragmented library descriptions. The
semantics would be defined by tool implementations only, which are subject to change and prone to
misinterpretation. Therefore, ALF is proposed to create a consistent library view suitable as a reference for
library creators and users, aswell asfor electronic design automation (EDA) tool developers and integrators.

IEEE Sd 1603-2003 is based on the work of Open Verilog Internationa ( i ccessor
organizgtion, Accellera.

The ALF standard began as the OVI Power & Synthesis Technical Steering Commi lyin
1996, with the charter to define a standard library data format fd is, and
opti miziﬁion. As the committee grew in membership, with the addi Ni such as
design flor test, it became clear that such a format could be easil G n tools.
Furthermore, the benefit to both silicon and EDA vendors of ha i ND SXi Id fully
describg the functional, electrical, and physical performa : 9 ibrary i ate and

unambi guous fashion was widely recognized.

ALF ws ' & encei eatria
version . 8_pi ing’ the feasibility of ALF jwas the
Europes izati itiative, gi iZati VSIA, who demonstrated an ALF-based
ASICin >

In 1998 il, S ilisgpIntegration Initiative (S12), selected ALF asa
compler iptfo i € saWithi [ i igh builds
upon thI ; 2 ay calculation system. This endorsement triggered the initial
adoption of AL ~ yor A SICwendors’and the development of ALF version 1.1, which was
approved and rel i

In June quently,
deep su iability,
became er 2000,

under thes

4
ALF vgsi rmed in
Februar \LF has
been rethied-due to alfeady existing name recognition. By that time, the ALF had aready set a starjdard for
the industry, whithcam be measured by tiTect adoption andthe Thftuence om existing vendor-proprietary
library formats. Major EDA vendors also made the specification of their existing proprietary library formats
available to the industry and alowed the user community to extend those formats and strive for
compatibility with ALF.

Although IEEE is now the legal owner of ALF, Accellera continues to foster and promote ALF. As aresult,
ALF has gained the attention of other national and international standardization bodies, such as JEITA in
May 2002 and the |EC in October 2003.

From its inception, the goal for ALF has been to provide a solid foundation for library modeling within a
continuously evolving application space. ALF has been designed to be more general in scope and purpose
than a particular tool-oriented format. At the same time, care has been taken to make ALF easily adoptable
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and to make the migration path from legacy formats as smooth as possible. Therefore, an ALF library can be
very similar in appearanceto alibrary in a conventional format, but ALF also has the expression power of a
modeling language.

The construction principles for ALF can be summarized as follows:

— Smplicity. ALF has relatively few basic syntax construction principles. Once they are understood,
reading and writing an ALF library or translating other library formats into ALF is very easy. Also,
attention has been paid to the fact all ALF keywords are taken from natural language, i.e., spoken
and written English, and their semantic meaning is as close to the natural language as possible. The
use of artificial words or acronymsis limited to constructs, which have already become part of tech-
nical Ianguage inthe industry.

hissoci ated with the measurement. This concept has a far-rea
bccurate, modeling views for cells and larger blocks. An

— [Reusability and selfe guage constructs template and group, which
bl low for efficient g £se con-
structs follow t ep' i ) ity, izing gny ALF
Statemen ; orts lan-
hjuage co

he context w

In summary, turedar i isting library
formats i ipti iye EDA
applicat

4
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ADVANCED LIBRARY FORMAT (ALF)

CELLS AND BLOCKS

1. Oveérview

This clause explains the scope and purpose of overview of its applications, pxplains

the conventions used, and summarizesits cg

1.1 Scppe and purpose

The scape of this’Sandard i s ificati i [ design
applicat|ons ~=o@‘ pl & intes iredi . i i rom the

registerdtransfer level {RT+ r, signal
integrity

Library osed of
transistg efs of predefl ned rulesfor the assembly of such components The design of
appli 5, called
cells. A e’predefined compound library elements with a standardized functionglity, for
exampl g

The design of an ASIC or an SOC involves electronic design automation (EDA) tools. These tools assist the
designer in the choice and assembly of library elements for creating and implementing the IC and verifying
the functionality and performance specification of the IC. In order to create an IC involving several million
instances of library elements within a manageable time period counted in weeks or months, the usage of
EDA toolsis mandatory.

A suitable description of library elements for design applications involving EDA tools is required. A key
feature is to represent alibrary element at a level of abstraction that does not reveal the implementation of
the library element itself. Thisisimportant for the following reasons:

— The complexity of the design dataitself mandates data reduction.
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— The complexity of the verification process, i.e., the verification for functional, physical, and electri-
cal correctness, mandates that a library element is already characterized and verified by itself. Only
the data necessary for creation and verification of the assembled IC is represented in the library.

— Alibrary element is considered an intellectual property (1P) of the library provider.

Therefore, the purpose of this standard is to provide a modeling language and semantics for the functional,
physical, and electrical performance description of technology-specific libraries for cell-based and block-
based design. Without a standard, EDA tools would use multiple proprietary and tool-specific library
descriptions. The semantics would be defined by tool implementations only, which are subject to change and
prone to misinterpretation. Also, there would be redundancy using multiple descriptions for similar library
aspects. Therefore, this standard proposes to create a consistent library view suitable /as-qeference for IC

designefSas Well as for EDA tool developers and Integrators.

1.2 Application of this standard

The AL ) include
creation i o alysis ¢f an IC,
and hier C

An appl if it sat-
isfies the following criteria:

a) herules
| datain
ications

b) , scope of

ts application and interprats this dats , Clause
7, Clau , angt Cha 0. j8 way, any two applications using the same sef of ALF
Hata i nter 3
¢) [An application ; : as’output is capable of generating an ALF file according to the
rules specifiedi 3 Enerated
ile contal
The foy e 3, and
Figure 4.
— [Rettangle: file, format optionally indicated in parentheses

— Oval: application
— Solid arrow: existing, established function in the design flow
— Dotted arrow: possible design flow

1.2.1 Creation and characterization of library elements

ALF can be used to specify the desired functionality and characterization space of alibrary element, i.e., a
cell.

The application for creation of acell is shown in Figure 1.
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(ALF) ~ (ALF)
\ ~ - T
~ -m[ transistor v
equivalence) ] ggﬁ“csé library
checker ( )

HDL simulation
model \
(VHDL, Verilog) \
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layout layout
editor (GDSII)

Figure 1—Cell library creation flo
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FEE Std

A specifi
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(see9.1
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Multiple [ | gre the difference is defined by the user’s
h handle
nknown
N serve

p cell in
ansistor
etlist by
igor-level
for pro-

fication
Ce of the
D.15) by
running a SPICE simulation. The set of necessary SPICE simulations is determ| ned and controlled by a
characterization tool. The characterization tool can infer pertinent information from the specification
represented in ALF, as far as thisinformation relates to the functionality of the cell itself. For example, the
timing arcs that need to be characterized can be represented in or inferred from ALF. The output of the
characterization tool isalibrary cell model, populated with characterization data, also represented in ALF.

Optionally, alibrary compiler can be used to combine all the library cell models into a binary file, as a data
preparation step for an EDA application tool.

IFor information on references, see Clause 2.
2The numbersin brackets correspond to those in the bibliography in Annex D.
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1.2.2 Basic implementation and performance analysis of an IC

The ALF library can be used in an IC implementation flow which uses cells as building blocks, in particular,
an ASIC implementation flow.

A basic flow for an |C implementation using cells as building blocksis shown in Figure 2.

A

library cell technology
models rules
(ALF) (ALF)
/7 RTL \'/ \ cell mterconnect
.— n+hr\x\ s olacoman + nnnnnnn
o H

RTL
design description
(VHDL, Verilog)

gate-level netllst

gate -level netllst
with placement

L

y

v

library cell
models

w

parasitic
equivalence) performanc estimatio
i
checkmg) Canalysm} 7 \ paras Cfile
Sp F)

(ALF)

parasitic
p-\_extraction

=\

In this flow, an Rk d S| sfortyed into a netlist by an RTL synthesis tool. ThHe netlist
containg instanc » herthan transistors. This application can use the ALF library
to find the library elemient TL description into a netlist containing instances|of cells.

The trarfsi

The flow in Figure 2 is simplified. Special netlist transformations, such as the creation of data path struc-
tures, creation structures related to design for test (DFT), and especially scan insertion, are not shown here.
However, the ALF cell models also contain information pertaining to these applications (see 8.5.3, 8.5.5,
85.6,8.8.12,9.2,9.7).

The process of cell placement and interconnect routing is summarily referred to as layout. Special layout
operations, such as the layout of a power supply structure or of a clock network structure, are not explicitly
shownin Figure 2. The ALF cell models contain abstract physical information, such as the size and shape of
the cell, and the location, size, and shape of the cell pins and routing blockages, which are pertinent for lay-
out (see 8.22, 8.23). Also, abstract information concerning the artwork within the cell can be represented in
ALF, for example, the area, perimeter, and connectivity of artwork on specific layers (see 10.18, 10.19).
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Thisinformation is pertinent for manufacturability, such as antennarule (see 8.21, 10.19.1, 10.19.2, 10.19.3)
and metal density checks (see 8.31, 10.19.11).

In addition to cell models, technology rules for routing can also be represented in ALF, such as constraints
for the width and length of routing segments, the distance between routing segments, the distance between
vias, etc. (see 8.16, 8.18, 8.20, 10.19.7, 10.19.8, 10.19.9).

The implemented 1C needs not only be correct in terms of functionality and layout, it also has to meet
electrical  performance constraints, predominantly timing constraints. Other aspects of electrica
performance, such as power consumption, signal integrity, and reliability, have become increasingly
important. Signal integrity aspects include the cleanliness of signal waveform shapes and the immunity
against perse-dueed-by—erossiatk—ane-voltage-drop{see 16 B 4-—30- .‘v —Reliability
aspects |include dependable long-term operation in the preeence of electrom|gr fion stress, Kob|electron
effect, gnd thermal instability. The cell models in ALF support characterizagiorndata for Ximing), power,
signal integrity, and reliability. For example, reliability data can be described as a Nmit_for olte,>xrrent,
or opergtion frequency (see 10.11.2). A particular feature in ALF is the S se dfain the
context pf a stimulus, described by a vector expression (see 8.14, 9.12, 9.13). i the [data can
be relaté i lysis can
be perfgrmed.

Perform
placeme
perform
can be g

Sis, cell
nd other

Electric
sitics in
using a
the leng
extractey
1999 [B
based o
model s
the calc
model o
as a part

1.2.3 K

AnICi
i.e., the

nstances of célls and nets that can be reasonably handled by designers and by application fllows.

For 1Cs exceeding the limits of objects that can be reasonably handled, the following approaches are used,
possibly in combination with each other:

— Bottomrup design: Create larger building blocks from cells first, then use these blocks for 1C
implementation.

— Top-down design: Divide a design into subdesigns first, implement each subdesign as a block, then
assembl e the blocks.

— Virtual prototyping: Do a smplified so-called virtual implementation of the entire design first, then
partition the virtually implemented design into blocks, use the results of the virtual implementation
as constraints for actual implementation of each block, and implement and assemble the blocks.
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The common denominator for all these methods is creation of blocks, in order to reduce the number of
objects seen by the application.

The application for creation of ablock is shown in Figure 3.

library cell

models
(ALF)

interconnect
models
(ALF)
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(ALF)
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Basic IC implementation flow

(see Figure 2)
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(seeFigure 2). A block with a fumctional-
designer. In case of a“hard” b
with placement and routing, is p|

ock, the
reserved
it of the
on flow
pck. The
desired

ction includes reduction of the physical implementation data
ra with a specified model. Both the specification of the model

pcement

S yed. The
Serving the implementation data of a block is the possibility of achieving a bettegr overall

implementing the block later in the context of other blocks, instead gf imple-

adiffer-

ent level of abstracnon An ALF model for ahard block can havefeaturec similar toan ALF model for acell
(see1.2.1 and 1.2.2). In addition, the netlist and the parasitics representing the output of the implementation
flow can be partially preserved in the ALF model, especially at the boundary of the block (see 9.5). This
enables accurate analysis of the electrical interaction of a block with adjacent blocks in the context of an IC
implementation. On the other hand, an ALF model for a soft block can represent a statistical range or upper
and lower bounds (see 10.5) for characterization data rather than “hard” characterization data, since thereis
adegree of variahility in the implementation of actual instances of the block. Also, a statistical WLM can be
encapsulated within the model of the block.

ALF supports specific modeling features for parameterizeable blocks, i.e., blocks that can be implemented
in various physical shapes or sizes and with variable bitwidth and performance characteristics. The ALF
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constructs group (see 7.14), template (see 7.15), static, and dynamic template instantiation (see 7.16) can be
used for this purpose.

Independent of whether a block is a hard block or a soft block, the application for creating the IC can now
use the abstract model of the block as alibrary element rather than using acell. In asimilar way, asan ALF
model of a cell does not reveal transistor-level implementation details, an ALF model of a block does not
reveal gate-level implementation details. However, the ALF model of ablock still provides enough informa-
tion for an application to implement or explore the implementation of an IC and analyze the performance
and the compliance to logical and physical desigh constraints.

An IC is designed in the context of a specific environment with specific constraints. Environmental con-
straints jnclude for the characteristics of the package, the printed board, the range of frocess, voltage, and
tempergure (PVT) conditions (see 10.14). Other congtraints are given by globaly applicable, physica
design nfules, for example, the available routing layers, the amount of routing.fesources reserved for the
power distribution, and the available locations for 10 pins at the boundary and in\the center 0 ack The
virtual grototyping approach can be used to evaluate whether a design can pei ented witkin con-
gtraints.|The electrical characterization datain ALF, i.e., timing, power, Roise, i3l and electrigal rules,
estimatipn models for parasitics, etc., can be represented as mathematitcal fynctionsdf elvironrental condi-
tions angl constraints (see 10.3, 10.4).

A concgptual flow for the virtual prototyping and hierarchical i entation PC involving ALF mod-
els at different levels of abstraction is shown in Figure 4\ N

7 7

. L N A gidparuedi

desigw desegription constraing — — — — .
technology (VHDD, Veriiog |
rules v |
(ALF) library block |
models |

interconnect (ALF)
models !
(ALF) Tefinement,

. T _ _ it
M&gn description | % Jepartition

and constraints A

¢ !

Qb caH - design block
Block creation flow >
| L ; models
</\ ?’@Q;\ < (see Figure 3) ) (ALF)

)

\\ |

gate-level netlist

Wit pracement
and routing P> Block assembly )

Figure 4—IC prototyping and hierarchical implementation flow

<

The design planning and prototyping application uses predefined models of blocks as library elements,
referred to as “library block models.” The design is partitioned into subdesigns. The block creation flow (see
Figure 3), i.e,, a combination of block implementation and block characterization, is applied to each
subdesign. The applicable library elements for each block are cells. The outputs of the block creation flow
are the characterized models of the subdesigns, referred to as “design block models.” The design block
models can be used to iterate on the design planning application, resulting in a possible refinement and
repartitioning of the design. Once the evaluation of each block against the subdesign constraints and the
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evaluation of the virtually assembled blocks against the global design constraints are satisfactory, the block
implementation results, i.e., the netlist with placement and routing for each block, can actually be assembled
toformthelC.

The design of an IC can use a combination of cells, hard blocks and soft blocks, blocks with fixed
specification, and parameterizeable blocks as library elements. Some of the library elements are available
independent of the design, others are created during and only for the purpose of that particular design. An
abstract model for a soft block can be used in conjunction with a more detailed model for a hard block. The
abstract model can be replaced with amore detailed model during implementation of the block. Technology
rules and interconnect models are used throughout the flow.

In summary, the ALF standard provides a common modeling language for library glements, technology

rules, and interconnect models. ALF models at different levels of abstraction can
EDA agplications for planning, prototyping, implementation, analysis, optimiz&tion,
complex ICs.

1.3 Cojnventions used in this standard

The syntax for description of lexical and syntax rules uses the foHew|

[item] an optional item
[iteml | item2 | ... ]

PR]

{item}
{

1€

used corgurrently by
ation of

definition of a syntax rule
alternative definitjion
optional item with 2
feml | item2

sage of a string of characters.
verbatim usage of a keywor

NOTE—] { scribe usage of uppercase or lowercase characters, as ALF is case-insengitive.

14C

The org

‘ required
for this standard.

Clause 3 (Definitions) defines terms used throughout the different specifications contained in this
standard.

Clause 4 (Acronyms) defines the acronyms used in this standard.

Clause 5 (ALF language construction principles) defines the language construction principles used in
this standard.

Clause 6 (Lexical rules) specifiesthe lexical rules.

Clause 7 (Generic objects and related statements) defines syntax and semantics of generic objects
used in this standard.

Clause 8 (Library-specific objects and related statements) defines syntax and semantics of library-
specific objects used in this standard.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved.



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

—22- IEC 62265:2005(E)
IEEE 1603-2003(E)

— Clause 9 (Description of functional and physical implementation) defines syntax and semantics of
statements related to functional and physical implementation of library elements used in this stan-
dard

— Clause 10 (Description of electrical and physical measurements) defines syntax and semantics of
statements describing electrical and physical measurements related to library elements used in this
standard.

— Annex A, Annex B, Annex C, and Annex D. Following Clause 10 are a series of informative
annexes.

2. References
VAN

foIIova%s andards

This stapndard shall be used in conjunction with the following publications. Wh
are supgrseded by an approved revision, the revision shall apply.

|EC/IEHE 61691-1-1:2004, Behavioural languages - Part 1-1: Language r¢f
|EC/IEHRE 61691-4:2004, Behavioural languages - Part 4: Verilog ha

|EC/IERE 61523-3:2004, Delay and power calculation standa it 3 SDF) for
the electronic design process.

IEEE/ABSTM Sl 10-2002, American Nationz
The Mogdern Metric System.

nits (S1):
ISO/IECQ 8859-1:1998(E), Information technolegy—=_:bit —Part 1:
Latin Alphabet No.1.°

ISO/IEQ 9899:1999, Progra

ISO/IEG 14882:2003, P

3. Def| nitions@

For the pnary of
IEEE Sand in this
standard.

3.1 adv htax and

3.2 ALH:"See: advanced library format.

3.3 ALF name: The name of an ALF object.
3.4 ALF object: An element described in ALF.

3This standard is derived from |EEE 1076-2002 which is a trademark owned by the Ingtitute of Electrical and Electronics Engineers,
Incorporated.

4EC/IEEE publications are also available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/).

SIsolEC publications are available from the |SO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Swit-
zerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering Documents,
15 Inverness Way East, Englewood, Colorado 80112, USA (http://global .ihs.com/). Electronic copies are available in the United States
from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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3.5 ALF type: Thetype of an ALF object.

3.6 ALF value: A value associated with an ALF object.

3.7 application, electric design automation (EDA) application: Any software program that uses data rep-
resented in ALF. Examplesinclude RTL (register transfer level) synthesis tools, static timing analyzers, etc.

e also

38arc:

. advanced library format; register transfer level.

See: timing arc.

3.9 argument: A dataitem required for the mathematical evaluation of an arithmetic model. See also: arith-

metic model.

3.10 arifhmetic model: A description of amathematical model for an electrical Q
ALF

3.11 cell, library cell: An electronic circuit that isacomponent of alibrd

3.13 reg
infereng

3.14tirr
ing oper
4. Acr
Thiscla
ALF
ASIC
BIST
BNF ¢

CAE

CAM

ing arc: An abstract representatiof
ation of alibrary cell.

onyms

ineering [the term electronic design automation (EDA) is preferred]

content-ad le memory

Pment in

me dur-

CPU

DFT

DSP

EDA

EDIF

GPU

central processing unit

design for test

digital signal processor

electronic design automation
electronic design interchange format

graphical processing unit
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HDL  hardware description language
IC integrated circuit
IP intellectual property
LSB least significant bit
LSSD level-sensitive scan design

MPU  micro processor unit T~

MSB [ most significant bit

PLL phase-locked loop

PVT | process/voltage/temperature (denoting a set of environmentahe
RAM [random access memory

RC resistance (times) capacitance
ROM | read-only memory

RTL [register transfer level

SPEF
SPICE
STA
VHDL

VHSIC

VLSl very large-scaleintegration

WLM  wireload model

5. ALF language construction principles

This clause presents the ALF language construction principles and gives an overview of the language
features. The ALF statements and the rules for relationships between ALF statements are presented
summarily. Keywords are involved in the declaration of ALF statements. The keywords in ALF shall be
case-insensitive. However, uppercase is used for keywords throughout this clause for clarity.
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5.1 ALF metalanguage

Syntax 1 establishes an ALF metalanguage.

ALF_statement ::=
ALF type[[index] ALF _name[index]][ = ALF vdue],
| ALF _type[[index] ALF_name[index] ][ = ALF_vaue]q { ALF value| }
| ALF _type[[index] ALF_name[index] ][ = ALF_vaue]{ { ALF statement}}}
ALF _type::=
identifier
@
Al E name = VAN
identifier
| control_expression
ALF vaue::=
number
| multiplier_prefix_symbol
| identifier
| quoted_string
| bit_literal
| based_literal
| edge value
| arithmetic_expression
| boolean_expression
| control_expression /\(x (\

anguage

wen

The ALK
(see 6.3).
rules co

ator “@” (see 6.4) or by the delirErfer
iter as ALF type is defined by ALF language
be a predefined keyword (see 6.13.7).

The ALK i i i dentifi er{see 6, 13) or by a control expression (see 9.4). Depending on the

he ALF

option-
ctorized
ge of an
lar ALF

be 6.13),
bn arith-

X X ending on
the type of the ALF statement the ALF valueis mandatory or opt| onal or not applicable. The u%xge of apar-
ticular kind of ALF value is defined by ALF language rules concerning the particular ALF type.

An ALF statement can contain one or more other ALF statements. The former is called parent of the latter.
Conversely, thelatter is called child of the former. An ALF statement with achild is called a compound ALF
statement. An ALF statement that is related to another ALF statement by ancestry in the parent/child rela-
tionship is called an ancestor of the other ALF statement. Conversely, the latter is called a descendant of the
former.

An ALF statement containing one or more ALF values, possibly interspersed with the delimiters“;” or “:”,
is caled a semi compound ALF statement. The items between the delimiters “{“and “}" are called contents
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of the ALF statement. The usage of the delimiters “;” or “:” within the contents of an ALF statement is
defined by ALF language rules concerning the particular ALF statement.

An ALF statement without child is called an atomic ALF statement. An ALF statement which is either com-
pound or semi compound is called a non-atomic ALF statement.

Example

a) ALF statement describing an unnamed object without va ue:
ARBITRARY ALF TYPE
// put children here
}

b) LF statement describing an unnamed object with value:
ARBITRARY ALF TYPE = arbitrary ALF value;
r
ARBITRARY ALF TYPE = arbitrary ALF value ({
// put children here
}

¢) ALF statement describing a named object without value:
ARBITRARY ALF TYPE arbitrary_ALF_name;
DI
ARBITRARY ALF TYPE arbitrary ALF name
// put children here
}

d) ALF statement describing a named obj
ARBITRARY ALF TYPE arbitra
Dr
ARBITRARY ALF TYD
// put child
}

End of gxample Q

arbitrary ALF value;

drbitrary ALF value

5.2 Ca

Inthis s Statement, type, name, value are used for shortnessin lieu of ALF statement, ALF
type, AUF na ely

Statem to the following categories: generic object, library-specific object, arithmetic
model, vodel, arithmetic model container, geometric model, annotation, annotatjon con-

ement, as shownin Table 1.
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Table 1—Categories of ALF statements

Category

Purpose

Syntax particularity

Generic object

Provide a definition for use within other
ALF statements.

Statement is atomic, semi compound, or
compound.

Name is mandatory.

Value is either mandatory or not applicable.

Library-specific object

Describe the contents of a|C technology

Statement is atomic ofcompound.

library.

Name Is mandatory,
Value does not apply:

Category of p}areq 'slibr%ie\cik

object.

N

Arithmgtic model Describe an abstract mathematical quan- Statement.js abomic\or s@mpotnd.
tity that can be calculated and possibly Name s opti
measured within the design of an IC. Vay.gi andatory)if‘dtomi
Arithmgtic submodel Describe an arithmetic model under a spe- emé%thound.
cific measurement condition. e tapply.
ValuesmaddatoryNif atomic.
f? sarithmetic mogel.
\ A
Arithmgtic model Provide a context fop/an arithmetic m \el/ ent is compound
container anthvalue do not apply.
ategory of child isarithmetic modg.
Geomegric model Describe an abstract geometry used. Statement is semi compound or compound.
physical design of an IC. ameisoptional.
m Value does not apply.
N/
Annotgion Provi ea}u{allifier or f-qualifie’sfor | Statement isatomic or semi compound.
AL Rstatemefit Name does not apply.
& Vaue is mandatory, if atomic. Valueldoes

not apply, if semi compound.

ion contaiM

Annota

W@nmﬁi on.

Statement is compound.
Name and value do not apply.
Category of child isannotation.

Auxiligry st t

Pravide ahadditional description within
€ context of alibrary-specific object, an
metie model, an arithmetic submodel,

Dependent on subcategory.

N georgetric model, or another auxiliary
ent.
Figure S5THUSraes the parent/chitd Tefatfonship between calegories of Stalaments.

More detailed rules for parent/child relationships for particular types of statements apply.
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legend:

parent —

parent — >  child

= child

no restrictiverules

with restrictive rules

arithmetic model container

P |

arithmeticmodel ¢———

-

N
library-specific object

A

\
\

\

\

> i} g P v | o -9eometric model
/ i _ N auxiliary statement VAN
| arithmetic submodel- ™ )
\ -7

- I

library-specific object ~a SN
arithmetic model

—® generic object

auxiliary statement ~ —%

i 9
ithmetic
L xilir%t
N tat]
N
e e

5.3 Ge

Stateme
lists the
generic

4

'Id\@nship between ALF statements

ed objects, i.e., generic object and library-specific object

Table2

sategory generic object. The keywords used in this category al

Table 2—Generic objects

e called

Keyword Item Subclause
ALIAS Alias declaration See7.7.
CONSTANT Constant declaration See7.8.

CLASS Class declaration See7.12.
GROUP Group declaration See 7.14.
KEYWORD Keyword declaration See 7.9.
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Table 2—Generic objects (continued)

Keyword Item Subclause
SEMANTICS Semantics declaration See 7.10.
TEMPLATE Template declaration See 7.15.

Table 3 lists the keywords and items in the category library-specific object. The keywords used in this cate-
gory are called library-specific keywords.

VAN

Table 3—Library-specific objects G
N\

Keyword Item Subcl\a&s
ANTENNA Antenna declaration 5@%\{1 \\ \
ARRAY Array declaration \:@}Z& >
BLOCKAGE Blockage declaratior)/ §e\8\22\‘ \
CELL Call dedlaration— \ > /| See8,
LAYER @x{eclqéti\én 8 ( @8}6/
LIBRARY Li@ d a\rafkon \'@8/2

|

See 8.12.

PATTERN /\ r\@ﬁqn}ieﬁlar |on\ See 8.29.

PIN A \& Pi n\ﬂ%&a@ti on y See 8.6.
PINGROU Mou eclaration See8.7.
< PBN\dMi on See8.23.

PRI&{{IV}\ \/er declaration See 8.9.
RE&{O}\\ \ /F(egi on declaration See 8.31.

Rule declaration See 8.20.

</\ \S\IT’@ \ Site declaration See 8.25.
] e I\B{QM Sublibrary declaration See82.

VM Vector declaration See 8.14.

VIA Via deClardallon L€ o.10.

WIRE Wire declaration See 8.10.

Figure 6 illustrates the parent/child relationship between statements within the category library-specific
object.
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_>

_>

library —pm sublibrary
node
layer
ere cell pr|m|t|ve

site \

vector group i

region /blockage
rule '/
antenna\‘
via Q M child

A parent
by namg.

5.4 Sir

Auxiliafy statements wi

ment an

in the following subcategories: singulfr state-

Auxili and without name are called singular statements. Auxiliary
statem name, yet without value, are called plural statements
Table4]i
< Table 4—Singular statements
thyword \/ Item Value Complexity Suljclause
FUNCTION Function statement N/A Compound See9.1.
TEST Test statement N/A Compound See9.2.
RANGE Range statement N/A Semi compound See 9.8.
FROM From statement N/A Compound See 10.12.
TO To statement N/A Compound See 10.12.
VIOLATION Violation statement N/A Compound See 10.10.
HEADER Header statement N/A Compound See 10.4.
TABLE Table statement N/A Semi compound See 104.
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Table 4—Singular statements (continued)

Keyword Item Value Complexity Subclause
EQUATION Equation statement N/A Semi compound See 10.4.
BEHAVIOR Behavior statement N/A Compound See 9.4.
STRUCTURE Structure statement N/A Compound See 9.5.
NON_SCAN CELL | Non-scan cell statement Optional Compound or semi compound See9.7.
ARTWORK Artwork statement Mandatory Compound or atomic See 9.19.

7
Table 5]iststhe plural statements.
Table 5—Plural statements
N
K eyword Item Name Wit\y\ \) Subclalise
STATHTABLE State table statement Optional ( wNmpoqu > See 9.6.
@ Control statement M ar@t}s@\/ Cz?ﬁ}feoukix See 9.4.
Alternative control staleﬁ@nt %ndatc(y Co%rrémh( See 9.4.

Figure 1
A paren multiple
children
5.51InS3
Auxil ia:B/ ords use the name of an object as keyword. Such stgtements
aredivi ieg’ instantiation statement and assignment statement.
Compo! ents using the name of an Obj ect as keyword are called instgntiation
state
Table6]i
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primitive cell p pin
i / L non-scan cell i
artwork
function test range

/ violation-e— arithmetic model from
e ; NjEe

to

I:anthmetlc submodel _F\Qeader

Statetaple UH]dVl or b"i\
arlthmetlc submod atio

control statement
alternative control st

legend:
parent — B child

Figue 7—Parent/child relationship involving sing em ts an pIuraI statements

Table 6—nstantiation statements

N A\

\&QI i}skant}iior\ %/9.5.
\F‘qu\hi{eir}sgn\tra\'ox See9.4.

SRR anm@/ 716

Vi nstanu’at\ See 9.20.
\hﬂgWon See 9.15.

Atomic< e using an identifier as keyword that has been defined within the context of
another [obj ignment statements. A value is mandatory for assignment statements) as their
purposelis to'assi vatue to the identifier. Such anidentifier is called avariable.

Table 7 lists the assignment statements.

Table 7—Assignment statements

Item Subclause
Pin assignment See 9.3.2, Syntax 68.
Arithmetic assignment See 7.16, Syntax 42.
Boolean assignment See 9.4, Syntax 69.
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Figure 8 illustrates the parent/child relationship involving instantiation and assignment statements.

legend:
behavior parent —— > child
parent — B child

no restrictive rules

with restrictive rules

primitive instantiation——| .
. boolean assignment

control statement

alternative control statement ——
generic object .

library-specific object

singular statement
non-scan cell  structure

oA plural statement -
Iy %  arithmetic model
cell instantiation / arithmetic submodel” P

I
\ v * ' arithmetic model confain

pin assignment g—wireinstantiation

Artwor k

Figure 8—Parent/child relationship involving instantjation a

most ong child using the same variable in the satego

5.6 Anjhotation, arithm

Multipl¢ keywords are p
submodél, annotation, al

the conlext of thei
languagge allows i

subclauges where mo

A parenf can have multiple children usingthe sa ocd in'the Qeg Iy instantiation statement, but at

< B Item Subclause
Arithmetic model See 10.3, Syntax 82.
Arithmetic submodel See 10.7, Syntax 96.

ithmetic
i a%ﬁwithin
he ALF

fence to

Arithmetic model container See 10.8, Syntax 97.

Annotation See 7.3, Syntax 31.
Annotation container See 7.4, Syntax 32.
Geometric model See 9.16, Syntax 77.
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There exist predefined keywords with generic semantics in the category annotation and annotation con-
tainer. They are called generic keywords, comparable to keywords for generic objects. Table 9 lists the
generic keywords in the category annotation and annotation container.

Table 9—Annotations and annotation containers with generic keyword

Keyword I tem/category/subcategory Subclause
PROPERTY Annotation container See7.6.
ATTRIBUTE Multi-value annotation See7.5.
INFORMATION Annotation container See 8/3%

Table 10 lists predefined keywords in categories related to arithmetic mogdél.

Table 10—Keywords related tw.

Keyword Item/category/sutﬂeg\orﬁ o Subclauge

LIMIT Arithmetic model contaigé\ A } U ‘\7 See 10.8.2.
MIN Arithmetic submodel, also\b;@ra%r\v\v?@n Q\t\hme\t}s%)ﬁeé on See 10.2.3, 10.5.

MAX Arithmetic submodel, als@);rﬁtq W\ith'kn\akithn&{c expression See10.2.3, 10.5.
TYP Arithmetig"submod \ \\ \ See 10.5.

_/5'{ P~ Q)
DEFAULT Annﬂath\ \( See 10.9.4.

ABS Op aWith&gi\o%p@on See 10.2.3.
EXP éper or With@ar}mweti\o%pr@{on See 10.2.3.
LOG Acﬁam%@r on See10.2.3.

edefi keywords, especialy in the category arithmetic model, can|be self-
ord declaration statement (see 7.9).

5.7 Stg arser control

Table 11 provides a reference to statements used for ALF parser control.

Table 11—Statements for ALF parser control

Keyword Satement Subclause
INCLUDE Include statement See 7.17.
ASSOCIATE Associate statement See 7.18.

ALF REVISION Revision statement See 7.19.
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The statements for parser control do not necessarily follow the ALF metalanguage shown in Syntax 1.

5.8 Name space and visibility of statements

Thefoll

a)
b)

0)

d)

e

6. Lex

Thiscla

The AL
into the

identifier,

4

Each lexi

tokens f

owing rules for name space and visibility shall apply.

A statement shall be visible within its parent statement, but not outside its parent statement.

A statement visible within another statement shall also be visible within a child of that other
statement.

Cations. An object of the same type and the same name capybe redeclg if Sg ic support for
his redeclaration is provided. The purpose of such aredeclarati the origjnal dec-

aration with new children statements which augment iginal e adicting
t.

All statements with optional names(ihe. perty, i 'c@del, geometric model) shal] share a
Common name space within their tsibili tatement/with optional name shal| use the

Same name as any other visible statement wi iole e-conversely, a statement can use the
i ame outside the scope of its visitjility.

divided
ing, and

mposed of one or more characters. Whitespace shall be used to separate | exical
fom eac JWhitespace shall not be allowed within alexical token with the exception|of com-

ment an

' quoted string.

The specific rules for construction of lexical tokens and for usage of whitespace are defined in this clause.

6.1 Ch

aracter set

This standard shall use the ASCII character set [see |SO/IEC 8859-1:1998(E)].

The ASCII character set shall be divided into the following categories: whitespace, |etter, digit, and special,
as shown in Syntax 2.
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character ::=
whitespace
| letter
| digit
| special
whitespace ::=
space | horizontal_tab | new_line | vertical_tab | form_feed | carriage_return
letter ::=
uppercase | lowercase
uppercase ::=
A|B|C|D|E|FE|
INIOIPIQIRISI
lowercase ::
Fl!h!r‘!d!f:\lfl thiiy

digit ::=
011/213141516,718]9
spe0|al— .

il [~ 1+ - 151 1% 120000001 =
|(|

>0 ) N

=
o)
=

P

t

f‘”r!Q!f!ll!\ll\l\I! {

—

Table 12 showsthe list of whitespace characters and their A

Table 12—{&0\@

Name &L\code octal)
%riz tgtab ) V 011
_J

012

Vem\(ﬂ\ak >
QQW%Q N
atag e

&aracters and their names used in this standard.

Table 13—List of special characters

Table 1
<

Symbol Name
& Ampersand
| Vertical bar
N Caret
~ Tilde
+ Plus
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Table 13—List of special characters (continued)

Symbol

Name

Dash

Asterisk

Slash

%

Percent

Question mark

Exclamation mark
A\

Colon

Semicolon

<
<

Comma

(\\\

Doubleq }até\

N

(o (

sing |e({qjot§7 \
~

équal s\g&

-

.
N\

<

v
™

oll

4\/;4//'\/“@- S X
a4

Qs
N

Underscore

A,

Pound

it
7

%

Parenthesis (open, close)

p

Angular bracket (open, close)

[—

Square bracket (open, close)

<2

Curly bracket (open, close)

6.2 Comment

A comment shall be divided into the subcategories in-line comment and block comment, as shown in

Syntax 3.

The start of an in-line comment shall be determined by the occurrence of two subsequent slash characters
without whitespace in-between. The end of an in-line comment shall be determined by the occurrence of a

new line or of a carriage return character.
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comment ::=
in_line_comment
| bl ock_comment
in_line_comment ::
/ Echaracter} new_line
|/ [{ character} carriage_return
block_comment ::=
*{ character}* /

Syntax 3—Comment

The start of a block comment shall be determined by the occurrence of a dash character followed by an
asterix without-whitespace-in-between-The-end-of a-block-comment-shall be rlnfnrmivérl\h\]kfhn eccurrence

of an aderix character followed by a dash character.
I yolve a

A comnpent shall have the same semantic meaning as awhitespace. Therefore,
commerjt.

6.3 Dejimiter

The spegia characters shown in Syntax 4 shall be consider dekn;iter

ROHONOE <\<C§ 3 O ~

When g a partial

Operatg Dr, rela-
tional o

When ] sion. An
operator) x opera d 3 : and. An
operatof with -‘ skall be called a binary operator A binary operator shall succeed the fifst oper-
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operator ::=
arithmetic_operator
| boolean_operator
| relational_operator
| shift_operator
| event_operator
| meta_operator
arithmetic_operator ::=
- F 1% | **
boolean_operator ::=
& ~& [~ [~ M &
relational _operator ::=
::|!—:|>:|<:|>|<
shift Qperator = /\
<<|>>

event_operator ::=
S|~ <> <> &> <& >
meta_operator ::=
=1?1@ N

Syntax 5—Operator
6.4.1 Arithmetic operator

Table 14 shows the list of arithmetic operators and theirn

Urﬁ\& inary Subclause

N/

+ Plus\{ \ Bina}y/ See9.11.4.
N

Both See 9.11.4.

Binary See9.11.4.

7
Divide > Binary See9.11.4.
/ /\\ \\
éy(\ \ M\o%us Binary See9.114.

2\ R\ Powér Binar See 10.2.2.
4 X\\/ Y
Arithmetic/operato | be used to specify arithmetic operations.

6.4.2 Boolean operator

Table 15 shows the list of boolean operators and their names used in this standard.
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Symbol Operator name Unary/ binary Subclause
| Logical inversion Unary See9.11.1.
& & Logica and Binary See9.11.1.
|| Logica or Binary See9.11.1.

AR
~ Bit-wise inversion Unary See 9.%10&\
(@GN
& Bit-wise and Both S@\{\K \
-& Bit-wise nand Both N{\Kﬁ\ x \
| Bit-wise or Both <\ Seé‘gl\l\z \
~| Bit-wise nor Both /\ > 9}1\2
A Exclusive or hu / S@%Z
) N

~N Exclusive nor < /\éotrﬁ ( U ‘\Sé 9.11.2

Boolean

6.43R

Table 14

eir names used in this

t of relational operators

standard.

W Op¥k<t0r name Unary / binary Subclause
<z\\ = Nal Binary See9.11.6.
= \ \N\gt)equal Binary See9.11.6.
> Greater Binary See9.11.6.
< Lesser Binary See9.11.6.
>= Greater or equal Binary See 9.11.6.
<= Lesser or equal Binary See9.11.6.

Relational operators shall be used to specify mathematical relationships between numbers.
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6.4.4 Shift operator

Table 17 shows the list of shift operators and their names used in this standard.

Table 17—List of shift operators

—41—

Symbol Operator name Unary / binary Subclause
<< Shift left Binary See9.11.5.
>> Shift right Binary See 9.115~
L

Shift opprators shall be used to specify manipulations of discrete mathematica
6.4.5 Eyent operator

Table 18 showsthe list of event operators and their names u

Table 1}—\Listm

W/ binary

Symiol Operator nar}él Subclguse
> Immediately followed by ( \B'>nary See9.132
~> Eventually foljgwed by \ \5 > Binary See 9.13.2
<> Immediat follo\\(\ng eacm\\\) Binary See 9.13.3
<~> ﬁfu@lykffllom Wt\\) Binary See9.13.3
&> Smﬁ/ww Binary See9.13.3
<&> Binary See9.13.3

SR AR T e——
NN\

to express temporal relationships between discrete events.

