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| EEE Standar ds documents are developed within the |EEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within |EEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of |EEE that have expressed an interest in participating in the development of
the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every |EEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it isrea-
sonable to conclude that its contents, although still of some value, do not whoally reflect the present state of
the art. Users are cautioned to check to determine that they have the latest edition of any |EEE Standard.

Comments for revision of |EEE Standards are welcome from any interested party, regardless of membership
affiliation with I[EEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations. Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of 1EEE, the
Institute will initiate action to prepare appropriate responses. Since |EEE Standards represent a consensus of
al concerned interests, it isimportant to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason, IEEE and the members of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

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 alicense may be required by an |EEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal useis granted by the
Ingtitute 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, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 1499-1998, |IEEE Standard Interface for Hardware Description Models of
Electronic Components.)

The Open Model Forum (OMF) was founded to solve the problem of logic model availability. Because
several languages are used to develop such models, including VHDL, Verilog, and C, many models are not
available for specific simulators. The OMF addressed this problem by defining a programming interface
between models and simulators that allowed models developed in one language to be used with simulators
that support other languages.

This programming interface, known as the Open Model Interface (OMI), was developed to provide a
simulator independent interface for complex digital integrated circuit (IC) models. The interface was
designed to improve model availability, streamline distribution, and reduce devel opment costs. The existence
of an open procedural interface to simulators permits OMI-compiled models to be used with any OMI-
compliant simulator, regardless of the language in which the models are developed. This interface allows
libraries of models developed in a variety of languages to be merged into one comprehensive, interoperable
library. It preservesusers investmentsin model libraries because the same models can be used with various
simulators as the users' simulation environments evolve and because model libraries can be passed easily
between workgroups using different simulators.

The OMF Executive Committee transferred the OMI specification to the IEEE P1499 Working Group for
consideration as the basis for a standard for integration of electronic hardware models. This standard is the
result of the efforts of the working group in refining the baseline document.

The technical direction of the working group and the day-to-day activities of issue analysis and drafting of
proposed wordings for the standard were the responsibility of the |EEE P1499 Technical Committee. Without
the dedication and hard work of this group, it would not have been possible to complete this document. The
technical committee consisted of the following persons:

Doug Dunlop, Chair and Technical Editor
Kathryn McKinley, Technical Editor

Frank Guerino Steven R. McMaster John Stickley
Kathy Lang Viswanathan Ramakrishnan Andrew R. Wilmot

At the time that this standard was completed, the following persons were members of the IEEE P1499

Working Group:
Gabe S. Moretti, Chair

Dennis B. Brophy Kathryn McKinley Manohar Sambandam
Douglas D. Dunlop Steven R. McMaster Moe Shahdad
Frank Guerino Larry Melling John Stickley
William A. Hobbs Jean P. Mermet Raymond Tang
Martin Lampard Stephen J. Peters Cary Ussery
Kathy Lang Viswanathan Ramakrishnan Andrew R. Wilmot
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The following members of the balloting committee voted on this standard:
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Andrew R. Wilmot

The final conditions for approval of this standard were met on 16 December 1998. This standard was condi-
tionally approved by the IEEE-SA Standards Board on 8 December 1998, with the following membership:

Richard J. Holleman, Chair

Satish K. Aggarwal
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IEEE Standard Interface for
Hardware Description Models of
Electronic Components

1. Overview

1.1 Scope

The intent of this standard is to accurately define the standard interface for hardware description models of
electronic components. The primary audiences of this standard are model developers and implementors of
software supporting this interface.

1.2 Purpose

This standard defines an open interface between models and simulators that enables model interoperability
while protecting the model provider’ sintellectual property. This software interfaceis called the Open Model
Interface (OMI). It permits an OMI-compiled model to be used with any OMI-compliant application that
supports that class of OMI model, regardliess of the programming language in which the model was
developed.

1.3 Structure and terminology of this standard

This standard is organized into clauses, each of which focuses on a particular area of the definition of the
specification. Within each clause, individual constructs or concepts are discussed in each subclause.

Each subclause describing a specific construct or concept begins with an introductory paragraph. A set of
paragraphs providing more detail then follows. These paragraphs may provide additional semantic
description, define portions of an information model, or describe the interface of an OMI function. Finally,
each subclause may end with examples, figures, and notes.
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1.4 Semantic description

The meaning of a particular construct or concept and any related restrictions are described with a set of
narrative rules in which an italicized term indicates that the term is defined within the narrative.

Mandatory weight isindicated by use of the declarative verb form or by use of theword “shall.” A particular
form of noncompliance may be described as erroneous or as an error. These terms are used in the semantic
descriptions with the following meaning:

— erroneous. The condition described represents a form of noncompliance that an implementation is
not required to detect or report. A condition is deemed erroneous only when it is either very difficult
or impossible in general to detect the condition during the processing.

