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Foreword

 

[This foreword is not a part of IEEE Std 1029.1-1991, IEEE Standard for Waveform and Vector Exchange SpeciÞcation (WAVES).]

 

The WAVES language was developed to permit simulation histories and test vector descriptions to move freely back
and forth among simulation and test environments in a common, nonproprietary format. The primary purpose of
WAVES is to deÞne a common data format that can be used for this exchange of stimulus/response and test
information among simulators and test equipment.

The WAVES effort arose out of the merger of two separate efforts: The work of the IEEE Standards Coordinating
Committee (SCC20) ATPG Subcommittee to standardize the description of Waveforms and Test Vectors, and that of
the IEEE Computer Society Design Automation Standards Subcommittee (DASS) to standardize VHSIC Hardware
Description Language (VHDL) usage for test applications. A merger of these objectives and a search for a common
solution was acknowledged to be the most desirable solution.

The conßict between capability and interfacing cost eventually led to the splitting of the standard into two levels.
WAVES Level 1 is the minimal level that provides a simple implementation of core capabilities. For example, in
WAVES Level 1 the external Þles must be in a WAVES-deÞned format. Level 2 provides the ßexibility to organize the
information in various ways, including providing interfaces to user-deÞned Þle formats, Level 2 being the most
expressive and ßexible. Level 1 is a strict subset of Level 2 and provides simpliÞcation while retaining core
capabilities.

The following typographic conventions are used in this standard:

 

¾

 

Boldface is used to indicate reserved words. Lowercase reserved words are VHDL reserved words. Mixed-
case reserved words are additional reserved words deÞned in this standard (WAVES reserved words).

 

¾

 

Italics are used in the text to introduce new terms and to set off multiple-word terms (e.g., waves header Þle)
from the surrounding text. Italics are used in Chapter 5. for the name of trace events, and are also used for
syntactic categories in the body of the text.

 

¾

 

Much of WAVES is deÞned in terms of a grammar, which is explained in Appendixes C and D.

The WAVES working group effort has been supported by international group volunteers with expertise in digital
simulation and test, and from a variety of different environments including CAD tool development, automated test
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IEEE Standard for Waveform and Vector 
Exchange (WAVES)

 

1. Dataset Structure

 

The Waveform and Vector Exchange SpeciÞcation (WAVES) is an application of the VHSIC Hardware Description
Language (VHDL), described in IEEE Std 1076-1987 [1]

 

1

 

.This document uses the term ÒVHDLÓ to refer to the
VHSIC Hardware Description Language and the term ÒVHDL LRMÓ to refer to IEEE Std 1076-1987 [1]. In no case
shall the WAVES speciÞcation be in conßict with IEEE Std 1076-1987 [1].

The WAVES speciÞcation deÞnes two ÒlevelsÓ of datasets. These levels are called WAVES Level 1 and WAVES
Level 2. All language structures in WAVES Level 1 are included in WAVES Level 2, all of which in turn are found in
VHDL. In this sense, WAVES Level 1 is a proper subset of WAVES Level 2, which is in turn a proper subset of VHDL.

A WAVES dataset is the logical collection of data required to specify one or more waveforms completely. A WAVES
dataset consists of a 

 

header Þle

 

, one or more 

 

waves Þles

 

, and zero or more 

 

external Þles

 

 of ancillary data. The header
Þle speciÞes how the dataset is assembled from the waves Þles and the external Þles. The waves Þles conform to the
syntax and semantics of WAVES Level 2 or WAVES Level 1. The external Þles are in a format that may be used by the
waves Þles to produce a WAVES waveform.

A WAVES waveform is produced by a 

 

waveform generator procedure

 

. The waveform generator procedure is deÞned
by the waves Þles. The waveform generator procedure may use external Þles as a source of data.

 

NOTE  Ñ  Because all language structures included in WAVES Level 1 are included in WAVES Level 2, a Level 1 dataset is always
a legal Level 2 dataset. Therefore, the WAVES levels do not represent two distinct speciÞcations but rather a single
speciÞcation.

 

1.1 References

 

[1] IEEE Std 1076-1987, IEEE Standard VHDL Language Reference Manual (ANSI).

 

2

 

 

[2] Hoare, C. A., 

 

Communicating Sequential Processes

 

. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1985.

 

1

 

The numbers in brackets correspond to those of the references in 1.1.

 

2

 

IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes line, Piscataway, NJ 08855.
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2. Header File

 

The WAVES dataset header Þle speciÞes information that is not available within the waves Þles or the external Þles,
yet that is necessary or useful to describe the WAVES dataset completely.

The header Þle speciÞes the Þle names of the waves Þles and references standard waves units in a legal order for
WAVES analysis. The order of analysis for waves Þles and standard waves units is the same as that of the equivalent
VHDL design units. In the case of multiple waves units within a single waves Þle, the waves units shall be in the proper
order for analysis. Referenced waves units are standard packages whose bodies may be different between different
organizations and installations, and that may not be shipped with the dataset. Inclusion of their names in the header Þle
speciÞes that they are to be included in the analysis order as though the waves units themselves appeared there.

The WAVES dataset header Þle allows the speciÞcation of a mapping of logical Þle names to physical Þle names for
external Þles.