Table 19—List of meta operators

Symbol Operator name Unary / binary Subclause
= Assignment Binary See7.16,9.3.2,9.4.
? Condition Binary See 9.135.
@ Control Unary See 9.4.
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Meta operators shall be used to specify transactions between variables.

6.5 Number

Numbers shall be divided into subcategories signed integer, signed real, unsigned integer, and unsigned
real. Furthermore, the categories signed number, unsigned number, integer, and real shall be defined as
shown in Syntax 6.

number ::=
signed_integer | signed_real | unsigned_integer | unsigned_real
signed_number ::= TN
STOMEd_ITteEger | Signed_Teal
unsigned_number ::=
unsigned_integer | unsigned_real
integer ::=
signed_integer | unsigned_integer
signed_integer ::=
sign unsigned_integer
unsigned_integer ::=
digit { [ _ ]digit}
%l I

real ::
signed_rea | unsigned_rea
signed_real ::=
sign unsigned_real
unsigned_real ::=
mantissa [ exponent ]

wax 6—Number

A numb erical quantity.
6.6 Ing
Aninde all bedefined as shown in Syntax 7.

e vatue =
unsigned_integer | atomic_identifier

Syntax 7—Index value

The purpose of an index value is to represent a position within arange of discrete, countable values. A dis-
crete, countable value shall be represented by an unsigned integer (see 6.5). The usage of atomic identifier
(see 6.13) as an index value shall only be allowed, if the semantic interpretation of the atomic identifier
resolves to avalue of the category unsigned integer.

An index value can represent a particular position within a pin of the category vector pin, a matrix pin (see
8.6), or apingroup (see 8.7).
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Anindex value can also be used in the context of a group declaration (see 7.14) and in the context of arange
statement (see 9.8).

An index shall be defined as shown in Syntax 8.

index ::=

single_index | multi_index
single index ::=

T index_value |
multi_index ::=

[ index_value : index_value |

SYyhntax o—Inaex

An index shall be used in conjunction with the name of a pingroup, a vector gin single
index shll represent a particular scalar within aone-dimensional vector or g parti vec-
tor with|n atwo-dimensional matrix. A multi index shall represent a range of scal vectors,
wherein|the position of the most significant bit (MSB) is specified by e sition of

the least| significant bit (LSB) is specified by the right index value.

6.7 Mdltiplier prefix symbol and multiplier prefix value

A multiplier prefix symbol shall be defina@@g%x 9, G
multiplier_prefix_symbol ::=
unity { letter } | K { lettér} | MEG } 1G4 letter }
M { letter} | U{ letter } N{’@y letter¥ | F{ letter }

Al

Syntax 9—Multiplier prefix symbol

The purpose of amultiplier prefix symbol isthe specification of amultiplier for the base unit associated with
an arithmetic model (see 10.3). Only the leading characters of the multiplier prefix symbol shall be used for
identification of the corresponding number. Optional subsequent letters can be used to indicate the base unit.
For example, “pF’ can be used to denote “picofarad,” “MegaHz” can be used to denote “megahertz,” etc.
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A multiplier prefix symbol shall relate to the International System of Units [B9], as shown in Table 20.

Table 20—Multiplier prefix symbol and corresponding Sl-prefix

Lexical token Sl-prefix (symbol) | Sl-prefix (word) Numerical value
F f femto le-15
P p pico le-12
N n nano le-9
o H mneryv N \eJ (
M m milli le-3 <\\
RN (O
unity 1 one 1le0 & \ \
« ‘ il UK S
~N
MEG M mega \3%\ AN \
e} G giga \ \\/

A multiplier prefix value shall be defined @\M@

multiplier_prefix_value

unsigned_| number|mu|t|&><;_{)|:e@< Wbok

The multiplier prefix val
symbol .
number

6.8 Bifli

in Syntg

iplieg prefix value

as an unsigned number (see 6.5) or amultipligr prefix

, @S shown

bMal u=

Al r.ll IAATUrrer I\4_I.II L_I T
| symbolic_bit_literal
alphanumeric_hit_literal
numeric_bit_literal
| alphabetic_bit_literal
numeric_hit_literd ::=
011
alphabetic hit_literal ::
X|Z|L|H| U |W
er4l |h|U|W
symbolic_bit_literal ::
?0*

Syntax 11—Bit literal

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

IEC 62265:2005(E) — 45—
IEEE 1603-2003(E)

Bit literals shall be used to specify scalar values within a boolean val ue system (see 9.10).

6.9 Based literal

Based literals shall be divided into subcategories binary based literal, octal based literal, decimal based lit-
eral, and hexadecimal based literal, as shown in Syntax 12.

based literal ::=

binary_based_literal | octal_based literal | decimal_based_literal | hexadecimal_based literal
binary_based_literal ::=

binary basebit_literal { [ ] bit_literal } /N
bi naré_base =

1 I 1 b

octal_based literal ::=
octal_base octal_digit { [ __ ] octal_digit }
octal_base::=
IO | I0
octal_digit ::=
bit_literal |2|3|4|5|6|7
decimal_based literal ::=
decimal_basedigit { [ _ ] digit}
decimal_base ::=
1 D |Td
hexadecimal_based_literal ::5
hexadecimal _base hexadeci

hexadecimal_base ::=

IH |Ih
hexadecimal_digit ::=

octal_digit| 8|9

|A|BIGJDIE|F

abicidiell \

N
ta \—Bas)ed literal

Based liferals sh sed eCi

6.10 Bpolean valu
A boole e shall"be defineo
N
NS
boolean_value ::=
alphanumeric_bit_literal | based literal | integer

Syntax 13—Boolean value

c

S shown in Syntax 13.

The semantics of aboolean value are explained in 9.10.

6.11 Arithmetic value
An arithmetic value shall be defined as shown in Syntax 14.

An arithmetic value shall represent data for an arithmetic model (see 10.3) or for an arithmetic assignment
(see 7.16). Semantic restrictions apply, depending on the particular type of arithmetic model.
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arithmetic_value ::=
number | identifier | bit_literal | based_literal

Syntax 14—Arithmetic value
6.12 Edge literal and edge value

Edge literals shall be divided into subcategories bit edge literal, based edge literal, and symbolic edge lit-
eral, as shown in Syntax 15.

N

WBC_IILUUI e
bit_edge literal

| based_edge literal

| symbolic_edge litera
bit_edge literd ::=

bit_literal bit_literal
based edge literal ::=

based literal based literal

mbolic_edge literal ::=
M 7~ |g?-_

Edge literals shall be used to specify ach in.a beplean system. In general, bit edge literals
shall spgcify achange of ascalar value, b 2 all i change of a vectorized value, and
symbolit edge literals shall specify a changé of a scal a vectarized value.

An edgeg value shall be defi

N ~

16—Edge value

An edg
expressi
4
6.13 Id

epresent a stand-alone edge literal that is not embedded in f vector

Identifigrsshall be divided into the subcategories atomic identifier, indexed identifier, hierarchicgl identi-
fier, and escaped identifier, as shown in Syntax 17. The subcategory atomic identifier shall be further
divided into non-escaped identifier and placeholder identifier. The subcategory hierarchical identifier shall
be further divided into full hierarchical identifier and partial hierarchical identifier.

identifier ::=

atomic_identifier | indexed_identifier | hierarchical_identifier | escaped_identifier
atomic_identifier ::=

non_escaped_identifier | placeholder_identifier
hierarchical_identifier ::=

full_hierarchical_identifier | partia_hierarchical_identifier

Syntax 17—Identifier
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An identifier shall be used to specify an ALF name or an ALF value. An identifier can also appear as avari-
able in an arithmetic expression (see 10.1), in a boolean expression (see 9.9), or in a vector expression (see
9.12).

A lowercase character used within a keyword or within an identifier shall be considered equivaent to the
corresponding uppercase character, i.e., ALF shall be case-insensitive. However, whenever an identifier is
used to specify an ALF name, the usage of the exact uppercase or lowercase letters shall be preserved by the
parser to enable usage of the same name by a case-sensitive application.

6.13.1 Non-escaped identifier

A ceanodoidantifior chall ha daofinad ac chaovam in Quntay 10
non-eseaped o HA-SyAtax-—1S:

i
ot T er—orer o TICT oo ooy T It S AR = AwES

non_escaped_identifier ::=
letter { letter | digit| | $|#}

A non-€ £ haracter
with spe ¥ here as a keywold.

6.13.2

A place without

whitesps

A place pe 7.15),
whichis

6.13.3

An incﬁ without
whitesps

indexed identifier -:=
atomic_identifier index

Syntax 20—Indexed identifier

The atomic identifier shall be interpreted as the ALF name of a one- or two-dimensional object, i.e., a vector
pin or amatrix pin (see 8.6). The index shall be interpreted as the position of a scalar element within a one-
dimensional object or aone-dimensional slice within atwo-dimensional object.

6.13.4 Full hierarchical identifier

A full hierarchical identifier shall be defined as shown in Syntax 21.
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full_hierarchical_identifier ::=
atomic_identifier [ index ] . atomic_identifier [ index ] { . atomic_identifier [index ] }

Syntax 21—Hierarchical identifier
A full hierarchical identifier shall be used to specify a hierarchical name, i.e., the name of a child preceded

by the name of its parent. A dot within a hierarchical identifier shall be used to separate a parent from a
child.

6.13.5 Partial hierarchical identifier

) AN
A partigrnierarchicar faemtfier shalt e defined as STowTT 1T Symtax 22- A
partial_hierarchica_identifier ::=
atomic_identifier [ index ] { . atomic_identifier [ index ] }
{ atomic_identifier [ index ] { . atomic_identifier [ index
[ atomic_identifier [ index ] { . atomic_identifier [ ing%]
A partig ots shall
indicate ia hier-
archical|i ndant of
the preceding ancestor.
NOTE—A restriction as to which descendant is g
6.13.6 [Escaped identifie
An esca
<
An esca ifentifier
otherW|

A dot W|th|n an escaped identifier shall be semantically interpreted in the same way as a dot within a full
hierarchical identifier (see 6.13.4), unless the dot isimmediately preceded by a backslash.

A lexical sequence of characters according to Syntax 8 (see 6.6) at the end of the escaped identifier or pre-
ceding a dot within the escaped identifier shall be interpreted as an index (see 6.6) in the same way aswithin
afull hierarchical identifier or within an indexed identifier (see 6.13.3), unless the lexical sequence of char-
actersisimmediately preceded by a backslash.

A backslash within an escaped identifier shall semantically be considered part of an ALF name or of an ALF
value designated by the escaped identifier, with exception of the leading backslash and a backslash immedi-
ately preceding a dot or an index.
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Example
\id1[0].id2\[1]\id3\.id4 represents 3 levels of hierarchy.

The ancestor is the element at position 0 of the one-dimensional object "id1”. The child of "id1[0]” is the
scalar object "id2[1]”. The child of "id2[1]" isthe scalar object "id3.id4”.

NOTE—The scalar object "id2[1]” by itself has to be declared as "\id2\[1]". The scalar object "id3.id4” by itself hasto
be declared as"\id3\.id4".

End of example

6.13.7 Keyword identifier

Keywor ¢is shall be lexically equivalent to non-escaped identifiers. Predefined
Table 3| Table 4, Table 5, Table 9, Table 10, and Table 11. Additional k

>abl e2,

The predefined keywords in this standard shall follow a more r ral non-

escaped|identifiers, as shown in Syntax 24.

keyword_identifier ::=
et ) REOR N

The reason for the more restrictive lexic the use of words taken from 4 natura
languagg as keywords. Words in a natural from lexical characters only, not from
number$. The underscore ca di - Id be awhitespace or adash in thewprd from
the natural language.

NOTE—This standare pr

6.14 Quoted strir

A quoted string shall be a charac-
ters, as $ho

A\
« H . —
\qu\g\{ f:trlnaé{e_r o
\/

Within a quoted string, a sequence of characters starting with an escape character shall represent a symbol
for another character, as shown in Table 21.

Syntax 25—Quoted string

Table 21—Character symbols within a quoted string

Symbol Character ASCII code (octal)
\g Alert or bell 007
\h Backspace 010
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Table 21—Character symbols within a quoted string (continued)

\t Horizontal tab 011

\n New line 012

\v Vertical tab 013

\f Form feed 014

\r Carriage return 015

\ " Double quote 042
Backslash 124 I/\

\ digit digit digit ASCII character represented by three digit digit dig@}git
octal ASCII code

The star|
be deter
characte

6.15S

A string

| of aquoted string shall be determined by a double-quote charactey. The o\unstr ng shall
Mined by a double-quote character preceded by an even nu haracters or by gdny other

r than escape character.

ring value

value shall be defined as shownin ax

A string

6.16 G

Angenﬁ i

string_value < \Q
quoted <&tringy identifi
N
N

tax 26—String value

al datanin gepera and the name of areferenced object in particul dr.

W_Vd ue:=
umber

[Tnonper_prefX_Sympot
| identifier

| quoted_string

| bit_literal

| based_literal

| edge_value

Syntax 27—Generic value

A generic value shall be used as an ALF value for an annotation (see 7.3), for agroup declaration (see 7.14),
or for a template instantiation (see 7.16). Restrictions for applicable values in a particular context shall be
defined by semantic rules.
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6.17 Vector expression macro

A vector expression macro shall be defined as shown in Syntax 28.

vector_expression_macro ::=
# . non_escaped_identifier

Syntax 28—Vector expression macro

A vector expression macro shall be used as a substitution for a predefined vector expression (see 9.12). The

alias declaration (see 7.7) shall be used to establish the substitution mechanism.

VAN

6.18 Rules for whitespace usage
Whitesyjace shall be used to separate lexical tokens from each other, accq

a) Whitespace before and after a delimiter shall be optional.
b) Whitespace before and after an operator shall be optignat.

).
€) Whitespace between subsequent q

f)  Whitespace between subsequent lexicCs
bral, and identifier shall be mandatq

rules a), b), and c).
h)  Whitespace after an
).
i)  Either whj
rules a),

ingyul

| b), and

rule c).
ased lit-

pverride
b), and
pverride
ile shall

Ce, in all
ile, and

In a syntax rule where multiple legal interpretations of alexical token are possible, the resulting ambiguity

shall be resolved, according to the following rules:

a) Inacontext where both bit literal and identifier are legal, a non-escaped identifier shall take priority

over asymbolic bit literal.

b) Inacontext where both bit literal and number are legal, an unsigned integer shall take priority over

anumeric bit literal.

¢) Inacontext where both edge literal and identifier arelegal, a non-escaped identifier shall take prior-

ity over abit edge literal.

d) In acontext where both edge literal and number are legal, an unsigned integer shall take priority

over abit edge literal.
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If the interpretation as bit literal isdesired in case a) or b), abased literal can be substituted for a bit literal.
If the interpretation as edge literal isdesired in case ¢) or d), abased edge literal can be substituted for a bit
edge literal.

7. Generic objects and related statements

7.1 Generic object

A generic object shall be defined as shown in Syntax 29.

generic_object ::=

alias_declaration

| constant_declaration

| class_declaration

| keyword_declaration

| semantics_declaration

| group_declaration

| template_declaration

Syntax 29—Gen

generic object shall bg either a
7.12), a declared keyword (see
or adeclared template (see 7.15).

The purpose of ageneric object is to speci
declareq alias (see 7.7), a declared constant {s
7.9), adeclared semantics (see 7.10), a decl

A geneffic object shall have Re. |c okjects of the same ALF type can be peclared
within the same context. The ip

7.2 All purpo

Anall- purposeﬂegm@\ ed in Syntax 30.

| arithmeti c:model _container
| all_purpose_item_template_instantiation

Syntax 30—All purpose item

The purpose of an all-purpose item is to specify a category of statements that are supported in the syntax
rules of alibrary-specific object (see 8.1), without semantic restrictions. The semantic restrictions for an all-
purpose item shall be defined by a keyword declaration (see 7.9) or by a semantics declaration (see 7.10).

An al-purpose item shall be either a generic object (see 7.1), an include statement (see 7.17), an associate
statement (see 7.18), an annotation (see 7.3), an annotation container (see 7.4), an arithmetic model (see
10.3), or an arithmetic model container (see 10.8).
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7.3 An

notation

An annotation shall be divided into the subcategories single-value annotation and multi-val ue annotation, as
shown in Syntax 31.

annotation ::=
single_value_annotation
| multi_value_annotation
single_value _annotation ::=
annotation_identifier = annotation_value
multi_value_annotation ::=
annotation_identifier { annotation value{ annotation_value} }

- VAN

dioua ol
generic_vaue
| control_expression
| boolean_expression
| arithmetic_expression

The pur

An anng
shortneq
annotati

The anrj
generic
areferel
The anr

type.

7.4 An

An anngtation contain Nbad

Syntax 31—Annotation

hose of an annotation is to describe a particular sem

tation shall represent an association between an ifier and.a set\of anndtation values (values for

S). In case of a single-value annotation, onjy

otation identifier shal be either a
pbject (see 7.1) or a)ibrary-spesifi

ti-value
S parent

t,i.e, a

. caled
nce annotation. A s i 10)\sHall be used to legalize a reference anﬁtation.

notation contaj

shown in Syntax 32.

ed ALF

I\

Syntax 32—Annotation container

potation contgmer n=
a%ﬂ@taﬂ _container_identifier { annotation { annotation} }
\‘>

An annotation container shall represent a collection of annotations. The annotation container shall serve asa
semantic qualifier of its parent statement. The annotation container identifier shall be akeyword. An annota-
tion within an annotation container shall be subject to semantic restrictions, depending on the annotation
container identifier.

7.5 ATTRIBUTE statement

An attribute statement shall be defined as shown in Syntax 33.

The attribute statement shall be used to associate arbitrary identifiers with the parent of the attribute state-
ment. Semantics of such identifiers can be defined depending on the parent of the attribute statement. The
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atribute ::=
ATTRIBUTE { identifier { identifier} }

Syntax 33—ATTRIBUTE statement
attribute statement has a similar syntax definition as a multi-value annotation (see 7.3). While a multi-value

annotation can have restricted semantics and a restricted set of applicable values, identifiers with and with-
out predefined semantics can coexist within the same attribute statement.

Example

CELL myRAM8x128 {
ATTRIBUTE { rom asynchronous static }

7.6 PROPERTY statement

A property statement shall be defined as shown in Syntax 34/\
\/m
property ::=
PROPERTY [ idengifiex] { { anrét on)} b

io
TY state

The pro notations with the parent of the propefty state-
ment. T } S an annotation container (see 7.4). While the
keyworj 8 S antics and the set of applicable annotat|ons, the
keywor St, 100S predefined semantics when they appear wjthin the
property bi ORI ifiexs with otherwise defined semantics are used.

Examplé

PR

7.7 ALTAS declaration

An alias shall be declared as shown in Syntax 35.

dias declaration ::=
ALIASalias identifier = original_identifier ;
|ALTAS vector_expression_macro = ( vector_expression ) ;

Syntax 35—ALIAS declaration

The alias declaration shall specify an aliasidentifier (see 6.13) or a vector expression macro (see 6.17).
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The diasidentifier can be used as a substitution of an original identifier, used to specify aname or avalue of

an ALF statement. The dias identifier shall be semantically interpreted in the same way as the
identifier.

The vector expression macro can be used as a substitution of a vector expression.

Example

ALIAS reset = clear;

ALIAS #.rising edge = ( 01 clock ); YN

original

7.8 CQNSTANT declaration

A constant shall be declared as shown in Syntax 36.

constant_declaration ::= \ \/
CONSTANT constant_identifier = conétant_valuex,
constant_value ::=

number | based_literal /\
)
Syntax decClaration
The constant declaration shall specify an identif instead of a constant value, i.e} a num-
ber or apased literal. The identifi [ ed in the same way as the constant value.

Example

COI
CO

keyword declaration ::=

KEY WORD keyword_identifier = syntax_item identifier ;

SK EYWORD keyword_identifier = syntax_item_identifier { { CONTEXT _annotation }

Syntax 37—KEYWORD declaration

A keyword declaration shall be used to define a new keyword in a category or a subcategory of ALF state-

ments specified by a syntax item identifier.

A keyword item can be used to qualify the contents of the keyword declaration. One or more annotations

(see 7.11) can be used as akeyword item.
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A legal syntax itemidentifier shall be defined as shown in Table 22.

Table 22—Syntax item identifier

Syntax item identifier Semantic meaning
annotation The keyword shall specify an annotation (see 7.3).
single_value_annotation The keyword shall specify a single-value annotation (see 7.3).
multi_value_annotation The keyword shall specify amulti-value annotation (seeZ.3).
annotption container The keyword shall specify an annotation con}\a(eﬁ(seei{).
arithmetic_model The keyword shall specify an arithmetic n&d\%\Q@.
arithmetic_submodel The keyword shall specify an arithn‘%c wbrﬂo@}%\w@)
arithmetic_model_container | Thekeyword shall specify an é@%w nes (see 10.9).
geomeftric_model The keyword shall speﬁy WMWS%9 16).

%

A keywprd declaration shall be equivalenttQ an‘exte of theMALF syntax. A keyword declarat{on shall
not be ojerwritten or duplicated.

Examplé
Declaration of a keyword:

KE? = single value annotation ;
The equ n (BNF) looks as follows:

MySingl
M
End of

7.10S

mn' laalll laal ] L HI . Py FaYal
tlubbllclll T UTLIAITU AS JTUWITTTIT Oy TTlaA ©0.

A semantics declaration shall be used to define context-specific rulesin a category or a subcategory of ALF
statements. The semantics item identifier shall make reference to alegal ALF statement or to a category or
subcategory of legal ALF statements.

The semantics identifier shall be akeyword identifier (see 6.13.7), or a syntax itemidentifier (see Table 22),
or a full hierarchical identifier (see 6.13.4), composed of one or more keyword identifiers and/or syntax
item identifiers.

A syntax item identifier can be used as the ALF value of a semantics declaration under the following
restrictions:
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semantics_declaration ::=
SEMANT I CS semantics identifier = syntax_item_identifier ;

semantics_item ::=
CONTEXT _annotation
| VALUETYPE_single_value_annotation
| VALUES multi_value_annotation
| REFERENCETYPE_annotation
| DEFAULT_single value annotation
| S_MODEL_single_value_annotation

| SEMANT I CS semantics_identifier [ = syntax_item_identifier ] { { semantics_item} }

Syntax 38—SEMANTICS declaration

VAN
a) [Thesyntax item identifier in arelated keyword declaration is “annotation.”
b) F“multi-
A semantic item can be used to qualify the contents of the semantics des otations
(see7.1
A sem aration.
A sem
711 A on
This sul
7.11.1
The val yietype annotatiol be asi natation. The set of legal values shall depend onfthe syn-
tax item identifie@ci i steok d declaration, as shown in Table 23.
Default value
Byntax item tdeqti Set \O;:AlngaIEﬁ(“;,eéfor for Commient
X VALUETYPE
annotlatt \ \/ number, identifier See Syntax| 31,
or signed integer, 7.3, definit|{on of
singlle &aTtie Bmpdtation unsigned_integer, annotation|value.
or N\ B multiplier prefix valu
multi value annotation e,
identifier,
string_value,
quoted string,
boolean value,
edge_value,
control expression,
boolean expression,
arithmetic expression.
annotation_container N/A N/A An annotation
container (see
Syntax 32, 7.4)
has no value.
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Table 23—VALUETYPE annotation (continued)

Default value
Syntax item identifier Set 3‘2%1¥%%§f0r for Comment
VALUETYPE
arithmetic model number, number See Syntax 14,
signed integer, 6.11, definition of
unsigned integer, arithmetic value.
identifier,

bit literal,
based literal.

arittl uctiu—_.::u.‘umudcl NIIA itic
See
plway's
e
its
metic
arithmetic model contain N/A < N n arithmatic
er del conthiner
(see 10.8) has no
(7 value.
geomeftric model /A A geometric
model (seef9.16)
has no valle.
The valyietype annotation sha 8 values applicable for an ALF sfatement
whose ALF typeis given bythe tecl 4
The vallietype shall refef toxthe i tatiorrof a value, not to the encountered lexical token. For
examplg, a non-esCaped | ifi e 6,18, e the name of a constant (see 7.8) holding a niimerical
value. Therefore, dentifi A3 semantically interpreted as a number (see 6.5).
The valietype anrbtation can ke partially sélf-described as shown in Semantics 1.
K, OMLUETYPE = single value annotation {
4 CONTEXT = SEMANTICS;
MANTICS VALUETYPE {
VALUES
number signed integerunsigned integer

multiplier prefix value

identifier quoted string string value

bit literal based literal boolean_ value edge_value
control_ expressionboolean expression

arithmetic expression

}
}

Semantics 1—Partial self-description of VALUETYPE annotation
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Example

This example shows a correct and an incorrect usage of a declared keyword with specified valuetype.
KEYWORD Greeting = annotation { VALUETYPE = identifier ; }
CELL celll { Greeting = HiThere ; } // correct

CELL cell2 { Greeting = "Hi There" ; } // incorrect

The first usage is correct, since HiThere is an identifier. The second usage is incorrect, since "Hi
There" isaquoted string and not an identifier.

7.11.2 VALUES annotation VAN

here the
l values
ntics

The valpes annotation shall be a multi-value annotation. It shall be appli
valuetyge annotation is also applicable. The values annotation shall specify a di

applicaljle for an ALF statement using the declared keyword. The valu i
declarat|on and the valuetype annotation within arelated keyword declaration sh

The valjies annotation can be partially self-described as shown |

KEYWORD VALUES = multi 'ﬂ\ué_ n@ta ion\’(

CONTEXT = ch t

Semantics 2—Partial

ion oRVALUES annotation

Examplé

This ex
valuety

declared keyword and semantics with gpecified

KE}
SEN
CE]
CE]

> { VALUETYPE = identifier ; }
{ HiThere Hello HowDoYouDo } }

Hello ; } // semantically correct
= GoodBye ; } // semantically incorrect

The firg since Hel1lo iscontained within the set of values. The second usage is ifcorrect,
since Gq

End of example

7.11.3 DEFAULT annotation

The default annotation shall be a single-value annotation applicable in the case where the valuetype
annotation is also applicable. Compatibility between the default annotation, the valuetype annotation, and
the values annotation shall be mandatory.

The default annotation shall specify a presumed value in the absence of an ALF statement specifying a
value.

A partial self-description of the default annotation is given in Semantics 3.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

~60 - IEC 62265:2005(E)
IEEE 1603-2003(E)

KEYWORD DEFAULT = single value annotation ({
CONTEXT { SEMANTICS arithmetic model }

}

Semantics 3—Partial self-description of DEFAULT annotation
Example

KEYWORD Greeting = annotation {

VALUETYPE = identifier ;

VALUES { HiThere Hello HowDoYouDo } S~
DEFAULT = Hello ;

}

CELL cells { /* no Greeting */ }

In this example, the absence of aGreeting statement is equivalent to tb
CELL cells5 { Greeting = Hello ; }

7.11.4 CONTEXT annotation

The con peify the
ALF ty rent can
be a pre

A hierafchical identifier can be used to speci he ALF
type of sai i

A partig

4
A conte the syn-
tax item e context annotation value. Only a keyword identifier (see 6.13.7) or a syrftax item

identifi (mn Tahle ’)’)) shall he a |egn| annotation-value.

Example
Declaration of akeyword with context:

KEYWORD MyAnnotationContainer = annotation container;
KEYWORD MyAnnotation = single value annotation (
CONTEXT = MyAnnotationContainer;

}

The equivalent syntax rule in BNF looks as follows:
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MyAnnotationContainer ::= . .
MyAnnotationContainer { [ MyAnnotation = annotation_value; ] }

End of example

A context annotation within a semantics declaration shall be used to specify alegal ancestor of a statement.
Only a keyword identifier (see 6.13.7), or a syntax item identifier (see Table 22), or afull hierarchical iden-
tifier (see 6.13.4), or apartial hierarchical identifier (see 6.13.5) involving one or more keyword identifiers
and/or one or more syntax item identifiers shall be alegal annotation value.

Example

AN
KEYWORD LibraryQualifier = annotation { CONTEXT { LIBRARY| SUBLIBRARY } }
N

KEYWORD CellQualifier = annotation { CONTEXT = CELL
KEYWORD PinQualifier = annotation { CONTEXT = PIN
LIBRARY libraryl ({
LibraryQualifier = foo ; // correct
CELL celll {
CellQualifier = bar ; // correct
PinQualifier = foobar ; // inco

}

The follpwing change would legalize the eéxample
KEYWORD PinQualifier = annotdtion
The follpwing example sho
KEYWORD Primiti
SEMANTICS Pximi
End of gxample 0

7.11.5§

}

The refq
type
single-v

e a single-value annotation or a multi-value annotation. The rgference-
if the syntax item identifier in the related keyword declaration is anfotation,
[ti-value annotation.

A partig self*descripation of the referencetype annotation is given in Semantics 5.

KEYWORD REFERENCETYPE = annotation {

CONTEXT = SEMANTICS;

}
SEMANTICS REFERENCETYPE {

VALUES { CLASS LIBRARY SUBLIBRARY CELL PIN PINGROUP
PRIMITIVE WIRE NODE VECTOR LAYER VIA RULE ANTENNA
BLOCKAGE PORT SITE ARRAY PATTERN REGION
arithmetic_model arithmetic_submodel }

}

Semantics 5—Partial self-description of REFERENCETYPE annotation
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The purpose of the referencetype annotation is to specify the ALF type of a referenced object. A

n object

shall be referenced by its ALF name or possibly by a full hierarchical identifier (see 6.13.4) involving the

ALF name of the parent of the object and the ALF name of the object itself.

Example

The following example shows the definition of an annotation “myReference,” which refers to an object of

the ALF type “CLASS’ with the ALF name “myClass.”

CLASS myClass;

KEYWORD myReference = single value_ annotation;

SEMANTICS myReference { REFERENCETYPE = CLASS; !} YN
myReference = myClass;

In this gxample, a full hierarchical identifier is used to refer to a CLASS wi SNAL “n

Class,” fleclared asachild of a CELL with ALF name “myCell.”

CELL myCell {
CLASS myOtherClass;
}

myReference = myCell.myOtherClass;

End of gxample
7.11.6 $|_MODEL annotation
The S-1

ing an g

A self-d

ﬁ)ther-

i declar-
hational

MBQ§§>= single value annotation {
NTICS;

IME FREQUENCY CURRENT VOLTAGE POWER ENERGY
SISTANCE CAPACITANCE INDUCTANCE

Semantics 6—SI-model annotation

The set of legal annotation valuesis shown in Table 24.
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Table 24—SI_MODEL annotation

: Relationship . .
. Mathematical . . Referenceto arithmetic
Annotation value symbol Base unit with ot_her mode declaration
quantity
TIME t Second See10.11.1.
FREQUENCY f Hertz 1/t See 10.11.2.
CURRENT I AlTpere > {{J.J.b Z
N
VOLTAGE Y, Volt AS 10.(5.\1\
RESISTANCE R Ohm V/i §Q\1Q\15>\
CAPAJITANCE C Farad I/ (dV/dt) < \Sge\lQl}:\s\ >
N
INDUQTANCE L Henry v/ (dl@t) \\% 10.\1!'{5
ENERGY E Joule /\ % é@ 10411.15.
POWER P Watt = J)ﬁﬁ@/g ~Se€10.11.15.
DISTANCE d A b / <\ > See 10.19.9.
N
AREA A \cgu}a\n}eg / See 10.19.2.

7.11.7 §

Thefoll

SENANTT
VALUES

myAnnotation {
valuel value2 value3 value4 value5 }

gtion:

declara-

SEMANTICS CELL.myAnnotation =

VALUES { valuel value2 value3 }

}

SEMANTICS PIN.myAnnotation =

VALUES { value4 value5 }

DEFAULT

}

CELL myCell {

valued;

myAnnotation { valuel value2 }

PIN myPin { myAnnotation =
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LASS declaration

shall be declared as shown in Syntax 39.

class _declaration ::=
CL/\SSda$|demﬂa
|CLASScIa$ identifier { { class item} }
class item ::=
al_purpose_item
| geometric_model
| geometric_transformation

A class

not restrj

arefer

The sen
containi

geometrj

713 A

This sulpclause specifies how other objects

refereng
7.13.1

A gener

Syntax sY—CLASS declaration

c transformation (see 9.18).

hnotations related to a CLA

e annotation or a specific class ref

Seneral CLASS r

3 c|assr?<na%wm$

ral class

notatlon {
CONTE rary specific object arithmetic mode]
/\ CLASS { REFERENCETYPE = CLASS; }

/\

Exampl [

Semantics 7—CLASS reference annotation

CL

S5 \lstclass | ATITRIBUIE { everything ; ;

CLASS \2ndclass { ATTRIBUTE { nothing } }

CELL celll { CLASS

\lstclass; }

CELL cell2 { CLASS = \2ndclass; }
CELL cell3 { cLaAsS { \lstclass \2ndclass } }

//
//
//

NOTES

celll inherits "everything"
cell2 inherits "nothing"
cell3 inherits "everything" and "nothing"

1—A class declaration itself can not contain a general class reference annotation. This avoids circular reference.
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2—It is possible that areference to multiple classes can result in the inheritance of semantically incompatible attributes.
It is expected that an ALF compiler or an ALF interpreter detects such semantic incompatibility. However, the behavior
of an application as a consequence of this detection is not specified by this standard, since the desired behavior can

depend on the nature of the application.
7.13.2 USAGE annotation

The usage annotation shall be defined as shown in Semantics 8.

SEMANTICS USAGE ({

KEYWORD USAGE = annotation { CONTEXT = CLASS;

}

VALUETYPE = identifier; TN

VALUES |
SWAP_CLASS RESTRICT CLASS
SIGNAL CLASS SUPPLY CLASS CONNECT/C
SELECT_CLASS NODE_CLASS
EXISTENCE CLASS CHARACTERIZATXON )
ORIENTATION CLASS SYMMETRY

0

The usage annotation shall specify which
referenge to the class.

The set pf legal annotation values is shown |n T

v AGE

\) Definition of specific
\\/\ g\otatwa N classreference annotation
WA\QLES\ \> See8.54.

\R{I C\'I\CLASS See85.3.

nnotation

IBQAMSS See 8.8.15.

\SQPP>Y_CLASS See 8.8.16.

27

can be legally used tg

\SONNECT_CLASS See8.8.19.
SELECT CLASS See8.11.3.
NODE_CLASS See8.133.
EXISTENCE_CLASS See 8.15.6.
CHARACTERIZATION CLASS See 8.15.9.
ORIENTATION CLASS See 8.26.2.
SYMMETRY CLASS See 8.26.3.
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NOTE—Knowing the ALF type of alegal parent of a specific class reference annotation, the ALF parser can evaluate
the contents of the class declaration for semantic correctness. If the usage annotation is not present, the ALF parser can
evaluate the contents of the class declaration for semantic correctness only when encountering a reference to the class.

7.14 GROUP declaration

A group shall be declared as shown in Syntax 40.

group_declaration ::=
GROUP group_identifier { generic_value{ generic_vaue} }
| GROUP group_identifier { Ieft_index_value : right_index_value }

Syntax 40—GROUP declaration

A group declaration shall be used to specify the semantic equivalent of multiple\siii ents
within g single ALF statement. An ALF statement containing a group identifier ically repli-
cated by substituting each group value for the group identifier, or by _substituting index values
bound by the left index value and by the right index value for the grgup identifiex hall ver-
ify whether each substitution resultsin alegal statement.
The ALF statement that has the same parent as the group de antically replicated if the
group identifier is found within the statement itself or Withj tatement or within a child of a
child of [the statement, etc. If the group ide [ Within the statement or within its
children}, the same group value or index val k tuted for the group identffier, but
no additjonal replication shall occur.

The gro hame of
another wherein
the grod i ! icati \ ed by the generic value. On the other lpand, no
name of &

Exampl¢
Thefoll

// s
CELL

// skemantica
CELL-mycetd—
PIN datal { DIRECTION = input ; }
PIN data2 { DIRECTION = input ; }
PIN data3 { DIRECTION = input ; }

equivalent statement:

}

The following example shows substitution involving index values:

// statement using GROUP:
CELL myCell ({
GROUP dataIndex { 1 : 3 }
PIN [1:3] data { DIRECTION = input ; }
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PIN clock { DIRECTION = input ; }

SETUP = 0.5 { FROM { PIN = data[dataIndex]; } TO { PIN = clock ; } }

}

// semantically equivalent statement:

CELL myCell {
PIN [1:3] data { DIRECTION = input ; }
PIN clock { DIRECTION = input ; }

SETUP = 0.5 { FROM { PIN = data[l]; } TO { PIN = clock ;
data([2]; } TO { PIN = clock ;
SETUP = 0.5 { FROM { PIN = data[3]; } TO { PIN = clock ;

SETUP

0.5 { FROM { PIN

}

The follpwing example shows multiple occurrences of the same group identifier wi

// statement using GROUP:
CELY myCell {

GROUP datalndex { 1 : 3 }
PIN [1:3] Din { DIRECTION = input ; }
PIN [1:3] Dout { DIRECTION = input ; }
DELAY = 1.0 { FROM {PIN=Din[dataInde

// semantically equivalent statemen
CELY myCell {

PIN [1:3] Dout { DIRECTION

DELAY = 1.0 { FROM {PIN N RIN=Dout [1];} }
DELAY = 1.0 { FROM { N=Dout [2] ;} }
DELAY = 1.0 { i PIN=Dout [3];} }

IlSTEMPLATid larati
A templpte shall be sho

tTeatalndek] ;} }

N\
template lar 'OM
(\ ATE template_identifier { ALF_statement { ALF_statement } }
N

Syntax 41—TEMPLATE declaration

tents. A
emplate

An ALF statement within a template declaration shall be partially exempt from the semantics rule check

defined by valuetype, values, context, and referencetype, as follows:

a) A declared template shall be presumed alegal ancestor within an applicable context.
b) A placeholder identifier shall be presumed a value within an applicable set of values.

¢) A placeholder identifier shall be presumed avalue of applicable valuetype.

d) A placeholder identifier shall be presumed alegal reference within an applicable referencetype.

The semantic rule check that can not be performed during parsing of the template declaration shall be

deferred until parsing of the template instantiation.
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7.16 TEMPLATE instantiation

A template shall be instantiated in the form of a static template instantiation or a dynamic template instanti-
ation, as shown in Syntax 42.

template_instantiation ::=
static_template_instantiation
| dynamic_template i instantiation
static_template_instantiation ::
template_identifier [ = ﬁatIC]
| template_identifier [ = ga%IC] {{ generic ) valut}a} }
|tempIaIe |dent|f|er [ = StatlC] q { annotation }
U)’IIOIIIII\; LClIIPIDILC IIIJOIIILIULIUII::— /\
template_jdentifier = dynamu:{{ dynamic_template instantiatiomjtem } }
dynamic_template _instantiation_item ::=
annotation
| arithmetic_model
| arithmetic_assignment
arithmetic_assignment ::=

identifier = arithmetic_expression ; /\ N\
Syntax 42—TEMPLATE j stant

A templpgte instantiation shall be semanticall i emext or the ALF statemerjts found
within the template declaration, after replaging sholdler identi it replacement values.|A static
template instantiation shall support replas ik i generic value or, alterpatively,
replacer] , USi ioh 3) emplate instantiation shall| support
replacen , Usi ion an N aritmetic model (see 7.3 and 10.3) gnd/or an

arithmetlic assignment.

In the case of replaceme Y ereqce shall\be established by a non-escaped identifig match-
ing the placehol der identif iy Witk ) rkets. The matching shall be case-insensitive.