— error: The condition described represents aform of noncompliance that an implementation is
required to detect and to report as an error.

1.5 Front matter, annexes, index, examples, figures, and notes

Prior to this clause are several pieces of introductory material; following the fina clause are three annexes
and an index. The front matter, annexes, and index serve to orient and otherwise aid the user of this standard
but are not part of the definition of this standard.

Some subclauses of this definition contain examples, figures, and notes; with the exception of figures, these
parts always appear at the end of a subclause. Examples are meant to illustrate the possible forms or uses of
the construct described in this subclause. Figures are meant to illustrate the relationship between various
constructs or concepts. Notes are meant to emphasize consequences of the rules described in the clause or
elsewhere. In order to distinguish notes from the other narrative portions of the definition, notes are set as
enumerated paragraphsin afont smaller than the rest of thetext. Examples, figures, and notes are not part of
the definition of the specification.

1.6 Interface naming conventions

The names introduced by the OMI follow these naming conventions:

a) Names do not contain underscores.

b) Thefirst letter of anameisalowercase letter, unlessit is part of an acronym.

¢) Proper names and acronyms within a name are capitalized as they would be in normal text.

d) Different words within the same name are distinguished by capitalizing thefirst letter of each word
after the first word; therefore, subsequent letters are lowercase unless a letter corresponds to the
first letter of anew word (or the name is a proper name or acronym, see above).

€) All names declared in the outermost scope begin with the prefix oni .

f)  Type names end with the suffix T.

As a convenience to the reader, the Cour i er font is used to highlight items that are defined in the OMI
programming interface.
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2. References

This standard shall be used in conjunction with the following publications:

| EEE Std 754-1985, |EEE Standard for Binary Floating-Point Arithmetic.!

|EEE Std 1076-1993 (Revision of |EEE Std 1076-1987), | EEE Standard VHDL L anguage Reference Manual.

IEEE Std 1164-1993, IEEE Standard Multivalue Logic System for VHDL Mode Interoperability
(Std_logic_1164).

|EEE Std 1364-1995, |IEEE Standard Description Language Based on the Verilog™ Hardware Description
Language.

ISOIEC 646:1991, Information technology—I SO 7-bit coded character set for information interchange.2
I SO/IEC 9899:1990, Programming languages—C.

OV Standard Delay Format Specification, Version 2.1.3

3. Introduction to OMI

The OMI defines a protocol for interaction between a model and an application using that model. It defines
aset of programming interfaces and corresponding rules for their use that enable model interoperability and
limit access to internal model information.

3.1 OMI software architecture

An OMI model isatailorable, functional representation of adevice or system that is delivered in object code
format. A model may encapsulate a simulatable specification, timing information, physical characteristics,
and other data related to the device or system. A customized version of a model that has been incorporated
into a hardware or system design is called amodel instance. A single model may have any number of model
instances associated with it.

A model may be used by avariety of applications. An application is a software tool that accesses one or more
models. A simulator isaspecial kind of application that is capable of simulating the behavior of a hardware
or system design. Throughout this standard, the use of theterm “simulator” in aparticular context impliesthat
asimulation capability isrequired or assumed in that situation.

Privilegedinternal information that is associated with amodel or an applicationiscalledintellectual property.
The OMI model delivery mechanism protects intellectual property by enabling the delivery of models in
object code format and by providing an interaction mechanism that allows a model and an application to
control communication through calls to a small set of interface functions. The only information available
about amodel istheinformation at the port boundary and information relating to selected internal objects that
the model supplier chooses to make visible to the external environment.

LIEEE publications are available from the Institute of of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscat-
away, NJ 08855-1331, USA (http://standards.ieee.org).

21SO and ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve
20, Switzerland/Suisse (http://www.iso.ch/). They are also available in the United States from the Sales Department, American National
Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).

Sovi publications are available from Open Verilog International (OV1), 15466 Los Gatos Blvd, Suite 109-071, Los Gatos, CA 95032.
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An OMI model isintegrated into an application through amodel manager, which coordinates the interaction
between the application and the models under its control. Every model (and derived model instance) has a
model manager associated with it. An application may interact with any number of model managers, as
depicted in Figure 1.

Application

Model Manager 1 Model Manager N

Model 1 . Model J Model 1 . Model K

Figure 1—OMI model integration

A model manager performs a number of services. It provides general model packaging information (e.g.,
supplier, revision). It also handles information relating to the behavior of a model in a particular context, for
example, by providing mechanismsfor creating instances, setting parameter values and binding ports during
instantiation, relaying data values, scheduling port updates, and exporting internal objects for external
viewing.

All interaction between a model manager and its models is private. In addition to the essential OMI
functionality described above, a model manager may supply its models with internal services, such as error
handling or internal scheduling.