In addition to the above information, the header Þle speciÞes how the dataset is to be identiÞed, the names of the
waveform generator procedures, and any additional comments as necessary.

 

2.1 Header File Format

 

The format of the header Þle is a sequence of data records. Each data record starts with a keyword and is terminated
by an end-of-record.

A data record has one or more parameters depending upon the keyword.

Blank lines are permitted, as are lines containing only VHDL-style comments. A comment line begins with a double
hyphen. Leading white space is ignored in data records and comments. The syntax of the productions below (called the
metasyntax) is speciÞed at the beginning of Appendix C.

 

header_file 

 

®

 

     TITLE <string> <cr>
     DEVICE_ID <string> <cr>
     <status_id> { <status_id> }
     <waves_unit_id> { <waves_unit_id> }
     { <external_file_id> }
     <waveform_id> { <waveform_id> } 

 

à

 

status_id 

 

®

 

     DATE <string> <cr>
     ORIGIN <string> <cr>
     AUTHOR <string> <cr>
     { AUTHOR <string> <cr> }
     { OTHER <string> <cr> } 

 

à

 

waves_unit_id 

 

®

 

     { <context_item> <cr> } <waves_unit_reference>
     | <waves_file_id> 

 

à

 

waves_unit_reference 

 

®

 

     WAVES_UNIT <package_name> <library> <cr>
     | WAVES_UNIT_SPEC <package_name> <library> <cr>
     | WAVES_UNIt_BODY <package_name> <library> <cr> 

 

à
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waves_file_id 

 

®

 

     WAVES_FILENAME <file_name> <library> <cr> 

 

à

 

external_file_id 

 

®

 

     EXTERNAL_FILENAME <file_name> <file_logical_name> <cr> 

 

à

 

waveform_id 

 

®

 

     WAVEFORM_GENERATOR_PROCEDURE <procedure_name> <cr> 

 

à

 

In the above syntax, all-uppercase text represents header Þle keywords. Header Þle keywords are case insensitive. The

 

cr

 

 represents the end of record. Parameters labeled 

 

string

 

 begin with the Þrst nonspace character after the keyword and
include all characters up to the end of record. Other parameters are delimited by space characters or equivalents (such
as tabs).

The nonterminal 

 

context_item

 

 is included in the WAVES syntax, along with many other VHDL language structures, by
the deÞnition in 3.1. A 

 

context_item

 

 shall Þt entirely on a single record when used in a header Þle.

 

NOTE  Ñ  Section 3.1 deÞnes the syntax of the WAVES standard by including all VHDL language structures except for an explicit
list of exceptions; thus, a deÞnition of 

 

context_item

 

 does not explicitly appear. A syntax summary for WAVES that
includes the deÞnition of 

 

context item

 

 appears in Appendixes C and D.

The deÞnition of 

 

context_item

 

 implies that 

 

library

 

 and 

 

use

 

 are also header Þle keywords.

 

2.2 Dataset Identification

 

The 

 

dataset_id

 

 provides useful information about the name of the dataset, the author, the release date, the origin, and
a device identiÞer. The 

 

dataset _id

 

 is required in the WAVES dataset header Þle. Every Þeld in the 

 

dataset_id

 

 takes a

 

string

 

 as a parameter. The 

 

string

 

 begins with the Þrst nonwhite character following the keyword and continues to the
end of the record. There is no predeÞned format for any of the parameters.

The interpretation of the 

 

dataset_id

 

 Þelds is as follows:

Title A descriptive name for the dataset
Device_Id The Unit Under Test (UUT) to which the dataset is to be applied
Date A timestamp
Origin The originating Computer Aided Design (CAD) or Automatic Test Equipment (ATE)

environment of the dataset
Author The person(s) or organization(s) producing the dataset
Other Comments relating to the dataset

 

NOTE  Ñ  The deÞnition of 

 

string

 

 means that spaces may be used freely in the 

 

dataset_id

 

 Þelds.

 

2.3 Waves File Identification

 

The 

 

waves_unit_id

 

 statements provide the names of the WAVES source Þles and standard packages in the correct order
for analysis. The format provides a mechanism for specifying the library into which each Þle is analyzed. The

 

library_logical_name

 

 is also the name that appears in the 

 

use_clauses

 

 of other waves units when referring to the waves
unit.

A waves Þle may be provided as part of the physical dataset. The name of the Þle shall be provided by a 

 

waves_unit_id

 

statement. The 

 

Þle_name

 

 is the name of the waves Þle in the local operating system syntax. The 

 

Þle_name

 

 is any legal
Þle speciÞcation, except that space characters are not permitted in the Þle speciÞcation. The 

 

library

 

 parameter
indicates the WAVES library into which the waves Þle is to be analyzed. Every waves unit in the waves Þle will be
analyzed into the speciÞed library.
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A waves Þle may also consist of a reference to an already existing waves Þle in the design library of the organization
receiving the dataset. In particular, the standard WAVES packages 

 

Waves_Interface

 

 and 

 

Waves Objects

 

 are included
in a WAVES dataset through 

 

waves_unit_reference

 

 statements. A 

 

waves_unit_reference

 

 statement is required that
names the waves units being referenced. The 

 

package_name

 

 parameter is the name of the pre-existing waves unit that
is to be analyzed as part of the waves dataset. The 

 

library

 

 parameter indicates the WAVES library into which the waves
unit is to be analyzed.