Thefoll

a) ic teMmpla shall be used when the replacement value of any plageholder
i g compilation of the library. Only a matching identifier|shall be
srrence of the placeholder identifier shall be replaced by the arjnotation

b) < ic\te plat instantiation shall be used when the replacement value of at Ig¢ast one
[ can only be determined during runtime of the application. Only a matching

Multiple reptecement values Wlthln a multi-value annotation shall be legal if and only if the syntax

ttesfortheAtFstatement-withirtheten ||J:aIC tectarattron-attonw-substitttronof-muttt p:c values for
one placehol der identifier.

d) Inthe case of replacement by order, subsequently occurring placeholder identifiers in the template
declaration shall be replaced by subsequently occurring generic values in the template instantiation.
If a placeholder identifier occurs more than once within the template declaration, all occurrences of
that placeholder identifier shall be immediately replaced by the same generic value. The first among
the remaining placeholder identifiers shall then be considered the next placeholder to be replaced by
the next generic value.

€e) A datic template instantiation for which a placeholder identifier is not replaced shall be legal if and
only if the semantic rules for the ALF statement support a placeholder identifier outside a template
declaration. However, the semantics of a placeholder identifier as an item to be substituted shall
only apply within the template declaration statement.

0)
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Examples
The following exampleillustrates rule a).

// statement using TEMPLATE declaration and instantiation:
TEMPLATE someAnnotations {
KEYWORD <oneAnnotation> = single value annotation ;
KEYWORD annotation2 = single value annotation ;
<oneAnnotation> = valuel ;
annotation2 = <anotherValues> ;

}

someAnnotations {

oneAnnotation = annotationl ;
anotherValue = wvalue2 ;

}

//|semantically equivalent statement:

KEYWORD annotationl = single value_ annotation
KEYWORD annotation2 = single value_ annotati
anjotationl = valuel ;
anIotationZ = value2 ;

The follpwing exampleillustrates rule b).

//|statement using TEMPLAT
TEMPLATE someNumbers {
KEYWORD N1 = single va
KEYWORD N2 = single val
N1 = <number ;
N2 = <number<
}
soheNumbers =
numb =
}

//
N1

N2
Thefoll
<
TEN

D amnotation3 = annotation ;
KEYWORD>annotation4 = annotation ;

assuming numberl=3 at runf

}
}

annotationl3 { <somevalues |
annotation4 = <yetAnotherValues> ;
}
moreAnnotations
someValue { valuel value2 }
yetAnotherValue = value3 ;
}
// semantically equivalent statement:
KEYWORD annotation3 = annotation ;
KEYWORD annotation4 = annotation ;
annotation3 { valuel value2 }
annotation4 = value3 ;
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The following example illustrates rule d).

TEMPLATE evenMoreAnnotations ({
KEYWORD <thisAnnotation> = single value annotation ;
KEYWORD <thatAnnotation> = single value annotation ;
<thatAnnotation> = <thisValues> ;
<thisAnnotation> = <thatValues> ;

}

// template instantiation by reference:

evenMoreAnnotations = STATIC {

thatAnnotation = day ;
thisAnnotation = month;

thatvValue = April;

thisValue = Monday;

}

//|semantically equivalent template instantiatf
evenMoreAnnotations = STATIC { day month Mg

//|semantically equivalent statement:
KEYWORD day = single value annotation
KEYWORD month = single value annotathiqn ;
momth = April;
day = Monday;

The follpwing example illustrates rule €).

// 3 Moh and instantiation:
TEN

<nothing> ; }
= <something> ; }

everything ;

// semantically equivalent statement:
KEYWORD contextl = annotation container;
KEYWORD context2 = annotation container;
KEYWORD annotation5 = single value annotation {
CONTEXT { contextl context2 }
VALUES { everything <nothings> }
}
contextl { annotation5 = <nothing> ; }
context2 { annotation5 = everything ; }
// Both everything (without brackets) and <nothing> (with brackets)
// are legal values for annotation5.
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7.17 INCLUDE statement

An include statement shall be defined as shown in Syntax 43.

include ::=

INCLUDE quoted_string ;

Syntax 43—INCLUDE statement

The quoted string shall specify the name of afile. When the include statement is encounteted during parsing

of afile rmat of
thefile shall be
the sam¢.

Examplé

LIBRARY myLib {
INCLUDE "templates.alf";
INCLUDE "technology.alf";
INCLUDE "primitives.a
INCLUDE "wires.alf";
INCLUDE "cells.alf";

NOTE—
the operg

bn and/or

7.18 A

An asso

| AT E quoted_string |

CIATE quoted_string { FORMAT_single value_annotation }

\) Syntax 44—ASSOCIATE statement

The associate statement shall specify a relationship of the parent of the associate statement with an object
described in a file referenced by the quoted string. The format annotation shall specify the format of the
associated file. In contrast to the include statement (see 7.17), the ALF parser is not expected to read the
associated file. The formal specification of the semantic validity of the association is beyond the scope of
this standard.

Using a keyword declaration (see 7.9) in conjunction with a context annotation (see 7.11.4), a valuetype
annotation (see 7.11.1), a values annotation (see 7.11.2), and a default annotation (see 7.11.3), the format
annotation shall be defined as shown in Semantics 9.
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KEYWORD FORMAT
CONTEXT
}
SEMANTICS FORMAT ({
VALUETYPE = identifier;
VALUES { vhdl verilog c \c++ alf }
DEFAULT alf;

single value annotation ({
ASSOCIATE;

Semantics 9—FORMAT annotation

Table 26—FORMAT annotation values

Anngtation value Descripti \ \ \/
PO\
vhdl The associated fileisin aformat specifiedpyAEQrE%}ﬁglx\W
verilog The associated fileisin aformat specifié by(H%C/IEEE%IS%m@M.
c The associated fileisin aformat s;ﬁiﬁésibfl/éOl C 9899:1999.
. Iy N\ ﬂ%

\c++ The associated fI|8I% a mispeuf(ed by \SO/\‘E& 1F8§2:2003.
alf The associatedfileisin/}_f,prm ifieh\kzxthis ard, |EEE Std 1603-2003.

NOTE—{The format annotatiorfi\value

mat version of the associated file. An applicatiof that can

read the associated file can gbtai 1ated file itself or by other means of version|control.
7.19 REVlSlO@at
A revisipn stat | bedefined as showh in Syntax 45.

ISion\:=

o R | ON string_value
4 \

\) Syntax 45—Revision statement

A revisipn Statement shall be used to identify the revision or version of the file to be parsed. One, and only

one, revision statement can appear at the beginning of an ALF file.

A set of recognized string values within the revision statement shall be defined as shown in Table 27.

Table 27—Recognized string values within the REVISION statement

Sring value Revision or version
"i.an Advanced Library Format, Version 1.1 [B6].
"2.0" Advanced Library Format, Version 2.0 [B1].
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Table 27—Recognized string values within the REVISION statement (continued)

Sring value Revision or version

"IEEE 1603-2003" Advanced Library Format specified by this standard, |EEE Std 1603-2003.

The revision statement shall be optional, as the application program parsing the ALF file can provide other
means of specifying the revision or version of the file to be parsed. If a revision statement is encountered
while a revision has already been specified to the parser (e.g., if an included file is parsed), the parser shall
be responsible to decide whether the newly encountered revision is compatible with the originally specified
revision and then either proceed assuming the original revision or abandon

NOTE—This standard suggests that it is largely backward compatible with the preyi €rsions ok dvanced
Library Hormat mentioned in Table 27. >

8. Libfary-specific objects and related stateme

8.1 Likrary-specific object
A librarly-specific object shall be defined W

D

Syntax 46—Library-specific object

A library-specific object shall be defined asalibrary (see 8.2), asublibrary (see 8.2), acell (see 8.4), aprim-
itive (see 8.9), awire (see 8.10), apin (see 8.6), a pingroup (see 8.7), avector (see 8.14), anode (see 8.12), a
layer (see 8.16), a via (see 8.18), arule (see 8.20), an antenna (see 8.21), a site (see 8.25), an array (see
8.27), ablockage (see 8.22), aport (see 8.23), a pattern (see 8.29), or aregion (see 8.31).

The purpose of alibrary-specific object isto specify amodel for atechnology item, distinguished by an ALF
name.
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8.2 LIBRARY and SUBLIBRARY declaration

A library and a sublibrary shall be declared as shown in Syntax 47.

L| BRARY library_identifier
ILIBRARY library identifier { { library_item} }
| library_template_instantiation
library_item ::=
sublibrary
| sublibrary_item

SUb“brarx)lln \/ /F\\

DL 11 \I—\I AL DUUIIUICI.I)’ IUUILIIICI
|SUBL IBRARY sublibrary | |dent|f|er{{ sublibrary_item} }
| sublibrary_template_instantiation
sublibrary_item ::=
al_purpose_item
| cell
| primitive
| wire
| layer

| via

| rule

| antenna
| array

| site

| region

A librar . A sub-
library scribing
technolg

Any tw( ne subl-
ibrary. H bnts. For

examplé respon-
sibility jbrary is
controll

<
8.3 An

8.3.1 LIBRARY reference annotation

A library reference annotation shall be defined as shown in Semantics 10.

KEYWORD LIBRARY = annotation {
CONTEXT = arithmetic model;
SEMANTICS LIBRARY {
REFERENCETYPE { LIBRARY SUBLIBRARY }

}

Semantics 10—LIBRARY reference annotation
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The purpose of alibrary reference annotation is to establish an association between alibrary or a sublibrary
and an arithmetic model (see 10.3).

A full hierarchical identifier (see 6.13.4) can be used to specify a reference to a sublibrary as a child of a
library.

8.3.2 INFORMATION annotation container

An information annotation container shall be defined as shown in Semantics 11.

KEYWORD TNFQRMATION = annotation container /L N
CONTEXT { LIBRARY SUBLIBRARY CELL WIRE IMITEVQ\

KEYWORD PRODUCT = single value_ annotaf
CONTEXT = INFORMATION;

SEMANTICS PRODUCT {
VALUETYPE = string value;

KEYWORD TITLE = single val
CONTEXT = INFORMATION

SEMANTICS TIT
VALUETYPE =

DE

KEYWORD VERSTIOL _annotation {

CONTEXT

g value; DEFAULT = "";

string value; DEFAULT = "";

q YWORD DATETIME = single value annotation {
TEXT = INFORMATION;

SEMANTICS DATETIME {
VALUETYPE = string value; DEFAULT = T"T;

}

Semantics 11—INFORMATION statement

The information annotation container shall be used to associate its parent statement with a product specifica-
tion. The following semantic restrictions shall apply:

a) Alibrary, asublibrary, or acell can be alegal parent of the information statement.

b) A wireor aprimitive can be alegal parent of the information statement, provided the parent of the
wire or the primitiveisalibrary or asublibrary.
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The semantics of the information contents are specified in Table 28.

Table 28—Annotations within an INFORMATION statement

Annotation identifier Semantics of annotation value
PRODUCT A code name of a product described herein.
TITLE A descriptivetitle of the product described herein.
VERSION A version number of the product description.
AUTH R ThC TICUTIC \.If A '.IU ST U CUTT |pu| Iy yCI \= ] (_/ltll IU th;o 'JI \.ldblct LJIF\IJI I Ptl\)*
DATET|IME Date and time of day when this product description w cre%tea\'.’\
The profluct developer shall be responsible for any rules concerning the format detail ed copterits of the
string value itself.
Exampl ¢
LIBRARY myProduct
INFORMATION {
PRODUCT = plOsc;
TITLE = "0.10 standaxd ce
VERSION = "v2.1.0"§}
AUTHOR = i
DATETIME :12>PST 2002";
}
}
&4CELLdeé;;?
A cell shall be delar sh in 48.
oel&E
< cell_identifier ;
cell identifier { { cell_item} }
_teémplate _instantiation
I _pL'J.rpose_i tem
iw“
| pingroup
| primitive
| function
| non_scan_cell
| test
| vector
| wire
| blockage
| artwork
| pattern
| region

Syntax 48—CELL declaration
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A cell shall represent an electronic circuit that can be used as a building block for alarger electronic circuit.

8.5 Annotations related to a CELL declaration

This subclause defines annotations and attribute val ues rel ated to a cell declaration.

8.5.1 CELL reference annotation

A cell reference annotation shall be defined as shown in Semantics 12.

KEHORPD—EEE——anrnetation—|—CONTENT— arithfeticmed el; |}
SEMANTICS CELL { REFERENCETYPE = CELL; }A r\\
Semantics 12—CELL reference annotation
The purpose of a cell reference annotation is to establish an associati | an affithmetic
model ($ee 10.3).
A hierarchical identifier can be used to specify areference to i ibrary or asublibrary.

8.5.2 CELLTYPE annotation

A cellty]

rational multiplexor flipflop latch
core special

4

The megningrof\the celtype annotation valuesiis specified in Table 29.

Semantics 13—CELLTYPE annotation

Table 29—CELLTYPE annotation values

Annotation value Description
buffer CELL isabuffer, i.e., an element for transmission of adigital signal without performing a
logic operation, except for possible logic inversion.
combinational CELL isacombinatorial logic element, i.e., an element performing alogic operation on
two or more digital input signals.
multiplexor CELL isamultiplexor, i.e., an element for selective transmission of digital signals.
flipflop CELL isaflip-flop, i.e., aone-bit storage element with edge-sensitive clock.
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Table 29—CELLTYPE annotation values (continued)

Annotation value Description
latch CELL isalatch, i.e., aone-hit storage element without edge-sensitive clock.
memory CELL isamemory, i.e., amulti-bit storage element with selectable addresses.
block CELL isahierarchical block, i.e., acomplex element which has an associated netlist for

implementation purpose. All instances of the netlist are library elements, i.e., thereisa
CELL model for each of them in the library.

core CELL isacore, i.e.,, acomplex e ement which has no associated netlist for implementa-
tion purpose. However, a netlist representation can exist for modell ifg pukpose,
specifl CELL isaspecia element, which does not fall into any other or cel\ls\E am-
ples: bus holder, protection diode, filler cell. /\
Example

CELL myNandGate ({
CELLTYPE = combinational;
// put detailed description he

CELL myFlipflop ({
CELLTYPE = flipflop;
// put detailed descripti

85.3R
A restri asshown in Semantics 14.
4 = annotation ({
{ cELL CLASS }
EMAN'RICSYRESTRICT CLASS {
4 REFERENCETYPE = CLASS;

synthesis { USAGE = RESTRICT CLASS ; }
scan { USAGE = RESTRICT CLASS ; }
datapath { USAGE = RESTRICT CLASS ; }
CLASS clock { UsSAGhE = RESTRICLT CLASS ;7
CLASS layout { USAGE = RESTRICT CLASS ; }

Semantics 14—RESTRICT_CLASS annotation

The annotation value shall be the name of a declared class (see 7.12).

The restrict-class annotation shall establish a necessary condition for the usage of a cell by an application
performing a design transformation involving instantiations of cells. An application other than a design
transformation (e.g., analysis, file format translation) can disregard the restrict-class annotation or use it for
informational purpose only.
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The meaning of the predefined restrict-class values established by Semantics 14 is specified in Table 30.

Table 30—Predefined RESTRICT_CLASS annotation values

Annotation value Description

synthesis

(i.e., anetlist) while providing functional equivalence.

CELL issuitable for creation or modification of a structural design description

scan CELL is suitable for creation or modification of a scan chain within a netlist.
datapath CELL is suitable for structural implementation of adma}lwaph.
clock CELL is suitable for distribution of a global synchro;né' ionrs{grﬁl\
layoult CELL is suitable for usage within a physica artwork. \
Additional restrict-class values can be defined within the context of 8.D), using
a class|declaration (see 7.12) and a semantics declaration ( hown in
Semantikcs 14.
From th
a) hsidered
bs values
b) » t thereof
vl @), usage of acell shall only be althorized
el satisfies the boolean condition.
Exampl ¢
Specifig
CLj }
CLj }
CLj }
CL1 TRICT CLASS; }
cr RESTRICT CLASS; }
CL1 RESTRICT CLASS; }
CL1 RESTRICT CLASS; }
CE] cLass { A B} }
CELL Y { RESTRICT CIESS { T ¢
CELL Z { RESTRICT CLASS { A CF } }

Specification for the application:

Result:

Set of “known” restrict-classvalues= (A, B, C, D, E)
Boolean condition = (A and not B) or C

Usage of CELL X isnot authorized, because boolean condition is not true.

Usage of CELL Y isauthorized, because al values are “known,” and boolean condition istrue.
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Usage of CELL Z is not authorized, because value F is not “known.”
8.5.4 SWAP_CLASS annotation

A swap-class annotation shall be defined as shown in Semantics 15.

KEYWORD SWAP CLASS = annotation ({
CONTEXT = CELL;

SEMANTICS SWAP CLASS ({
REFERENCETYPE = CLASS;

A

S

Semantics 15—SWAP_CLASS annotation

The annotation value shall be the name of a declared class (see 7.12). A g annota-

tion can{be used.
Cdlls referring to the same class can be swapped for certaip-applica ng shall |be only
allowed|under the following conditions:

a) [Therestrict-class annotation (see 8.5.3) authorj
b) [Thecellsare compatible from an ap i

Exampl ¢

CLZ
CLZ
CEI
CEI
CEI
CEI

X2.
Y1
Y 2.
dy2.

Cell X1
Cell X1
Cel Y1
Cell X2

{
End of §

8.558S

A scan type annotation shall be defined as shown in Semantics 16.
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KEYWORD SCAN TYPE
CONTEXT CELL;
SEMANTICS SCAN TYPE ({
VALUETYPE identifier;
VALUES { muxscan clocked lssd control 0 control 1 }

}

single value annotation ({

Semantics 16—SCAN_TYPE annotation

The meaning of the scan type annotation valuesis specified in Table 31.

Table 31—SCAN_TYPE annotation values<\< x

hotation value

e SN

Cell contains a multiplexor for selection bMWode Q‘g scan-mode data.

muxscan
clocked Cell supports a dedicated scan clock.
1ssd Cell is sitablefor level sensitive sdan deign \/

contrpl O

Combinatorial cﬁl/x{)ntrolwai;r}ﬁh\ﬂl/qé 0 (n\é‘:aT @e.

contrpl

Combinatorial CEN\CORW{II pi n\Qall b&in scg)i mode.

8.56S

CAN_USAGE anngtation

N

in Semantics 17.

’ USAGE {
identifier;
input output hold }

The megning of the scan usage annotation valuesis specified in Table 32.

\ \/Semantics 17—SCAN_USAGE annotation

Table 32—SCAN_USAGE annotation values

Annotation value

Description

input

Primary input cell in ascan chain.

output

Primary output cell in ascan chain.

hold

Intermediate cell in a scan chain.
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The scan usage annotation is applicable for a cell that is designed to be the primary input, output or interme-
diate stage of a scan chain.

8.5.7 BUFFERTYPE annotation

A buffertype annotation shall be defined as shown in Semantics 18.

KEYWORD BUFFERTYPE = single value annotation {
CONTEXT = CELL;

SEMANTICS BUFFERTYPE

DT E RS 2 I (N1 —
vAaLULLIIPL = L1UCILILLILICL,

VALUES { input output inout internal
DEFAULT = internal; <:\\\ (:::\\\

Semantics 18—BUFFERTYPE anngtati N

VAN

The megning of the buffertype annotation values is specified i

Table 33—B }FQER'I}QE\@S
Annotation value \§>; \\Qggﬁpgg}/

input CELL hésan mng\(ke., offk@'p) input pin.
output /\ }‘,E‘T:L h%\an éXQ’?]\a‘l OUMM

inout \LZELL has ternal bigitrectiona pin or an externa input pin and
an extexpal, ol i

e S O enete e pin
N\

8.5.8 DRIVERTYPE@an

A drivelltypéanno efpned as shown in Semantics 19.

X3

\\§\ ‘EEX@éhD DRIVERTYPE = single value annotation {
CONTEXT = CELL;

SEMANTICS DRIVERTYDE {
VALUETYPE = identifier;
VALUES { predriver slotdriver both }

}

Semantics 19—DRIVERTYPE annotation
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The meaning of the drivertype annotation valuesis specified in Table 34.

Table 34—DRIVERTYPE annotation values

Annotation value Description
predriver CELL isapredriver, i.e., the core part of an 1/O buffer.
slotdriver CELL isadotdriver, i.e., the pad of an I/O buffer with off-chip connection.
both CELL is both apredriver and adot driver, i.e.,, acomplete I/O buffer.

N

The drivertype annotation applies only for a cell with buffertype value input or
8.5.9 PARALLEL_DRIVE annotation

A parallgl drive annotation shall be defined as shown in Semantics

KEYWORD PARALLEL DRIVE
CONTEXT = CELL;

SEMANTICS PARALLEL DRI
VALUETYPE = i
DEFAULT = 1;

8.5.10 H

A placer

\WD PLACEMENT TYPE = single value annotation {

CONTEXT = CELL;

}

EMANTICS PLACEMENT TYPE {

VALUETYPE = 1dentifier;
VALUES { pad core ring block connector }
DEFAULT = core;

Semantics 21—PLACEMENT _TYPE annotation

The purpose of the placement type annotation is to establish categories of cells in terms of placement and

power routing requirements.

The meaning of the placement type annotation values is specified in Table 35.
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Table 35—PLACEMENT_TYPE annotation values

Annotation value Description
pad The CELL isan element to be placed in the 1/0 area of adie.
core The CELL isaregular element to be placed in the core area of adie, using aregular
power structure.
ring The CELL isamacro element with built-in power structure. TN
block The CELL isan abstraction of a collection of regular elementS\gach of whi¢hyses a
regular power structure. A (\
connefctor The CELL isto be placed at the border of the core areai&ga ie mord t%%h a
connection between aregular power structure ant;l/éb@% ring\intke I/Orarea
8.5.11 $ITE reference annotation for a CELL
A site rgference annotation (see 8.26.1) in the contex}o\ti\g I bﬁeﬁ as shown in Semantjcs 22.
N
SEMANTICS CELL}\S\I'I¥\= sin le_\x{lue}Zannotat ion;
Semantics 22—SITE reference annotation
The pur t oferCell isto specify alegal placement lochtion for
the cell.
8.5.12
An attri gtion shall specify more specific information within the gategory
given by
The attr € 36 can be used within a cell with celltype annotation value memory.
4
6—Attribute values for a CELL with CELLTYPE memory
Attribute item Description
RAM Random Access Memory.
ROM Read Only Memory.
CAM Content Addressable Memory.
static Static memory, needs no refreshment.
dynamic Dynamic memory, needs refreshment.
asynchronous Operation self-timed.
synchronous Operation synchronized with a clock signal.
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The attributes shown in Table 37 can be used within a cell with celltype annotation value block.

Table 37—Attribute values for a CELL with CELLTYPE block

Attributeitem Description

counter CELL isacounter, i.e., acomplex sequential circuit going through a predefined sequence of
states in its normal operation mode where each state represents an encoded control value.

shift registe | CELL isashift register,i.e., acomplex sequential circuit going through a predefined
r sequence of statesinits normal operation mode, where each subsequent state can be obtained
from the previous one by a shift operation. Each bit represents a data valtoe~

adden CELL isan adder, i.e., acombinatorial circuit performing an addit}dn\&)f twpémd .

subtrjactor CELL isasubtractor, i.e., acombinatorial circuit performing é}sqac{iorﬁk@o\oper%nds

multiplier CELL isamultiplier, i.e., acombinatorial circuit perfoer@kn\of o\cér
ands.

compajrator CELL isacomparator, i.e., acombinatorial circui€comparing t agnituge of two oper-
ands.

ALU CELL isan arithmetic logic unit, i.e., acambi ial Ci ng the functiongity of
adder, subtractor, and comparator. A\ N

The attr{butes shown in Table 38 can be used

Table 3W?aev\ue

Attribuie Q\\\\j Description
PLL (S \i 2 CEr}N\sa hase-locked loop.
DSP (\ JGEDL isd digital signal processor.

CPU < \ \ CE}Z isacentral processing unit.

CELL isagraphical processing unit.

RN
4
The attr{butes shown | € 39 can be used within a cell with celltype annotation value special.

Fabte-39—Attribute-vattesfora e with-EELEFYPESpectal
Attributeitem Description
busholder CELL enables atristate bus to hold itslast value before all drivers
went into high-impedance state (see Table 74).
clamp CELL connects a net to a constant logic value (see 9.10).
diode CELL isadiode.
capacitor CELL iSsacapacitor.
resistor CELL isaresistor.
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Table 39—Attribute values for a CELL with CELLTYPE special (continued)

Attributeitem Description
inductor CELL isan inductor.
fillcell CELL is used to fill unused spacein layout.

A cell with attribute value busholder shall have one or more pin declarations (see 8.6). The direction annota-
tion value shall be both (see 8.8.5). A cell with attribute value clamp shall have one or more pin declarations.
Thedi rectlon annotatlon val ue shall be output. The Ioglcal value and drive strength shefl ned within a
function X ' ' (0] S ave two

pin decl Claration
and no function statement.

8.6 PIN declaration

A pin shjall be declared asa scalar pin or asavector pin or amatrix piQ, as'shiQW i ntax 49.
pin:= \/
scalar_pin | vector_pin | matrix_pin
scalar_pin::=

N pin_identifier ;
| PIN pin_identifier { { sta
| scalar_pin_template_ing

scalar_pin_item ::=

Olti_index pin_identifier sscond_multi_index ,
i_index pin_identifier second_multi |ndex{{ matrix_pin_i |tem}}
pI ate_instantiation

Syntax 49—PIN declaration

A pin shall represent aterminal of an electronic circuit. The purpose of a pin is exchange of information or
energy between the circuit and its environment. A constant value of information shall be called state. A
time-dependent value of information shall be called signal.

The order of pin declarations within a cell declaration shall reflect the order in which pins are referenced
when the cell isinstantiated in a netlist. The view annotation (see 8.8.3) shall further specify which pinis
visiblein anetlist.
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A scalar pin can be associated with ageneral electrical signal. However, avector pin or amatrix pin can only
be associated with a digital signal. One element of a vector pin or of a matrix pin shall be associated with

one hit of information, i.e., abinary digital signal.

A vector pin can be considered as a bus, i.e., a combination of scalar pins. The declaration of a vector pin
shall involve amulti index (see 6.6). A reference to a scalar within the vector pin shall be established by the
pin identifier followed by a single index (see 6.6). A reference to a subvector within the vector pin shall be

established by the pin identifier followed by amulti index.

A matrix pin can be considered as a combination of vector pins. A reference to a vector or to a submatrix
within the matrix pin shall be established by the pin identifier followed by asingle inde},erQy amulti index,

respectiyay:

multi in

Within eEma{trix pin declaration, thefirst multi index shall specify the range of &calq
provid

Exampl ¢

PII [5:8] myVectorPin ;

PIN [3:0] myMatrixPin [1:1080]

thnlé;econd
X is not

The pinjvariable myVectorPin [5] refersto ! i v e MSB of myVectorPfn.

The pinjvariable myVectorPin [8] refers
The pinjvariablemyvVectorPin[6:7] r pin myVectorPin.
The pinjvariable myMatri ' Mhin myMatrixPin.

ted with the LSB of myVectorPin.

The pinjvariable myMat rixR g subsequent vectors within myMatrikPin.

Considg the fol lowi i i
myVecn myMafrix®

This est

chexehange of information:

ecelvesinformation from element [3] of myMatrixPin
ves information from element [2] of myMatrixPin
esinformation from element [1] of myMatrixPin
receivesinformation from element [0] of myMatrixPin

— o/ —

8.7 PIN

500].
500].
500].
500].

A pingroup shall be declared as a simple pingroup or as a vector pingroup, as shown in Syntax 50.

A pingroup in general shall serve the purpose to specify items applicable to a combination of pins. The com-

bination of pins shall be specified by the members annotation.

A vector pingroup can only combine scalar pins. A vector pingroup can be used as a pin variable, in the

same capacity as a vector pin.

A simple pingroup can combine pins of any format, i.e., scalar pins, vector pins, and matrix pins. A smple

pingroup can not be used as a pin variable.
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pingroup ::=
simple_pingroup | vector_pingroup

simple_pingrou
TF\IC% 5UPp|ngroup identifier

{ MEMBERS muilti_value_annotation { all_purpose item} }
|smp|e  pingroup_template _instantiation

vector_pingroup ::=
Plp (g.EROUP multi_index pingroup_identifier
MEMBERS multi_value_annotation { vector_pingroup_item } }
| vector_pingroup_template instantiation
vector_pingroup_item ::=
al_purpose_item
| range

Syntax 50—PINGROUP declaration

8.8 Anjnhotations related to a PIN or a PINGROUP declaratign

This sulpclause defines annotations and attribute values in the congext of\a p f a pingroup

declarat{on.

8.8.1 P|N reference annotation
A pin rgference annotation shall be defm@&h

aport (see
ic model (see 10.3) or a from-to statement (see 10.12). In this
ode is used as a reference point related to a timing measuremént or an

The pur
8.23) on
context,
electri CZ

A hieran
acell, alpin,

used to specify areference to a pin, a pingroup, a port, or anode as g child of

8.8.2 MEMBERS annotation

A members annotation shall be defined as shown in Semantics 24.

The purpose of the members annotation isto specify the constituent pins of a pingroup.
8.8.3 VIEW annotation

A view annotation shall be defined as shown in Semantics 25.

The purpose of the view annotation is to specify the visibility of apinin anetlist.
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KEYWORD MEMBERS = multi value annotation {
CONTEXT = PINGROUP;

SEMANTICS MEMBERS {
REFERENCETYPE = PIN;

}

Semantics 24—MEMBERS annotation

KEYWORD VIEW = single value_ annotation {
CONTEXT { PIN PINGROUP }

AN
}
SEMANTICS VIEW {
VALUES { functional physical both ndéne
DEFAULT = both;
) N\
N

Semantics 25—VIEW annotati N

It can take the values shown in Table 40.

Annotation value

Table 4@%{@%0%0 va@s

Séxgpﬂon

functional /\ /P{{a}sgear%f CtichagMist.

physical A \i P}\Nap in physical netlist.

both L p@épgear\mqboth functional and physical neflist.

non§> { < \s@\aog\otéppearinnetnst.
Y%

as shown in Semantics 26.

ﬁ?WéRD PINTYPE = single value annotation ({
CONTEXT = PIN;

SEMANTICS PINTYPE {
VALUETYPE = identifier;
VALUES { digital analog supply }
DEFAULT = digital;

Semantics 26—PINTYPE annotation

The purpose of the pintype annotation isto establish broad categories of pins.
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It can take the values shown in Table 41.

Table 41—PINTYPE annotation values

Annotation value Description
digital Digital signa pin.
analog Analog signal pin.
supply Power supply or ground pin.

8.8.5D

RECTION annotation

AN
A direction annotation shall be defined as shown in Semantics 27. @
t '?)n

KEYWORD DIRECTION = single valQe_ a
CONTEXT = PIN;

SEMANTICS DIRECTION {

}

} VALUES { iant?{(% o@}

The pun
through

The dire

ION\annofation

of information and/or electrical energy
acell through a pin. The informatiop/energy

ECTION annotation values

Anndg

Description

inpuf \ \ Inforipation/energy flows through the pin into the cell. The pin isareceiver or asink.

outpult \ IMati on/energy flows through the pin out of the cell. The pinisadriver or a source.

both Information/energy flows through the pin in and out of the cell. The pin is both aregeiver/
o : :

none No information/energy flows through the pinin or out of the cell. The pin can be an internal

pin without connection to its environment or a feedthrough where both ends are represented
by the same pin.

The direction annotation shall be orthogonal to the pintype annotation (see 8.8.4), i.e., al combinations of
annotation values are possible.

Examples

— The power and ground pins of aregular cell have the direction value input.
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— A level converter cell has a power supply pin with direction value input and another power supply
pin with direction value output.

— A level converter can have a common ground pin with direction value both or separate ground pins
related to its power supply pins, i.e., one ground pin with direction value input and another ground
pin with direction value output.

— The power and ground pins of afeed through cell have the direction value none.

8.8.6 SIGNALTYPE annotation

A signaltype annotation shall be defined as shown in Semantics 28.

KEYWORD SIGNALTYPE = single value annotatign {
CONTEXT = PIN;

}

SEMANTICS SIGNALTYPE
VALUETYPE = identifier;
VALUES

data scan_data address contx & i set

scan_master clock

}

DEFAULT = data;

The pur d values
apply fo P asign-
altype al

The fun

Ann(gwjx 3 X Description

data Genera datasignal, i.e., asignal that carriesinformation to be transmitted, received) or sub-
ected to logic operations within the CELL.

Aclal | £ H | Ll k. taf I i
addr > MUOrCSS Srgriar O aTicrory - ChaT CHCOUCO SIYriah, UStaTy - ar DtS O part or a oS, |V|ng

an address decoder within the CELL.

control Genera control signal, i.e., an encoded signal that controls at |east two modes of operation
of the CELL, possibly in conjunction with other signals. The signal valueis allowed to
change during real-time circuit operation.

select Sdect signal, i.e., asignal that selects the data path of a multiplexor or de-multiplexor
within the CELL. Each selected signal has the same SIGNALTYPE.

enable The signal enables storage of general input dataiin alatch or aflip-flop or amemory

tie The signal needs to betied to afixed value statically in order to define afixed or

programmable mode of operation of the CELL, possibly in conjunction with other signals.
The signal valueis not allowed to change during real-time circuit operation.
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Table 43—Fundamental SIGNALTYPE annotation values (continued)

Annotation value Description
clear Clear or reset signa of aflip-flop or latch, i.e., asignal that controls the storage of the value
0 within the CELL.
set Preset or set signal of aflip-flop or latch, i.e., asignal that controls the storage of the value
1 within the CELL.
clock Clock signal of aflip-flop or latch, i.e., atiming-critical signal that triggers data storage
within the CELL.
Figure 9 shows how to construct composite signaltype values.
data >
enable >
> out enable >
clock
> master clock
» slave clock ve clock

The conpposite signaltype values are defin

Figure 9—Scheme for censt

ing c mpéwte\esg);gltype values

PE annotation values

in T% )\
Description

scan [data

Annotaligﬁ%}ue\z

éaq/da\t\sigkal, i.e, asigna isrelevant in scan mode only.

out epnable <r\\\

\Enableﬁ)zsibility of general data at an output pin of acell.

NS

scan_|

ables storage of scan input datain alatch or aflip-flop.

scanféhQ;EQab%és\

\’Enables visibility of scan data at an output pin of acell.

maste\\siééﬁi

N

Triggers storage of input datain the first stage of aflip-flop in atwo-ph3se
clocking scheme.

slavel clock

Trlggers datatrans‘er from first the stage to the second stage of aflip-flgpina

O rJI (o~ o ul Uur\l g J\.l TCrc,

scan_clock

Triggers storage of scan input data within a cell.

scan_master_clock

Triggers storage of input scan datain the first stage of aflip-flop in atwo-phase
clocking scheme.

scan_slave clock

Triggers scan data transfer from the first stage to the second stage of aflip-flop
in atwo-phase clocking scheme.
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Within the definitions of Table 43 and Table 44, the elements flip-flop, latch, multiplexor, or memory can be
stand-alone cells or embedded in larger cells. In the former case, the celltype value (see 8.5.2) is flip-flop,
latch, multiplexor, or memory, respectively. In the latter case, the celltype value can be block or core.

8.8.7 ACTION annotation

An action annotation shall be defined as shown in Semantics 29.

KEYWORD ACTION = single value annotation {
CONTEXT = PIN;

SEMANTICS ACTION

AN
VALUES { asynchronous synchronous }
} A\

Semantics 29—ACTION annotatio

The purpose of the action annotation is to define whether a signgl hropized with a clock

signal.

The actijon annotation can take the values shqwn in Talfe

Table 45—AETION annotation

Annotationvalu/e/\ \ \\ \\D/ escription

asynchronous A \& Sgnal\arisw\an asyn Hronous way, i.e., self-timed.
gynchronous L éig\é\% \)\{isynchronousway, i.e., triggered by aclock signal.

The act
Table 46.

ction with specific signaltype values (see 8.8.6), as shown in

ble 46~~ACTION in conjunction with SIGNALTYPE

4
NS
Furdamental Composite )
\\\??GQXETYPEvaue SIGNALTY PE value ACTION applicable
data scan_data No
address No
control Yes
select No
enable scan_enable Yes
out enable
scan_out_ enable
tie No
clear Yes
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Table 46—ACTION in conjunction with SIGNALTYPE (continued)

Fundamental Composite .
SIGNALTYPE value SIGNALTYPE value ACTION applicable
set Yes
clock scan_clock No

master clock
slave clock
scan_master clock
scan_slave clock

8.8.8 PDLARITY annotation

A polar(ty annotation shall be defined as shown in Semantics 30.

KEYWORD POLARITY = single value
CONTEXT = PIN;

SEMANTICS POLARITY {
VALUETYPE = identifie

VALUES { high rigMNg edg ing” _edge }
}
The purpose of the polarity: ioni 'tive ate or the active edge of an input sigfal.

The pol@rity annotation

AN

Ar%x)t;l\\x@k\ \_/ Description

R &gh\\ \) Signal is active high or to be driven high.

<\\lx%\ X Signal is active low or to be driven low.
N\

Ng_e ge Signal is activated by rising edge.
fallingvedge Signal is activated by falling edge.
double edge Signal is activated by both rising and falling edge.

The polarity annotation applies only in conjunction with specific signaltype values (see 8.8.6), as shown in
Table 48.
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Table 48—POLARITY in conjunction with SIGNALTYPE

S GNALTYPE velue SIGNALTYPE valye | APPlicable POLARITY value
data scan_data N/A
address N/A
control N/A

select N/A

enable scan_enable high
out enable
scan _out enable /\ M

=
Q
B

tie

7

clear hi %
/'17ow
set i
o
clock \hs@/

low

ising edge
alling edge

double edge

8.8.9 CONTRO OLAR

A contrgl polarlty | bedefined as shown in Semantics 31.

KEYWORD oﬁ*&e{ POLARITY = annotation container {

I\

MANCS
POLARITY identifier = single value annotation| {
LUES { high low rising edge falling edge double edige }

Semantics 31—Control polarity annotation container

The purpose of the control polarity annotation container is to specify the active state or the active edge of an
input signal in association with a particular mode of operation, wherein the name of the mode of operationis
given by the annotation identifier.

The control polarity annotation container can be used only in conjunction with specific signaltype values
(see 8.8.6), as shown in Table 49.
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Table 49—CONTROL_POLARITY in conjunction with SIGNALTYPE

Fundamental Composite Applicable annotation value
SIGNALTYPE value SIGNALTYPE value within CONTROL_POLARITY
control high
low
clock scan_clock high
master clock low

slave clock rising edge
scan _master clock falling edg
scan_slave clock double_ed (:\\\

other

Exampl ¢

PIN ModeSell {
DIRECTION = input; SIGHZ
CONTROL_POLARITY { no i < d=low; }

PIN ModeSel2 {
DIRECTION = input;
CONTROL_POLA

The control-polarity specifi inthi le Isequivalent to the following truth table.
%> Mé@RSe]i \I\Qdeﬁelz Mode of operation
N4 hold
1 scan

don't care | norma

4
8.8.10

A dataty i all be defined as shown in Semantics 32.

KEYWORD DATATYPE = single value annotation {
CONTEXT { PIN PINGROUP }

SEMANTICS DATATYPE {
VALUES { signed unsigned }

}

Semantics 32—DATATYPE annotation

The purpose of the datatype annotation isto define the arithmetic representation of adigita signal.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

IEC 62265:2005(E)

IEEE 1

603-2003(E)

—97-—

The datatype annotation can take the values shown in Table 50.

The datfifype annotation 1s only relevant for abus, 1.€., a vector pin (see Syniax 49, 8.6).

8.8.111

Aniniti

Table 50—DATATYPE annotation values

Annotation value

Description

signed

Result of arithmetic operation is sighed 2's complement.

unsigned

Result of arithmetic operation is unsigned.

INITIAL_VALUE annotation

hl value annotation shall be defined as shown in Semantics 33.

}

VALUETYPE
DEFAULT =

KEYWORD INITIAL VALUE =
CONTEXT { PIN PINGROUP

SEMANTICS INITIAL VALTU

U;

AN
ue_&n }bag}'}m {

The pur
derived
default

8.8.12

A scan posit?an\t ion

as shown in Semantics 34.

n model
nal. The

4

VALUETYPE

N ) .
KEYWQRD SCAN POSITION = single value annotation {
CONTEXT =

PIN;

MANTICS SCAN POSITION {

unsigned integer;

DEFAULT =

}

0;

Semantics 34—SCAN_POSITION annotation

The purpose of the scan position annotation is to specify the position of the pin in scan chain, starting with 1
for the primary input. The value O (which is the default) indicates that the pin is not on the scan chain.