Pre-existing waves units must be present in the design library of the organization receiving the dataset. The keyword
with which the reference is identiÞed also identiÞes which parts of the package shall be analyzed when the rest of the
dataset is analyzed, as follows:

Waves Unit Causes both the package declaration and the package body to be analyzed
Waves Unit Spec Causes only the package declaration to be analyzed
Waves Unit Body Causes only the package body to be analyzed

A 

 

waves_unit_reference

 

 may be preceded by one or more 

 

context_item

 

. A 

 

context_item

 

 provides required context
information to pre-existing waves units. The parameter to a 

 

context_item

 

 is textually inserted at the beginning of the
pre-existing waves unit prior to analysis of that unit.

A 

 

context_item

 

 is not required for the standard WAVES packages, provided that one and only one declaration of the
required type has been analyzed prior to the 

 

waves_unit_reference

 

 naming the standard WAVES package.

The standard VHDL packages 

 

Standard

 

 and 

 

TextIO

 

 may not be referenced in a 

 

waves_unit_id

 

 statement. The WAVES
package 

 

Waves_Standard

 

 may not be referenced in a 

 

waves_unit_id

 

 statement. The libraries 

 

Std

 

 and 

 

Waves_Std

 

 may
not be speciÞed in a 

 

waves_unit_id

 

 statement.

 

NOTE  Ñ  Because 

 

Þle_name

 

 parameters are delimited by space characters, the Þle name may not contain any spaces. On some
operating systems, the Þle name is case sensitive.

The 

 

library

 

 and 

 

package_name

 

 parameters are syntactically an 

 

identiÞer

 

, as deÞned in 3.1.

The context clauses required to analyze the standard WAVES packages are deÞned in 3.4.

 

2.4 External File Identification

 

The 

 

external_Þle_id

 

 provides a mechanism for specifying a logical name for an external Þle accessed from a WAVES
dataset. The 

 

Þle_logical_name

 

 is the name used in the Þle declaration statement of the waves Þle that deÞnes the
external Þle. This name shall exactly match the value of the string expression used in the Þle declaration. The

 

Þle_name

 

 is the physical Þle name of the external data Þle in the syntax of the local operating system. Zero or more

 

external_Þle_id

 

 statements may be in a WAVES dataset header Þle.

 

NOTE  Ñ  Any double quotes used in the waves Þle to delimit a string literal are not part of the 

 

Þle_logical_name

 

.

Because 

 

Þle_name

 

 parameters are delimited by space characters, the Þle name may not contain any spaces. On some
operating systems, the Þle name is case sensitive.

The Þle allows the writer of a dataset to specify a logical name rather than a physical Þle name in the waves Þle

 

Þle_declaration

 

 statement.
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2.5 Waveform Identification

 

The 

 

waveform_id

 

 identiÞes a waveform generator procedure. The identiÞcation includes the library and package in
which the procedure is declared. The 

 

procedure_name

 

 is composed of the library name, the package name, and the
procedure name separated by dots (Ò.Ó) No white space is permitted in the 

 

procedure_name

 

. One or more 

 

waveform_id

 

statements may be in a WAVES dataset header Þle.

 

3. WAVES Files

 

A waves Þle is a legal VHDL design Þle.

 

3.1 Syntax

 

The permitted syntax of a waves Þle is a subset of the VHDL syntax.

 

3.1.1 WAVES Level 2

 

WAVES Level 2 syntax includes all of the VHDL syntax with the following deletions:

 

<alias_declaration>                <architecture_body>
<attribute_declaration>            <component_declaration>
<configuration_declaration>        <disconnection_specification>
<entity_declaration>               <file_type_definition>
<operator_symbol>                  <physical_type_definition>
<signal_assignment_statement>      <signal_declaration>
<wait_statement>

 

Furthermore, the following syntactic elements are modiÞed by deleting part of their deÞnition:

 

<actual_designator>                loses    

 

open

 

<association_element>              loses    <formal_part> =>
<element_association>              loses    <choices> =>
<entity_class>                     loses    entity
<entity_class>                     loses    architecture
<entity_class>                     loses    configuration
<entity_class>                     loses    signal
<entity_class>                     loses    component
<formal_designator>                loses    <generic_name>
<formal_designator>                loses    <port_name>
<interface_signal_declaration>     loses    bus
<interface_signal_declaration>     loses    := <static_expression>
<interface_constant_declaration>   loses    := <static_expression>
<interface_variable_declaration>   loses    := <static_expression>
<mode>                             loses    buffer
<mode>                             loses    linkage
<package_body_declarative_item>    loses    <file_declaration>
<package_body_declarative_item>    loses    <use_clause>
<package_declarative_item>         loses    <file_declaration>
<package_declarative_item>         loses    <use_clause>
<subprogram_declarative_item>,     loses    <use_clause>
<subtype_indication>               loses    <resolution_junction_name>
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NOTE  Ñ  It is a consequence of the requirement that a waves Þle is a legal VHDL design Þle that VHDL reserved words are
WAVES reserved words, whether or not they are used by the WAVES syntax.

The above restrictions mean that WAVES Level 2 contains only syntax from the sequential portion of VHDL. No
language constructs concerning parallel execution and simulation time are permitted, including signal assignment
statements and wait statements. The effect is to reduce the WAVES syntax to that of a simple algorithmic programming
language, such as Pascal.

The resulting syntax is summarized in Appendix C. The notation used for describing syntax is also described in
Appendix C.

3.1.2 WAVES Level 1

WAVES Level 1 syntax includes all of the WAVES Level 2 syntax, with the following deletions:

<access_type_definition>         <allocator>
<composite_type_definition>      <floating_type_definition>
<incomplete_type_declaration>    <type_conversion>
<variable_assignment_statement>  <attribute_Specification>
<subtype_declaration>

Furthermore, the following syntactic elements are modiÞed by deleting part of their deÞnition:

<enumeration_literal>            loses     <character_literal>
<scalar_type_definition>         loses     <integer_type_definition>

NOTE  Ñ  These restrictions prohibit variable assignment statements and most type declarations. A WAVES Level 1 tool becomes
an expression evaluator, in contrast to a Level 2 tool, which is closer to an interpreter or compiler.

The resulting syntax is summarized in Appendix D. The notation used for describing syntax is also described in
Appendix D.

3.2 Semantics

A WAVES Þle obeys the semantic rules established by IEEE Std 1076-1987 [1].

3.2.1 Private Types

Certain types are used by the various WAVES standard packages as system-dependent information. When used by the
WAVES standard packages, a subtype is declared that is equivalent to the system dependent type. These system
dependent types, and the subtypes that are used within the WAVES standard packages, are called private types.
Intuitively, objects whose base type is a private type may only be used as a unit and not decomposed into parts. More
formally:

1) The name of a private type object is forbidden in the following places:
a) As the preÞx to a selected name
b) As the preÞx to an indexed name
c) As the preÞx to a slice name
d) As the preÞx to an attribute name

2) Expressions of private types are restricted to functions declared in the WAVES standard packages.

The names of types that are designated as private will be identiÞed when the types themselves are discussed.
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NOTE  Ñ  The WAVES standard packages as published in this document presume that system dependent types are declared in the
package Waves_System residing in the library Waves_Std. However, the standard does not require this package to exist,
nor does the standard require that the declarations of private types be of any particular form. The standard merely
requires that a particular implementation of a private type correctly capture the semantic requirements imposed by this
document.

Aside from the language structures imported from VHDL, this standard consists of a number of package declarations.
These packages, called WAVES standard packages, have an interlocking relationship with packages (with standard
names) provided by the organization that integrates WAVES datasets into its activities. This interlocking relationship
requires that no knowledge concerning the internal structure of private types crosses this boundary (deÞned either by the
WAVES standard package or by the organization packages). VHDL provides no mechanism for enforcing hiding
information between packages. The private type mechanism provides this information-hiding mechanism; the
declaration of the internal subtype prevents the access of the internal structure of these types in VHDL.

3.2.2 WAVES Level 2

WAVES Level 2 restricts or prohibits certain VHDL constructs. The restrictions are as follows:

1) An identiÞer may be declared only once within any scope. The visibility rules must determine at most one
possible meaning for the name of any user-deÞned subprogram.

2) IdentiÞers declared in standard VHDL packages or in the WAVES packages are reserved words. Reserved
words may not be redeÞned in a WAVES design Þle.

3) If a WAVES standard package is named in a context clause, then the entire package shall be made directly
visible with the Ò.allÓ notation.

4) Files shall be of mode in.
5) An interface signal declaration may only use the type names Waves_Port_List or Waves_Match_List.
6) The type Waves_Port_List is private and is only permitted in an interface signal declaration with a mode of

inout.
7) The type Waves_Match_List is private and is only permitted in an interface signal declaration with a mode

of in.
8) Objects of type Waves_Port_List or Waves_Match_List may not appear in an expression and may not be

referenced except as an actual designator in a subprogram call.
9) The types Event_Value, Frame, Frame_List, Frame_Set, Logic_Map, and Frame_Set_Array are private

and are only permitted at the following places:
a) In a constant declaration
b) In an interface constant declaration
c) As the return type name of a function

10) The types Event_Time_Basis and Delay_Time_Basis are private.
11) The library name Waves_Std may not appear except in a library clause or as the preÞx to the package name

Waves_Standard.

NOTE  Ñ  The Þrst restriction prohibits overloading of subprograms. The restriction on overloading is speciÞed so that a
semantically correct WAVES Þle does not change meaning when considered as VHDL.

The restrictions on private types mean that the implementation of these types may vary from system to system without
affecting the meaning of a WAVES dataset.

The restrictions on objects of type Waves_Port_List and Waves_Match_List mean that the only operation permitted on
such objects is to pass an incoming interface object as an actual parameter to a subprogram call.

The restrictions on Delay_Time_Basis and Event_Time_Basis do not preclude the use of these typemarks in type
declarations, nor do they preclude the use of objects of these types in aggregate literals.