8.8.13 STUCK annotation

A stuck annotation shall be defined as shown in Semantics 35.
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KEYWORD STUCK = single value annotation {
CONTEXT = PIN;

SEMANTICS STUCK ({
VALUES { stuck at 0 stuck at 1 both none }
DEFAULT = both;

}

Semantics 35—STUCK annotation

The purpose of the stuck annotation is to specify a static fault model applicable for the /pl.l:l,\

The STYCK annotation can take the values shown in Table 51.

Table 51—STUCK annotation valugs

Annotation value D&rM\ >

stuck _at 0 PIN can exhibit afaulty/at;\ow\%

stuck_at_1 PIN can exhibit a )\}(}cﬁgy\state.
both Plréan\s@ib'\f(a\}‘aul& statiéhiéh\o} |w§ate.
none PIN c})gotésqi\b@fa}t@ St&?‘&i&lg

8.8.14 FUPPLYTYPE angotatio
A suppl /typeannotation@a&,be> i W in

D PWE = annotation {
NTEXT CLASS }

SUPPLYTYPE {
PE = identifier;

4 N UES { power ground reference }
\> Semantics 36—SUPPLYTYPE annotation

The supplytype annotation can take the values shown in Table 52.

antics 36.

Table 52—SUPPLYTYPE annotation values

Annotation value Description

power PIN is€electrically connected to a power supply, i.e., a constant non-zero volt-
age source providing energy for operation of acircuit.

ground PIN iselectrically connected to ground, i.e., a zero voltage source providing
the return path for electrical current through a power supply.
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Table 52—SUPPLYTYPE annotation values (continued)

Annotation value Description

reference PIN exhibits a constant voltage level without providing significant energy for
operation of acircuit.

The purpose of the supplytype annotation is to define a subcategory of pins with pintype value supply (see
Table 41).

8.8.15 SIGNAL_CLASS annotation

A signal-class annotation shall be defined as shown in Semantics 37. <\< x

KEYWORD SIGNAL CLASS = annotation
CONTEXT { PIN PINGROUP }

SEMANTICS SIGNAL CLASS ({
REFERENCETYPE = CLASS;

} £\ Q I

The pur bl ated to
each oth

Exampl¢

A multi another
address P 8.23).

CE]
> = SIGNAL CLASS; }
{ USAGE = SIGNAL CLASS; }
{ SIGNALTYPE = address; SIGNAL CLASS = ReadP¢rt;
ata A { SIGNALTYPE = data; SIGNAL_CLASS = ReadPort;
dr B { SIGNALTYPE = address; SIGNAL CLASS = WritePort;
B : = ; = i prt ;

PIN write_enabié { SIGNALTYPE = enable; SIGNAL CLASS = WritePort;

4

e

}

8.8.16 SUPPLY_CLASS annotation
A supply-class annotation shall be defined as shown in Semantics 38.
The annotation value shall be the name of a declared class (see 7.12).

The purpose of the supply-class annotation isto specify arelation between a pin and a power supply system,
represented by the referred class.
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KEYWORD SUPPLY CLASS = annotation {
CONTEXT { PIN CLASS POWER ENERGY }

SEMANTICS SUPPLY CLASS {
REFERENCETYPE = CLASS;

Semantics 38—SUPPLY_CLASS annotation

The supply-class annotation shall apply for a pin with any signaltype value (see 8.8.6) or any supplytype

value (see 8.8.14).

The sup
ter clasg

The sup

Exampl§

A cell slipports two power supplies. Each pinisrelated

CLASS
CLASS
CELL 1

Examplée 2

A librar
net rela]

CLASS
CLASS

bly-class annotation shall also apply for a class with usage value conne
shall represent a global net related to a power supply system.

b1

supplyl { USAGE =
supply2 { USAGE =

hyLevelShifter {
PIN vddl { Sy supplyl; }
PIN Vdd2 supply2; }
PIN Dout supply2; }

supplyl suppl

PIN %fi>

power supplies. A supply pin of acell has to be connected to

SUPPLY CLASS; }
{ USAGE = SUPPLY CLASS; }

| The lat-

15).

a global

CLASS
CLASS
CLASS
CLASS

}

vaddl { UsAGE=CONNECLT CLASS; SUPPLYTYPr=power; SUPPLY CLASS=COre; }
Vssl { USAGE=CONNECT CLASS; SUPPLYTYPE=ground; SUPPLY CLASS=core; }
vdd2 { USAGE=CONNECT CLASS; SUPPLYTYPE=power; SUPPLY CLASS=io; }
Vss2 { USAGE=CONNECT CLASS; SUPPLYTYPE=ground; SUPPLY CLASS=io; }
CELL myInternalCell {
PIN vdd { CONNECT CLASS=vddl; }
PIN vss { CONNECT CLASS=Vssl; }

CELL myPadCell {
PIN vdd { CONNECT CLASS=vdd2; }
PIN vss { CONNECT CLASS=Vss2; }
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8.8.17 DRIVETYPE annotation

A drivetype annotation shall be defined as shown in Semantics 39.

}

KEYWORD DRIVETYPE = single value annotation {
CONTEXT { PIN CLASS }

SEMANTICS DRIVETYPE (
VALUETYPE = identifier;
VALUES

CmosS Nnmos PmoOS CmOS_pasSsS NmMoS_pass meiAQQES

}

}

DEFAULT = cmos;

PR 3 :
LLL OUpPCll ULl dlll UpPCIll SUULCTT

The purpose of the drivetype annotation is to specify a categor) ] eCtri isti in, which

relate to the system of logic values and drive strengths (see

The drivetype annotation can take the values,shown i

Annotation value

dar cmos sig he Ioglc igh level is equal to the power supply, the logic low
is equ to rou e strength is strong. No static current flows. Sgnal is

age

nmos \) Nmo don 105 naI Thelogic high level is equal to the power supplyland its
tsresigtive. Thelogic low level voltage depends on the ratio of gull-up
II down stor. Static current flowsin logic low state.

pmos Pm or 0 pmos signal. Thelogic low level is equal to ground and its driye

engthus resistive. Thelogic high level voltage depends on the ratio of pull-up and
pul n transistor. Static current flowsin logic high state.

nmos \ mos passgate signal. Signal is not amplified by passgate stage. Logic low volgage

\ evel ispreserved, logic high voltage level islimited by nmos threshold voItag{.

pmos_[pass

Pmos passgate signal. Signal is not amplified by passgate stage. Logic high voltage
level is preserved, logic low voltage level islimited by pmos threshold voltag

cmos_pass

Cmos passgate signal, i.e., afull transmission gate. Signal is not amplified by passgate
stage. Voltage levels are preserved.

ttl

TTL signal. Both logic high and logic low voltage levels are |oad-dependent, as static
current can flow.

open_drain

Open drain signal. Logic low level isequal to ground. Logic high level correspondsto
high impedance state.

open_source

Open source signd. Logic high level isequal to the power supply. Logic low level cor-
responds to high impedance state.
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8.8.18 SCOPE annotation

A scope annotation shall be defined as shown in Semantics 40.

KEYWORD SCOPE = single value annotation {
CONTEXT { PIN PINGROUP }

SEMANTICS SCOPE {
VALUES { behavior measure both none }
DEFAULT = both;

Semantics 40—SCOPE annotation

The purpose of the scope annotation is to specify a category of modeling usagexor a pivg }mot&
tion sperifies whether a pin can be involved in a control expression (s laration
(see 8.14) or within abehavior statement (see 9.4).

The scope annotation can take the values shown in Table 54.

Table 54?S<OPE/@1\$ i v@es
Annotation value x &&ecw

behavior The P1X is used for mddeling functional behavior. Pin can be
involvedin a gontrqk.ex| i ithin aBEHAVIOR statement.

measure easur ts ré‘afe?j tothe’PIN can be described. Pin can be
[\ nvolyed i trol expression within a VECTOR declaration.

both PIN involved in a control expression withinaBEHAVIOR
A ement orwithin aVECTOR declaration.
none {\ Wn beinvolved in acontrol expression.

8.8.19 SS\annvstation

A conrg ion skall be defined as shown in Semantics 41.

YWORD CONNECT CLASS = single value annotation {
CONTEXT = PIN;

SEMANTICS CONNECT CLASS ({
REFERENCETYPE = CLASS;

}

Semantics 41—CONNECT_CLASS annotation

The annotation value shall be the name of a declared class (see 7.12).
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The purpose of the connect-class annotation is to specify arelationship between a pin and an environmental
rule for connectivity (see 10.18.1). The connect-class annotation can be used in conjunction with supply-
class (see 8.8.16) or in conjunction with connect-rule (see 10.20.1).

8.8.20 SIDE annotation

A side annotation shall be defined as shown in Semantics 42.

KEYWORD SIDE = single value annotation {
CONTEXT { PIN PINGROUP }

) ; N

PRIV R C It PR~ ¢ —
OLONANITIICO olUL 1

VALUETYPE = identifier;

VALUES { left right top bottom insi
}

Semantics 42—SIDE annotatign

The purpose of the side annotation is to define an abstract |ocati ounding pox of a
cell.
The sidg annotation can take the values shown in Tablg(55.
Table 55—SIDE anhotation value
Annotation v?me\ \ \\ \%lptlon
left A \& PIN@)Qthftsd f the bounding box.
O\
right L P\sq\s\@ Mght side of the bounding box.
top &) < « NNMp of the bounding box.
botto%< \P'Mhe bottom of the bounding box.
ins.l&l& \ \ \E;K(isins’dethe bounding box.
8.8.214 LUMN annotation
A row annotatiorn and axcolumn annotation shall be defined as shown in Semantics 43.
The purpese-ef-arew-anea-a-ceturmr-anrnetationtste-Hdicate-atocation-of-a-pHwher-aeelsphaced within

a placement grid. The count of rows and columns shall start at the lower left corner of the bounding box of

the cell,

as shown in Figure 10.
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KEYWORD ROW = annotation ({
CONTEXT { PIN PINGROUP }
SEMANTICS ROW {
VALUETYPE = unsigned integer;
KEYWORD COLUMN = annotation {
CONTEXT { PIN PINGROUP }
SEMANTICS COLUMN {
VALUETYPE = unsigned integer;

b}
I

Semantics 43—ROW and COLUMN annotatio

row bounding box of cell hasc umn=1, row=2

b \ L

.

— -
|
|
|
|
I

e i

column

N relative to a bounding box of a CELL

The row side value left or right. The column annotation is applicable
for apin with si S 3 om. B h row and column annotation are applicable for a pin with side
valueingi

A singlé nis apphicable for a scalar pin. A multi-value annotation is applicable for [a vector
pin or roup.\The number of values shall match the number of scalar pins within the vector
pin or p : f values shall correspond to the order of scalar pins within the vectgr pin or

pi ngrou[.

8.8.22 ROUTING—T

Y
-3

D= P
e armmotatiornt

A routing-type annotation shall be defined as shown in Semantics 44.

The purpose of the routing-type annotation is to specify the physical connection between a pin and a routed
wire.

The routing-type annotation can take the values shown in Table 56.
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KEYWORD ROUTING TYPE = single value annotation {
CONTEXT { PIN PORT }

}

SEMANTICS ROUTING TYPE {
VALUETYPE = identifier;
VALUES { regular abutment ring feedthrough }
DEFAULT = regular;

Semantics 44—ROUTING_TYPE annotation
AN

Table 56—ROUTING-TYPE annotation valuQ

Anhotation value Descriy/ron\ \\ \ \/

regullpar PIN hasavia, connection by regular W& \\)
abutment PIN isthe end of awire segment, cgnnegtion WM >

ring PIN formsaring around the cﬂ\\o\\m@t}én W\abut t to any point of the ripg.

N
feedthrough PIN hastwo aligqedﬁyséa wirgsegmL{]t &r{neﬁmn by abutment on both gnds

8.8.23 PULL annotation

A pull ahnotation shall b&@:@(m\ antics

AN
\ \) Semantics 45—PULL annotation

The purpose6f the pull annotation is to specify whether a pull-up or a pull-down device is connectgd to the
pin.

The pull annotation can take the values shown in Table 57.

Table 57—PULL annotation values

Annotation value Description
up Pull-up device connected to the PIN.
down Pull-down device connected to the PIN.
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Table 57—PULL annotation values (continued)

Annotation value Description
both Both pull-up and pull-down device connected to the PIN.
none No pull-up or pull-down device connected to the PIN.

A pull-up devicetiesthe pin to alogic high level when no other signal isdriving the pin. A pull-down device
tiesthe pin to alogic low level when no other signal isdriving the pin. If both devices are connected, the pin
is tied to an intermediate voltage level, i.e., in-between logic high and logic low, Wr}en\n\other signal is
driving e pim.

8.8.24 ATTRIBUTE values for a PIN or a PINGROUP

The attfibute values shown in Table58 are applicable for a pin o
characteristics.

ith t bl lowing

Table 58—Attribute valués for a

Atfributeitem XV/ptm \>
SCHMI[TT Schmitt trigger signal, i.e\the\DC tragsfer chs exhibit ahysteresis. Afplica
ble for output pin.

TRISTATE Tristate signal, i.e., the Sl(gﬂakcan\bs\‘\hl gbmpedance mode. Applicable for output pin.

XTAL %SEVQSC ignal. A Ie@output pin of an oscillator circuit.
PAD Pi n\thX\Ern?l\e Mcon@

The attr,
memory|i

licable for a pin or a pingroup of a cell with celltype value
evalue.

< S
\@i%e%\) SIGNALTYPE Description

ROW_ADDRESS™NSTRO clock Samples the row address of the memory.
Applicable for scalar pin.

COLUMN_ ADDRESS STROBE clock Sampl es the column address of the memory.
Applicable for scalar pin.

ROW address Selects an addressable row of the memory.
Applicable for pin and pingroup.

COLUMN address Selects an addressable column of the memory.
Applicable for pin and pingroup.

BANK address Selects an addressable bank of the memory.
Applicable for pin and pingroup.
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The attribute values shown in Table 60 are applicable for a pair of signals.

Table 60—Attribute values for a PIN within a pair of signals

Attributeitem

Description

INVERTED

Represents the inverted value within a pair of signals carrying complementary values.

NON_INVERTED

Represents the non-inverted value within a pair of signals carrying complementary values.

DIFFERENTIAL Signal is part of adifferential pair, i.e., both the inverted and non-inverted values are
aways required for physical implementation. TN
In case there is more than one pair of signals related to each other by the attributs val Imyert]

inverted
Thefoll

The attr
signalsijs optional, i.e.,
ple. The flip-flop or the

with attiibute invzi
The attr{bute valu

T

or differential, each pair shall be member of a dedicated pingroup

Dwing restrictions apply for pairs of signals.

able<6\1—\T IBUTENalues for a PIN or a PINGROUP related to memory BIS

Te output pin of aflip-flop or alatch is 3

§ non-

A pair of
N exam-

attribute non-inverted and/or another odtput pin

=

g

Description

D

N\
N
ROW T NDN

\\7ector pin or pingroup with a contiguous range of values, indicating aphysical r
memory.

Dw of a

COLUMRN

TIND TS

\ Lot o b-BiHa-O - A EHEOHHO-\A
ectorpH-orpHgHe
of amemory.

ath o contionioic ranan of \aliine tndioatina o ool 4
oyt ot CortrguioTusTonge-orvor oSS rhtrSorrigor pry oreor

olumn

BANK INDEX

Vector pin or pingroup with a contiguous range of values, indicating a physical bank of

amemory.
DATA INDEX Vector pin or pingroup with a contiguous range of vaues, indicating the bit position
within a data bus of a memory.
DATA VALUE Scalar pin, representing a value stored in a physical memory location.

These attributes apply to the virtual pins associated with aBIST wrapper around the memory rather than to
the physical pins of the memory itself. The BIST wrapper can be represented as a test statement (see 9.2).
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8.9 PRIMITIVE declaration

A primitive shall be declared as shown in Syntax 51.

primitive ::=
PRIMITIVE primitive_identifier { { primitive_item} }
| PRIMITIVE primitive_identifier ;
| primitive_template_instantiation
primitive_item ::=
al_purpose_item

[ pin

| pingroup

!fnnntinn

| test

Syntax 51—PRIMITIVE statement
The purpose of aprimitiveisto describe avirtual circuit. Thevirtua circui ivalent to
aphysidal electronic circuit represented as a cell (see 8.4). A primitj¥e ta pehavior
statement (see 9.4).
8.10 WIRE declaration
A wire ghall be declared as shown in Synt{g\
wire ::=

WIRE wire_identifier{ { itef

| WIRE Wire identifier |

| wire_t i iati

wire_item ::=

al 0se
The pur be asta-
tistical Wi connect
analysig

4

8.11 A ions xelated to a WIRE declaration
8.11.1 WIRE reference annotation

A wire reference annotation shall be defined as shown in Semantics 46.

KEYWORD WIRE = annotation {
CONTEXT = arithmetic model;

SEMANTICS WIRE {
REFERENCETYPE = WIRE;

}

Semantics 46—WIRE reference annotation
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The purpose of awire reference annotation is to establish an association between a vector and an arithmetic
model (see 10.3).

A hierarchical identifier can be used to specify areference to awire as a child of acell or asublibrary or a
library.

8.11.2 WIRETYPE annotation

A wiretype annotation shall be defined as shown in Semantics 47.

KEYWORD WIRETYPE = single value annotation /L
CONTEXT = WIRE;

}

SEMANTICS WIRETYPE {
VALUETYPE = identifier;
VALUES { estimated extracted intlerco do 1oad

) N\ XS
Semantics 47—WIRETYPE annotati \ \/

The pur ent.

The wir

Annotation value [\ N (\\\\\) Description
estimated e wire declagatio oﬁk@'ﬁns?atistical wireload model, i.e., amode! for estimatign of R,
L ,<C valuesfor axet, witholtd structural description of acircuit.
h lecl arsti

extralcted T ir ins astructural description of acircuit, i.e., anetlist, relatefl to the
@ bjett, i.e.,, acell. TheR, L, C components represent extracted parasitics from|a phys-
ic

interjconkect T wbx(?s{c}:ration contains a structural description of a circuit, representing a moglel for
§int nnest’analysis. A general R, L, C interconnect network is expected to be reduped to

< ‘ the ified circuit for analysis purpose.
load \ TM re declaration contains a structural description of acircuit, which isto be conpected
aload to adevice, i.e., acell, for characterization or test. A wire instantiation (seq9.15)
shall be used to describe such a connection.

AnR, L, C component within the context of the wire declaration shall be described as an arithmetic model
(see 10.3). A related electrical measurement, e.g., voltage, current, noise, shall also be described as an arith-
metic model.

8.11.3 SELECT_CLASS annotation
A select-class annotation shall be defined as shown in Semantics 48.

Theidentifier shall refer to the name of a declared class.
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KEYWORD SELECT CLASS = annotation {
CONTEXT = WIRE;

SEMANTICS SELECT CLASS ({
REFERENCETYPE = CLASS;
}

Semantics 48—SELECT_CLASS annotation

The purpose of the select-class annotation is to provide a mechanism for selecting a set of wire objects by an

application. The user of the application can select a set of related wire objects by specifying the name of a
dassr s . .

The semantics of the select class shall be under the responsibility of the library Rrayi ibriary pro-
vider c3 i uracy
requiren

The sele Kample.

Examplé

CLASS short wire { USAGE /S
CLASS long wire { USAGE =
WIRE pre layout small {

WIRETYPE = estimated;
// put statistical wire

hort wire;

WIH

/CLASS = short wire;
8. model here

}
WIH
LECT CLASS = long wire;
eload model here
}
WIH
4 = long wire;

8.12 NODE declaration

A node shall be declared as shown in Syntax 53.

node ::=
NODE node identifier
| NODE node identifier { { node item} }
| node_template instantiation
node item ::=
all_purpose_item

Syntax 53—NODE statement
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The purpose of a node declaration is to specify an electrical node in the context of a wire declaration (see
8.10) or in the context of acell declaration (see 8.4).

8.13 Annotations related to a NODE declaration

8.13.1 NODE reference annotation

A node reference annotation shall be defined as shown in Semantics 49.

KEYWORD NODE = multi value annotation { S~

}

SEMANTICS NODE {

CONTEXT = aritimetic_model;

REFERENCETYPE { PIN PORT NODE }

}
The purpose of a node reference annotation is to establish ah asgociati in, a pingroup, a port
(see 8.28), or anode (see 8.12) and an arithmetic model (see\10.3). e pin, pingrouy, port or
node is Yised to specify the connectivity of icdl rpictural circuit.
A hierarchical identifier can be used to specif S 2P port 0r anode asachild of acdll, apin,

or awire.

8.13.2 NODETYPE annogati

A nodetype annotation s@i\b;\i ned %ﬂ )

emantics 50.

ORD Oﬁﬁi{§§>= single value annotation ({
ORE;

ETYPE ({

E = identifier;

{ power ground source sink
iver receiver interconnect }

AULT = interconnect;

Semantics 50—NODET YPE annotation

The values shall have the semantic meaning shown in Table 63.

Table 63—NODETYPE annotation values

Annotation value

Description

driver

The node is the interface between an output pin of acell and an interconnect wire.

receiver

The node is the interface between an interconnect wire and an input pin of a cell.
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Table 63—NODETYPE annotation values (continued)

Annotation value Description

source The nodeisavirtua start point of signal propagation.
In case of anidea driver, the source node is collapsed with adriver node. The collapsed
node shall have the nodetype value driver.

sink The nodeisavirtua end point of signal propagation.
In case of an ideal receiver, the sink node is collapsed with areceiver node. The col-
lapsed node shall have the nodetype value receiver.

power The node supports electrical current for arising signal at asource or adriver node and a
referencefor a Ingih high dgnnl at asink or receiver nade, /\

ground The node supports electrical current for afalling signal at a gour ri\h\Qc de and
areference for logic alow signal at asink or areceiver

interjconnect The node serves for connecting purpose only.

CSSK

A circuit wherein all nodes are interconnected by either a resistanc or gvoltage source is

an
called a|DC-connected net.
The mepning of the nodetype annotation values in the context /of//a DCsxconnected net is illusfrated in
Figure 11. /\ 6

r

subnets.
internal
interconnect withina cetl. The driver node shall be considered an output pin of the cell. The DC-cgnnected
subnet hetween a receiver node and a sink node is considered a model of an interna interconnegt within
another cell. The receiver node shall be considered an input pin of the cell. The DC-connected subnet
between a driver node and areceiver node is considered a model of the externa interconnect between two
cells. The association of an interconnect node with either cell or with the interconnect between the cellsis
inferred by the connectivity within the DC-connected net. A power or aground node which is not part of the
DC-connected net is considered global.

8.13.3 NODE_CLASS annotation
A node-class annotation shall be defined as shown in Semantics 51.

The identifier shall refer to the name of a declared class.
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KEYWORD NODE CLASS = annotation {
CONTEXT = NODE;

SEMANTICS NODE_CLASS ({
REFERENCETYPE = CLASS;

}

Semantics 51—NODE_CLASS annotation

The purpose of the node-class annotation is to associate a node with a cell in the case where an association
can not be inferred by the connectivity within a DC-connected net. S~

Example

WIRE CrosstalkAcrossPowerDomains {
CLASS aggressor { USAGE = NODE CLASS;
CLASS victim { USAGE = NODE CLASS;

NODE vddl { NODETYPE = power;
NODE driverl { NODETYPE = driver;
NODE vdd2 { NODETYPE =
NODE driver2 { NODETYPE =

//|put electrical component
//|put crosstalk model hexe

}

The node declarations in this example provi
the victim's driver node can depend on the su
at the v i
Thecro

nitude at
voltage
pmeters.

8.14 VE

%§>control _expression
O control_exprmon{ { vector_item} }

pI ate _instantiation

Syntax 54—VECTOR statement

The purpose of avector isto provide a context for electrical characterization data or for functional test data.
The control expression (see 9.4) shall specify a stimulus related to characterization or test.

8.15 Annotations related to a VECTOR declaration
8.15.1 VECTOR reference annotation

A vector reference annotation shall be defined as shown in Semantics 52.
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KEYWORD VECTOR = single value annotation {
CONTEXT = arithmetic model;

SEMANTICS VECTOR ({
VALUETYPE = control_expression;
REFERENCETYPE = VECTOR;

Semantics 52—VECTOR reference annotation

The purpose of a vector reference annotation is to establish an association between a tor and an arith-

metic mpdet(see10:3):
8.15.2 PURPOSE annotation
A purpdse annotation shall be defined as shown in Semantics 53.

KEYWORD PURPOSE = annotation
CONTEXT { VECTOR CLASS }

SEMANTICS PURPOSE {
VALUETYPE = identi
VALUES { bi&t t

Oise reliability]|}

}

The purpose of the purpose ion i i i b vector.
The purpose annotation ¢a ~ r.

PURPOSE annotation values

An 10ta§gn v%& Description

bist< \ \ ﬁs]evector contains data related to built-in self test.

test 3 \ The vector contains data related to test requiring external circuitry.

timinkg The vector contains an arithmetic model related to timing calculation (see 10.11.3,
10112, 10115, 10. 1176, 10117, 10118, 10- 119, 10- 1110, 10 11- 11, 10. 1112, and
10.11.13).

power The vector contains an arithmetic model related to power calculation (see 10.11.15).

noise The vector contains an arithmetic model related to noise calculation (see 10.11.14).

reliability Thée l/gcfgrz():ontaj ns an arithmetic model related to reliability calculation (see 10.11.1
and 10.11.2).
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8.15.3 OPERATION annotation

An operation annotation shall be defined as shown in Semantics 54.

KEYWORD OPERATION = single value annotation {
CONTEXT = VECTOR;
}
SEMANTICS OPERATION {
VALUETYPE = identifier;
VALUES
read write read modify write refresh load>~_
start end iddg

! AQ&
RO

Semantics 54—0OPERATION annotation

The purpose of the operation annotation is to associate a mode of-operati ircuitjwith the
stimulug specified within the vector declaration. This associal ¢ est vec-
tor generation or test vector verification.

The vallies shall have the semantic meani

Table 65—0OPER \ fion values

N
Anpnotation value \( \ VD&ription
'\ ranN

read L \R&%N{peréf\owne b@l’& of amemory.
write < > K th%opﬁ@i oﬁ\m\c}te,eddress of amemory.

read_jmodif y_w;{{e Vﬁl&@ fWri te of different value at same address of amemory.
start g \ \ﬁt{t\o\pe'\atli/or(within a sequence of operations required in a particular mode.

end < \ ast operation within a sequence of operations required in a particular mode.
refrggsh \ Operation required to maintain the contents of the memory without modifying it.
load \ Operation for supplying data to a control register.

iddg \) Operation for supply current measurements in quiescent state.

8.15.4 LABEL annotation

A label annotation shall be defined as shown in Semantics 55.

The purpose of the label annotation is to enable a cross-reference between a statement within the context of
a vector and a corresponding statement outside the ALF library. For example, a cross-reference between a
delay model in the context of a vector (see 10.11.3) and an annotated delay within a standard delay format
(SDF) file (see IEC/IEEE 61523-3:2004) can be established, since the SDF standard also supports a LABEL
statement.
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KEYWORD LABEL = single value annotation ({
CONTEXT = VECTOR;

SEMANTICS LABEL {
VALUETYPE = string value;

}

Semantics 55—LABEL annotation

8.15.5 EXISTENCE_CONDITION annotation

. VAN
An exisfence-condition annotation shall be deflined as Shown 1N Semantics Ho. A

(N
alud\an Qégi}>{

KEYWORD EXISTENCE CONDITION =
CONTEXT { VECTOR CLASS }
SEMANTICS EXISTENCE CONDITION
VALUETYPE = boolean expressio
DEFAULT = 1;

single

The pur 0 berel-
evant fo A\ vector
shall be

The set he exist-

For dyn
within t

pression

8.15.6

NS
YWORD EXISTENCE CLASS = annotation {
CONTEXT { VECTOR CLASS }
}
SEMANTICS EXISTENCE CLASS {
REFERENCETYPE = CLASS;

}

Semantics 57—EXISTENCE_CLASS annotation

The identifier shall be the name of a declared class.

The purpose of the existence-class annotation is to provide a mechanism for selection of arelevant vector by
an application. The user of the application can select a set of relevant vectors by specifying the name of the
class. Another purpose isto share a common existence-condition (see 8.15.5) among multiple vectors.
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8.15.7 CHARACTERIZATION_CONDITION annotation

A characterization-condition annotation shall be defined as shown in Semantics 58.

KEYWORD
CHARACTERIZATION CONDITION = single value annotation {
CONTEXT { VECTOR CLASS }

}

SEMANTICS CHARACTERIZATION CONDITION {
VALUETYPE = boolean_expression;

} AN
Semantics 58—CHARACTERIZATION_CONDITION anngtatio

The set f pin variables involved in the characterizalion conltion ith in yariables
involv acteri zati ditionis
compati
The chg idn or the
existeng

8.158¢C

A charg own in Semantics 59.

TION/VECTOR = single value annotation {
OR CLASS }

CHARACTERIZATION_VECTOR {
E = control_expression;

N
w\antics 59—CHARACTERIZATION_VECTOR annotation

The purpoSe of a characteri ZallOn-vector annotalion 1S 10 SPeciTy a complele sumulus 1or characterization in
the case where the vector declaration specifies only a partial stimulus.

The characterization-vector annotation and the characterization-condition annotation shall be mutualy
exclusive within the context of the same vector.

8.15.9 CHARACTERIZATION_CLASS annotation
A characterization-class annotation shall be defined as shown in Semantics 60.

The identifier shall be the name of a declared class.
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KEYWORD CHARACTERIZATION CLASS = annotation ({
CONTEXT { VECTOR CLASS }

SEMANTICS CHARACTERIZATION CLASS ({
REFERENCETYPE = CLASS;

}

Semantics 60—CHARACTERIZATION_CLASS annotation

The purpose of the characterization-class annotation is to provide a mechanism for classification of charac-

terization data. Another purposeisto share acommon characterization-condition (see .7) or acommon
characterizatiorr i

8.15.10 MONITOR annotation

A monitpr annotation shall be defined as shown in Semantics 61.

N0

KEYWORD MONITOR = annotati N
CONTEXT { VECTOR CLASS

SEMANTICS MONI {
VALUETYPE =\idehtifier/
}
Semantic 61@

OR anpotation

The pur
of avec
compou

in variables (see 9.3) involved in the ealuation
need to be monitored for detection of a gpecified

8.16 L

A layer
4

ER layer_identifier ;
Y ER layer identifier { { layer item} }
|Tayer_template instantiation
Tayer_ftem =
all_purpose_item

Syntax 55—LAYER declaration

A layer shall describe process technology for fabrication of an integrated electronic circuit and a set of
related physical data and constraints relevant for a design application.

The order of layer declarations within alibrary or a sublibrary shall reflect the order of physical creation of
layers by a manufacturing process. The layer which is created first shall be declared first. A virtual layer,
i.e., alayer that is not created by a manufacturing process, shall be declared last.
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8.17 Annotations related to a LAYER declaration
8.17.1 LAYER reference annotation

A layer reference annotation shall be defined as shown in Semantics 62.

KEYWORD LAYER = annotation {
CONTEXT { arithmetic model PATTERN ARRAY }

}

SEMANTICS LAYER {
REFERENCETYPE = LAYER;

}

{/\

Semantics 62—LAYER reference annotation

The purpose of alayer reference annotation is to establish an associatiol
8.29), a array (see 8.27), or an arithmetic model (see 10.3).

ayerand aypatiern (see

8.17.2 LAYERTYPE annotation
A layertype annotation shall be defined as shown in &w@ﬁk

KEYWORD LAYER _va@tatlon {
CONTEXT = ;

ct

I\

\ Table 66—LAYERTYPE annotation values

\Q‘Qotat' n value Description

Youting LAYER provides electrical connections within a plane
cut LAYER provideselectrical connections between planes.
substrate LAYER at the bottom.

dielectric LAYER provideselectrical isolation between planes.
reserved LAYER isfor proprietary use only.

abstract LAYER isvirtual, not manufacturable.
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8.17.3 PITCH annotation

A pitch annotation shall be defined as shown in Semantics 64.

KEYWORD PITCH = single value annotation {
CONTEXT = LAYER;

SEMANTICS PITCH ({
VALUETYPE = unsigned number;

}

Semantics o4—FI1TCH annotation

segments within a layer with layertype value routing. This distance is measured

The quose of the pitch annotation is specification of the normative dig
adjacent paralléel wires.

8.17.4 PREFERENCE annotation

A prefelence annotation shall be defined as shown in Sem ic;{??
faN

wire
two

KEYWORD PREFEREN
CONTEXT = LAYER;

SEMANTICS PREFERE
VALHETYPE = 1de

N\
_4ii§f%jfﬁétation {

The purpose of the
on alaygr with la

able 67—PREFERENCE annotation values

segment

Annotation value Description
horizontal Preferred routing direction is horizontd, i.e., O degrees.
vertical Preferred routing direction is vertical, i.e., 90 degrees.
acute Preferred routing direction is 45 degrees.
obtuse Preferred routing direction is 135 degrees.

8.18 VIA declaration

A via shall be declared as shown in Syntax 56.
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via:=

V|A via_identifier ;

I VIA via identifier { { via item} }

| via_template_instantiation
via_item ::=

al_purpose_item
| pettern
| artwork

Syntax 56—VIA declaration

A viashall describe a stack of physical artwork for electrical connection between wire ;eg@nts on different

layers.

8.19 Ahnotations related to a VIA declaration
8.19.1 VIA reference annotation

A viardference annotation shall be defined as shown in Semantics

KEYWORD VIA = annotation
CONTEXT = arithmetic/m

SEMANTICS VIA
REFERENCETYPE \Y

The purpose of aviar
model ($ee 10. 3)

8.19.2 IATYPE

A viatype annotatl n own in Semantics 67.

“REYWORDM( IATYPE - single value annotation ({
4 CONTEXT = VIA;
SEMANTICS VIATYPE
VALUETYPE = identifier;

DEFAULT = default;

}

VALUES { default mon_default partial _stack full stack }

Semantics 67—VIATYPE annotation

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

—122 - IEC 62265:2005(E)
|EEE 1603-2003(E)

The values shall have the semantic meaning shown in Table 68.

Table 68—VIATYPE annotation values

Annotation value Description
default VIA can be used per default.
non_default VIA canonly beusedif authorized by a RULE.

partial stack | VIA containsthree patterns: the lower and upper routing layer and the cut layer in-between.
This can only be used to build stacked vias. The bottom of a stack can}ae—aQefault ora

non_derault via. (

N
full |stack VIA contains 2N+1 patterns (N>1). It describes the full stack f/rogkbottomp.

rule ::=
RUL E rule_identifier ;
| RULE rule_identifi
| rule_template_instantiati
rule_item::=
al_purpose_item
| pattern

| region
| via i n@é@

8.20 RULE declaration
A rule snall be declared as shown in Syntax 57. /\

N

A rule (reclarati@ i trical or physical constraints involving physical o

physical
9.20). T

object shall {3

8.21 A

4
An antg

le ects. A
ion (see

an a =
ANTENNA antenna identifier -

| ANTENNA antenna_identifier { { antenna_item} }
| antenna_template_instantiation
antenna_item ::=
al_purpose_item
| region

Syntax 58—ANTENNA declaration

An antenna declaration shall be used to define manufacturability constraints involving physical objects or
regions (see 8.31), wherein the regions are created by physical objects. The physical objects shall be associ-
ated with a layer (see 8.16). Within the context of an antenna declaration, arithmetic models for size (see
10.19.1), area (see 10.19.2), or perimeter (see 10.19.3) associated with a layer or with a region can be
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described. The arithmetic models can be combined, based on electrical connectivity (see 10.18.1) between
the layers.

To evaluate connectivity in the context of an antenna declaration, the order of manufacturing given by the
order of layer declarations shall be considered. An object on a layer shall only be considered electrically
connected to an object on another layer if the connection already exists when the uppermost layer of both
layersis manufactured. Thisisillustrated in Figure 12.

The dar

The dar
because

8.22B

A block

(¢
Mtifier ;

dentifier { { blockage item} }

rile
via.instantiation
\> Syntax 59—BLOCKAGE statement

A blockage declaration shall be used in the context of a cell (see 8.4) to describe a part of the physical art-
work of the cell. No short circuit shall be created between the physical artwork described by the blockage
and a physicd artwork created by an application. Physical or electrical constraints involving a blockage can
be described by arule (see 8.20). A rule within the context of a blockage shall only be applicable for aphys-
ical object within the blockage in relation to its environment. A physical object within the blockage can also
be subjected to amore general rule, i.e., arulethat is declared outside the context of the blockage.

8.23 PORT declaration

A port shall be declared as shown in Syntax 60.
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port ::=
PORT port_identifier ;
|PORT port_identifier{ { port_item} }
| port_template instantiation
port_item ::=
al_purpose_item
| pettern
| region
| rule
| via_instantiation

Syntax 60—PORT declaration

artwork|of a cell (see 8.4) provided to establish electrical connection between
Physical or electrical constraints involving a port can be described by a rul
context pf a port shall only be applicable for a physical object within the pext i
A physigal object within the port can also be subjected to a more gene
outside the context of the port.

8.24 Ahnotations related to a PORT declaratio

8.24.1 Reference to a PORT using P

The pinjreference annotation (see 8.8.1) can/be used toxefe

8.24.2 PORTTYPE annofatio %

A porttype annotati né@b«ﬁeg ed ni antics 68.

ORD P \%?: single value annotation ({
PORT;

PORTTYPE {

YPE = identifier;

4 VALUES { external internal }
EFAULT = external;

OR

Semantics 68—PORTTYPE annotation

The values shall have the semantic meaning shown in Table 69.

Table 69—PORTTYPE annotation values

Annotation value Description
external A physical port of ablock available for external connection.
internal A physical port inside a block.
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8.25 SITE declaration

A site shall be declared as shown in Syntax 61.

site::=
Sl TE site_identifier |
| SITE site identifier { { site item} }
| site_template_instantiation
site_item ::=
al_purpose_item
| WIDTH_arithmetic_model
| HEIGHT _arithmetic_model

Syntax 61—SITE declaration

A site declaration shall be used to specify alegal placement location for a cell 4),

8.26 Ahnotations related to a SITE declaration

8.26.1 BITE reference annotation
A site rgference annotation shall be defined owg@g
KEYWORD SITE

CONTEXT {
}

SEMTSI

[\ ETYPE N

The pur,

£ 8.4) or
an array

8.26.2
4

Anoriel

KEYWORD (')DTF‘T\T"I"A'T‘T(')T\T CLLASS — annotation [
CONTEXT { SITE CELL }

SEMANTICS ORIENTATION CLASS (
REFERENCETYPE = CLASS;

}

Semantics 70—ORIENTATION_CLASS annotation

The purpose of the orientation class annotation is to specify alegal placement orientation for a cell (see 8.4)
on a site. The annotation value shall be the name of a declared class (see 7.12). The declared class can
contain a geometric transformation statement (see 9.18). The geometric transformation shall indicate a
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transformation of coordinates from the cell as a stand-alone object to the cell placed on a site. The stand-
alone cell is considered as the original object, whereas the cell placed on a site is the transformed object.

A cell can only be placed on a site if a matching orientation class annotation value is found within both the

cell declaration and the site declaration.
8.26.3 SYMMETRY_CLASS annotation

A symmetry class annotation shall be defined as shown in Semantics 71.

KEYWORD SYMMETRY CLASS = multi value annota

CONTEXT = S1ITE;

SEMANTICS SYMMETRY CLASS {
REFERENCETYPE = CLASS; (\

Semantics 71—SYMMETRY_CLASS an

The purpose of the symmetry class annotation isto specify a
of acell|(see 8.4) on asite.

A lega
tion withi
Exampl§
The site
Case 1

CL1

CL1

SIT
CEI

}
}

“cass { A B} }
FION CLASS { A B } }

When é itey R eNtation 2, the cell shall be placed in orientation A. When the site appea|

entation . Placed in orientation B.