Other semantic restrictions follow from the syntax restrictions:

(1) Because Þle type deÞnitions are not permitted, the only valid type for a Þle object is Text, as deÞned in the standard
VHDL Std.TextIO package.

(2) Because the syntax of association_element and element_association is restricted, named association is not permitted.
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3.2.3 WAVES Level 1

WAVES Level 1 further restricts VHDL semantics as follows:

1) Subprogram parameters shall be of mode in except for the following cases:
a) Parameters of type Waves_Port_List shall be of mode inout.
b) Parameters of type File_Slice shall be of mode inout.

2) All objects other than formal parameters shall be initialized at the time of declaration.

3.3 Standard Packages

There are two standard VHDL packages, Std.Standard and Std.TextIO. Every WAVES package is placed in the context
of Std.Standard.all, as indicated in IEEE Std 1076-1987  [1].

3.3.1 WAVES Level 2

WAVES Level 2 waves Þles may not reference the function Std.Standard.Now.

WAVES Level 2 waves Þles may only reference the following objects from the Std.TextIO package:

¾ The type Line
¾ The type Text
¾ The procedure ReadLine
¾ The overloaded procedures Read
¾ The function EndFile

3.3.2 WAVES Level 1

WAVES Level 1 waves Þles may only reference the following object from the Std.TextIO package:

¾ The type Text

NOTE  Ñ  Within a WAVES Level 1 waves Þle, an object of type Text may only be passed as an argument to a subprogram and may
not be referenced in any other manner. The procedure Read_File_Slice is provided to users of the WAVES Level 1
standard; this procedure reads a Þle in the WAVES Level 1 external format and returns the equivalent Þle slice.

3.4 Structure

WAVES waves Þles deÞne a waveform generator procedure. The totality of waves Þles shall provide certain required
declarations and shall conform to package visibility restrictions. The required declarations may be provided in a waves
Þle that is physically part of the dataset or in a referenced waves unit. All declarations shall appear within a package
declaration.

NOTE  Ñ  These requirements apply to WAVES Level 2 and WAVES Level 1 equally except for the requirements in 3.4.7.

3.4.1 Waves_Standard

The WAVES standard package Waves_Standard resides in the library Waves_Std.
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3.4.2 Logic_Value

The enumerated type Logic_Value shall be declared. Within the same package declaration the function
Value_Dictionary shall be declared. This function shall accept a single input parameter of the type Logic_Value and
return an Event_Value object.

Visibility to the standard package Waves_Interface is not permitted at the point of the Logic_Value declaration.

NOTE  Ñ  It is a consequence of the requirement that the Value_Dictionary function return an object of type Event_Value that the
contents of the standard package Waves_Standard shall be directly visible at the point of the Value_Dictionary
declaration.

3.4.3 Waves_Interface

The WAVES standard package Waves_Interface is included in a WAVES dataset through a waves_unit_reference
statement in the header Þle. At the point of analysis of the Waves_Interface package, the required declaration
Logic_Value shall be directly visible.

NOTE  Ñ  The WAVES semantic and visibility restrictions imply that the type Logic_Value cannot be declared within a package
in which declarations depending on the package Waves_Interface also appear.

3.4.4 Pin_Codes

The string constant Pin_Codes shall be declared within a package declaration. This constant may include any
character from the enumerated type Character in package Std. Standard; however, no character may appear more than
once. The string shall contain at least two characters. Lowercase letters are distinct from uppercase letters.

NOTE  Ñ  Functions returning Frames, Frame_Lists, and Frame_Sets may be declared in the same package declaration as
Pin_Codes. At the point of the function declaration, the contents of the standard package Waves_Interface must be
directly visible.

At the point of any subprogram body that returns values of the type Frames, Frame_Lists, or Frame_Sets, the type
Logic_Value must be directly visible.

3.4.5 Test_Pins

The enumerated type Test_Pins shall be declared in a package declaration. There shall be one enumeration value for
each pin speciÞed by the dataset.

The constant Pin_Direction declaration is optional but, if present, shall have a type of Direction_List and have one
entry for each enumeration value in the type Test_Pins. This constant provides a summary of the direction information
for each pin in the dataset. For every pin in the dataset, the information in the constant shall be consistent with all event
value directions speciÞed for that pin in the dataset, as follows:

¾ UnspeciÞed is consistent with any direction
¾ Unknown is consistent with Stimulus or Response
¾ Stimulus is consistent with Stimulus only
¾ Response is consistent with Response only
¾ Compound is consistent with Stimulus, Response, and simultaneous Stimulus and Response.

The Pin_Direction declaration, if present, shall be in the same package declaration as the Test_Pins declaration.
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3.4.6 Waves_Objects

The WAVES standard package Waves_Objects is included in a WAVES dataset though a waves_unit_reference
statement in the header Þle. At the point of analysis of the Waves_Objects package the required declarations
Logic_Value, Test_Pins, and Pin_Codes shall be directly visible. The contents of the package Waves_Interface shall
be directly visible.

3.4.7 Waveform Generator Procedure

A waveform generator procedure shall be declared within a package declaration and is identiÞed with a waveform_id
statement in the waves header Þle. Each such procedure represents a distinct waveform.