Case 2: |pvand B are symmetrical.

legal\placement orig

26:2). If thereis a set of
legal ori i i [ : ced on the site using any|

Pntations

Common
orienta-

sin ori-

CLASS A { PURPOSE { ORIENTATION CLASS SYMMETRY CLASS } }
CLASS B { PURPOSE { ORIENTATION CLASS SYMMETRY CLASS } }

SITE mySite { ORIENTATION CLASS { A B } SYMMETRY CLASS { A B } }

CELL myCell { ORIENTATION CLASS { A B } }

When the site appears in either orientation A or B, the cell can be placed in either orientation 2 or B.

8.27 ARRAY declaration

An array shall be declared as shown in Syntax 62.
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array ::=
ARRAY array identifier
|ARRAY array_identifier{ { array_item} }
| array_template instantiation
array_item ::=
al_purpose_item
| geometric_transformation

Syntax 62—ARRAY declaration

An array declaration shall be used for the purpose to describe a grid for creating physical objects within
design. A geometric transformation (see 9.18) can be used to define a transformation of_coordinates from a
basic copstreietive-etement-of-the-array-te-ar-eterment-praeeehwithirrthe-erray—Fhe bas<eenstraetive el ement
is considlered the original object, whereas the element placed within the array ist ject.

v, PraCea vy

8.28 Ahnotations related to an ARRAY declaration

8.28.1 ARRAYTYPE annotation

An arraytype annotation shall be defined as shown in Semanm
D

e\_/( u%ann ation {

N
ntie %@RAYTYPE annotation
ic i wn in Table 70.

0—ARRAYTYPE annotation values

AMQ}@\ Description

floorplan Thearray providesagrid for placing macrocells, i.e., cellswith celltype valug can be
block or core or memory.
The placement type value shall be core.

The valfies shall have

placement The array provides a grid for placing regular cells, i.e., cellswith celltype value
buffer, combinational, multiplexor, latch, flip-flop, or special.
The placement_type value shall be core.

global routing The array provides agrid for global routing.

detailed routing The array provides agrid for detailed routing.

8.28.2 LAYER reference annotation for ARRAY

A layer reference annotation in the context of an array shall be defined as shown in Semantics 73.
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SEMANTICS ARRAY.LAYER = multi value annotation;

Semantics 73—LAYER reference annotation for ARRAY

The layer reference annotation shall be applicable for an array with arraytype value detailed routing (see
8.28.1). It shall specify alayer (see 8.16) with layertype value routing (see 8.17.2).

8.28.3 SITE reference annotation for ARRAY

A site reference annotation in the context of an array shall be defined as shown in Semantics 74.

SEMANTICS ARRAY.SITE = single_value_anno}@i&ion;

Semantics 74—SITE reference annotation for ARRA

The purpose of a site reference annotation in the context of an array isXo speti Kthe i ent from
which the array is constructed.

The sitg reference annotation is applicable for an array with
8.28.1).

or placenent (see

8.29 PATTERN declaration

A patter]n shall be declared as shownin Syn 3.

The puy

8.30 A

8.30.1 PATTERNTeferenceanmotation
A pattern reference annotation shall be defined as shown in Semantics 75.

The purpose of a pattern reference annotation is to establish an association between a pattern and an arith-
metic model (see 10.3).

8.30.2 SHAPE annotation
A shape annotation shall be defined as shown in Semantics 76.

The shape annotation applies for a pattern associated with alayer with layertype value routing (see 8.17.2).

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

IEC 62265:2005(E) —129 -
IEEE 1603-2003(E)

KEYWORD PATTERN = annotation
CONTEXT = arithmetic model

SEMANTICS PATTERN {
REFERENCETYPE = PATTERN

7

7

Semantics 75—PATTERN reference annotation

KEYWORD SHAPE = single value annotation ({
CONTEXT = PATTERN; VAN

SEMANTICS SHAPE {
VALUETYPE = identifier;
VALUES { line tee cross jog corn end
DEFAULT = line;

} AN
Semantics 76—SHAPE 2 io \ \)

The valyies shall have the semantic meaning shown in Table

Table 71—SHA notation

Annotation value (\ \wﬂlon
line ref ing direction.
!\ nect ith aviajor with another routing segment.
jog m referred routing direction.
(x Eac d is.con jth a routing segment in preferred routing direction.
tge nter Wbawaen two orthogonal routing segments.
/\ \%e mg ments ends at the intersection.

cfoss p0| nt between two orthogonal routing segments.
ro ing segments continue beyond the intersection.

R N n intersection point between two orthogonal routing segments.
th routing segments end at the intersection.

end An unconnected point of an open routing segment.

The meaning of the shape annotation values is further illustrated in Figure 13.

The shape annotation specifies whether a pattern is represented by a point or by a line. A pattern with a
shape annotation value line or jog is represented by aline. A pattern with a shape annotation value tee, cross,
corner, or end is represented by a point.
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T e

Cross

Figure 13—SHAPE annotation illustration

corner

end

E— ine ljog
‘T
w

VAN

8.30.3 YERTEX annotation
A vertex annotation shall be defined as shown in Semantics 77. (\x
tati \{

KEYWORD VERTEX = single value
CONTEXT = PATTERN;

}

SEMANTICS VERTEX ({
VALUETYPE = identifigwy
VALUES { ro ang
DEFAULT = angulax;

}

r
R

end (seq48.30.2).

Thevallu%shall owryin Table 72.
<\ Table VERTEX annotation values

Description

The angle between intersecting routing segments shall be preserved.

roﬁ&\ \ The angle between intersecting routing segments shall be rounded.

The meaning of the vertex annotation values is further illustrated in Figure 14.
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VERTEX = angular VERTEX =round

8.30.4 ROUTE annotation

A routelannotation shall be defined as shown in Semantics 78.

Figure 14—VERTEX annotation illustration

AN

KEYWORD ROUTE = single value—
CONTEXT = PATTERN;

SEMANTICS ROUTE

tabti n\)

g1 obtuse }

The roufe annotation applies

ustrated

The purpose of a yaute anpotation
in Figurg 15.
at

va
oue

jog

I\

=

1_L

\‘w\m L

i

Figure 15—ROUTE annotation illustration

If the route annotation does not appear and a layer reference annotation (see 8.30.5) appears, the preferred
routing direction specified by the preference annotation (see 8.17.4) within the layer declaration shall apply
to infer the actual routing direction. If both route annotation and layer reference annotation appear, the route

annotation shall take precedence.
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8.30.5 LAYER reference annotation for PATTERN

A layer reference annotation in the context of a pattern shall be defined as shown in Semantics 79.

SEMANTICS PATTERN.LAYER = single value annotation;

Semantics 79—LAYER reference annotation for PATTERN

The purpose of alayer reference annotation in the context of a pattern is to establish an association between
apattern and alayer (see 8.16). The physical object represented by the pattern shall reside on alayer. A pat-

tern declarationwithout a I:lypr reference annatation shall he considered inr‘nmlnlﬂna

8.31 REGION declaration

A region object shall be declared as shown in Syntax 64.

region ::=
F?E(H(DNleqonrmnE|damﬂa
|F?E(H()quym1mmnldamﬁa{{ egio
| region_template_instantiation

region_item ::=
al_purpose_item
| geometric_model
| geometric_transformatio

The pur a geometry. The geometry can be formefd by the
intersection or can also be described in abstract mathematigal terms
without

The spegifi notation
(see 8.3p. fies. If a
geometr) bgion.

<
8.32 A

8.32.1 rence annotation

A region reference annotation shall be defined as shown in Semantics 80.

KEYWORD REGION = annotation {
CONTEXT = arithmetic model

SEMANTICS REGION
REFERENCETYPE = REGION

}

1

I

Semantics 80—PATTERN reference annotation
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The purpose of aregion reference annotation is to establish an association between a region and an arith-

metic model (see 10.3).
8.32.2 BOOLEAN annotation

A boolean annotation shall be defined as shown in Semantics 81.

KEYWORD BOOLEAN = single value annotation ({
CONTEXT = REGION ;

SEMANTICS BOOLEAN { TN
VALUETYPE = boolean expression ; A

} A (\

The purpose of the boolean annotation is to specify aregion by abg
a patter (see 8.29) or the name of another region shall be consider
fied in Tlable 76 and Table 81 shall be considered legal opera

9. Degcription of functional an ySh

9.1 FUNCTION statement

name of
'S Speci-

A functipn statement shall bm %x
F

ic circuit

The function statement can contain a behavior statement (see 9.4) or a set of one or more statetable state-
ments (see 9.6). The purpose of the behavior and statetable statements is to formally specify the logic state

space of the circuit and the changein logic state as a response to a given stimulus.

The function statement can also contain a specification for implementation using the structure statement

(see9.5).

9.2 TEST statement

A test statement shall be defined as shown in Syntax 66.
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test ::=
TEST { test_item { test_item} }
| test_template_instantiation
test_item ::=
al_purpose_item
| behavior
| statetable

Syntax 66—TEST statement

The purpose of the test statement is to provide a compact specification of a test environment for a digital

electronic circuit implemented by acell. A cell can contain at most one test statement.

The test| statement can contain a behavior statement (see 9.4) or a set of one or or st
(see 9.6]. The purpose of the behavior and statetable statementsisto formally the
the test gnvironment and the change in logic state as aresponse to agiven stim

9.3 Definition and usage of a pin variable
9.3.1 P|n variable and pin value

A pinvariable and a pin value shall be defined as showh in\Syht 6

e

ate

ements

$ace of

pin_variable ::= \/
pin_vari abI e identifier

pin_value :
pin varlﬁme\boo/eaql e m

anabl and pin value

A declared pin can be used as a pin variable involved in a test statement (see 9.2) or in a function statement

(see 9.1), according to its direction and view annotation value (see Table 73).
9.3.2 Pin assignment

A pin assignment shall be defined as shown in Syntax 68.

pin_assignment ::=
pin_variable = pin_value,

Syntax 68—Pin assignment
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A pin assignment shall represent an association between a pin variable and a pin value. The following rules
define the compatibility between apin variable and a pin value:

a) Thebitwidth of the pin value shall be equal to the bitwidth of the pin variable.
b) A bitliteral or abased literal representing a single bit can be assigned to a scalar pin.

¢) A based literal or an unsigned integer, representing a binary number can be assigned to a pingroup,
to avector pin, or to aone-dimensional sice of amatrix pin.

9.3.3 Usage of a pin variable in the context of a FUNCTION or a TEST statement

A decla||ed pin (see 8.6) with pintype annotation value digital (see 8.8.4) or adeclar
be used ps a pin variable.

8.7) can

A pinvariable can beinvolved in afunction statement (see 9.1) or in at
the annqtation values for direction (see 8.8.5) and view (see 8.8.3), &

nding on

()
Category A\ /DQRE;\H/O(Q < ,\> VIEW
Input for function \QN \ functional or both

Output for function /A out}ut\ functional or both

Bidirectional for))dqzti on \ khkk \/ functional or both

Internal for ]:\UI’I&N{I \( rﬁ]é V none
Input for ta{i K hm-/ none
Ou@h‘gx t% z \/Er[put none
Bidirectiéal\&{‘(é\ \/\\) both none
Inte@l\fx{r\&g \ ) none none

\5) can be used to specify a relationship between a pin variable and a particular
attribute values related to memory BIST.

The relgtionship between pin variables involved in the test statement and in the function statemeny and the
applicable direction annotation values areillustrated in Figure 16.

The digital electronic circuit symbolized by the function box communicates with its environment. Part of its
environment is the test environment symbolized by the test box. A test algorithm, i.e., an algorithmically
specified stimulus, can be applied to the test environment. The test algorithm controls input variables and
observes output variables of the electronic circuit. In addition, the electronic circuit can have other input and
output variables that are not controlled or observed by the test algorithm. The electronic circuit and the test
environment can also have their internal variables that do not communicate with their environment.

NOTE—The direction and view annotations are defined from a circuit-centric perspective from which the test environ-
ment is viewed as avirtual extension of the circuit.
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pin variables subjected pin variables not controlled / observed

to the test algorithm by the test algorithm
input output  bidirectiona input  output  bidirectional

TEST /N p input
/ FUNCTION
tput
internal B | oufpu TN intern
bidirectional
pin variables controlled / observ
by the test algorithm
-

Figure 16—Relationship bet w ST
9.4 BHHAVIOR statement &
A behayi

ior statement shall W(as\
B g

{ behavior_item} }

PN TP BN PO PPN P +1 1
CORKFOI—_EXPreSSoR-TbeereaR—AsSgRMEnt -beereaR—AsagRMent 1

pr|m|t|ve instantiation ::
primitive_identifier [ identifier ]  pin_value{ pin_value} }
| primitive_identifier [ identifier ] { boolean_assignment { boolean_assignment } }

Syntax 69—BEHAVIOR statement

A control statement consists of a primary control statement, optionally followed by one or more alternative
control statements. A primary control statement is identified by the at character followed by a control
expression. An aternative control statement is identified by the colon character followed by a control
expression. A control expression can be either a boolean expression (see 9.9) or a vector expression (see
9.12). The order of alternative control statements shall specify the order of priority. If the main control
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statement does not evaluate true, the first alternative control statement is evaluated. If an alternative control
statement does not evaluate true, the next aternative control statement is evaluated.

A boolean assignment assigns the evaluation result of a boolean expression to a pin variable (see 9.3.1). A
boolean assignment with a behavior statement as a parent shall be considered a continuous assignment, i.e.,
the boolean expression is evaluated continuously.

A boolean assignment with a control statement as parent shall be considered a conditional assignment, i.e.,
the boolean expression is only evaluated when the associated control expression evaluates true. When a
boolean expression is not evaluated, a pin variable shall hold its previously assigned value.

If the can ensitive or
triggered by state. If the control expression is avector expression, the conditional gss alve called
edge-sensitive or triggered by event.
A behavior itemis further subjected to the following rules:
a) Aninformation flow graph involving one or more continy or level-gensitive
ipn value
nsidered
b) Can con-
hsidered
variable
C) eclared
declared asapin variable. An implicitly
iCi ed vari-
i gnment
bnd vice versa.
A primitive in i i : eto a predefined function statement within a primitive
declarat i i i iven by a
boolean S iin within
the prinfitive decharatign\A ively, a i i i i iable can be
given by i i arations
within t
4
A set of
9.5 STRUCTUREStatement and CELL instantiation

A structure statement shall be defined as shown in Syntax 70.

The purpose of a structure statement is to specify a structural implementation of a compound cell, i.e., a
netlist. A complete or apartial netlist can be specified. A component of a netlist can be acell or a primitive.

NOTE—A structure statement is intended to be complementary to a behavior or a statetable statement. An application
that requires knowledge of the functional behavior of a cell, for example a synthesis application, is expected to compre-
hend the behavior statement rather than to infer the functional behavior from the structure statement.

A cell instantiation shall specify the mapping between a cell reference and a cell instance within the struc-
ture statement. The mapping shall be established either by order or by name.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

~138 - IEC 62265:2005(E)
IEEE 1603-2003(E)

structure ::=
STRUCTURE { cell_instantiation { cell_instantiation} }
| str ucture_templ ate_instantiation
cell_instantiation ::
“cell_reference | |dent|f|er cell_instance_identifier ,
| cell_reference_identifier cell_instance_identifier 1 { cell_instance pin_value} }
| cell_reference_identifier cell_instance_identifier { { cell_instance pin_assignment } }
| cell_instanti atic on_templ ate_i nstantiation
cell_instance pin_assignment ::=
cell_reference_pin_variable = cell_instance pin value;

Syntax 70—STRUCTURE statement

Mapping by order shall be established using a pin value (see 9.3.1) associated with
respond|ng pin variable associated with the cell reference shall be inferred by t
within the cell reference.

cell instancg. A cor-

Mapping by name shal be established using a pin assignment (see 9.3
assignment shall represent a pin variable associated with the cell r
assignment shall represent a pin value associated with the cell instahe

the pin
the pin

9.6 STATETABLE statement

A statethble statement shall be defined as@«i\n Mex 1. C}
statetable ;=
STATETABLE [ identifie
{ statgtable_header st et{ et;_row}}
gle templete jatio

~ ] input_pin_variable)

Syntax 71—STATETABLE statement

A statetable shall specify the state of a set of output pin variables dependent on the state of a set of input pin
variables. Sequential behavior, i.e., next state as afunction of previous state, shall be modeled by apin vari-
able which appears both as input and output pin variable within the statetable header. A pin variable with
direction annotation value both can also appear as input and output pin variable within the statetable header.

However, the state of the output pin variable does not depend on the state of the corresponding input pin
variable, unless there is sequential behavior.

In each statetable row, a statetable control value shall be associated with a particular input pin variable, and
a statetable data value shall be associated with a particular output variable. The association is given by the
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position at which the pin variables appear in the header. Each statetable row shall have the same number of
items as the statetable header. The delimiting colon in each statetable row shall be in the same position asin

the statetable header.

A statetable control value shall be compatible with the datatype of the corresponding input pin variable. A
statetable data value shall be compatible with the datatype of the corresponding output pin variable. An
input pin variable enclosed by parentheses shall specify that the value of the input pin variable be assigned to
the output pin variable. Such input pin variable need not appear in the statetable header. A preceding excla-
mation mark shall indicate that the logically inverted value be assigned to the output variable. A preceding

tilde shall indicate that the bitwise inverted value be assigned to the output variable.

It shall hethe responsibility of the Al F parser to check for a consigent format of the’gtafetable 1t shall be
the resppnsibility of the application to check for complete and consistent contents e statet e
9.7 NON_SCAN_CELL statement
A non-stan cell statement shall be defined as shown in Syntax 72. Q
non_scan_cell ::
‘NON SCAN CELL = non_scan/cell
INON_SCAN_CELL { non_
| non_scan_cell_template iqstantiati
non_scan_cell_reference ::
non_scan_cell_identifi
| non_scan_cell_identifier 1}
A non-stan cell stateme pse. The
non-scah cell reference iyalent to
the scan cell, if ell. The
name of|the non-
The pin les shall
refer to pi thin the
non-scal the left-
hand sidg
4
Exampl§
// n of a non-scan cell
CELLmyNOISTarr 1op {

}

PIN D { DIRECTION=input; SIGNALTYPE=data; }

PIN C { DIRECTION=input;

PIN Q { DIRECTION=output; SIGNALTYPE=data; }

// declaration of a scan cell
CELL myScanFlop ({

SIGNALTYPE=clock; POLARITY=rising edge; }

PIN CK { DIRECTION=input; SIGNALTYPE=clock; }

PIN DI { DIRECTION=input; SIGNALTYPE=data; }

PIN SI { DIRECTION=input; SIGNALTYPE=scan data; }

PIN SE { DIRECTION=input; SIGNALTYPE=scan enable; POLARITY=high; }
PIN DO { DIRECTION=output; SIGNALTYPE=data; }
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// put NON_SCAN CELL statement here

}

The non-scan cell statement with pin mapping by order looks as follows:

NON_SCAN CELL { myNonScanFlop { DI CK DO } }
// corresponding pins by order: D C Q

The non-scan cell statement with pin mapping by name looks as follows:

NON_ SCAN CELL { myNonScanFlop { Q=DO; D=DI; C=CK; } }

9.8 RANGE statement
A rangdg statement shall be defined as shown in Syntax 73. (\x x

o N
range ::=
%ANGE {index_value : index_value } Q \ \

The range statement shall be used to specify

s of a vector pin or

A Mmatrix

pin (seg 8.6) or a vector pingroup (see 8., Insase atrixYpi ge shall pertain to th¢ second

multi-inplex (see 8.6, Syntax 49).

If no range statement is specified, the vali
rel ationship:

& 1¥i —ip if(iL>ig)
¢ 1+ip—i, if(i, <ig)

where
Aisa address space within avector pin or amatrix pin,
B is the bigvi \Or the matrix pin,
iist hinthe Zector pin or the matrix pin,
iR is€ it witkin the vector pin or the matrix pin,
in accor

given by the following math

ematical

The indeX ValTes Within arange statement shall be bound Dy the address Space A, otherwise the ran

ment shall not be considered valid.
Example

PIN [5:8] myVectorPin { RANGE { 3 : 13 } }

bitwidth: B=4
default address space: 0<A<15
address space defined by range statement:  3<A<13
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End of example

9.9 Boolean expression

A boolean expression shall be defined as shown in Syntax 74.

boolean_expression ::=
(' boolean_expression )
| boolean_value
| identifier
| boolean_unary_operator boolean_expression
! boolean avrr_\rncci on-boolean binans _onerator- boolean nvrr_wmci on /\
| boolean_expression ? boolean_expression : boolean_expression
boolean_unary_operator ::=
Pi~1& 1~& [ 1~ 1™ 1
boolean_binary_operator ::=
&I1&& [~& || ]| I~ 1™ "
| relational_operator
| arithmetic_operator
| shift_operator

The pur sult of a
boolean

A legd bQoke : e 6.13)
represer S see 9.11.6), alegal operand can §lso be a

number |(see 6.5) or a string valt
A legal pperator in a boplea T ’ . AN unary operator, a boolean binary opefator, an

arithmetic operatoy. for integer a (see 6.4.1, 9.11.4), arelational operator for gompari-
son opefation ( 9.11. shift operation (see 6.4.4, 9.11.5), or a combimation of
aquestipn mark anea et ini

The preg Xpression shall be from the strongest to the weakest in the follow-
ing order:

a) 4 ' closed by parentheses, i.e., ()

b) pitwi iig a boolean unary operator, i.e., ~ &, ~&, |, ~,, " (see9.11.2

C) e, ! (see9.11.1)

d) phift,'i-e, (see9.11.5)

€) bomparisonie ==1=> < >= <= (se911.6)

f)  bitwise xor, xnor using a boolean binary operator, i.e., *, ~ (see9.11.2)
g) multiply, divide, modulus, i.e., *,/, % (see9.11.4)

h)  bitwise and, nand using a boolean binary operator, i.e., & , ~& (see 9.11.2)
i) logical and,i.e, & & (see9.11.1)

i) add, subtract, i.e., +, — (see 9.11.4)

k)  bitwiseor, nor using aboolean binary operator, i.e., |, ~| (see9.11.2)

l) logical or,i.e., || (see9.11.1)

m) delimiter for conditional operation, i.e., ?, . (see9.11.3)

When operators of the same precedence are subsequently encountered in a boolean expression, the evalua-
tion shall proceed from the | eft to the right.
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9.10 Boolean value system
9.10.1 Scalar boolean value

A scalar boolean value shall be described by an alphanumerical bit literal (see 6.8). A scalar boolean value
shall represent alogical value and optionally adrive strength. The set of logical values shall be false, true,
and unknown. The set of drive strengths shall be strong, weak, and zero. The symbols used for scalar bool-
ean values and their meaning shall be defined as shown in Table 74.

Table 74—Scalar boolean values

ombp | Logel | Prwe | Sy io e
0 false strong 0 dﬁve
1 true strong 1
X orx unknown strong X orx
Lorl fase weak 0 Usefo nﬁe@sholder,apull ypora
Horh true weak 1 f\\/ U dovdevice
Worw unknown weak c%c\ (\\ 8 G
ZOor z not defined zero Xérlx Uwéh impedance.
voru| | notdefined | notdefined | forx “Wsefor uninitialized signal in simulatipn.

A boolepn expression (s£8.9.9) . : ar boglean value represented by an alphanumer|c bit lit-
eral. For evaluation of & i 1orX

within & evalua-

A vecto P 6.5). A
vectori ZB0% be Mapped into a vector of alphanumeric bit literals (see 6.8). The ndmber of
bit litergis shalkbecalled bitwidth.

An octal digit(see an be mapped into athree-hit vector of bit literals by numerically converting a num-
ber in o¢tal.base to a number in binary base. f

A hexadecimal digit (see 6.9) can be mapped into afour-bit vector of bit literals by numerically converting a
number in hexadecimal base to a number in binary base. The uppercase letters A through F or the corre-
sponding lowercase letters a through f shall be used to represent the decimal numbers 10 through 15.

An alphabetic bit literal (see 6.8) shall be mapped according to the following rules:

a) Analphabetic bit literal in octal base shall be mapped into three subsequent occurrences of the same
bit literal in binary base.

b) An aphabetic bit literal in hexadecimal base shall be mapped into four subsequent occurrences of
the same bit literal in binary base.
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Example

102xw0u !S equival entto'b010 xxx www 000 uuu
'hLux ISequivalent t0O'bLLLL uuuu xxxx

End of example

An integer can be represented by a vector of bit literals, according to the following mathematical
relationship:

B-1
unsigned integer N= zsp- oP T~
p=0
B-2
signed integer N=Z s(p)-2°—s(B—1)-2°7*
p=0
where
N isthe integer,

B istITe bitwidth of the vector of bit lite
pist
s(p) i >the scalar value (zero or one) of th

s(B-

The bitwidth B of a vectarizethboolean variabie restricts therange of a corresponding integer N as fpllows:

unsigned jnteg
signed int:

-1
A vectof pi as apin variable holding a vectorized boolean vaue. The positiof of a bit
isrelatef i ithi the gi¥declaration as follows:

4

o= di-ig if(i_>ip)
¢ ig—i if(i_<iR)

where

i isthe index within avector pin,
ir s the right-most index within a vector pin. The corresponding positionis0,
i_ isthe left-most index within a vector pin. The corresponding positionis B — 1.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

Example

— 144 — IEC 62265:2005(E)
IEEE 1603-2003(E)
PIN [5:8] pinl;
PIN [7:4] pin2;
bit[index] bit[index] position
pinl [5] pin2[7] 3
pinl[6] pin2[6] 2
pinl [7] pin2[5] 1
pinl[8] pin2[4] 0
VAN

End of g

9.10.3

A non-g

xample

Non-assignable boolean value

ssi gnabl e boolean value shall be described by a symbolic bit lit

Table 75—Symbolic bom
~

nin Thble 75.

Symbol Logical value

Drive #r

T NN

arbitrary, yet constant

N

( \ \jgef}}r/dom care”

subject to random change

Nvarfable is not monitored.

A symbglic bit literal or abé

variablg
control

When b

lowing fules:

a)

b)
4

9.11 B

as a boolean va
alue, but not as

bing part@/

toapin
atetable

the fol-

ps of the

9.11.1 Logical operation

The operators for alogical operation shall be defined as shown in Table 76.
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Table 76—Logical operations

Operator

Description

logical inversion

&&

logical and

logical or

A logica

A logica

A /‘/A\
e e\ S/ g
me N {0
unknown

7NN NE
false”\ false false
/f?ue\ \ fase true
nkrkoiNX \ \/élse fase unknown
4
\ \ ) true fase true
tr > true true true
unknown true unknown true
false unknown fase unknown
true unknown unknown true
unknown unknown unknown unknown

If an aphabetic bit literal is used as operand, only the logical value, not the drive strength, shall be consid-
ered for evaluation. An undefined logical value within an operand shall be considered unknown.
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The operators for a bitwise operation shall be defined as shown in Table 79.

Table 79—Bitwise operations

A bit-w
bit-wise

A bit-wi
ean valle.

A bit-wi
gle-bit g
to the right-most
bitwidtH shall be

ean valye, the result

result sh

sion to the result

Operator Description
~ bit-wise inversion
& bit-wise and .
| bit-wise or A

A

N bit-wise exclusive or (xor) < \ \
~& bit-wise and with inversion (nand) < \\
~| bit-wise or with inversion (no
~A

bit-wise exclusive or anw \

0’A && B for single bit operands
eptto A || B for single bit operands

ftheloglcal operatlon or and theloglcal operatlon and reepectwely

A ~& B isequivaentto !
A ~| B iseguivaentto !

(A && B) forsingle bit operands
(A || B) forsinglebit operands
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The single-bit operations xor and xnor shall be defined according to Table 80.

Table 80—Evaluation of single-bit XOR and XNOR

A B A"B A~"B
false false fase true
true false true false
unknown false unknown unknown
tetse _—. treie- RN

\
true true false true /\< (\
unknown true unknown unﬁQOM \ \
false unknown unknown ﬁkﬂno\ n \
N

true unknown unknown (\ n n \
unknown unknown unkno»m/\ uﬁ(no‘%(l\/

A boolg
boolean

>— R
P R |

A boolepn unary oper.
operatio

~&

A

A vecto}i
bool
or.

g used as operand for alogical operation. For this purpose, the ve
to a scalar boolean value by applying the bit-wise boolean unary @

ascalar
operand

ctorized
peration

! | (V) isequivalent to Lol
A && V ISEUVAETO & && ([ V)
Vv || B isequivaentto (| v) || B

NOTE—a2 and B stand for scalar boolean values, v stands for a vectorized boolean value.
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9.11.3 Conditional operation

The evaluation of a boolean expression (see 9.9), avector expression (see 9.12), or an arithmetic expression
(see 10.1) involving the symbols shown in Table 81 shall be called a conditional operation.

Table 81—Conditional operation

Symbol Description

? delimiter between if-clause and then-clause

delimiter between then-clause and else-clause /\&

”a bool-

The bodl ean expression to the | eft of the question mark shall be called if- .
k{shall be

ean explession or a vector expression or an arithmetic expression, to the 'ght ofthe
called then-clause. The expression to the right of the colon shall be galled ehse-tlause
If the i shall be
evaluatgd.

NOTE—] sted con-

ditional g

9.11.41

The opsg

o LN o
GNENNEY
ANOWIEE

< N X multiply
\‘ / \ divide
%

All operationsinvolving the operatorsin Table 82 shall beinteger operations. A legal operand shall be either
an integer or a boolean value that is converted into an integer.

A scalar boolean value (see 9.10.1) represented as a bit literal (see 6.8) shall be converted into an unsigned
integer.

A vectorized boolean value (see 9.10.2) represented as a based literal (see 6.9) shall be converted into an
unsigned integer or into a signed integer. The conversion shall depend on the datatype annotation value (see
8.8.10) of the pin variable associated with the operand.
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The application shall be responsible for handling exceptions. Exceptions include the following cases:

— Integer conversion of aboolean value involving the logical value unknown
— The operation division and modulus involving a second operand with value zero

— Any evaluation results that do not fit the bitwidth of the pin variable which the result is assigned to,
i.e., overflow or underflow

9.11.5 Shift operation

The operators for a shift operation shall be defined as shown in Table 83.

A shift

9.10.2),
(see 6.8
by whic

For shif
unknowi

value urj

9.11.6

A comppri

parison

The opsg
4

Table 83—Shift operation

Operator

Description /\

<<

shift left

>>

shift right

Table 84—Numerical comparison

lue (see
t literal

gitions N

al value
b |ogical

Operator Description
== equal
1= not equal
> greater
< lesser
>= greater or equal
<= lesser or equal
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A legal operand for a numerical comparison shall be a number (see 6.5) or a boolean value that can be inter-
preted as an integer according to 9.10.2.

The operators for alogical comparison shall be defined as shown in Table 85.

Table 85—Logical comparison

Operator Description Comment
~N equa inlogical value, also called xnor Symbolsfrom Table 76 are
overloaded.

not equal 1nlogical value, al'so called xor

equa inlogical value and drive strength

not equal in logical value and drive strength

Symbo m Tahle84are
overladed.

A legal pperand for alogical comparison shall be a scalar boolean vi

The operations equal in logical value and not equal in logica
single-b|t operations xnor and xor in Table 8Q.

The operations equal in logical value and dhive

shall bejevaluated according to Table 86.

Table 86—E@W
N

n involving drive strength

iefl for the

strength

or both operands.

L ogikal value of oper ands i{ve stxength of operands A and B Result for Regult for
(true, ffalse, unlgﬁ)%g, onnot defj \(gr g, weak, zero, or not defined) A== All=B

Same for both operan

true falsg

Same for both opeénésx \ /&fferent for each operand.

false true

Differept fo@rqu&an}i\ \ Any.

fase true

\ \
4
Exampl ¢

‘b =" ‘bl evaluatestrue
‘b0 == ‘bL evauatesfase
‘bl ~* ‘bH evaluatestrue
‘bl == ‘bH evaluatesfalse
‘bX ~* ‘bW evaluatesunknown
‘bX == ‘bW evaluatesfalse
‘bZ ~* ‘bZ evaluatesunknown
‘bZ == ‘bZ evauatestrue

End of example
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The operators for a string comparison shall be defined as shown in Table 87.

Table 87—String comparison

I= string values are different

Operator Description Comment
== string values are equal Symbolsfrom Table 84 are
overloaded.

A legal pperand for a string comparison shall be a string value (see 6.15). If at least
string (gee 6.14), the comparison shall be case-sensitive. Otherwise, the compayi
tive. If an operand is an identifier (see 6.13) representing a constant or a vari

comparigon shall apply to the string value rather than to the identifier.

9.12 Vector expression and control expression

A vector expression and a control expression shall be defined as
N\ N

wn'i

A quoted
insensi-

%e, the

vector_expression ::=
vector_expression )

| single_event

| vector_expression vector,0p

| boolean_expression 7 v

\/Syntax 75—Vector expression and control expression

The purpose of a control expression is to specify the ALF name of a declared vector (see 8.14), a control
statement within a behavior statement (see 9.4), or an annotation with valuetype control expression (see

7.11.2).

The purpose of a vector expression is to specify a pattern of events. A vector expression shall be satisfied
when the pattern of events specified within the vector expression matches an actually realized pattern of

events within an application context.

A legal operand for a vector expression shall be a single event (see 9.13.1) or avector expression macro (see

6.17).
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A legal operator for a vector expression shall be an event operator (see 6.4.5), i.e., an event-sequence opera-
tor (see 9.13.2, 9.13.3) or an event-permutation operator (see 9.13.3), an event-and (see 9.13.2), an event-or
(see 9.13.3), a control-and (see 9.13.5), or a combination of a question mark and a colon defining a condi-
tional operation (see 9.11.3).

The precedence of operatorsinvolved in avector expression shall be from the strongest to the weakest in the
following order:

a)
b)
0)
d)
e
f)
0)

When o

shall prgceed from the left to the right.

9.13S

9.13.1

bool ean operation enclosed by parentheses, i.e., ()

edge literal (see 6.12, 9.13.1)

event permutation operators, i.e., <~>, <->, <& > (see 9.13.3)

ent-and npnr:ﬂ'nr and-caontrol-and npnr:\fnr' I Sry A . & & (mn 013 ’), 913 l—'\\/\

bvent sequence operators, i.e., ~>, ->, & > (see 9.13.2, 9.13.3)
Bvent-or operator, i.e., |, || (see 9.13.3)
Helimiter for conditional operation, i.e., ?, : (see9.11.3, 9.13.5)

berators of the same precedence are subsequently encounter

pbecification of a pattern of events

Bpecification of a single even

aluation

In order of vari-
ables sh ithin one
observe prator to
specify | shall be
abooleg
A single
(\ pécification of a single event

Row (\ Ed\ggw\ Event on operand

1 /firs@'@ is@&o}x{_bi tYiteral value changes from first_bit_literal to second_bit _literal

2 ?rs\bééd_li rasecond_based literd | value changes from first_based literal to second_based fiteral

3 \) value before and after the change is arbitrary

4 — valdetsranderm-afterthe-change

5 *? value is random before the change

6 2! value changes from any value to a different value

7 ?~ every binary digit changes from any value to a different value

8 ?- value does not change

An edge literal consisting of two consecutive aphanumerical bit literals (row 1) can be used for a scalar
operand. An edge literal consisting of two consecutive based literals (row 2) can be used for a scalar operand
or for a vectorized operand, as long as the bitwidth of the operator is compatible with the bitwidth of the
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operand. An edge literal consisting of two consecutive symbolic bit literals (row 3, 4, 5) can be used for
either ascalar or avectorized operand. A symbolic edge literal (row 6, 7, 8) can be used for either ascalar or
avectorized operand.

The edge literal in row 8 specifies the same value before and after the event. Such a specification shall be
interpreted as event by exclusion, i.e., a change of value does not happen on the operand but on another
observed variable.

An arbitrary value in row 3, 6, and 7 shall be comprised within the set of applicable values for the operand,
i.e., ascalar operand or abinary digit of avectorized operand can have avalue specified by an a phanumeri-
cal bit literal, an operand with datatype unsigned can have an arbitrary unsigned integer value within the
range o qppr‘ifipd hitwidth an nppmnd with ri;fra‘rypp Qignpd can have an arhitrary@gm:d integer value

within the range of specified bitwidth.
change. he>nd0m

y the\timing diggram in

A randgm value in row 4 and 5 shall be interpreted as a value subjected to %an
change ijs not monitored.

The usgge of an edge literal for specification of a single event j
Figure 17.

edge litera

NOTES

1—The specification of asingle event does not imply any transition time. The transition time in Figure 17 is only for the
purpose of illustrating the difference between ?? and ?!.

2—The operator ?? can be called a neutral operator, since a specified single event involving ?? on an arbitrary operand
always matches a single event on any operand. A single event involving the neutral operator can be called aneutral sin-
gle event.

9.13.2 Specification of a compound event

A pattern of events involving one or more single events shall be called a compound event. A pattern of
events involving more than one single event shall be called a truly compound event. A pattern of events
involving only one single event shall be called a degenerate compound event.
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The operatorsin Table 89 shall be used for specification of atruly compound event.

Table 89—Operators for specification of a compound event

Operator Description
~> The event to the left is eventually followed by the event to the right.
> The event to the left is immediately followed by the event to the right.
&& or& The event to the left and the event to the right occur at the same time.
VRN
The purpose of said operatorsis to specify atemporal relation between two sin ents A and Bwithin a
truly compound event C. V}

— (A~>B) means that A occurs before B.

— (A->B) means that (A~>B) is satisfied and there exigis
A~>0) and (O~>B).

— (A&B) meansthat both A and B occur, but neithe

ould satifsfy both

In order|to extend the applicability of said 0 ents/the earliest and latest eJents are
defined ps follows:

— A single event A withi ; ; event O

— A single event B

vithin C ouls
— Within ad

event O

event.

the same

pvents C

— (C->D) means that (C~>D) is satisfied and there exists no single event O that could satisfy both
(C~>0) and (O~>D).

— (C&D) meansthat both C and D are satisfied and the latest events within C and D occur at the same
time.

9.13.3 Specification of a compound event with alternatives

A vector expression that satisfies more than one pattern of events shall be called a compound event with
alternatives.
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The operatorsin Table 90 shall be used for specification of a compound event with alternatives.

Table 90—Operators for specification of a compound event with alternatives

Operator Description
|| or | The vector expression is satisfied if the compound event to the left or the compound event to
the right occurs.
&> The vector expression (C& >D) isequivalent to (C& D | C->D), wherein C and D are compound
events.

A partiqular case of a compound event with alternatives is a permutation of coprg
expressipn that is satisfied when the compound events occur in permutable order.

An operptor that specifies occurrence of compound eventsin permutable
shall bejcalled an event sequence operator.

The opgratorsin Table 91 shall be used for specification of a per

Table 91—Operators for specificatiomof permut

Na vector

ent per-
ar order

Event per mutation escrifh Corresponding event sequer]
oper ator @'\ operator

ce

<~3 &S§~ Ns mui\h@Q\Q(&gD |\D//>C) ~> SeeTable §

74

<-> \&}\is e&{iv tWD»C) -> See Table 8

<&p < S (C<& %D)}smlhd\e}h@/&& >D |D&>C) &> SeeTable 9

Y%

we.campound events shall be defined as follows:

Permutg

A vecto
4

a) to each other by the same event permutation operator, and

b) ound by higher precedence than said event permutation operator,

Sha” b caticfiod 1f anv narmutation of tha anarands  ralated ta- aach-othar by tha correshondi
SctrSHES—H—aH Y —perttetrBH—-B—HE-BpEraRaS—erat Ea—o—ach—-otHe—y—tHe-corE5poHor

sequence operator, is satisfied.

Example

g event

(A<&>B<&>C) is equivalent to (A&>B&>C | A&>C&>B | C&>A&>B | B&>A&>C | B&>C&>A |

C&>B&>A)

wherein A, B, C denote compound events, and A, B, C do not contain operators of the same or lower prece-

dence than &>, unless such operators are bound within parentheses.

End of example
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9.13.4 Evaluation of a specified pattern of events against a realized pattern of events

A vector expression, i.e., a specified pattern of events, shall be evaluated against an actually realized pattern
of events in an application context. The realized pattern of events shall be established according to the fol-
lowing rules a) and b):

a) A primary pattern of events on a set of pin variables (see 9.3) shall be observed. The set of pin vari-
ables shall be specified by the monitor annotation (see 8.15.10) within a vector declaration (see
8.14) or by the scope annotation (see 8.8.18) within a pin or a pingroup declaration (see 8.6, 8.7). A
monitor annotation shall take precedence over a scope annotation.
b) The primary pattern of events shall be reduced by replacing the events on the p/nKabl% involved
I 1 I.I 1T VCbLUI CAMI CDdUI 1 VVII.I 1TVl ILD A\ B} UUUIUal I'CAMI CD)UI =) II IVUI VW II 1 l.I 1T VCULUI On The
byvents on any pin variables not involved in the vector expression shall be
Exampl ¢
The set pf pin variables applicable for two vector expressions viand yois A,

The vecfor expression v, reads (01 (A& B) -> 10 (B|C)).
The vecfor expression v, reads (1? A -> 01 (C & ! D)).

Therefol
For evd

e, the single eventson A, B, C, and D are obsey,
ation of vq, the events on (A& B),

For evaluation of v,, the eventson A, B,
Figure 18 shows arealized pattern of events/The grey zed pat-
tern of gvents satisfies the respective vector expr@o\n V)
T I\‘i\ \j\) N y T T T T T T
primary pattern of event N | ) | [
’\1\ T I r—r 1
| | L [ | || [
> 1 L0 T
| 1 1 | 1 1 | 1 1 |
/
T T T T T T T T
I . I
I S I I | A
o L Il I I | [
| 1 1 | 1 1 |
reddced pattern ents L ' O Fl
for gvalidtion of v, A | | | |
(1?A->01(C& ! D)) B [ [T I
C&!D I
1

|

Figure 18—Realized pattern of events

End of example

The occurrence time of each single event within a realized pattern of events can be interpreted as a totally
ordered set of real numbers, using the mathematical relation “lesser or equal.” It can be shown that the prop-
erties of atotally ordered set are satisfied. The following notations are used:
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A, B denote single events within arealized event pattern.

t(A), t(B) denote the occurrence time of respective single events A, B within arealized event pattern.

For reference, the following properties are required for atotally ordered set:

1) Reflexivity: t(A) < t(A)

2)  Weak anti symmetry: t(A) < t(B) and t(B) < t(A) impliest(A) = t(B)

3) Transitivity: t(A) < t(B) and t(B) < t(C) impliest(A) < t(C)

4) Comparability: For any element within the set, either t(A) < t(B) or t(B) < t(A)

A specified pattern of events shall be satisfied, if each relation between single events therein is satisfied by

the realized pattern of events, according to Table 92

=l

able 92—Satisfaction of a specified relation within a reahz&%e\nt

pV4

Spdcified relation Condition for satisfaction by real<x§d p\ﬁaﬁw\v

A&>B SeeTable 90. | t(A) <t(B) \ \ >
S

A~->B SeeTable 89. | t(A) <t(B), but not t(B) < t(A), i.e., t;,( < /Q?,)

A->B See Table89. | t(A) <t(B), and no event O ex?:sx@\/(k)/é tg,Q) <\T(Q)

A&&B SeeTable89. | t(A) <t(B) and t(B) < A),é.,\\(A?— t(B)( w ‘\/
N/

A realized pattern of events can be compI '
and B og¢cur at the same time, &

Inthe cise

by impligation and at the

NOTE—]n order tg&va uate
actual ocfurrence @’

The foll
events:

a)
b)

pwing rules'sha

4

c) |f @value Change of a pin variable occurs as a consequence of avalue change of another pin

bvents A
event B.

of single events i\ng iMne,a dstirction shall be made between at the sgmetime

ecord the

pttern of

is value

the vec-

variable

1thin the context of a behavior statement (see 9.4), the consequence shall be interpreted

O occur

immediately followed by the cause.

d) If the elapsed time between single events on mutually independent pin variables is measured zero,

said events can be interpreted to occur at the same time by coincidence.

€) Inthe context of adeclared vector (see 8.14), al pin variables shall be considered mutually indepen-
dent, even though a causal dependency between some pin variables can exist in the context of a

behavior statement. Therefore, events can not occur at the same time by implication within
text of a vector.

NOTE—It is possible that an application can not determine the temporal relation between events occurring at

the con-

the same

time by coincidence. Instead, the events could be represented in random order with the temporal relation immediately fol-
lowed by each other. Therefore, it is recommended to use the operator <& > to specify at the same time by coincidence

and to use the operator & & to specify at the same time by implication.
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Example

A behavior statement contains the boolean assignment Z = A& B.

The single event (01 (A& B)) is caused by the single event (01 A).

The single events (01 (A& B)) and (01 A) are interpreted to occur at the same time by implication.

Within the context of the behavior statement, the single event (01 Z) is interpreted to occur after the single
event (01 (A& B)).

Outside the context of the behavior statement, the variables A and Z are considered independent. The
numerical value of the measured propagation delay from A to Z can be greater than zero, less than zero, or
zero. Therefore, the single events (01 A) and (01 Z) can occur at the same time by coincidence.

End of example

9.13.5 $pecification of a conditional pattern of events

A pattern of events specified within a vector expression shall be called a conditi gif the
evaluatipn against the realized pattern of events is made dependent on & conditi c boolean
expressipn. A conditional pattern of events shall be evaluated againg i 5 only if
the boolan expression evaluates true in the realized pattern of even

A conditional pattern of events shall be described using the cq ) e if-then-glse con-
struct, ap specified in Table 93.

Table 93—Specificatign ditiephal pattery of events
Oper gtor Description \) Comment
&& or|& pattern of even sh evalu I- ses overloaded symbol, which is also used for

whllebooIFQ €ssio |s(tn< Wal and (see Table 76) and bitwise and (see Table 7p).
?and: if-t constru hen-else construct exists for boolean expression (seq
htax 74, 9.9), for vector expression (see Syntax 75, 9.12)
and for arithmetic expression (see Syntax 81, 10.1).

The ord

A vectof expression involving the if-then-else construct can be transformed into a vector expression involv-
ing the control-and operator, according to the following rule:

(b?vq 1 vy) shell beequivalentto (v; & b|v, & ! b)

wherein b denotes a boolean expression representing the if-clause, v, denotes a vector expression represent-
ing the then-clause, and v, denotes a vector expression representing the else-clause.

9.14 Predefined PRIMITIVE

This subclause defines the predefined primitive declarations, wherein the prefix “ALF " isreserved for the
name of such primitives.
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9.14.1 Predefined PRIMITIVE ALF_BUF

The primitive ALF_BUF shall be defined as shown in Semantics 82.

PRIMITIVE ALF BUF (
PIN in { DIRECTION = input; }
PIN [1:<bitwidth>] out { DIRECTION = output; }
GROUP index { 1 : <bitwidths> }
FUNCTION { BEHAVIOR { out[index] = in ; } }

Semantics 82—Predefined PRIMITIVE ALF_BUF

9.14.2 Predefined PRIMITIVE ALF_NOT

The prirpitive ALF_NOT shall be defined as shown in Semantics 83<\

PRIMITIVE ALF NOT {
PIN in { DIRECTION
PIN [1l:<bitwidth>]
GROUP index

FUNCTION ({

9.14.3

The pririti

RECTION = output }
1.<b1tw1dth>] in { DIRECTION = input; }
{ BEHAVIOR { out =& in ; } }

7z

N\
w Semantics 84—Predefined PRIMITIVE ALF_AND

9.14.4 Predefined PRIMITIVE ACF_NAND

The primitive ALF_NAND shall be defined as shown in Semantics 85.

PRIMITIVE ALF NAND {
PIN out { DIRECTION = output; }
PIN [l:<bitwidth>] in { DIRECTION = input; }
FUNCTION { BEHAVIOR { out = ~& in ; } }

}

Semantics 85—Predefined PRIMITIVE ALF_NAND
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PRIMITIVE ALF OR ({
PIN out { DIRECTION = output; }

PIN [1:<bitwidth>] in { DIRECTION
FUNCTION { BEHAVIOR { out

}

=|in;

I

input;

}

9.14.6

The pririti

Semantics 86—Predefined PRIMITIVE ALF_OR

Predefined PRIMITIVE ALF_NOR

nitive ALF_NOR shall be defined as shown in Semantics 87.

PRIMITIVE ALF NOR ({
PIN out { DIRECTION = output;
PIN [1:<bitwidth>] in {
FUNCTION { BEHAVIOR {

}

S

Semantics 87 fi

N )
d PRIMITNE ALF/ NOR
Predefined PRIMITIVE ALF_X
The priritive ALF_. XORshW@é\%eman- S 88.

9.14.7

= output; }
in { DIRECTION = input; }
{ out = * in ; } }

9.14.8

The primiti

PRIMITIVE ALF XNOR {
PIN out { DIRECTION = output; }

PIN [1:<bitwidth>] in { DIRECTION
FUNCTION { BEHAVIOR { out

}

input;

i)}

}

= in

Semantics 89—Predefined PRIMITIVE ALF_XNOR

9.14.9 Predefined PRIMITIVE ALF_BUFIF1

The primitive ALF_BUFIF1 shall be defined as shown in Semantics 90.
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PRIMITIVE ALF BUFIF1 {
PIN out { DIRECTION = output; }
PIN in { DIRECTION = input; }
PIN enable { DIRECTION = input; }
FUNCTION { BEHAVIOR { out = (enable)? in : ‘bz ; } }

}

Semantics 90—Predefined PRIMITIVE ALF_BUFIF1

9.14.10 Predefined PRIMITIVE ALF_BUFIFO

The primtive ALF BUOFFOSatbe defimedas ShowmT T Samantits 91 A
N\

PRIMITIVE ALF BUFIFO {
PIN out { DIRECTION = output; }
PIN in { DIRECTION = input; }
PIN enable { DIRECTION = inp

FUNCTION { BEHAVIOR { out = in ‘bz bl

}

9.14.11 Predefined PRIMITIVE ALF_

The prirnitive ALF_NOTIF1 shall be defin

input; }
IN e ION = input; }
{ out = (enable)? ! in : ‘bZ bl

VAN
&R\n?; Predefined PRIMITIVE ALF_NOTIF1
91412 ingd PRIMITIVE ALF_NOTFIFO
The prirw TIF@'shall be defined as shown in Semantics 93.

PRIMITIVE ALLT NOTIEQ [
13

PIN out { DIRECTION = output; }

PIN in { DIRECTION = input; }

PIN enable { DIRECTION = input; }

FUNCTION { BEHAVIOR { out = (! enable)? ! in : ‘bZ ; } }

}

Semantics 93—Predefined PRIMITIVE ALF_NOTIFO

9.14.13 Predefined PRIMITIVE ALF_MUX

The primitive ALF_MUX shall be defined as shown in Semantics 94.
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PRIMITIVE ALF MUX (
PIN Q { DIRECTION = output; }
PIN [1:0] D { DIRECTION = input; }
PIN S { DIRECTION = input; }
FUNCTION {
BEHAVIOR {
Q=1!5S &D[0] | S&DI[1] | D[0] & DI[1] ;
}
}
}

Senmantics 94—

—MoX

9.14.14 Predefined PRIMITIVE ALF_LATCH

The prirpitive ALF_LATCH shall be defined as shown in Semantics 95.

PRIMITIVE ALF LATCH {
PIN Q { DIRECTION
PIN QN { DIRECTION
PIN D { DIRECTION =
PIN ENABLE '
PIN CLEAR
PIN SET

; QN = QN CONFLICT ;

ENABLE
D ; ON

I~ 1
—_—~ O

Semantics 95—Predefined PRIMITIVE ALF_LATCH

9.14.15 Predefined PRIMITIVE ALF_FLIPFLOP

The primitive ALF_FLIPFLOP shall be defined as shown in Semantics 96.

9.15 WIRE instantiation

A wireinstantiation shall be defined as shown in Syntax 76.
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PRIMITIVE ALF FLIPFLOP ({

PIN Q { DIRECTION = output; }

PIN ON { DIRECTION = output; }

PIN D { DIRECTION = input; }

PIN CLOCK { DIRECTION = input; }

PIN CLEAR { DIRECTION = input; }

PIN SET { DIRECTION = input; }

PIN Q CONFLICT { DIRECTION = input; }
PIN QN CONFLICT { DIRECTION = input; }

FUNCTION {
O e s ~

L,\\,JJE:AI\OCOCOL‘:J./\
Q = Q CONFLICT ; QN = QN CONFLI

} ( CLEAR ) {
Q=0,; ON =1 ;

} + ( SET ) {
Q=1,; QN = 0 ;

}: (01 cLock ) |
Q=D ; ON = ! D ;

_nstance i enuﬁeri { wire instance_pin_value} }

Y identifier { { wire_instance pin_assignment }
HI Vi = Wire_instance _pin_value
\@ 76—WIRE instantiation

The pur i to describe an electrical circuit for characterization or test. A rgference
of the el by awire declaration (see 8.10). A cell, subjected to characterization or
test, ca instance of the electrical circuit

The mapping een the wire reference and the wire instance shall be established either by order or by
name.

In case of mapping by order, apin value (see 9.3.1) shall be associated with the wire instance. A correspond-
ing pin variable associated with the wire reference shall be inferred by the order of node declarations within

the wire reference.

If mapping by order is not possible without ambiguity, mapping shall be established by name, using pin
assignment (see 9.3.2). The left-hand side of the pin assignment shall represent the name of a node associ-
ated with the wire reference. The right-hand side of the pin assignment shall represent a pin value associated
with the wire instance.
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9.16 Geometric model

A geometric model shall be defined as shown in Syntax 77.

geometric_model ::=

geometric_model_item ::=

coordinates ::=

nonescaped_identifier [ geometric_model_identifier ]
{ geometric_model_item { geometric_model_item} }
| geometric_model_template instantiation

POINT_TO_POINT _single value_annotation
| coordinates

COORDI NATES{ paint { paint} } VAN

point ::= A
X_nhumber y_number A\ (\

A geomgtric model shall describe the form of aphysical object. A g
of apattern (see 8.29) or aregion (see 8.31).

The numbersin the point statement shall be measured in units of eistancs

The pargnt object of
the geometric model.

The keywords for geometric models shown j

Syntax 77—Geometric model

the geometric model

Table 94

Table 94—Geometric model identifiers

Identifier > Description
DOT Describes.one point
POLYLINE Defined by N>1 directly connected points, forming an open object.
RING Defined by N>2 directly connected points, forming a closed object, i.e., thelast pointis
connected with first point. The object occupies the boundary of the enclosed space.
POLYGON Defined by N>2 connected points, forming a closed object, i.e., the last point is connected
with first point. The object occupies the entire enclosed space.
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The meaning of predefined geometric model identifiersis further illustrated in Figure 19.

~ <S4

DOT (5 dots) POLYLINE RING POLYGON

Figure 19—lllustration of geometric models

A point[to_point annotation shall be defined as shown in Semantics 98. A
2\

KEYWORD POINT TO POINT = single valuelanhotsati Q\L\
CONTEXT { POLYLINE RING POLYGON

SEMANTICS POINT TO_ POINT ({
VALUES { direct manhattan
DEFAULT = direct;

The poit-to-point annotation applies for a pgly i ; ieshow
subsequent points in the coordinates statement ar
The megning of the annotation valu ble con-
nection petween points. A

direct connection
from (3,8) to (-1,8)

m connection
from (-3,5) to (3,8)

Y-axis

9,

[ee]

X
X

5
4
4 3 direct connection
5 from (-1,5) to (3,5)
1
| el
5 -4 -3 -2-101 2 3 4 5 X-axis

Figure 20—lllustration of direct point-to-point connection

The meaning of the annotation value manhattan isillustrated in Figure 21. It specifies a connection between
points by moving in the x-direction first and then moving in the y-direction. This enables a nonredundant
specification of arectilinear object using N/2 points instead of N points.
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Y-axis
A manhattan connection from (-3,8) to (-1,5)

X

X

manhattan connection from (-1,5) to (3,8)

RIN W B~ OO N 0O ©

N\
-
5 4321012 3 45 <€éﬁ¥

Figure 21—lllustration of manhattan point-to-poi oNne tibw
Examplé 1

POLYGON {
POINT TO POINT = direct;
COORDINATES -
}

Examplé 2

POLYGON {
POINT TO &
COORDINAT]

}

Both stg

Ibclause
describe

9.17.1 Predefined TEMPLATE RECTANGLE

The template rectangle shall be predefined as shown in Semantics 99.

TEMPLATE RECTANGLE {
POLYGON {
POINT TO POINT = manhattan;
COORDINATES { <left> <bottoms> <rights> <top> }

}
}

Semantics 99—Predefined TEMPLATE RECTANGLE
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9.17.2 Predefined TEMPLATE LINE

The template line shall be predefined as shown in Semantics 100.

TEMPLATE LINE {
POLYLINE {
POINT TO POINT = direct;
COORDINATES { <x_starts> <y start> <x_end> <y end> }

}
}

RN

Semantics 100—Predefined TEMPLATE LINE

9.18 Gleometric transformation

A geometric transformation shall be defined as shown in Syntax 78& \
geometric_transformation ::=
shift
| rotate
| flip G
| repeat

shift ;.=
SHIFT { x_number y n
rotate ::=
ROTATE = number
flip::=
: L1P =X numker(;

unsigﬁ&gknt etric_transformation { geometric_transformation} }

ntax.78 Metric transformation

e subjécted to a geometric transformation if both statements gppear in

— assosiated with a geometric transformation shall be measured in units of distahce (see
1019.9).

— Jeomeric transformation shalfappty 1o the orfgit of a geometric modal. 1 herefore, the result of
subsequent transformations is independent of the order in which each individual transformation is
applied.

— Thedirection of the transformation shall be from the geometric model to the actual object.

The shift statement shall define the horizontal and vertical offset measured between the coordinates within a
declared geometric model and the actual coordinates of an object.

The rotate statement shall define the angle of rotation in degrees measured between the orientation of a
defined geometric model and the actual orientation of an object. The angle shall be measured in a counter-
clockwise direction, specified by a number between 0 and 360.
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The flip statement shall define amirror operation. The number shall represent the angle of the movement of
the object in degrees. By definition, the movement is orthogonal to the mirror axis. Therefore, the number 0
specifies flip in horizontal direction, therefore the axis is vertical, whereas the number 90 specifies flip in
vertical direction, therefore the axisis horizontal.

The geometric transformations flip, rotate, and shift are further illustrated in Figure 22.

FLIP ROTATE SHIFT
— — —
®
7
o [ ] ] <:& (:J?
AN

legend: @ origin of the object N

Figure 22—lllustration of FLIP, ROTA E,W

shall definethe total
means that the object

The reppat statement shall describe the replication of an obj
number |of replications, including the original instance

appearsjonce. A repeat statement without unsigned injeg indi an arbitrary number of repljcations.
Examplés
Thefall prizontal axisin adistance of 7 ynits.

REPEAT = 3 {

SHIFT { 7

}
The follpwing ex@ e times along a 45-degree axis in a horizontal and g vertical
distancd of 4 units ex

RE]

b4
The follpwi & replicates an object twice along the horizontal axis and four times along thg vertical
axisin g distance of 5 units and a vertical distance of 6 units.

REPEAT = 2 {
SHIFT { 5 0 }
REPEAT = 4 {

SHIFT { 0 6 }
}

}

NOTE—The order of nested REPEAT statements does not matter. The following example gives the same result as the
previous example.

REPEAT = 4 {
SHIFT { 0 6 }
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REPEAT = 2 {
SHIFT { 5
}

0}

9.19 ARTWORK statement

An artwork statement shall be defined as shown in Syntax 79.

artwork ::=

ARTWORK = artwork identifier ;

|ARTWORK = artwork_reference
|ARTWORK { artwork_reference { artwork_reference} }
| artwork_template_instantiation
artwork_reference ::=
artwork_identifier { { geometric_transformation } { cel
| artwork_identifier

The purpose of the artwork statement isto create aref
out fornpat, e.g., GDSII, and the cell describ

A geomgtric transformation (see 9.18) can be
work ggometry to the cell geometry. The &
transformed object.

ical lay-

the art-
| is the

the cell.

\‘ 3 I\
The nanpe of the artwork pi 2 £ ‘ side. The name of the cell pin shall appegr on the

right-hapd side.

9,

Examplé

CEI

|
[vs}

\GDS2$!@#SB =

9.20 VIA instantiation

A via instantiation shall be defined as shown in Syntax 80.

The purpose of aviainstantiation is to enable the definition of adesign rule (see 8.20), ablockage (see 8.22)
or aport (see 8.23) involving adeclared via (see 8.18). A geometric transformation (see 9.18) can be used to
describe a transformation of coordinates from a via declaration to the via instantiation. The declared viais

considered the original object, whereas the instantiated viais the transformed object.
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via_instantiation ::
via_identifier mstance identifier ;
| via_identifier instance |dent|f|er{ { geometric_transformation} }

Syntax 80—VIA instantiation

10. Description of electrical and physical measurements

10.1 Arithmetic expression

. AN
An aritfmelic expression shall be defined as shown in Syntax 81. A
A (O
arithmetic_expression ::
(arithmetic ~ expression )
| arithmetic_value
| identifier
|boo|ean expron')arlthmetlc expression . aritimeti
| sign arithmetic_expression
| arithmetic_expression arithmetic_operator
| macro_arithmetic_operator ( arithmetic_t i i ic_expression} )
macro_arithmetic_operator ::=
abs| exp [Tog| min \max (\
N N\
Syntax 81—A¥xithnetic\expression
The pur arithmetic model (see 10.3) or an arith-
metic agsignment (see 7.16)
A legal pperand in an arithmeti Ts ‘ i i i ifi . oresent-
ing an afithmetic value.
A lega a be a sign (see 6.5, 10.2.1), an arithmetic opetfator for
floating| point arithmé afi z 102 2), a ‘macro ar|thmet|c operator (see 10.213), or a

combingtion of a

The pre hmetic expressions shall be from strongest to weakest in the f¢llowing
order:

a) closed by parentheses, i.e., (,)

b) )

c) (see 10.2.2)

d) IIUII.IIJIIl.,dLI Ul'l, UIVIUUII IIUUUILID, I c. ,* y Iy n/{.l (bt‘ﬁ 102")

€) addition, subtraction, i.e., +, — (see 10.2.2)

f)  delimiter for conditional operation, i.e., ?, . (see 9.11.3)

When operators of the same precedence are subsequently encountered in an arithmetic expression, the eval-
uation shall proceed from the left to the right.

Examples for arithmetic expressions

1.24
- vdd
Cl + C2
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MAX ( 3.5*C , -vdd/2 , 0.0 )
(C > 10) ? vdd**2 : 1/2*vdd - 0.5*C

End of example

10.2 Arithmetic operations and operators
10.2.1 Sign inversion

A sign can be used as unary operator in an arithmetic expression.

AN
Table 9% defines the semantics of the Sign Used as unary Operator.
Table 95—Sign used as unary arithmetc?{to%
Operator \

Da:ri?'rora\
+ Nosjgnirya'si-et\ \
- Signin\érsictn'v

D

NOTE—The positive sign can be considered as'a

10.2.2 Floating point arithmetic operation

Q< BP@\W Description

\+\ ) Addition
\ \ Subtraction
* Multiplication
4 \ P
) Division

% Modulus

* % Power

All operations involving the operators in Table 96, including division and modulus, shall be floating point
operations.

The following mathematical restrictions apply:

— The second operand of division can not be zero.

— The second operand of modulus can not be zero.

— The second operand of power shall be a positive value if the first operand is zero.

— The second operand of power shall be an integer value if the first operand is negative.
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The application shall be responsible for handling the mathematical restrictions.
10.2.3 Macro arithmetic operator

Table 97 defines the semantics of macro arithmetic operators.

Table 97—Macro arithmetic operators

Operator Description Number of operands
log Natural logarithm 1 operand ,/\
exp Natural exponential 1 operand /\\ ~
abs Absolute value 1 operand ( \ \ \
min Minimum >
max Maximum

The follpwing mathematical restrictions shall apply:

The app

10.3 Arithmetic model

An arithimetic model shai\be
metic mpdel, as shown i

4

The pur

Aafinadl L - uat Q0
o UCTTTTOCU GO SNTUVWTTITTT DYy TTILOA OO,

A trivi

trivial_arithmetic_model ::=
arithmetic_model_identifier [ name_identifier ] = arithmetic_value,
| arithmetic_model_identifier [ name_identifier ] = arithmetic_value
{ { arithmetic_model_qualifier } }

Syntax 83—Trivial arithmetic model

The purpose of atrivia arithmetic model is to specify a constant arithmetic value associated with the arith-
metic model. Therefore, no mathematical operation is necessary to evaluate a trivial arithmetic model. A
trivial arithmetic model can contain asingular or a plural arithmetic model qualifier (see Syntax 87).
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A partial arithmetic model shall be defined as shown in Syntax 84.

partial_arithmetic_model ::=

arithmetic_model_identifier [ name_identifier | { { partial_arithmetic model_item} }

partial_arithmetic_model_item ::
arithmetic_model_qualifier
| table
| trivial_min-max

or atab
tained Wi
accordir

a)

Syntax 84—~Partial arithmetic model

ithmetic
he same

thmetic

efore, it

aluation
Ddy (see
ifier (see

The arithmetic model identifier in Syntax 83, Syntax 84, and Syntax 85 shall be declared as a keyword (see
7.9) and provide specific semantics for the arithmetic model.

An arithmetic model body shall be defined as shown in Syntax 86.

arithmetic_model_body ::=
header-table-equation [ trivial_min-max ]
| min-typ-max
| arithmetic_submodel { arithmetic_submode }

Syntax 86—Arithmetic model body

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=3d2916e4786d40b6887754339521fb5e

~174 - IEC 62265:2005(E)
|EEE 1603-2003(E)

The purpose of the arithmetic model body is to specify mathematical data associated with a full arithmetic
model. The data is represented either by a header-table-equation statement (see 10.4), or by a min-typ-max
statement (see 10.5), or by asingular or aplural arithmetic submodel (see 10.7).

An arithmetic model qualifier shall be defined as shown in Syntax 87.

arithmetic_model_qudifier ::=
inheritable_arithmetic_model_qualifier
| non_inheritable_arithmetic_model_qualifier
inheritable_arithmetic_model_qualifier ::=
annotation
| annotation_container
i fl Ul I'tU

non_inheritable_arithmetic_model_qualifier ::=

auxiliary_arithmetic_model
| violation (\

The purpose of an arithmetic model qualifier isto specify semantics

An inhefitable arithmetic model qualifier, i.e., an annotatio|
afrom-tp statement (see 10.12), can be inherited by anothex a
tation (gee 10.9.5).

P 7.4) or
Ce anno-

A non-ipheritable arithmetic model qualifier, he. ithmetie’model (see 10.6), aviolatijon (see
10.10), or awire instantiation (see 9.15), sha Q ithmetic model under evaluatior}

10.4 HEADER, TABL

A header-table—e}Jiio st i own in Syntax 88.
h - uati :::\g}
A eader le ion

wyn ax 88—Header table equation

hesgler-tabhe-equation statement is to specify the mathematical data and a method for eval-
data associated with afull arithmetic model (see Syntax 85).

A heade be defined as shown in Syntax 89.

header ::=

HEADER { header_arithmetic_model { header_arithmetic_model } }
header_arithmetic_model ::=

arithmetic_model_identifier [ name_identifier ] { { header_arithmetic_model_item } }
header_arithmetic_model_item ::=

inheritable_arithmetic_model_qualifier

| table

| trivial_min-max

Syntax 89—HEADER statement

Each header arithmetic model shall represent a dimension of an arithmetic model.
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Any arithmetic model (see 10.3) with aheader as a parent shall be interpreted as a header arithmetic model.
A declared keyword (see 7.9) for arithmetic model shall apply as an identifier.

NOTE—The syntax for header arithmetic model is atrue subset of the syntax for arithmetic model.

An equation statement shall be defined as shown in Syntax 90.

uation ::=
EQUATION { aithmetic_expression }

| equation_template instantiation

The arit

uation of the arithmetic model.

Each di
dimens
dimens

A table

Syntax 90—FEQUATION statement VAN

hmetic expression within the equation statement shall represent the mathemati cal \Qpe

bn shall be unique.

statement shall be defined as shown in Syntax 91.

or eval-

sfer to a
bme of a

N
Y
e}

table ::= A
TABLE { arithmetic_%QMeti&@u \}\)\/
91§L
de S

tement

A table ptatement within a pa e adiscrete set of legal and applicabl¢ values.
A table ptatement withinjafull a asent a lookup table. If the arithmetic moglel body
containg atable stateme . ! i ticwodel shall also contain atable statement. The taljle state-
ment within the » del-shall represent the lookup index for a particular dimensior).

The mathematical rglétjon bel kuptdble and its lookup indices shall be established as follpws:

P(p4} --p;~

where

N=>1

S=1

0<P(py, --p;-» Py) £ S-1
S(i)>1

0<p<S(i)-1

N denotes the number of dimensions,
Sdenotes the size of the lookup table, i.e., the number of arithmetic values within the lookup table,

P(py,

..pj--, PN) denotes the position of an arithmetic value within the lookup table,

i denotes the index corresponding to the order of appearance of a dimension within the header statement,
S(i) denotes the size of adimension, i.e., the number of arithmetic values in the table within adimension,
p; denotes the position of an arithmetic value within a dimension.

Figure 23 shows an example of athree-dimensional table.
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dimension L: (gpa & a3) Y1) =4 teble: Xo(8o: o, Co) X1(24, b, Co) X2(8p, o, Co) X3(ag, o, Co)
dimenson2:(boby) — S2=2  gop4  x4(@g by Co) Xs(@y, by, Co) X(@, by, o) X7(85, by, o)
dimension 3: (Ccy 02)  3)=3 Xg(@0, bo, €1) Xo(@r, Do, C1) X10(z, Do, ©1) X12(as, bo, €)

X12(80, b1, €1) X13(84, b1, 1) X14(30, by, €1) X15(88, by, €1)

P(p1, P2, P3) =p1+4pa+8p3 X16(80, bo, €2) X17(81, bo, €2) X18(8, bg, €2) X19(23, bo, C)

X20(@0, b1, €2) Xo1(81, by, €2) Xoo(8, by, C2) X23(8g, by, )

Figure 23—Example of a three-dimensional table

A dime palation of table
valuesis monotonig-agcending
order

A full & s withmetic
model ($ee Syntax 84, 10.3), represented by a table statement. Such a taple stal ' suljstitute a

lookup
expressi

thmetic

Rules arf e g 3 thin the
header- ableequat|on statement. A IegaI set or a Iegal : i i i ic model

arith-
metic eqpression shall be evaluated withint i i idity. shall be

10.5

A min-t

Syntax 92—MIN-TYP-MAX statement

The purpose of amin-typ-max statement is to represent one or more possible sets of mathematical data asso-
ciated with an arithmetic model, rather than a single actual set.

Data associated with a min statement shall represent the smallest possible evaluation result under a given
evaluation condition, i.e., actual evaluation results can be numerically greater.

Data associated with a max statement shall represent the greatest possible evaluation result under a given
evaluation condition, i.e., actual evaluation results can be numerically smaller.

Data associated with atyp statement shall represent atypical evaluation result under a given evaluation con-
dition, i.e., actual evaluation results can be numerically greater or smaller.
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A non-trivial min, max, or typ statement shall be defined as shown in Syntax 93.

non_trivial_min ::=
= arithmetic_value{ violation }

IMIN {[ violation] header-table-equation }
non_trivial_max ::=

"MAX = arithmetic_value{ violation }

| MAX { [ violation | header-table-equation }
non _trivial _typ ::=

TY P { header-table-equation }

Syntax 93—Non-trivial MIN, MAX, and TYP statements

By defiiition, anon-trivial min or max statement is associated with a header-tab ent (see
Syntax $8, 10.4) or aviolation statement (see 10.10). A non-trivial typ statem eader -
table-equation statement.
NOTE—A violation statement is a particular arithmetic model qualifier (see
A trivial min, max, or typ statement shall be defined as shown/'yrSyw\ .
yaN
trivial_min-max ::=
trivial_min | trivia_max
trivial_min ::=
MTN = arithmetic_valua,;
trivial_max ::=
- MAX = aithmetic_v
By definition, a'
A trivia] mi e ith ig“arithmetic model (see Syntax 84, 10.3) shall define the legal
range of (i : Nt repre-
sent the bents the
greatest
4

A trivial range of
validity jof a paricular djmension. An application tool can evaluate the header-table-equation statenpent (see
Syntax $8¢10-4) outsi Fange of
validity isnat guaranteed

A trivial min-max statement shall be subjected to the following parsing rules:

a) Withinapartial arithmetic model (see Syntax 84, 10.3), aset of legal values defined by atable state-
ment (see Syntax 91, 10.4) shall take precedence over a range of legal values defined by a trivial
min-max statement.

b)  Within an arithmetic model (see Syntax 82, 10.3) that can be interpreted as either a partial arith-
metic model (see Syntax 84, 10.3) or afull arithmetic model (see Syntax 85, 10.3), the interpretation
of atrivial min-max statement as a min-typ-max statement (see Syntax 94, 10.5) shall take prece-
dence. As a consequence, the interpretation of an arithmetic model as a full arithmetic model takes
precedence.
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Semantics 101 defines the interpretation of min, max, typ as a particular arithmetic submodel (see 10.7).

KEYWORD MIN = arithmetic_ submodel ({

CONTEXT { arithmetic model arithmetic submodel }
KEYWORD MAX = arithmetic submodel ({

CONTEXT { arithmetic model arithmetic submodel }
KEYWORD TYP = arithmetic_ submodel ({

CONTEXT { arithmetic model arithmetic submodel }

}

This intgrpretation shall only apply in the context of a semantic rule, without invali ;ictive
syntax rple.

NOTE—The syntax rule for min, max, typ (see 10.5, Syntax 92, Syntax 93, and Syhtax(94, re i i e subset
of the syntax rule for arithmetic submodel (see Syntax 96, 10.7).

10.6 Apxiliary arithmetic model

An auxiliary arithmetic model shall be defines as showq in Syntax'9

/value |
{ inheritable_arithmetic_model_qualifier } }

An arithmeti ) i ithmetic model as a parent shall be called auxiliary affithmetic
model. 4 g Q\7. ithmetic model shall apply as identifier. The parent of the auxil-

The pugposegfian agxiliary arithmetic model isto serve as a non-inheritable arithmetic model qualifier (see
7 incipal arithmetic model. The auxiliary arithmetic model can be associated with a

A constant arithmetic value associated with an auxiliary arithmetic model shall indicate that an applicable
dimension of the principal arithmetic model shall be evaluated under this constant arithmetic value or that
the principal arithmetic model itself is characterized by this constant arithmetic value.

NOTE—The auxiliary arithmetic model is not a dimension of the principal arithmetic model.

10.7 Arithmetic submodel

An arithmetic submodel shall be defined as shown in Syntax 96.
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arithmetic_submodel ::=
arithmetic_submodel_identifier = arithmetic_value ;
| arithmetic_submodel _identifier 1 [ violation] min-max}
| arithmetic_submodel_identifier 1 header-table-equation [ trivial_min-max ] }
| arithmetic_submodel _identifier min-typ—max}
| arithmetic_submodel_template _instantiation

Syntax 96—Arithmetic submodel

The purpose of an arithmetic submodel is to serve as arithmetic model body (see Syntax 86, 10.3), wherein
the data associated with the full arithmetic model (see Syntax 82, 10.3) is represented as one or more
measurement-specific sets rather than a single set. The arithmetic submodel identifier /shau\be declared as a
keyword (38 7-9) and provide Specific Semantics.

10.8 Arithmetic model container

10.8.1 General arithmetic model container

A generpl arithmetic model container shall be defined asshm 97,
N
{thr

arithmetic_model_container ::= \)

limit_arithmetic_model tainer G

| early-late_arithmetic_fgodeN\corfainer

| arithmetic_model_container_ideqtifier { ic_model { arithmetic_model } }
eI container

Syntax 97—Generakarith

The purpose of an arithmeti
model cpntainer identifie

i arlthmetic_mogdel_container ::=
T {Nirfit_arithmetic_ model { limit_arithmetic_model } }
< | IRQit-ari
i
metic_model_qualifier } limit_arithmetic_model_body }

10.8.2 \rithme@o g
tic_model ::=
. grithmetic_model_body ::=

The arithmetic m%et\ntaj I he'defined as shown in Syntax 98.
ie_model_identifier [ name_identifier ]
mit_arithmetic_submodel { limit_arithmetic_submodel }

HrakA-FR £
limit_arithmetic_submodel ::=
arithmetic_submodel_identifier { [ violation] min-max }

Syntax 98—Arithmetic model container LIMIT

The purpose of the arithmetic model container limit isto specify one or more quantifiable design limits. The
design limit shall be represented as a min-max statement (see 10.5) in the context of alimit arithmetic model
or alimit arithmetic submodel.

Any arithmetic model (see 10.3) with alimit as a parent shall be interpreted as a limit arithmetic model. A
declared keyword (see 7.9) for arithmetic model shall apply as identifier. Any arithmetic submodel (see
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10.7) with alimit arithmetic model as a parent shall be interpreted as alimit arithmetic submodel. A declared
keyword (see 7.9) for arithmetic submodel shall apply as identifier.

NOTE—The syntax for limit arithmetic model is a true subset of the syntax for arithmetic model. The syntax for limit
arithmetic submodel is atrue subset of the syntax for arithmetic submodel.

Semantics 102 defines the interpretation of limit as arithmetic model container.

KEYWORD LIMIT

arithmetic model container;

Semantics 102—Arithmetic model container LIMIT

10.8.3 Arithmetic model container EARLY and LATE

The arithmetic model containers early and late shall be defined as shown in SyRtax

early-late_arithmetic_model_container ::=
early arithmetic_model_container
| late_arithmetic_model_container
| early_arithmetic_model container late ari
é_anthmetlc model_container ::
ARLY {early-iate : arlthmetlc m
Iate arithmetic_model_container ::=
LATE { early-late :
early-late_arithmetic_model
DELAY _arithmetic_mod
| RETAIN_arithmetic_mogdel
| SLEWRATE_arithmetic mod{\

Wer EARLY and LATE

rly and late is to specify an envelope of @ timing

wavefor ), retain (see 10.11.4), or slewrate (see 10.11.5) can be
used to ic model containers early and late shall be associgted with
the lead especnvely A partial specification of the envelope, il.e., only
the lead

Semanti
<

ENWé%D EARLY = arithmetic model container
CONTEXT VECTOR; }

EYWORD LATE = arithmetic model container

{CONTEXT VECTOR; }

Semantics 103—Arithmetic model container EARLY and LATE

The arithmetic model containers early and late shall be children of a declared vector (see 8.14).

10.9 Generally applicable annotations for arithmetic models
10.9.1 UNIT annotation

A unit annotation shall be defined as shown in Semantics 104.
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KEYWORD UNIT = single value annotation ({
CONTEXT = arithmetic model ;

SEMANTICS UNIT ({
VALUETYPE = multiplier prefix value ;

}

Semantics 104—UNIT annotation

The purpose of the unit annotation is to specify a multiplier prefix value (see 6.7) associated with the base
unit of the arithmetic model. The base unit of an arithmetic model shall be specified by }beQ—model annota-
tion (seg7-116):

If the urjit annotation is not present, alocally declared arithmetic model shall iphexi ' ion of a
globally] declared arithmetic model of the same ALF type. If the ALF type of arith-
metic mpdel is an SI-model annotation value, alocally declared arithmet 5de soci ated
Sl-modg! annotation value shall inherit the unit annotation as well.

NOTE—] ic mode| declara-
tion. The n (see 7{10) of an
arithmeti
Examplé
The arithmetic model delay (see 10.11.3) has the sdel “annotation value time. Therefore, delay can
inherit t

ne unit annotation value of the arith etitmdel b

10.9.2 CALCULATION anxotatign

A calculation annotationshall b

CQNT = library specific object.arithmetic model ;
< VANUES { absolute incremental }
AULT = absolute ;

Sermantics t05—CALCUOTtATIONammotation

The meaning of the annotation values is shown in Table 98.