The Þrst parameter of a waveform generator procedure is required and shall be of type Waves_Port_List.

The waveform generator procedure may represent a non-match mode waveform or a match mode waveform. A match
mode waveform requires a parameter of type Waves_Match_List, which shall immediately follow the
Waves_Port_List parameter.

The waveform generator procedure may represent a nonparametric waveform or a parametric waveform. A
parametric waveform is one that takes additional parameters beyond the required Waves_Port_List and the optional
Waves_Match_List. These parameters shall have a class of constant.

A WAVES Level 1 dataset may not deÞne a parametric waveform generator procedure.

NOTE  Ñ  It is a consequence of the declarations in the standard packages that at the place of the waveform generator procedure
declaration the contents of the standard package Waves_Objects must be directly visible. At the place of the
corresponding procedure body the contents of the standard packages Waves_Interface and Waves_Objects must be
directly visible.

The WAVES semantic restrictions require that the Waves_Port_List parameter have a class of signal and a mode of
inout. If there is a Waves_Match_List parameter, then the WAVES semantic restrictions require that the class of the
parameter be signal and that the mode of the parameter be in.

4. External Files

A WAVES dataset may contain external Þles that are not in the syntax of waves Þles. The dataset shall also supply a
procedure that reads the external Þle and converts the data in the external Þle to standard WAVES objects. The meaning
of an external Þle is therefore dependent on the supplied reader.

4.1 WAVES Level 1

A single external Þle format is available for WAVES Level 1 datasets.
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4.1.1 Syntax

White space is permitted between any of the tokens in the following syntax. The syntax element cr denotes an end of
line. IEEE Std 1076-1987  [1] does not deÞne the meaning of the end of line. This standard follows this, and the term
cr will similarly remain undeÞned.

level_1_external_file ®
     { <file_slice> <cr> } à

file_slice ®
   { <file_slice_command> } ; à

file_slice_command ®
   <quoted_string> | <skip_command> | <timing_command> à

skip_command ®
   = <integer> à

timing_command ®
   : <integer> | : <time> à

quoted_string ®
   " <character> [ <non_blank_string> 
   | <non_special_character> <non_blank_string> à

The syntax deÞnitions for integer and time are given by the VHDL syntax. A non_special_character is any printing
character that is not otherwise recognized as part of the syntax. A non_blank_string is a sequence of printing
characters.

A Þle_slice may span multiple records but every Þle_slice shall begin on a new record. Blank records in the Þle are
permitted.

A comment begins with a comment operator and runs to the end of the record. The comment operator is a single
percent character (Ò%Ó).

The value of a skip_command is the value of the integer that follows the equals sign. The value of a timing_command
is the value of the integer or time that follows the colon. The value of a quoted_string that begins with a double quote
(Ò²Ó) is the string formed from the character immediately following the quote and the following nonblank string. The
value of a quoted_string that does not begin with a double quote is the nonblank string itself.

NOTE  Ñ  The special characters are Ò=Ó, Ò:Ó, Ò;Ó, Ò%Ó, and Ò ² Ó.

The deÞnition of a quoted string is such that embedded special characters are treated as part of the string. Therefore, a
space or end of record is required to delimit the right-hand side of the quoted string.

Spaces may be needed to delimit, for instance, the integer in a skip_command from a leading digit in a quoted_string.
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4.1.2 Standard Meaning

Within a WAVES waves unit a Þle slice from an external Þle is stored in the following structure:

type File_Slice is record
  CODES               :STD.TEXTIO.LINE;
  FS_TIME             :TIME;
  FS_INTEGER          :INTEGER;
  END_OF_FILE         :BOOLEAN;
end record;

The procedure Read_File_Slice, declared in the package Waves_Objects, reads a Þle slice from an external Þle in the
Level 1 syntax and stores it in a File_Slice object according to the following rules. These rules are given as actions to
be taken at the reduction of each nonterminal.

Prior to the beginning of the read, the current_position is set to the beginning of the codes Þeld.

level_1_external_file ®
     { <file_slice> <cr> } à

Action: If a Þle slice is present, return from the procedure with the given assembled Þle slice. If no Þle slice is present,
return an end of Þle record to the caller.

file_slice ®
     { <file_slice_command> } ; à

Reduction rule only.

file_slice_command ®
     <quoted_string> | <skip_command> | <timing_command> à

Reduction rule only.

skip_command ®
     = <integer> à

Action: Skip to the position in the codes string indicated by the integer by updating the current_position.

timing_command ®
     : <integer> à

Action: Set the fs_integer Þeld to the value of the integer.

timing_command ®
  : <time> à

Action: Set the fs_time Þeld to the value of the given time.

quoted_string ®
  " <character> [ <non_blank_string> ]
  | <non_special_character> <non_blank_string> à
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Action: Starting from the current_position, place each character in the quoted_string into successive positions in the
codes Þeld, updating current_position as necessary. If the procedure is called with the pin list active_pins, use
active_pins to index into the codes Þeld; otherwise, index from left to right.

NOTE  Ñ  It is an error if a character is stored when the current position exceeds the length of the codes Þeld. When called with an
active_pins parameter, it is an error if a character is stored when current position exceeds the length of the active_pins
parameter.