Table 98—Calculation annotation

Annotation value Description
absolute The arithmetic model datais complete within itself.
incremental The arithmetic model data shall be combined with other arithmetic model data.
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The following rules for combination of arithmetic model data shall apply:

a) Datashall be combined by adding them together.

b) Datacan only be combined if the respective arithmetic models have the same type.

¢) Datacan only be combined if acommon semantic interpretation of the respective arithmetic models
within their context exists.

A specific application of rule ¢) is described in 10.11.3 for the arithmetic model delay.

10.9.3 INTERPOLATION annotation

A inter gotatiormanmotatiorr shatt-bedefimed-as stowrm i Semantics 106: A

KEYWORD INTERPOLATION = single value
CONTEXT = arithmetic model ;

SEMANTICS INTERPOLATION {
CONTEXT = HEADER.arithmetic
VALUES { linear fit ceilifig Flp

DEFAULT = fit ;
} N\ /(7 N

Semantics 166—INTERPO TIOW

Theintd f values.

Every d

olation annotation

Anngtation val%e/\ \ valeatl n method Handling data out of range

linealr /\ \l\irﬁkinﬁ%ﬂation. Linear extrapolation.

ceili;xg\ - \S&\ﬁ\cttMtgreatervalueinthetable. Select the largest value in the table.
N

Floor\ O\ Selecbthe next lesser valuein thetable. | Select the smallest valuein the table

fit yinear or higher-order interpolation. Linear extrapolation.

The mathematical operations for floor, ceiling, and linear are specified as follows:

floor y(x) = y(X)
ceiling y(X) = y(x+)
linear yix) = KX YOO+ (X =x) -y
X —x
where
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x denotes the value in a dimension subjected to interpol ation,

X~ and x* denote two subsequent values in the table associated with that dimension,
X~ denotes the value to the left of x, such that X~ < x. If no such value exists, X~ denotes the
smallest value in the table,

x* denotes the value to the right of x, such that x < x*. If no such value exists, x* denotes the
largest valuein the table,
y denotes the eval uation result of the arithmetic model.

The mathematical operation for fit can be chosen by the application, as long as the following conditions are
satisfied:
VAN

e contir}u%

y(x) i$ a continuous function of order N > 0, i.e., thefirst N — 1 derivatives of y(X
y(x) i$ bound by y(x") and y(x").
In cage of monotony, y(X) is aso bound by two straight linesin the region »-:
Dnelinei is constructed by linear extrapolatlon based onx and |ts el

In cage of amonotonic derivative, y(xX) is also bound by another sraight N
+

Thisline is constructed by linear interpolation based on X~ andkX".
These cpnditions are illustrated in Figure 24. /(7\

arbitrary y(x) \% G moRotonic dy/dx
X
A A A \\

y(X]

y(X

|
\ X X
4ng regions for y(x) with INTERPOLATION = fit
The icati higher-order interpolation only if it provides a tighter bound than linear

interpol

10.9.4 PEFAULT otation

A default annotation (see 7.11.3) shall be applicable for an arithmetic model, unless the keyword declaration
(see 7.9) for the arithmetic model contains already a default annotation.

The purpose of the default annotation is the specification of an evaluation result for a full arithmetic model
(see Syntax 85, 10.3) or a header arithmetic model (see Syntax 89, 10.4) in case the arithmetic model can
not be evaluated otherwise. A default annotation shall not apply for a trivial arithmetic model (see
Syntax 83, 10.3). A default annotation for a partial arithmetic model (see Syntax 84, 10.3) shall serve as
inheritable arithmetic model qualifier (see Syntax 87, 10.3), to be acquired by another full arithmetic model.

A default annotation value associated with a header arithmetic model or with a partial arithmetic model
shall be an arithmetic value (see 6.11) compatible with the arithmetic model’s valuetype (see 7.11.1). A
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default annotation value associated with a full arithmetic model shall be either an arithmetic value compati-
ble with its valuetype, or aternatively, an identifier referring to another arithmetic model or to an arithmetic
submodel (see 10.7).

The following rules shall apply for the usage of the default annotation value:

a) If the application provides values for al header arithmetic models, no default annotation value shall
be used for the evaluation of a full arithmetic model.

b) If the application provides values for some but not al header arithmetic models, and the remaining
header arithmetic models have associated default annotations, those default annotation values shall
be used

Lies shall be used.
In any other case, the evaluation of the full arithmetic model shall f
10.9.5 MODEL reference annotation

A mode| reference annotation shall be defin

lel }

The pur ifier (see
10.3, Sy i
model. T pdel.
An eva case, the
model refel | F name

A calcu
model (see 10.4, Syntax 89). In this case, the evaluation of the arithmetic model containing the header arith-
metic model depends on the evaluation of the referenced model. A circular reference shall not be allowed.

The model reference annotation shall further be legal under the following restrictions:

a) Both the referencing and the referenced arithmetic model have the same ALF type,
or aternatively:

b) The ALF type of either arithmetic model is an S-model annotation value (see 7.11.6), and both
arithmetic models have the same associated Sl-model annotation value.

¢) The semantics of any arithmetic model qualifier are compatible with the semantics of any acquired
arithmetic model qualifier.
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Examples

Rule @): An arithmetic model of ALF type time (see 10.11.1) can refer to the arithmetic model of ALF type
time.

Rule b): The arithmetic model delay (see 10.11.3) has the SI-model annotation value time. Therefore, an
arithmetic model of ALF type delay can refer to an arithmetic model of ALF type time and vice versa.

Rule c): If both arithmetic models have an annotation of the same ALF type (e.g., unit annotation, see
10.9.1), the annotation values shall be the same.

VAN
tation

10.10 VIOLATION statement, MESSAGE TYPE, and MESSAGE afnn
A violatjon statement shall be defined as shown in Syntax 100. {\x
A

vi

olation ::=
VIOLATION { violation_item { violation_item} }

| violation_template_instantiation
violation_item ::=
MESSAGE_TYPE_single value annotati
| MESSAGE_single_value_annotation
| behavior /\

Syntax 100> VIOLATIQ taﬁmﬁ/

The pur ¢ model

(see 10.

A violat]

N
Wntics 108—Semantic restriction for VIOLATION statement

The purpose of the redtriction 1s To specify aTegal ancestor of a vidlation staiement. Only an arithmetic
model that serves the purpose of evaluating a design constraint or adesign limit can be alegal ancestor of a
violation statement.

A violation statement can contain a message-type annotation, a message annotation, and a behavior state-
ment (see 9.4). A behavior statement as achild of aviolation statement shall only be legal if its ancestor isa
vector (see 8.14). Thisruleisformulated in Semantics 109.

SEMANTICS VIOLATION.BEHAVIOR { CONTEXT { VECTOR.. } }

Semantics 109—BEHAVIOR statement within VIOLATION
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In a simulation application, the control expression (see 9.12) associated with the vector shall trigger the

behavior as a consequence of the violation.
Example
Consider aflip-flop with the following functional behavior:

FUNCTION {
BEHAVIOR {
@ ( 01 clock )
}

{ 0 data;

Qb

}

ar data; }

The behavior will change if a setup violation is encountered.

VE

CTOR

(

?!

SETUP

data -> 01 clock
0.1 { FROM { PIN

)

{

data;

VIOLATION

} To { P

}
}

End of gxample

A messg

lge type annotation shall be defi n&%&

BEHAVIOR { Q = ‘bX; Qbar = ‘b

Table 100—MESSAGE_TYPE annotation

Annotation value

Description

information The application tool shall issue an informative message when the violation is encountered.
warning The application tool shall issue a warning message when the violation is encountered.
error The application tool shall issue an error message when the violation is encountered.

A message annotation shall be defined as shown in Semantics 111.
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KEYWORD MESSAGE = single value annotation {
CONTEXT = VIOLATION ;

SEMANTICS MESSAGE {
VALUETYPE = quoted string ;

}

Semantics 111—MESSAGE annotation

The purpose of the message annotation is to specify verbatim the text of the message issued by the applica-
tion tool when aviolation is encountered. S~

10.11 Arithmetic models for timing, power, and signal integrit
10.11.1TIME

The arithmetic model time shall be defined as shown in Semantics 122 \
KEYWORD TIME = arithmetic/model \>
SEMANTICS TIME {

CONTEXT {

OR arithmetic_ tpodel

The pur, i timeigto specify atimeinterval in general.

declared library or sublibrary (see 8.2), a declared cell (see 84), or a

—  TivtETthecontext of adectared vector (see 871

If the control expression associated with the vector is avector expression (see 9.12), afrom-to statement (see
10.12) shall be used as model qualifier. The arithmetic model shall represent a measured time interval
between two single events (see 9.13.1).

Otherwise, if the control expression associated with the vector is a boolean expression (see 9.9), the arith-
metic model shall represent atime interval during which the boolean expression istrue. A from-to statement
shall not be used as model qualifier.

As achild of the arithmetic model container limit (see 10.8.2), the arithmetic model shall specify a design
limit for atimeinterval. Otherwise, the arithmetic model shall specify a measured time interval.
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— TIME asaheader arithmetic model (see Syntax 89, 10.4)

The header arithmetic model time shall represent a dimension of another arithmetic model. The dimension
time shall generally describe a quantity changing over time, which can be visualized by atiming waveform.

If the ancestor of the header arithmetic model is a vector with an associated vector expression, a from
statement can be used as model qualifier to define a temporal relationship between a single event and the
dimension time.

If the ancestor of the header arithmetic model is the arithmetic model container limit, the dimension time
shall describe a dependency between a design limit and the expected lifetime of an electronic circuit, rather
than a timing waveform TN

NOTE—BY definition, the parent of a header arithmetic model is always afull arithmeti
— TIME asan auxiliary arithmetic model (see Syntax 95, 10.6)

The autiliary arithmetic model time shall be used in conjunctiopy’ Wi € ent arfnotatjon (see
10.13.7). The auxiliary arithmetic model shall specify the time inte ‘ ; bment is
taken.

from-to

If the arjcestor of the auxiliary arithmetic model is a v
i e vector

statement can be used to define a tempor, atio
expressipn and the time interval.

10.11.2/FREQUENCY

The arithmetic model frequw
N

REQUENCY }i{hmet ic_model ;
I REQUENCY
EXT
RA BRARY CELL WIRE VECTOR arithmetic_nodel
OR

CTQR.arithmetic model container
ADER LIMIT..HEADER

LU PE = number ;
< SI\MODEL = FREQUENCY ;

EQUENCY { UNIT = GigaHertz; MIN = 0; }

ER AR L

The purpose of the arithmetic model fregquency isto specify atemporal frequency, i.e., afrequency measured
in units of /time.

NOTE—If someone desires to specify a spatial frequency, i.e., a frequency measured in units of 1/distance, a different
keyword can be declared (see 7.9).

The arithmetic model frequency can be achild or agrandchild of adeclared library or sublibrary (see 8.2), a
declared cell (see 8.4), wire (see 8.10), or vector (see 8.14).

— FREQUENCY in the context of a declared vector (see 8.14)
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As a descendant of a declared vector with an associated vector expression (see 9.12), the arithmetic model
shall specify a statistical occurrence frequency of the vector.

As achild of the arithmetic model container limit (see 10.8.2), the arithmetic model shall specify a design
limit for an occurrence frequency. Otherwise, the arithmetic model shall specify a measured occurrence
frequency.

— FREQUENCY as aheader arithmetic model (see Syntax 89, 10.4)

The header arithmetic model frequency shall represent a dimension of another arithmetic model.

If the ancestor of the header arithmetic model is avector with an associated vector expr, imension

e

estor of the header arithmetic model is not a vector, the frequency dir
dency of the arithmetic model.

A frequency statement can be a child of an arithmetic mog S ili ithmetic
model.

The auxjliary arithmetic model frequency sh i i i ion (see
10.13.7). The auxiliary arithmetic model sha if tithQ

The aux|liary arithmetic models frequency
or ato gatement is associated with time. T
interval |t can be related by t i

isafrom
ent time

10.11.3 DELAY

Thearit1meticel shall Be

YW ]Mﬁé&: arithmetic_model;
EMANTECS Y |
ONTEX'R, {
LI Y SUBLIBRARY CELL WIRE
4 ECTOR VECTOR.EARLY VECTOR.LATE
SI_MODEL = TIME ;

Semantics 114—Arithmetic model DELAY

own in Semantics 114.

The purpose of the arithmetic model delay is to specify a time interval, implying a causa relationship
between two events. A from-to statement (see 10.12) shall be used as model qualifier.

— DELAY in the context of adeclared vector (see 8.14)

Asachild or agrandchild of a declared vector with an associated vector expression (see 9.12), the arithmetic
model delay shall specify a measured time interval between two single events (see 9.13.1), which are
referred to as from-event and to-event (see 10.12). It shall be implied that the from-event is the cause of the
to-event.
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If the model qualifier features only a from or only ato statement, the arithmetic model delay shall be inter-
preted as a partia time interval specification. The calculation annotation (see 10.9.2) shall be used in
conjunction with a partial time interval specification. If the annotation value is incremental, the partial time
interval shall be added to another time interval. If the annotation value is absolute, the partial time interval
shall be used as a default and otherwise be substituted by a completely specified timeinterval.

— DELAY in the context of a declared library or sublibrary (see 8.2), a declared cell (see 8.4), or a
declared wire (see 8.10)

As a partial arithmetic model (see Syntax 84, 10.3), delay can be used for global specification of a model
qualifier. In particular, the arithmetic model threshold (see 10.11.13) within a from-to statement can be glo-
bally specified. The global specification of a model qualifier shall be inherited by the arithmetic models
delay, r¢tain (see 10.11.4), setup and hold (see 10.11.6), recovery and removal ( d.skew (see
10.11.12) in the context of a vector.

10.11.4 RETAIN

The arithmetic model retain shall be defined as shown in Semanticsé.\

KEYWORD RETAIN = arithmetif
SEMANTICS RETAIN{
CONTEXT {

}

STI_MODEL =

The purpose of the arith observ-

able effgct. A fro

Asachi il dof\ad ed yettor with an associated vector expression (see 9.12), the aifithmetic
model T ) hich are
referred observ-

able effe

The arithmetic \nods i i ifi joi . NiS case,
retain g ; i i.e, ini-
tial change of he |atest

effect (ijefina change of an output signal). During the time interval between initial and final change, the
output signal isconsidered unstahle

Retain in conjunction with delay isillustrated in Figure 25.
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Eigure 25—Illustration of RETAIN and DEL AY VAN

10.11.5{SLEWRATE

The arithmetic model slewrate statement shall be defined as shown in antics

KEYWORD SLEWRATE = arithme Q \ D%
SEMANTICS SLEWRATE {
CONTEXT {

LIBRARY LI LA \ 2 RY SUBLIBRARY.LIMIT

CELL CELLS RE WIRE.LIMIT
VECTOR VECT VECTOR.LIMIT
VECTOR. .HE

}
SI_MQDEL = TIME
}
SpRIRATE {1 SN
\tm%m etic model SLEWRATE
i del dewrate is to specify the duration of a transient event, npeasured
£ point shall be specified by the arithmetic model threshjold (see
et (see 10.12). No particular waveform shape shall be implied for the

The pun
between
10.11.11
transien

4

— ] the~eontext of a declared vector (see 8.14)

If dewrated's a descendant of a declared vector with an associated vector expression (see 9 apin refer-
ence annotation, possibly in conjunction with an edge number annotation, shall be used (see 10.13.2) to refer
to asingle event (see 9.13.1).

— SLEWRATE in the context of a declared pin (see 8.6)

If slewrateisachild or agrandchild of a declared pin, the arithmetic submodel rise or fall (see 10.21) can be
used as a substitute for areference to a single event.

— SLEWRATE inthe context of adeclared library or sublibrary (see 8.2), adeclared cell (see8.4), or a
declared wire (see 8.10)
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Asapartial arithmetic model (see Syntax 84, 10.3), slewrate can be used for global specification of a model
qualifier. In particular, the arithmetic model threshold (see 10.11.13) within afrom-to statement can be glo-
bally specified.

The global specification of amodel qualifier shall be inherited by the arithmetic model slewrate in the con-
text of avector.

— SLEWRATE as header arithmetic model (see Syntax 89, 10.4)

The header arithmetic model slewrate shall represent a dimension of another arithmetic model. The arith-
metic model shall be in the context of avector. A referenceto asingle event shall be us%j%model qualifier.

Slewrattla isillustrated in Figure 26.

from.threshold.rise

from.threshold.fall to.threshold.fall

WSLEWRATE

efined as shown in Semantics 117.

10.11.6/ SETUP LD

The arithmetic mcﬁo@;\ hol

KEYWQRD SETUP = arithmetic model ;
EMANTNCS’ SETUP { CONTEXT = VECTOR ; SI MODEL = TIME ; }
KEYWORD HOLD = arithmetic model ;

\QENQ@A ICS HOLD { CONTEXT = VECTOR ; SI MODEL = TIME|; }

emantics 117—Arithmetic models SETUP and HOLD

I\

The purpose of the arithmetic models setup and hold is to specify timing constraints between a data signal
and a clock signal. Each arithmetic model shall be a child of a declared vector (see 8.14) with an associated
vector expression (see 9.12). A from-to statement (see 10.12) shall be used as a model qualifier.

The arithmetic model setup shall represent the minimal required time interval during which a data signal
needs to be stable before activation of a clock signal. This time interval can be positive, zero, or negative.
The data signal shall be referred to within a from statement. The clock signal shall be referred to within ato
statement.

The arithmetic model hold shall represent the minimal required time interval during which a data signal
needs to be stable after activation of aclock signal. Thistimeinterval can be positive, zero, or negative. The
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clock signal shall be referred to within a from statement. The data signal shall be referred to within a to
statement.

Codependent arithmetic models setup and hold can be described as children of the same vector. A corre-
sponding timing diagram isillustrated in Figure 27.

data signa A

clock signd B | |
from to |
I
i

VRN

trom - T
od /Q
" O

Figure 27—Illustration of SETUP and HOL
10.11.7/RECOVERY and REMOVAL
The arithmetic models recovery and removal shall be defined?im\'n nhcs118

KEYWORD RECOVERY = ari

SEMANTICS RECO = TIME; }
KEYWORD REMOV. =\axri

SEMANTICS REMOV. cC = TINE; }

OVERY and REMOVAL

v

The pur, ¥§to specify timing constraints between a clock
signal al trol si varithmetjc model shall be a child of a declared vegtor (see
8.14) wi N2). A fromto statement (see 10.12) shall be used as a
model g

The arit c epte he minimal required time interval between de-assertijon of an
asynchr {rol's ivationof aclock signal. Thistime interval can be positive, zerg, or neg-
ative. T \ i shall be

referred|to
The arl gl shall represent the minimal required time interval between a suppressed
activatign ofa.clock §i can be

hronous

control signal’ shall beteferred to within ato statement.

Codependent arithmetic models recovery and removal can be described as children of the same vector. A
corresponding timing diagram isillustrated in Figure 28.
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A
asynchronous or |
control signal
g A |
from_________ . to
recovery | |
|
| |
clock signal B |
|
from (o~
removal N

Figure 28—RECOVERY and REMOVAL

10.11.8 NOCHANGE and ILLEGAL

The arithmetic models nochange and illegal shall be defined as showhn i al&l&)
KEYWORD NOCHANGE = arithmgtic. l\\{>
SEMANTICS NOCHANGE { ; S¥Y/MODEL = TINE; }

NOCHANGE { MIN

SEMANTICS ILLEG ECTQR; SI MODEL = TINE; }
ILLEGAL { MIN s

The purpose of the arithimeti illegal isto specify requirements for the obseryation or
duratior] of an event patte

If the cgntrol exp
event c4

tor is avector expression (see 9.12), afrom-event and a to-
ent (see 10.12) as model qualifier.

If the cg . S ed with the vector is a boolean expression (see 9.9), the arithmetic model
nocharig speciiy<a requirement for a minimum time interval during which the boolean expression is

true. A tic madel nochange shall specify a requirement for the boolean expression tp be for-

- : : — : — , et model
nochange shall specn‘y arequirement for a minimum time interval during which the event pattern specified
by the vector expression is observed. If a from-to statement is specified, this requirement shall pertain only
to the event pattern bound by the from-event and the to-event. A partial arithmetic model nochange shall
specify arequirement for the event pattern specified by the vector expression or the event pattern bound by
the from-event and the to-event to be observed without change.

— ILLEGAL in the context of adeclared vector

If the control expression associated with the vector is a boolean expression (see 9.9), the arithmetic model
illegal shall specify arequirement for amaximum timeinterval during which the boolean expression is true.
A partia arithmetic model illegal shall specify arequirement for the boolean expression to be never true.
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If the control expression associated with the vector is a vector expression (see 9.12), the arithmetic model
illegal shall specify a requirement for a maximum time interval during which the event pattern specified by
the vector expression is observed. If a from-to statement is specified, this requirement shall pertain only to
the event pattern bound by the from-event and the to-event. A partial arithmetic model illegal shall specify a
requirement for the event pattern specified by the vector expression or the event pattern bound by the from-

event and the to-event not to be observed as specified.

Nochange and illegal in the context of a vector expression areillustrated in Figure 29.

A >

L

|
I
A\,

| i .
| >
I

|

I

I

from

Figure 29—lllustration of NO HARI E@d LEGAL

A vectof expression corresponding to the
trigger the evaluation of the arithmetic model-ne
If arealized sequence of eve

s{nvolving the fou
of the timing diagram (undeklai inclbding the fremy

actual eyent sequence infketwes

In the case of ng
gram and, possibl i

oth grey and white parts) is required to

€, and D matches the beginning and the end
d to-events (marked with small arrqws), the

In the cgse of ill
gram or j
10.11.2
The arit
KEYWORD PULSEWIDTH = drltliiiet 1C model 7
SEMANTICS PULSEWIDTH ({
CONTEXT {

LIBRARY LIBRARY.LIMIT SUBLIBRARY SUBLIBRARY.LIMIT
CELL CELL.LIMIT PIN PIN.LIMIT WIRE WIRE.LIMIT
VECTOR VECTOR. .HEADER

}

SI MODEL = TIME;

}

PULSEWIDTH { MIN = 0; }

Semantics 120—Arithmetic model PULSEWIDTH
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The purpose of the arithmetic model pulsewidth is to specify the duration of a pulse, measured between two
reference points. A reference point shall be specified by the arithmetic model threshold (see 10.11.13)
within a from-to statement (see 10.12). No particular waveform shape shall be implied for the sequence of
transient events.

For anoise waveform (see 10.11.14), i.e., awaveform that does not reach a constant logic value, pulsewidth
shall be measured between the crossings of 50% magnitude.

— PULSEWIDTH in the context of adeclared vector (see 8.14)

If puIsaM dthisachild or agrandch|ld of adeclared vector with an associ ated vector expression (see 9.12),

.21) can

s5ee 8.4),

ed for global specificafion of a
) W|th| n afromto staterpent can
¢ model

As a parti

lel. The
a model

The hegder arithmetic
arithmefic mod
qualifier.

Pulsewifith isillu<m}eQ|

N\
=

to.threshold.fal

pulsewidth.fall

from.threshold.fall { U ; to.threshold.rise

Figure 30—lllustration of PULSEWIDTH

10.11.10 PERIOD
The arithmetic model period shall be defined as shown in Semantics 121.

The purpose of the arithmetic model period isto specify a primitive time interval between periodical repeti-
tions of events.
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KEYWORD PERIOD = arithmetic model ;

SEMANTICS PERIOD
CONTEXT { VECTOR VECTOR.LIMIT VECTOR..HEADER }
SI MODEL = TIME ;

}

PERIOD { MIN = 0; }

Semantics 121—Arithmetic model PERIOD
The arithmetic model period shall bein the context of a declared vector (see 8.14) with an associated vector

expression (see 9.12). The vector expression shall specify an event pattern within the We timeinterva
(see Figpre31):

The header arithmetic model (see Syntax 89, 10.4) period shall represent a di jon of agot ithmetic
model, yhich shall be in the context of a vector. Period isillustrated in Figure 34.
eventpattern A ' \ \)
within primitive
timeipterval B’—|_|_‘
| |
| | | |
peicical ALY > 1T |
repetjtion | , ] |
| \/u | L |
period p@‘e({ ) period - period >

Figire31>llustration of PERIOD

An everft pattern infolvi epeated periodically.
10.11.280 JITTER

The arithmetic model jitt e as shown in Semantics 122.

4 %Y RDYJITTER = arithmetic model ;
MANTICS JITTER {

TEXT { VECTOR VECTOR.LIMIT VECTOR..HEADER }
SI_MODEL = TIME ;

JITTER | MIN = 0; ]

Semantics 122—Arithmetic model JITTER

The purpose of the arithmetic model jitter is to specify the variability of a primitive time interval between
periodical repetitions of an event pattern. The measurement annotation (see 10.13.7) shall be applicable as
model qualifier.

The arithmetic model jitter shall be in the context of a declared vector (see 8.14) with an associated vector
expression (see 9.12). The vector expression shall specify an event pattern within the primitive time interval
(see Figure 32).
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A header arithmetic model (see Syntax 89, 10.4) jitter shall represent a dimension of another arithmetic
model, which shall be in the context of a vector.

Jitter isillustrated in Figure 32.

event sequence B

AI |
primitive L
| u |

|
periodical A |
repet(iflnn
withgut jitter |
8, L l
—>'j.
periogiical Al :
repetition
with jlitter Bl |
|

An evert pattern involving two signals A without

jitter is $hown.
10.11.1p SKEW

The arithmetic model skew shall

rithmetic model ;

VECTOR.LIMIT VECTOR..HEADER }

%ntlcs 123—Arithmetic model SKEW

I\

The purpose pfthe arithmetic model skew isto specify a non-negative temporal separation between multiple
signals.

In the context of adeclared vector (see 8.14) with an associated vector expression (see 9.12), apin reference
annotation, possibly in conjunction with a matching edge number annotation, shall be used (see 10.13.5) to
refer to multiple single events (see 9.13.1). The arithmetic model itself shall not specify atemporal order of
the events. The temporal separation between events shall be considered for any order of events allowed by
the vector expression. If the vector expression specifies simultaneously occurring events (see 9.13.2), but the
arithmetic model skew specifies a non-zero temporal separation between these events, the skew shall take
precedence, and the temporal separation shall be considered for an arbitrary permutation of order of
occurrence.

The header arithmetic model skew shall represent a dimension of another arithmetic model, which shall be
in the context of avector. A reference to multiple single events shall be used as amodel qualifier.
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Skew isillustrated in Figure 33.

A [ T T
T I
skew
B | I I
| . skew >
C 1 1 I
or
A | [ T
. skew » |
B I I ew I
i - >~ S
C ! ! I N
Restriction by vector expression: A occurs before C, B occurs bef &
Figure 33—lllustration of SKEW
The arithmetic model skew involvesthreesignals A, B, and C, and tHe vect essionkestricts A pnd B to

occur bgfore C.

10.11.18 THRESHOLD

The arithmetic mode! threshold shall be dw At

The pur, ent.

Thresho
{

o)/ (V1 —Vo)
—Vo) / (V1 —Vp)

where

Vp is the nominal voltage level for the value logic zero,

vy isthe nominal voltage level for the value logic one,

vt, isaspecified voltage level crossed during arising transition,
vty isaspecified voltage level crossed during afalling transition,

subject to the following restrictions:

V0<V1
Vosvtr SVlandVOSth <V
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Threshold isillustrated in Figure 34.

.

threshold.fall * (v4 — Vo)

threshold.rise* (v; —Vp) f -
) !

Vi Vv Vi W Vg

Figure 34—THRESHOLD measurement definition

The arithmetic model threshold can contain the arithmetic submodels rise and fall (s%lkl) If atiming-
rel ated grithmetic modereferrmytoasmgreevent (see 9:13- 1) mrthecontext of adectared vector (3ee 8.14)
inherits p definition for threshold, the matching arithmetic submodel rise or fall acc\éxQ@ tothe
single eyent.

NOTE—The arithmetic submodel rise or fall isnot necessary if vt; = t;.

Thresho Heclared
pin (seg8. bl of the
from-to del of a
from-to ing to the
declareg
NOTE— 10.11.9),
since aff
10.11.1]
The arit

{

KEYWORD NOISE MARGIN = arithmetic model ;
MANTICS NOISE MARGIN {
CONTEXT { CLASS LIBRARY SUBLIBRARY CELL PIN VECTOR }

MALUETVYRE — numbex ;

}

NOISE MARGIN { MIN = 0; }

Semantics 125—Arithmetic models NOISE and NOISE_MARGIN

The purpose of the arithmetic model noise is to specify a noise measurement. The purpose of the arithmetic
model noise margin is to specify atolerance against noise.

Noise shall be anormalized quantity, according to the following mathematical definition:

noise.low = (vn—vg) / (V4 —Vg)
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noise.high= (v —vn)/ (v —Vp)
where

Vp is the nominal voltage level for the value logic zero,
v isthe nominal voltage level for the value logic one,
vn is ameasured voltage level due to noise.

NOTE—Noise on asignal with the logic value zero is positive if vn > v, and negative if vn < v Noise on asignal with

the logic value oneis positive if vn < vy, and negative if vn> v;.

. ¢ o e ar
Noise igthtustratednFgore35: l

N

noise. h|gh*
]\3 noise.low * (v3 — Vo)
Vi ¥n Vo vn vo

Figure 35—NOISE measurement/defini |on

A distinction shall be made between an oise. A noise margin|shall be
defined fas a value for noise that ensures th i& recognizable. A design |imit for
noise shill be defined as a value of noise thati ess whether the logic value is recopnizable
or not.

The dist i o hoiseisillustrated in Figure 36.
I|m|t.n0|se.h|gh.m|n (v —Vvo)
limit.noise.high.max * (v; — Vo) —‘— -

- — — ~ limit.noiselow.max * (v; —Vp)
Y
4 limit.noise.low.min * (vl—vo)t
Vo

W 36—Definition of NOISE MARGIN and LIMIT for NOISE

Per definition, noise can be positive or negative, noise margin shall be positive, a maximum design limit for

noise shall be positive, and aminimum design limit for noise shall be negative.

— NOISE in the context of a declared library or sublibrary (see 8.2) or adeclared cell (see 8.4)

The arithmetic model container limit (see 10.8.2) can be used to specify a design limit for noise. An arith-

metic submodel high, low (see 10.21) can optionally be used.

A child shall inherit the design limit specification from its parent, unless a design limit is specified within
the child. In particular, a sublibrary can inherit from alibrary. A cell can inherit from a sublibrary or from a

library. A pin can inherit from acell, asublibrary or alibrary.
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— NOISE in the context of a declared pin (see 8.6)

A static noise measurement related to the pin can be described. An arithmetic submodel high, low can
optionally be used.

A design limit for noise can be described in the same way as in the context of alibrary, a sublibrary, or a
cell.

— NOISE in the context of a declared vector (see 8.14)

A noise measurement in response to a stimulus provided by the vector can be descri A pin reference
annotatipn e USed. IC NOISE measurement can be descrl using a boo on (see 9.9)
ulus. A transient noise measurement, i.e., either awaveform for noise or i

bed using a vector expression (see 9.12) as stimulus.

pin refefence annotation shall be used.
— INOISE as header arithmetic model (see Syntax 89, 10.4
A noise
—

A static peclared

pin can

— cell (see

A static

A child d within
the child. inherit from alibrary. A cell caninherit from a sublibrary gr from a
library b, a sublibrary, or alibrary. Inheritance from a class by a pin shall take

cell, asublibrary, or alibrary.

A noisejmardin in the context of a stimulus given by the vector can be described. A pin reference annotation
(see 10.13.6) shall be used.

A state-dependent noise margin can be described using a boolean expression (see 9.9) as stimulus.

A sensitivity window for a noise margin can be described using a vector expression (see 9.12) as stimulus.
The arithmetic model time (see 10.11.1) shall be used as an auxiliary arithmetic model (see 10.6). A from-to
statement (see 10.12) shall be associated with time.

A transient noise margin, i.e., a noise margin that depends on the timing characteristics of the stimulus, can
be described using a vector expression as stimulus and a timing-related arithmetic model, e.g., pulsewidth
(see 10.11.9) or slewrate (see 10.11.5), as a header arithmetic model (see Syntax 89, 10.4).
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10.11.15 POWER and ENERGY

The arithmetic models power and energy shall be defined as shown in Semantics 126.

KEYWORD POWER = arithmetic_model ;
SEMANTICS POWER {
CONTEXT {
LIBRARY SUBLIBRARY CELL VECTOR
CLASS.LIMIT CELL.LIMIT

}

VALUETYPE = number;
VAN

2

S
POWER { UNIT = MilliWatt; }

KEYWORD ENERGY = arithmetic model ;
SEMANTICS ENERGY {
CONTEXT { LIBRARY SUBLIBRARY CE CYO }
VALUETYPE = number;

}

ENERGY { UNIT = PicoJoule;/}f~\\

Semantics 126—Arithmetic model

The purpose of the arithmetic model s pow§) on of an

electron|c circuit.
— |

The arithmetic model contsj imi Q.8 be [ power
consumption associated With aslass wit ur ement

annotatipn (see 10.i3.

— POWER inthe o
A partigl arithmetj 2.Syn 10.3) can be used to globally specify an inheritable arfithmetic
model glalifi

Power d heasure-

ment annotation

used.

A partial arithmetic model can be used in the same way as in the context of library or sublibrary.
— POWER in the context of adeclared vector (see 8.14)

Power consumption related to a stimulus defined by the vector can be described. A measurement annotation
shall be used.

— ENERGY inthe context of adeclared library or sublibrary (see 8.2) or adeclared cell (see 8.4)

A partial arithmetic model (see Syntax 84, 10.3) can be used to globally specify an inheritable arithmetic
model qualifier (see Syntax 87, 10.3) for energy.
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— ENERGY inthe context of a declared vector (see 8.14)

Energy consumption related to a stimulus defined by the vector can be described. Total energy consumption
associated with different stimuli shall be additive, regardless of whether the stimuli are mutually exclusive
or not. Also, energy consumption shall be additive with power consumption if the measurement annotation

value static is associated with the latter.

10.12 FROM and TO statements

A from-tostatement shall be defined as shown in Syntax 101 A/\
from-to ::=
from |to | fromto
rom ::=
FROM { from-to_item { from-to_item} }
to:=
TO { from-to_item { from-to_item} }
from-to_item ::=
PIN_reference_single value_annotation
| EDGE_NUMBER single vaue annotati
| THRESHOLD_arithmetic_model N\ N
Syntax 1 OM and\TQ SL@)G}?/
The pur ng mea-
sureme]
A from notation
(see 10.

A referd
edge nu
event an

Thefrq

\\\\\V%EMANTICS FROM
CONTEXT {

TIME DELAY RETIAIN SLEWRATE PULSEWIDTH
SETUP HOLD RECOVERY REMOVAL NOCHANGE ILLEGAL SKEW

}
}

SEMANTICS TO ({
CONTEXT {
TIME DELAY RETAIN SLEWRATE PULSEWIDTH
SETUP HOLD RECOVERY REMOVAL NOCHANGE ILLEGAL SKEW

}
}

Semantics 127—Restriction for FROM and TO statements
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10.13 Annotations related to timing, power, and signal integrity
10.13.1 EDGE_NUMBER annotation

An edge number annotation shall be defined as shown in Semantics 128.

KEYWORD EDGE NUMBER = annotation {
CONTEXT { arithmetic _model FROM TO }
SEMANTICS EDGE_NUMBER
CONTEXT { VECTOR.. }
VALUETYPE = unsigned integer ;

AN
DEFAULT = 0;
} (\Q x
Semantics 128—EDGE_NUMBER anndtatio \>

The edge number annotation shall be a child of an arithmetic mod ) rompto statenpent (see
10.12).

The pur [y a re ngle event (see 9.13.1) within a
vector € g ‘ éctor. The reference[shall be
establisied by using the edge number annotationiq ¢ i i in reference annotation (sge 8.8.1).
The pin i jat @ 9.3) tavelved in the vector expresson. The
edge number annotation shall point to asing ariable. Every single event on apinfvariable
shall be

10.13.2

A pinre

MPIN = single value annotation ({
{ TYME DELAY RETAIN SETUP HOLD
MOVAL NOCHANGE ILLEGAL }

MANTICS TO.PIN = single value annotation {
CONTEXT { TIME DELAY RETAIN SETUP HOLD
COVERY REMOVAL NOCHANGE ILLEGAL }

Semantics 129—Restriction for PIN reference annotation within FROM and TO

The purpose of therestriction isto define areference to asingle pin variable in the context of afrom-to state-
ment (see 10.12).

An edge_number annotation shall be subjected to the restriction shown in Semantics 130.

The purpose of the restriction isto define areference to asingle event (see 9.13.1) in the context of afrom-to
Statement.

Example
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SEMANTICS FROM.EDGE NUMBER = single value annotation {
CONTEXT { TIME DELAY RETAIN SETUP HOLD
RECOVERY REMOVAL NOCHANGE ILLEGAL }

}

SEMANTICS TO.EDGE NUMBER = single value annotation ({
CONTEXT { TIME DELAY RETAIN SETUP HOLD
RECOVERY REMOVAL NOCHANGE ILLEGAL }

}

Semantics 130—Restriction for EDGE_NUMBER annotation within FROM and TO

‘ ‘ b ‘ /\
TINE { FROM { PIN=A; EDGE _NUMBER=1,; | TO { FPIN=B; buéyl\wl"lb =3 } }

AN
A P
NS

Figure 37 illustrates the restriction using a timing diagram.

pin variable

2

edge number 0

edge number 0

Figure 37—lllustra

AmeaswrementisSen
10.13.3 PIN referenge
A pin réference anno
Semanticsl%’.\
< \ MANT{CS SLEWRATE.PIN = single value annotation ;

M ICS SLEWRATE.EDGE_NUMBER = single value_annotatjon ;

Semantfies 131—\Res%iction for PIN reference and EDGE_NUMBER annotation within SLEWRATE

riumber annotation shall be subjected to the restriction shown in

The purpose of the restriction is to define a reference to a single event for which slewrate (see 10.11.5) is
measured.

10.13.4 PIN reference and EDGE_NUMBER annotation for PULSEWIDTH

A pin reference annotation and an edge_number annotation shall be subjected to the restriction shown in
Semantics 132.

The purpose of the restriction is to define a reference to a single event which is the leading edge of a pulse
for which pulsewidth (see 10.11.9) is measured. The trailing edge shall be the following single event on the
same pin.
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SEMANTICS PULSEWIDTH.PIN = single value annotation;
SEMANTICS PULSEWIDTH.EDGE NUMBER = single value annotation;

Semantics 132—Restriction for PIN reference and EDGE_NUMBER annotation within
PULSEWIDTH

10.13.5 PIN reference and EDGE_NUMBER annotation for SKEW

A pin reference annotation and an edge number annotation shall be subjected to the restriction shown in
Semantics 133.

SEMANTICS SKEW.PIN = multi _value_ annotati
SEMANTICS SKEW.EDGE NUMBER = multi _valyg ann(€\10 ;

el

Semantics 133—Restriction for PIN reference and EDGE_NUMB

The purpose of the restriction is to define a reference to plural events f i (se€ 10.11.12) is
measurgd.

The number of annotation values within the pin refer 3 notation shal| match.
Subseqyent annotation values shall correspond to eacl €. irst apnotation value within the pin

referenge annotation shall correspond to thefi i edge number annotatidn, etc.
10.13.9 PIN reference annotation for N

A pin reference annotation sh | be subj ect

AN CS N gle value annotation ;
S MA NOYSENMARGIN.PIN = single value_annotation ;

Semgantics 134 : reference annotation within NOISE and NOISE MARGIN
The pur 0.11.14)
is descri

10.13.Z

A measlir

REYWORKD NMEASURKEMENIT ="51llgle Value alllloL4al 1oOIl {
CONTEXT = arithmetic_model ;

SEMANTICS MEASUREMENT {
CONTEXT { ENERGY POWER CURRENT VOLTAGE JITTER }
VALUETYPE = identifier ;
VALUES
transient static average absolute average rms peak

}

}

Semantics 135—MEASUREMENT annotation
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The purpose of the measurement annotation is to specify the mathematical definition of a temporal
measurement.

The mathematical definition of the annotation valuesis shown in Table 101.

Table 101 —MEASUREMENT annotation

Annotation value M athematical description

transient measurement = x(t)

R v — il <t e
SCcacrc THICOSOrCITICIIC. — Ay vt T A CONStaric (

average t=T h
measurement = %_ fi x(tydt x
t=0 N
absolute average t=T \\§\
measurement = _%_ fiolxc

rms

peak

The arithmetic model ti

model ($ee 10.6) if the
arithmefi!:e model tj
model f equenc

ithmetic
average, absolute average, or rms. The:}.lxiliaw
egration time T in Table 101. The auxiliary afithmetic

The aux| Heclared
vector ( e 10.12)
can be % Y erval between a single event (see 9.13.1) and the occurrence of {he mea-

suremer

This is<i

Figure 38—llustration of peak measurement with FROM or TO statement
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10.14 Arithmetic models for environmental conditions
10.14.1 PROCESS

The arithmetic model process shall be defined as shown in Semantics 136.

KEYWORD PROCESS = arithmetic model ;
SEMANTICS PROCESS ({
CONTEXT {
CLASS LIBRARY SUBLIBRARY CELL WIRE HEADER
arithmetic model

2

\ VAN
VALUETYPE = identifier ;
}
PROCESS { DEFAULT = nom; TABLE { nom snsp\ snWp\wns \y
Semantics 136—Arithmetic model PRO S& \>

The purpose of the arithmetic model processis to specify a depende i i glel and a
ithmetic

Table 102—Predefined N

Value &\( X v Description
N

W&mﬁ@@&(mﬁ stors with nominal strength.

gnsp ( x \z z Qrchg\l\m@ﬁransjstor, strong PMOS transistor.
snwp (\ W OS transistor, weak PMOS transistor.

wnsp < \ Wﬁk NMOS transistor, strong PMOS transistor.
\ Weak NMOS transistor, weak PMOS transistor.

10.14.2

The arit erate case shall be defined as shown in Semantics 137.

The purpose of the arithmetic model derate case is to specify a dependency between an arithmetic model
and an environmental condition. A partial or a full arithmetic model (see Syntax 84 and Syntax 85, 10.3), a
header arithmetic model (see Syntax 89, 10.4), or an auxiliary arithmetic model (see 10.6) can be used.
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KEYWORD DERATE CASE = arithmetic model ;
SEMANTICS DERATE CASE {
CONTEXT {
CLASS LIBRARY SUBLIBRARY CELL WIRE HEADER
arithmetic model

}

VALUETYPE = identifier ;

}

DERATE CASE { DEFAULT = nom;
TABLE { nom bccom wccom bcind wcind bemil wemil }

}

Semantics 137—Avrithmetic model DERATE_CAS

Table 103—Predefined arithmetic values for

Derating case /D&?;qp%\ >
nom Nominal envirghm \t@l/c%yém \
bccom B% CESE\ (ﬁmerc@ Conél{tlon )\/
bcind Bei}mﬁ‘ﬁiiﬁgico UOn
bcemil Be%t CW‘[MWR@
wccom (\ f \Wgr\s%aé@me{c@conditi on.

%r}%&@st)r)al condition.

AN
wcpi\k K \/\ ok\casegﬂlitary condition.
N

A full & ribe the dependency between the condition and its defining
paramet .g. . ¢ ure).
10.14.3
4
The arit icm perature shall be defined as shown in Semantics 138.

\'I{EYWORD TEMPERATURE = arithmetic model ;
SEMANTICS TEMPERATURE {
CONTEXT {
CLASS LIBRARY SUBLIBRARY CELL WIRE
LIMIT HEADER arithmetic model

}

VALUETYPE = number ;

}

TEMPERATURE { UNIT = 1lDegreeCelsius; MIN = -273; }

Semantics 138—Arithmetic model TEMPERATURE
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The purpose of the arithmetic model temperature is to specify a dependency between an arithmetic model
and an environmental temperature. Temperature shall be measured in degrees Celsius. A partial or a full
arithmetic model (see Syntax 84 and Syntax 85, 10.3), a header arithmetic model (see Syntax 89, 10.4), or

an auxiliary arithmetic model (see 10.6) can be used.

10.15 Arithmetic models for electrical circuits
10.15.1 VOLTAGE

The arithmetic model voltage shall be defined as shown in Semantics 139.

KEYWORD VOLTAGE = arithmetic_model ;
SEMANTICS VOLTAGE ({
CONTEXT {
CLASS LIBRARY SUBLIBRARY CELL PEN
CLASS.LIMIT CELL.LIMIT PIN.LI

}

VALUETYPE = number ;

QDER

}
VOLTAGE { UNIT = 1Volt; }@\
"

The pur
electrica

Anenvif
used. A pin (see 8
tation (See 8.8.16

A voltagie source thats part of the implementation of a cell can be specified. A node reference ar

(see 10. teAyshal-betsed-

ge or an

iqnally be
Ss anno-

de.

notation

A design limit for a voltage related to the cell can be specified using the arithmetic model container limit
(see 10.8.2). Either a pin reference annotation (see 10.16.3) or a model reference annotation (see 10.9.5)

shall be used.

A partial arithmetic model can be used in the same way as in the context of alibrary or sublibrary.

— VOLTAGE in the context of a declared pin (see 8.6)

An environmental voltage related to a pin, e.g., asupply voltage, can be described. An arithmetic submodel

high, low can optionally be used.
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A design limit for a voltage that can be applied to the pin can be described using the arithmetic model con-
tainer limit.

— VOLTAGE in the context of a declared wire (see 8.10)

A voltage source within an electrically equivalent circuit used for interconnect analysis can be specified. A
node reference annotation shall be used.

— VOLTAGE in the context of a declared vector (see 8.14)

A voltage measurement in r&eponse to astlmul us prowded by the vector can be descri b. ither a pin refer-

A desig tai ner
limit (see 10.8.2). Either a pin reference annotation or amodel reference a j ) S

A voltage that acts as a stimulus can be described. Either a pi ' eference
annotatipn shall be used. In particular, if awire instantiati i g voltage
source ecified within the declared wire can be establi

10.15.2 CURRENT

The arithmetic model current shall be defined as shownN ics 140.

YPE—= number ;

}
UNIT = MilliAmpere; }

w\/gemantms 140—Arithmetic model CURRENT

The purpose’of the arithmetic model current is to specify either a measurement of electrical currgnt or an
electrical component that can be modeled as a current source.

— CURRENT in the context of adeclared library or sublibrary (see 8.2)

A partial arithmetic model (see Syntax 84, 10.3) can be used to globally specify an inheritable arithmetic
model qualifier (see Syntax 87, 10.3) for current.

— CURRENT in the context of adeclared cell (see 8.4)

A current source that is part of the implementation of a cell can be specified. A node reference annotation
(see 10.16.1) shall be used.
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A design limit for a current related to the cell can be specified using the arithmetic model container limit (see
10.8.2). Either a pin reference annotation (see 10.16.3) or a model reference annotation (see 10.9.5) or a
component reference annotation (see 10.16.2) shall be used.

A partial arithmetic model can be used in the same way as in the context of alibrary or sublibrary.

— CURRENT in the context of adeclared wire (see 8.10)

A current source within an electrically equivalent circuit used for interconnect analysis can be specified. A
node reference annotation shall be used.

— CURRENT in the context of adeclared layer (see 8.16), adeclared via (see 8.18), or a declared rule
see 8.20)
%anno-

In the context of alayer, the current shall flow through a general layouts layér. Inthe
context pf a via or in the context of arule, the current shall flow th > nt in the
context pf other layout segments described within the via or notation
(see 10.20.9) shall be used.

A design limit for current can be specified using the arithmetic model containe
tation (fee 10.13.7) shall be used.

A current measurement in response to astim n refer-

ence anfotation or amodel reference annotati

ontai ner
notation

A desig
limit. Ei
shall be

— C

A currel eference
annotati $ee 9.15)
is prese ir¢ can be
established.

10.15.4

The arit

The purpose of the arthmetic Moder tapacitance 1S 10 aestrbe ether a measurament of gectrical capaci-
tance or an electrical component that can be modeled as a capacitor.

— CAPACITANCE in the context of adeclared library or sublibrary (see 8.2)

A partial arithmetic model (see Syntax 84, 10.3) can be used to globally specify an inheritable arithmetic
model qualifier (see Syntax 87, 10.3) for capacitance.

— CAPACITANCE in the context of adeclared cell (see 8.4)

A capacitor that is part of the implementation of a cell can be described. A node reference annotation (see
10.16.1) shall be used.
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KEYWORD CAPACITANCE = arithmetic model ;
SEMANTICS CAPACITANCE {
CONTEXT {
LIBRARY SUBLIBRARY CELL CELL.LIMIT PIN PIN.LIMIT
WIRE LAYER RULE VECTOR HEADER
}
VALUETYPE = number ;
SI _MODEL = CAPACITANCE ;

}

CAPACITANCE { UNIT = PicoFarad; MIN = 0; }

A design limit for a capacitor related to the cell can be specified using the arithfiveti er limit
(see 10.B.2). Either a pin reference annotation (see 10.16.3) or a model refe i }0.9.5)
shall befused.

A partigl arithmetic model can be used in the same way asin the cor

The selfr-capacitance of a pin can be descrifs
low (sed 10.21) can optionally be used.

A design limit for a capacitance that can be conn
containgr limit as a child of api

be specified using the arithmet{c model

8\
A capag ith e ref hQotétion can be described.

A capad
circuit |

shall represent a capacitor within an electrically equivalent
éwireisachild of the cell and a permanent connectivity petween
and the nodes of the wire exists, the capacitance shall represent a parasitic
capacitgr withi I. t analysis shall either use a (lumped) self-capacitance of ajpin or a
(distribyted)parasitic,capacitor connected to a pin.

A capagitancewithout\node reference annotation shall represent an estimation model for intefconnect

— CAPACITANCE in the context of adeclared layer (see 8.16)

An estimation model for capacitance of a general layout segment can be described. An arithmetic submodel
horizontal, vertical, acute, obtuse (see 10.22) can optionally be used.

— CAPACITANCE in the context of adeclared rule (see 8.20)
An estimation model for capacitance created by a particular layout pattern can be described.

— CAPACITANCE in the context of adeclared vector (see 8.14)
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An effective capacitance can be described. Either a pin reference annotation or a model reference annotation
shall be used. The effective capacitance shall be interpreted as a virtual capacitor, which, under the specific
stimulus provided by the vector, behavesin a similar way as the actual load circuit.

— CAPACITANCE as header arithmetic model (see Syntax 89, 10.4)

A capacitance as a dimension of an arithmetic model can be described. Either a pin reference annotation or a
model reference annotation shall be used.

The pin reference annotation shall be used to specify alumped load capacitance. The self-capacitance of the

pin shall not be included in the load capacitance.
Wigabi‘hstantia-
estah|[shed.

The modiel reference annotation shall be used to refer to another capacitor. In parti
tion (se¢ 9.15) is present, areference to a capacitor described within the declar i

10.15.4 RESISTANCE

The arithmetic model resistance shall be defined as shownin Sema@\

KEYWORD RESISTANCE = arit
SEMANTICS RESISTANCE {
CONTEXT {

LIBRARY S

The pur
an electfi

Syntax 84, 10.3) can be used to globally specify an inheritable affithmetic
, 10.3) for resistance.

A resistor that is part of the implementation of a cell can be described. A node reference annotation (see
10.16.1) shall be used.

A design limit for a resistor related to the cell can be specified using the arithmetic model container limit
(see 10.8.2). A model reference annotation (see 10.9.5) shall be used.

A partial arithmetic model can be used in the same way as in the context of alibrary or sublibrary.
— RESISTANCE in the context of a declared wire (see 8.10)

A resistance with or without node reference annotation can be described.
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A resistance with node reference annotation shall represent aresistor within an electrically equivalent circuit
used for interconnect analysis. If the wire is a child of the cell and a permanent connectivity between pins
and nodes of the cell and the nodes of the wire exists, the resistance shall represent a parasitic resistor within
the cell.

A resistance without node reference annotation shall represent an estimation model for interconnect
resistance.

— RESISTANCE in the context of a declared layer (see 8.16)

An estimation model for resistance of a general Iayout segment can be described. An arithmetic submodel

RESISTANCE in the context of a declared rule (see 8.20)
An estimation model for resistance created by a particular layout pattern

— |

A driver on shall
be used idh, under
the spegfi

— K
A resisténce as adimension of.an ar|thmet| ped. ion[shall be
used. In[particular, if awire g . i i thin the

declared wire can be est

10.15.5 INDUC@

The arithmetic mod ndu an Aed as shown in Semantics 143.

KEYWSRD NDUCTANCE = arithmetic _model ;
EMAN c INDUCTANCE {
CONTEXT
BRARY SUBLIBRARY CELL WIRE LAYER RULE
CELL.LIMIT VECTOR HEADER

I\

VALUETYPE = number ;
SI_MODEL = INDUCTANCE ;

}

INDUCTANCE { UNIT = le-6; MIN = 0; }

Semantics 143—Arithmetic model INDUCTANCE

The purpose of the arithmetic model inductance is to describe either a measurement of electromagnetic
inductance or an electromagnetic component that can be modeled as an inductor (i.e., a component with self-
inductance) or atransformer (i.e., a component with mutual inductance).

— INDUCTANCE in the context of adeclared library or sublibrary (see 8.2)
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A partial arithmetic model (see Syntax 84, 10.3) can be used to globally specify an inheritable arithmetic
model qualifier (see Syntax 87, 10.3) for inductance.

— INDUCTANCE in the context of a declared cell (see 8.4)

An inductor or atransformer that is part of the implementation of a cell can be described. A node reference
annotation (see 10.16.1) shall be used.

A design limit for an inductor or for atransformer related to the cell can be specified using the arithmetic
model container limit (see 10.8.2). A pin reference annotation (see 10.16.3) or amodel reference annotation
(see 10.9.5) shall be used.

A partigl arithmetic model can be used in the same way asin the context of alibr
— IINDUCTANCE in the context of a declared wire (see 8.10)

An indugtance with or without node reference annotation can be described

An indu uctance
within g | and a
permangnt connectivity between pins and nodes of the cell uctance
shall rey
Anindu ect self-
inductar]

— |
An estir btic sub-

model h

An estin

be described. A model reference annotation shall be used. The equivalent
as part of an electrically equivalent circuit, which, under the specific gtimulus

An equi
inductar

— INDUCTANCE as aheader arithmetic model (see Syntax o9, 10.4)
An inductance as a dimension of an arithmetic model can be described. A model reference annotation shall

be used. In particular, if awire instantiation (see 9.15) is present, a reference to a self-inductance or to a
mutual inductance described within the declared wire can be established.

10.16 Annotations for electrical circuits
10.16.1 NODE reference annotation for electrical circuits

The node reference annotation (see 8.13.1) shall be subjected to restrictions defined in Semantics 144.
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SEMANTICS VOLTAGE.NODE = multi value annotation ({
CONTEXT { CELL WIRE } }

SEMANTICS CURRENT.NODE = multi value annotation ({
CONTEXT { CELL WIRE } }

SEMANTICS CAPACITANCE.NODE = multi value annotation ({
CONTEXT { CELL WIRE } }

SEMANTICS RESISTANCE.NODE
CONTEXT { CELL WIRE } }

SEMANTICS INDUCTANCE .NODE
CONTEXT { CELL WIRE } }

multi value annotation ({

multi value annotation

Semmarntics 44—

The purpose of anode reference annotation with these restrictionsis to specify electri-

cal component within an electrical circuit.
The follpwing restrictions shall further apply:

a) Anarithmetic model with a node reference annotation sha g '
b) A node annotation associated with the arithmetic mgdel voltage 3 esenting

he terminal nodes of a voltage source. The defined ' | dt inal shall
he positive and negative, respectivel

¢) A node annotation associated with(the & 3 esenting
he terminal nodes of a current source. The defj st to the
second terminal.

d) KA node annotation associated with(the the-m apacitance shall have two valugs repre-
senting the terminal i

€) A node annotation & | wi [ { oresent-

ng the terminal g

f) A node annotati alues or
our valy W |l repre-
sent the t erminals
bcross which Sacross
which a cont

The elec’tricﬁ&npg ent§ ancktheinerminals are illustrated in Figure 39.
41 O 1 1 1 1 3
Vi, N C R % L- M
2 2 2 2 2 2 4
dVl 2 = dl 1,2 d|3 4
l,=C—= Vie SR, V=L — Vi, =M —-

Figure 39—Electrical components and their terminals

The numbers in Figure 39 indicate the first, second, third, and fourth node annotation values. However, the
node annotation values shall be the ALF names of declared nodes.

10.16.2 COMPONENT reference annotation

A component reference annotation shall be defined as shown in Semantics 145.
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KEYWORD COMPONENT = single value annotation {
CONTEXT = arithmetic model ;
}
SEMANTICS COMPONENT {
CONTEXT { CURRENT POWER ENERGY }
REFERENCETYPE {
CURRENT VOLTAGE CAPACITANCE RESISTANCE INDUCTANCE
}

}

Semantics 145—COMPONENT annotation

The purpose of the component reference annotation is to relate the arithmetic m 10.15.2),
power, @r energy (see 10.11.15) to an electrical component.

Electric@l current shall flow through an electrical component with two térmi { ource, a
current rource, a capacitor, aresistor, or an inductor. The defined flow of : the first
terminall to the second terminal.

Electricfl power or energy shall be supplied by a voltage sour'ce or by ' : i apacitor
or in anjinductor, and dissipated in aresistor. A negative va pttage source or @ current
source ip a sink of power or energy rather tha thet & cApas an inductor releases epergy or
power, @r that aresistor virtually supplies powe

NOTE—A resistor that supplies power is physical]y-i Sibl e s ain active electronic circuits, fojexample
a negativle impedance convertor, can be model I esistor. The electrical energy “supplie¢” by the

“negative’ resistor is dissipated in other parts of the el

10.16.3 PIN reference annotati

The pin referenc??t%

on
MANTI CS

ENT.PIN = single value annotation {
{ VECTOR VECTOR.LIMIT VECTOR..HEADER } }
CAPACITANCE.PIN = single value annotation|
{ VECTOR VECTOR..HEADER } }

ICS RESISTANCE.PIN = single value annotation
CONTEXT { VECTOR } }

Samantice 146 RIN rafaranca annaotation
eHHatcS—T4o—r=rteretreceaHiotation

The purpose of a pin reference annotation for electrical circuitsisto specify an association between an elec-
trical component with two terminals and a pin variable, i.e., adeclared pin, port, or node (see 9.3).

a) A pin reference annotation associated with the arithmetic model voltage shall specify a connection
between a pin, port, or node and a voltage meter. The terminal with defined positive polarity shall be
connected to the pin, port, or node. The terminal with defined negative polarity shall be connected to
ground.

b) A pin reference annotation associated with the arithmetic model current shall specify a connection
between a pin, port, or node and a current meter. The flow of the current shall be defined by the flow
annotation (see 10.16.4).
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¢) A pin reference annotation associated with the arithmetic model capacitance shall specify a connec-
tion between a pin, port or node and one terminal of a capacitor. The other terminal of the capacitor
shall be connected to ground. The capacitor shall represent either aload capacitance or an effective
capacitance.
d) A pin reference annotation associated with the arithmetic model resistance shall specify a
connection between a pin and one terminal of a resistor. The other terminal of the resistor shall be
connected to avirtual voltage source. The resistor shall represent adriver resistance.

An elect

rical component can be associated with an input pin or with an output pin.

A node with nodetype annotation value receiver (see 8.13.2), apin with direction annotation valueinput (see

8.8.5), a

port. or anode connected to such a pin shall be considered an input pin.

The assgciation between electrical components and an input pin involves a model ‘ef a i xq
iver circuit, asillustrated in Figure 40

a model

of arecgl
model of stimulus (outside cell) mode! of recetver i W ¢ell)
1T ~ current meter  , ~ \
\ -«
| voltage source | > I
| @ . |
| current source | g|rn f-capacitance
| put pin |
| pin.port |
\or
| de /
DN I N N N N N
ié@ponents and an input pin
A node Wwith nodetype annotati +13.2), apin with direction annotation value oufput (see
8.8.5), gport, or anode | be cgnsidered an output pin.
The assgciation b i output pin involves amodel of adriver circyit and a
model of aload cixcl i N
model of load circuit (outside cell)
current meter y - = \
> | | |
‘ i load capacitance |
| o _ |
pin.port voltagﬂ effective capacitancg I
meter
\ /

Figure 41—Association between electrical components and an output pin

NOTE—In order to describe a more complex model for astimulus, aload circuit, adriver circuit, or areceiver circuit, an

eectrical

component in the context of a declared wire can be used, as described in 10.15.

10.16.4 FLOW annotation

A flow annotation shall be defined as shown in Semantics 147.

The purpose of the flow annotation is to specify the defined measurement direction of a current in conjunc-
tion with a pin reference annotation (see 10.16.3).
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KEYWORD FLOW = single value annotation {
CONTEXT = arithmetic model ;
}
SEMANTICS FLOW {
CONTEXT = CURRENT ;
VALUES { in out }
DEFAULT = in;

Semantics 147—FLOW annotation

Table 104—FLOW annotation

Annotation value Descripti \ \ \/
PN\
in The defined flow of the current isfry—&@d{h&{ tchdl.

ut The defined flow of the current iﬁ/f/ron)/iﬂjsi de eMout}de the cell.

a nodeveference/annotation (see 10.16.1) or facompo-
isalready defined by the order of ter-

NOTE—The flow annotation is not applicablei
nent refefence annotation (see 10.16.2), since the d
minals of the electrical component.

10.17

10.17.1

The arit definéd as shown in Semantics 148.

WSTRENGTH = arithmetic model ;

DRIVE STRENGTH {

{ CLASS LIBRARY SUBLIBRARY CELL PIN PINGRQUP }
= unsigned number ;

RIVE STRENGTH { MIN = 0; |}

Semantics 148—Arithmetic model DRIVE STRENGTH

The purpose of the arithmetic model drive strength isto specify an abstract, unit-less measure for drivability
associated with a primitive circuit or a compound circuit.

A cell (see 8.4) shall be considered either a primitive circuit or acompound circuit depending on its celltype
annotation (see 8.5.2). In case of a primitive circuit, drive strength can be a child of a cell. In case of acom-
pound circuit, drive strength can be a child of a pin (see 8.6) or a pingroup (see 8.7).

A cell with celltype annotation value buffer, combinational, multiplexor, flip-flop, or latch shall be consid-
ered a primitive circuit. A cell with celltype annotation value memory, block, or core shall be considered a
compound circuit.
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A partial arithmetic model (see Syntax 84, 10.3) in the context of a class (see 7.12), a library, or a
sublibrary (see 8.2) can be used to globally specify a set of discrete values or a range of values for drive
strength, using a table statement (see Syntax 91, 10.4) or atrivial min-max statement (see Syntax 94, 10.5),
respectively.

10.17.2 SWITCHING_BITS with PIN reference annotation

The arithmetic model switching bits shall be defined as shown in Semantics 149.

KEYWORD SWITCHING BITS = arithmetic model ;

SEMANTICS SWITCOING BITS {

CONTEXT { VECTOR.POWER.HEADER VECTOR.E GY.HN\ }
VALUETYPE = unsigned integer ;
SEMANTICS SWITCHING BITS.PIN = sin <;;}ﬁ€_ nnotatyon;
S

Semantics 149—Arithmetic model SWI

The pur
single e

during a

energy

Thepin

10.18
10.18.1
The arit

S REYNORDVCONNECTIVITY = arithmetic_model ;
< EMANTICS CONNECTIVITY {

TEXT { LIBRARY SUBLIBRARY CELL RULE ANTENNA HEADER }
VALUES { 1 0 ? }

Semantics 150—Arithmetic model CONNECTIVITY

The purpose of the arithmetic model connectivity is to specify an actual connection or a requirement for a
connection between physical objects. Either a table statement (see Syntax 91, 10.4) or a between annotation
(see 10.20.2) shall be used to establish a relation between physical objects and the arithmetic model
connectivity. The interpretation of connectivity as a requirement for a connection shall be specified by the
connect-rule annotation (see 10.20.1).

The arithmetic model connectivity shall evaluate to a bit literal (see 6.8). The interpretation of the bit literal
is specified in Table 105.
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Table 105—Interpretation of bit literals for CONNECTIVITY

Bit literal Inter pretation as actual connection Inter pretation asrequirement for a connection
1 Connection exists. Requirement is true.
0 Connection does not exist. Requirement is false.
? Connection is not specified. Requirement is not specified.

NOTE—The hit literal “?" is defined as a non-assignable boolean value (see 9.10.3)
the conngctivity is modeled as atable (see Syntax 91, 10.4).

10.18.2 DRIVER and RECEIVER

AN
%‘Wk‘% used if

The arithmetic models driver and receiver shall be defined %

KEYWORD DRIVER
SEMANTICS DRIVER

pecify a
bn value

) 4). The
parent grithmeti & connectivity shall contain either a one-dimensional lookup table involving either
dimensipn driver ok regeiver, or alternatively, a two-dimensional lookup table involving both dimensions
driver apdreceiver.

A declared pin (see 8.6) shall be subjected to a connection with another pin if a connect-class annotation
exists for both pins and the respective connect-class annotation values are found in a table statement within
the header arithmetic model driver or receiver.

The association of apin with the dimension driver or receiver shall depend on the direction annotation value
(see 8.8.5). A pin with direction annotation value input shall be associated with the dimension receiver. A
pin with direction annotation value output shall be associated with the dimension driver. A pin with direc-
tion annotation value both shall be associated with both dimensions driver and receiver.

Example
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CLASS Normal { USAGE = CONNECT CLASS; }
CLASS Special { USAGE = CONNECT CLASS; }
CONNECTIVITY Examplel
HEADER { DRIVER { Normal Special } }
TABLE { 0 1 }
}
CONNECTIVITY Example2 {
HEADER
DRIVER { Normal Special } }
RECEIVER { Special Normal } }
}
TABLE { 0 1 1 0 } YN

Examplé 1 specifies the following:

A cornection between an output pin and another output pin associated
A corjnection between an output pin and another output pin associ

Exampl ¢ 2 specifies the following:
A cornection between an output pin associated wit i pecial is

A cornection between an output pin pecial is

rue.

A connection between an output pin prmal is
rue.

A cornection between prmal is
ase.

10.18.3 FANOU

The arithmetic model¢anout Shall bedefined as shown in Semantics 152.

KEYWQRD YANOUT = arithmetic model ;
E CS’ FANOUT {
CONTEXT {
N.LIMIT WIRE.SIZE.HEADER WIRE.CAPACITANCE.HEADER
WIRE.RESISTANCE.HEADER WIRE.INDUCTANCE.HEADER

}

VALUETYPE = unsigned integer ;

I\

}

Semantics 152—Arithmetic model FANOUT
The purpose of the arithmetic model fanout is to specify the total number of input pins connected to a net.
The arithmetic model fanin shall be defined as shown in Semantics 153.

The purpose of the arithmetic model fanin is to specify the total number of output pins connected to a net.

The arithmetic model connections shall be defined as shown in Semantics 154.
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KEYWORD FANIN = arithmetic model ;
SEMANTICS FANIN {
CONTEXT {
PIN.LIMIT WIRE.SIZE.HEADER WIRE.CAPACITANCE.HEADER
WIRE.RESISTANCE.HEADER WIRE.INDUCTANCE.HEADER

}

VALUETYPE = unsigned integer ;

}

Semantics 153—Arithmetic model FANIN

KEYWORD CONNECTIONS = arithmetic model ;
SEMANTICS CONNECTIONS {
CONTEXT {
PIN.LIMIT WIRE.SIZE.HEADER WIRE~CARACITANCE:
WIRE.RESISTANCE.HEADER WIRE.I

}

VALUETYPE = unsigned integer

The pur er of pins connected [to a net.

The arit es for fanout and fanin.

The acc vatue (see 8.8.5)

A pin wjth direction annotathan v i < ahout and for connections. A pin with dlirection

annotatipn value output $ha i tions. A pin with direction value both shgll count

for fanin and for fanout . A pin without direction annotation or with glirection

annotatipn val u

t ext of a

wherein
) in the

context/ofawire (see 8.10)

The arithmetic value of size (see 10.19.1), capacitance (see 10.15.3), resistance (see 10.15.4), or inductance
(see 10.15.5) can be calculated.

10.19 Arithmetic models related to layout implementation

10.19.1 SIZE

The arithmetic model size shall be defined as shown in Semantics 155.

The purpose of the arithmetic model sizeisto define an abstract, unit-less measure for the space occupied by
aphysical object or the magnitude of a physical effect.
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KEYWORD SIZE = arithmetic model ;
SEMANTICS SIZE ({
CONTEXT {
CELL ANTENNA ANTENNA.LIMIT PIN WIRE
WIRE.CAPACITANCE .HEADER
WIRE.RESISTANCE.HEADER
WIRE.INDUCTANCE .HEADER

}

VALUETYPE = number ;

}

SIZE { MIN = 0; }

Semantics 155—Arithmetic model SIZE

Size shdll represent a measure for the space occupied by a placed ce ' PeX : Ce occu-
pied by [a design or a subdesign shall be calculated as the sum of the spa i instance
and each routed wire. The space allocated for a design or a sybdesic e space
occupiefl by the design or subdesign.

— $IZE as aheader arithmetic model (ste

The arit
the contp
adesign

-454), or inductance (see 10{15.5) in
epresent a measure for space allogated for

&
4

Size sha
the ante)
shall be

itude of
ed size

Size shg created
by the G bference
annotati

10.19.2-AREA

The arithmetic model area shall be defined as shown in Semantics 156.

The purpose of the arithmetic model area isto define a physical area, according to the International System
of Units[B9].

— AREA as an arithmetic model in the context of a cell (see 8.4) or awire (see 8.10)

Area shall represent the physical area occupied by a placed cell or arouted wire. The area shall take into
account the required space between neighboring objects.
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KEYWORD AREA = arithmetic_model ;
SEMANTICS AREA {
CONTEXT {
CELL WIRE WIRE..HEADER LAYER..HEADER
RULE. .HEADER ANTENNA. .HEADER
}
VALUETYPE = unsigned number ;
SI_MODEL = AREA ;

}

AREA { UNIT = le-12; MIN = 0; }

A

The phy
OCCUpi &
canbed

The arit

wherein|

The arit ) A design
A OCCU-

5.5) can
.19.10),
on area
ion (see

B.21)

mension
area shall represent the physical area occupied by aTayout segment residing on alayer (see 8.16). A layer
reference annotation (see 8.17.1) shall be used.

10.19.3 PERIMETER
The arithmetic model perimeter shall be defined as shown in Semantics 157.

The purpose of the arithmetic model perimeter is to define the distance (see 10.19.9) measured when sur-
rounding the boundaries of a physical object.

— PERIMETER as an arithmetic model in the context of a cell (see 8.4) or awire (see 8.10)
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KEYWORD PERIMETER = arithmetic model ;
SEMANTICS PERIMETER {
CONTEXT {
CELL WIRE WIRE..HEADER LAYER..HEADER
RULE. .HEADER ANTENNA. .HEADER

}

SI MODEL = DISTANCE ;

Semantics 157—Arithmetic model PERIMETER

Perimete
into acc

— |
The arit
be calcu
design g

— |
The arit
limit fo
roundin’];

_ e 8.20)

.15.5) can
.19.10),
N perim-
ion (see

The arit

na (see

see 10.19.1) in the context of an antenna can be calculated. The dimension
perimeter surrounding a layout segment residing on alayer (see 8.16) A layer
e 8.17.1) shall be used.

10.19.4 EXTENSION

The arithmetic model extension shall be defined as shown in Semantics 158.

KEYWORD EXTENSION = arithmetic model ;

SEMANTICS EXTENSION {
CONTEXT { LAYER PATTERN RULE.LIMIT RULE..HEADER }
SI_MODEL = DISTANCE ;

}

Semantics 158—Arithmetic model EXTENSION
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The purpose of the arithmetic model extension is to specify the size of a polygon created by expanding a
point within a geometric model (see Table 94). In the case of two allowed routing directionsin aninterval of
90 degrees, the expansion shall result in a rectangle. In the case of four allowed routing directions in inter-
vals of 45 degrees, the expansion shall result in a hexagon.

Thisisillustrated in Figure 42.

extension extension
.horizontal .horizontal
- -
T extension
! | . | .obtuse
extension extension
vertical | .vertical \ | /
| VAN
| 7
| |

Figure 42—Illustration of EXTE

The arit
pic expa

Extensi
with la

dee 8.16)

Extension shall represe .29) with an associated shape annotation or with
ence point shall be subject to expansion

anassocratedgeo@c ee'Q.16)N\Ex ' ion.
— EXTENSI a5 a N the modlel (see 10.8.2) in the context of arule (see 8.20)

expansion of a pattern. Each reference point shall be spibject to
Qtation (see 10.20.9) shall be used.

er arithmetic model (see Syntax 89, 10.4) in the context of arule (sge 8.20)

sion shall represent the expansion of a pattern wrth shape annotatron val ue tee cross corner, or end (see
8.30.2). A pattern reference annotation (see 10.20.9) or a model reference annotation (see 10.9.5) shall be
used. The model reference annotation shall refer to an arithmetic model extension as a child of a pattern or
to an arithmetic submodel as a child of extension and a grandchild of pattern.

10.19.5 THICKNESS
The arithmetic model thickness shall be defined as shown in Semantics 159.

The purpose of the arithmetic model thicknessis to specify the distance between the bottom and the top of a
manufactured layer (see 8.16).
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KEYWORD THICKNESS = arithmetic model ;
SEMANTICS EXTENSION (

CONTEXT { LAYER RULE..HEADER }

SI MODEL = DISTANCE ;

}

Semantics 159—Arithmetic model THICKNESS

Thickness as header arithmetic model (see Syntax 89, 10.4) can be used to calculate an arithmetic value of
capacitance (see 10.15.3), resistance (see 10.15.4), or inductance (see 10.15.5) in the context of arule (see

8.20).

AN
10.19.§ HEIGHT
The arithmetic model height shall be defined as shown in Semantics 160& x

N

KEYWORD HEIGHT = arithmetic_mo
SEMANTICS HEIGHT {

CONTEXT { CELL SITE REGI LA
SI_MODEL = DISTANCE ;

}

The pur

directio

the bot-

ee 8.31)

tangular

0)

shall represes | ocated

10.19.7 WIDTH

The arithmetic model width shall be defined as shown in Semantics 161.

The purpose of the arithmetic model width is to specify a distance within an x-y plane.

WIDTH as an arithmetic model in the context of a cell (see 8.4), site (see 8.25), or region (see 8.31)

Width shall represent a distance in x direction measured between the left and the right border of arectangu-

lar cell,

site, or region.
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KEYWORD WIDTH = arithmetic model ;
SEMANTICS WIDTH ({
CONTEXT {
CELL SITE REGION LAYER LAYER.LIMIT
PATTERN RULE.LIMIT RULE..HEADER

}
SI MODEL = DISTANCE ;
}
Semantics 161—Arithmetic model WIDTH
— HOTHasaheaderar eti ode(see Symtax 881041 ECOonmextor gaqw -‘\-‘3'

Width spall represent the distance in x direction measured between the left a
cated regtangular space for adesign or a subdesign wherein the wire is routed.
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The arithmetiC yralue of \capacitance (see 10.15.3), resistance (see 10.15.4), or inductance (see 10.15.5) can
be calc IaIed A desigh limit for current (see 10.15.2), distance (see 10.19.9), overhang (see 10.19.10),
\N|dth( . ; ICTY o . e:' -r*‘u SCC - " catTpectatcurarct: c U nWldth
shall represent the distance between the borders of a pattern with shape annotation value line or end (see
8.30.2). A pattern reference annotation (see 10.20.9) or a model reference annotation (see 10.9.5) shall be
used. The model reference annotation shall refer to an arithmetic model extension as a child of a pattern or
to an arithmetic submodel as a child of extension and a grandchild of pattern.

10.19.8 LENGTH
The arithmetic model length shall be defined as shown in Semantics 162.

— LENGTH as an arithmetic model or a limit arithmetic model (see 10.8.2) in the context of a layer
(see 8.16)
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KEYWORD LENGTH = arithmetic _model ;
SEMANTICS LENGTH ({
CONTEXT {
LAYER LAYER.LIMIT PATTERN RULE.LIMIT RULE..HEADER

}

SI MODEL = DISTANCE ;

}

Semantics 162—Arithmetic model LENGTH

Length shall reprwent adistanceor ades gn limit for adlstance between the end points of a routing segment

residingo rallel to
the routing direction.

— LENGTH as an arithmetic model in the context of a pattern (see 8.29)
Length soci ated
shape apnotation value line or jog (see 8.30.2).

— I
Length gsociated
shape apnotation value line or jog. A patterr referense

— .20)
The arit .15.5) can
be calc .19.10),
width ( sent the
distanc between e i ! 3 pattern
referenge annotatiQ .20. ‘ cfere .9.5), ion (see
10.20.4) shall be used/ The ference i i i ion gsachild
of a pa between
annotati
10.19.9

4
The aritN i e shall be defined as shown in Semantics 163.
KEYWORD DISTANCE = arithmetic model

SEMANTICS DISTANCE {
CONTEXT { RULE RULE.LIMIT RULE..HEADER }
VALUETYPE = number ;
SI MODEL = DISTANCE ;

}

DISTANCE { UNIT = 10e-6; MIN = 0; }

Semantics 163—Arithmetic model DISTANCE

The purpose of the arithmetic model distance is to define a space in-between two objects, according to the
International System of Units[B9].
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— DISTANCE as an arithmetic model or as alimit arithmetic model (see 10.8.2) in the context of arule
(see 8.20)

Distance shall represent a measured distance or adesign limit for a distance between two patternsin the con-
text of the rule. A between annotation (see 10.20.4) shall be used.

The arithmetic submodels horizontal, vertical, acute, and obtuse (see 10.22) can be used.
— DISTANCE as a header arithmetic model (see Syntax 89, 10.4) in the context of arule (see 8.20)

The arithmetic value of capacitance (see 10.15.3), resistance (see 10.15.4), or inductance (see 10.15.5) can
be calculated. A design limit for current (see 1015.2) length (see 10.19.8) nvprhann@() 19.10), width
(see 10/19.7), or extension (see 10.19.4) can be calculated. The dimension di rasent the
measurgd distance between two patterns. A between reference annotation (see Eference

annotéti i yodel

distance

10.19.1

The arit

The pur S.
Overhar s & neticxnodeh, or as a limit arithmetic model (see 10.8.2), or as & header
arithmefi [ it trictions

Overhan
between
<

overlap

NOTE—

Thisisi|lustrated in Figure 43.

distance
P

L - — —

Figure 43—lllustration of DISTANCE versus OVERHANG

10.19.11 DENSITY

The arithmetic model density shall be defined as shown in Semantics 165.
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KEYWORD DENSITY = arithmetic model
SEMANTICS DENSITY {
CONTEXT { LAYER.LIMIT RULE RULE.LIMIT }
VALUETYPE = number ;

}

DENSITY { MIN = 0; MAX = 1; }

7

Semantics 165—Arithmetic model DENSITY

The purpose of the arithmetic model density isto specify adesign limit or acalculation model for metal den-

ments a
— DENSITY asalimit arithmetic model (see 10.8.2) in the context of ala
A constgnt design limit for metal density can be specified.

— DENSITY as an arithmetic model or as alimit arithmetj
see 8.20)

Df arule

A design limit or a calculation model for metal density Can\be gpecifigd, A region reference annotafion (see
8.32.1) ¢ i @ ctal’density to aregion (3ee 8.31)
declareq i i ee 10.9.5) can be used td relate a
design |
10.20 i ithmeti layout implementation

10.20.1

A Connect-ruleio shall
YWORBN\CONNEST” RULE = single value annotation {
TN< ithmetic model ;

EMANTRCS” CONNECT_RULE {
4 CONTEXT = CONNECTIVITY ;
AKUES { must short can short cannot_ short }

Wr'in Semantics 166.

Semantics 1GG_FOI\II\IF(‘T_F?I Il E annaotation

The purpose of the connect-rule annotation is to specify that the arithmetic model connectivity (see 10.18.1)
isto be interpreted as a requirement for connection rather than an actual connection.

The meaning of the annotation valuesis shown in Table 106.
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