Blank lines and comments do not affect the end-of-Þle condition. That is, an external Þle may end in a series of
comments.

An external Þle in the Level 1 format may be read, in WAVES Level 2, by a procedure other than Read_File_Slice. In
that case, the meaning of the characters in the external Þle is determined solely by the procedure reading the external Þle.

5. Execution Model

A WAVES dataset may be regarded as being written in a sequential programming language. The semantics of the
structures of this programming language are identical to the semantics of the equivalent structures in VHDL. A
WAVES dataset is thus wholly simulatable within the VHDL environment. Simulation of a WAVES dataset in a VHDL
environment requires package bodies corresponding to the speciÞcations of the WAVES standard packages. These
package bodies may be altered as necessary by different installations. The results of executing the subprograms in the
package bodies shall match the execution model given below.

The waveform produced by the dataset is a result of interaction between the dataset and its environment, regardless of
whether that environment is VHDL, some other simulation environment, or a test environment. This interaction may
be captured formally as a trace. A full description of trace theory may be found in the text Communicating Sequential
Processes by C. A. Hoare [2]. For the purposes of this discussion, the following summary is given.

5.1 Traces

A trace is a sequence of events. Events may occur in one process only or may be shared by two processes. In a WAVES
dataset, exactly two processes are postulated: the dataset itself and the environment of the dataset. Events that occur in
one process only may be executed at the discretion of that process. Events shared between two processes must be
executed by both processes in cooperation.

The action of a WAVES dataset may be described formally using a vocabulary of seven events:

Set_Value (Value, Pin, Time) This event marks the initiation (in time) of an association between the Event_Value
Value describing signal conditions and the signal identiÞed by Pin.

Advance_Time (Time) This event advances the current time to the speciÞed time.

Start_Match (Pin, Time) This event marks the initiation of a matching time window.

Stop_Match (Pin, Time) This event marks the termination of a matching time window.

Match (Pin, Bool, Time) This event extracts from the environment its success or failure in conforming to the dataset-
speciÞed signal conditions.

Handshake (Pin, Value, Time) This event extracts from the environment the time of a transition on Pin from not-Value
conditions to Value conditions.

Tag (String, Pin) This event occurs within the dataset and marks the trace for the given pin with the given string.
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The dataset adds events to the trace through the use of operations that appear as subprograms deÞned by the WAVES
standard packages. These subprograms are Apply, Match, and Tag. The Apply procedures create Set_Value,
Handshake, and Advance_Time events. The Match procedures create Start_Match and Stop_Match events. The
Match functions create Match events. The Tag procedures create Tag events. Each subprogram has several versions to
allow variation in the form of parameter passage. The deÞnitions of all versions are given below.

NOTE  Ñ  The sub programs declared in the WAVES standard packages take advantage of overloading permitted in VHDL. The
user-deÞned subprograms in WAVES Þles may not.

This standard does not specify the realization of the subprograms Apply, Match, and Tag. These procedures, along with
the precise declarations of the types Waves_Port_List and Waves_Match_List, may vary from implementation to
implementation. The WAVES standard speciÞes conditions on the actions of any realization of these subprograms in
terms of the effect of these operations on the waveform trace, which is sufÞciently abstract to apply to both simulation
and test environment realizations.

5.2 Events

The detailed speciÞcation of each of the event classes is provided in the following subsections.

5.2.1 Set_Value (Value, Pin, Time)

The value aspect of this event is a predicate or descriptor of signal conditions known as an Event_Value. It associates
the conditions of the Event_Value with the signal associated with the particular pin at the identiÞed time and for any
subsequent time until there is another Set_Value event for this pin. This event occurs within the dataset.

Prior to any Set_Value events on a pin, the value associated with the pin is the Event_Value associated with the
leftmost Logic_Value.

NOTE  Ñ  Event Values are deÞned in detail in 6.1.

This event is generated by the Apply operation under the control of values speciÞed in objects of type Logic_Value at
times under the control of objects of type Event_Time. The Event_Time type is deÞned in 7.2.1. The Apply operation
is deÞned in the following Subprogram Semantics section.

The selection of a precise time for each Set_Value event, within the constraints set up by timing tolerances expressed
in the waves data, is to be construed as a function of the realization of the dataset process. This is true whether the
realization is a simulation subprogram or a test program compiler. Environmental inßuence on the waveform timing is
accomplished through the Handshake event.

5.2.2 Advance_Time (Time)

This event advances the current time to the speciÞed time. It is executed within the dataset and is used as a marker to
the environment. The new time shall not be less than the old time.

NOTE  Ñ  This event is generated by the Apply operation under the control of the speciÞcations provided in objects of type
Delay_Time. This type is deÞned in 7.2.1.

5.2.3 Start Match (Pin, Time)

Each pin in Test_Pins shall have, in the realization of the environment of a match mode WAVES dataset, the functional
equivalent of two binary states for matching. There is a one-bit Boolean register to hold the match result and a one-bit
control ßag that takes on the values (Hold, Sample).

Prior to any Start_Match events, the match result register contains the value False and the control ßag contains the
value Hold.
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While the control ßag is Sample, the environment saves in the results register the logical ÒandÓ of the prior result and
the truth value of the statement, ÒThe signal conditions observed by the environment conform to the requirements as
stated in the dataset.Ó The required signal conditions, for the evaluation of this statement, are only those that have a
relevance of required and a direction of response. At any time, the current dataset event value is the event value in the
most recent Set_Value event on the subject pin.

This event is shared between the dataset and its environment. The datset realization of a Match procedure call with a
control parameter of Sample is to offer the environment a Start_Match event at that time for each designated pin.

The environment realization of Start_Match is, when offered such an event by the dataset, to inspect its matching
control ßag for that pin. If the prior value of that ßag is Hold, the event is accepted. The environment sets the control
ßag to Sample, sets the result register to True, and initiates results-register updating as of the current time.

NOTE  Ñ  Multiple calls to the Match procedure that all have a control value of Sample will not generate multiple Start_Match
events. Only the Þrst such call results in an event in the trace.

5.2.4 Stop_Match (Pin, Time)

This event closes a matching time window.

This event is shared between the dataset and its environment. The datset realization of a Match procedure call with a
control parameter of Hold is to offer the environment a Stop_Match event at that time for each designated pin.

The environment realization of Stop_Match is, when offered such an event by the dataset, to inspect its matching
control ßag for that pin. If the prior value of that ßag is Sample, the event is accepted. The environment performs one
last comparison- and-result update at the time of this event. It then sets the control ßag to Hold. If the control ßag value
is already Hold, the event is rejected and not placed in the trace.

NOTE  Ñ  This buffer subsequently remembers the result as of the Stop_Match time until the next Start_Match event on this pin.
The time of this event is included in the matching time window.

Multiple calls to the Match procedure that all have a control value of Hold will not generate multiple Stop_Match
events. Only the Þrst such call results in an event in the trace.

5.2.5 Match (Pin, Bool, Time)

This event is shared by the dataset and its environment.

The dataset realization of a Match function call is to offer the environment a set of two events with a Þxed Pin and
Time, and Boolean values of both True and False.

The environment realization of this event is to select one of these depending on the contents of its matching results
buffer for that pin at the current time. The results buffer is updated to the current time before deciding which offered
event to match.

NOTE  Ñ  The control ßag is unaltered by the Match event.

5.2.6 Handshake (Pin, Value, Time)

This event extracts an edge time from the environment for dataset timing.

This event is shared between the dataset and the environment.

The dataset realization of an Apply call requiring a handshake delay is to offer the environment a set of events for all
times starting at the current time with speciÞc values of Pin and Value.
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The environment realization of this event is to select the offered event with the earliest time available such that the
truth-value of the statement, ÒThe environment signal conditions on Pin conform to the event value in ValueÓ
transitions from False to True at the event time.

NOTE  Ñ  Coarse synchronization to the environment can be achieved by the Match function sensing environmental signal levels,
but precise synchronization requires the use of a Delay_Time specifying a handshake delay.

5.2.7 Tag (String, Pin)

This event occurs within the dataset and marks the trace for the given pin with the given string. The pin Þeld may be
missing, in which case the trace is marked for the waveform as a whole.

A Tag event is included in the execution trace for the purposes of documentation. It is executed as the result of a call
to the Tag procedure. It has no effect on the generation of events by the dataset; however, it may have an effect on the
environment. This effect may be installation speciÞc. Some tag values have speciÞed effects, which are listed in 6.2.

5.3 Subprogram Semantics

The operations Apply, Tag, and Match are deÞned above in terms of the events they add to the execution trace of the
dataset. The families of overloaded subprograms that implement these operations are described in this subsection.

5.3.1 Apply Operation

Every Apply procedure realizes an Apply operation using the following information:

¾ A list of event speciÞcations for each pin. The list for any or all pins may be empty, that is, contain no events;
a pin for which no events are speciÞed is said to have an empty list.

¾ A Delay_Time value governing the time to elapse prior to the time of the next Apply operation.
¾ An indication as to which pins are active in this Apply operation. This set may be empty, contain some pins,

or contain all pins.

Separately declared overloaded Apply procedures within the WAVES standard packages accept this information in
different data forms, but they all resolve their input parameters to the standard information and take the following
actions with that information.

Event times are reduced to unique, absolute times. For a given event, this may require reference to the current time or
to the time of another event speciÞed within the same Apply operation. Any time compatible with the tolerances
speciÞed in the governing Event_Time object may be selected as the unique time of an event. Where the time of one
ÒdependentÓ event is referenced to the time of another ÒindependentÓ event, the unique time of the independent event
is selected Þrst, and the offset and tolerances of all dependent events are interpreted relative to that selected time.

For a given pin, the unique times selected in the resolution process shall be nondescending.

Set_Value events are generated for every event the event list for each pin in the active pins set.

Appropriate Advance_Time and Handshake events are generated. If the governing Delay_Time object requires a
handshake delay, a Handshake event is executed, followed by an Advance_Time to the time of the Handshake event.
Whether or not a handshake is involved, an Advance_Time compliant with the nominal delay and tolerances in the
Delay_Time object is then executed.

A call to Apply with a handshake delay shall include the waves_match_list parameter.
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