A model may be packaged separately or as a part of amodel library that serves to collect together a set of
models under the control of acommon model manager, asillustrated in Figure 2. Libraries are a convenience
for dealing with multiple models; amodel is not required to exist in alibrary. The same model management
functionality is required whether the model manager handles a single model, a model library, or a
combination of models and libraries.

The OMI software elements are conceptually separate parts; however, a model supplier is not required to
provide them as separate software components. A model manager may be directly embedded in the model
itself or provided as one or more separately linkable objects.

The OMI interface is defined in the ANSI C programming language (see |SO/IEC 9899:19904). The OMI
follows an interactive protocol in the sense that function calls across the interface go in both directions. Due
to thisinteractive nature, the OMI consists of two parts: one provided by the application and one provided by
the model manager. Thisinterface is defined in detail by the rest of this standard.

4 nformation on references can be found in Clause 2.
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Application
Library
Model manager P Model 1
Model 2

( Instance 1 ) ( Instance 2 ) (Instance3 )

— Arrows indicate direction of information flow
Figure 2—The basic OMI elements

3.2 OMI compliance

This standard defines compliance for models and applications in terms of adherence to relevant rulesin the
specification. It does not define a means of verifying compliance.

A model is OMI-compliant if it is associated with a model manager so that the model and model manager
behave in accordance with the rules for these OMI elements as defined in this standard.

An application is OMI-compliant if it behaves in accordance with the rules for an application as defined in
this standard.

This OMI recognizes a distinguished kind of application called an OMI simulator. An OMI simulator is an
OMI-compliant application that supports a simulation session as described in 5.1.

NOTE—The above rule concerning the behavior of an OMI-compliant application implies that an OMI-compliant
application must provide implementations of the required OMI routines and it also must use the routines on the other side
of theinterface in accordance with the OMI rulesfor these routines. Analogous remarks apply concerning OMI-compliant
models.

3.3 Creation of OMI models

OMI-compliant models may be developed in a variety of languages. These languages may be modeling
languages or general-purpose programming languages. They may be public or proprietary. A language that
isused to develop an OMI model is called amodeling language. Regardless of the modeling language(s) used
to construct a model, the model shall satisfy the basic interoperability requirements that are defined in 4.1.
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A tool that processes a description of amodel written in a high-level modeling language (such as a hardware
description language) to produce an object code representation of that model is called a model compiler.
Typically, models written in a general-purpose programming language do not require processing by a model
compiler. Examples of OMI model creation scenarios are shown graphically in Figure 3.

(VHDL design ) (Verilog design )

Model compiler C compiler

OMI model
object code

Figure 3—OMI model creation

NOTE 1—This standard does not define compliance for amodel compiler.

NOTE 2—Although, in practice, a model compiler is not required for OMI models written in C, the development of C
OMI models can be facilitated with a set of OMI-specific libraries.

NOTE 3—The OMI supports models compiled from IEEE Std 1364-1995 (Verilog) or IEEE Std 1076-1993 (VHDL)
descriptions. It provides synchronization points and data exchange procedures that support a common subset of these
hardware description languages. It is the responsibility of the Hardware Description Language (HDL) (i.e., VHDL or
Verilog) based model compiler to map the activity at the model instance boundary to the OMI common execution model,
perhaps imposing modeling restrictions at the boundary to insure that such amapping is feasible for the implementation.
Logic values corresponding to the logic systems of these hardware description languages are defined in 8.7.

4. Model integration

This standard defines a set of rules governing model/application interaction that insure that any OMI-
compliant model operates correctly with any OMI-compliant application on a given platform.

4.1 Model integration software requirements

The OMI interfaces are defined in the C programming language. Other languages may be used to create OMI-
compliant models or applications, but the devel oper must perform the conversions necessary to ensure ANS
Standard C compatibility.

Callsto OMI routines shall adhere to the host calling conventions.

It is erroneous for an object modul e associated with an OMI-compliant model to contain any global symbols
other than the name of the om Boot st r apRout i neT function (see 9.5).
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4.2 Model delivery

Although considerable flexibility isleft to the model provider inits approach to delivering OMI models, this
standard places severa requirements on OMI model delivery. Specificaly, the following two files are
required when delivering OMI models:

— A dynamically loadable object file known as the model manager object file
— Atextfilethat is known as abootstrap file

The names of these files are determined by the model manager provider. A model manager provider may
supply aninstallation script/procedure. This script/procedure shall be such that the model manager object file
and the bootstrap file reside next to one another on the host file system. The full pathname to their common
location is called the model manager installation path.

The model manager object file is the object-format representation of the model manager. The file may be a
single object file or an object library file. In any case, the file shall be suitable as a dynamically loadable
argument to the loader provided by the host operating system. If the model manager consists of multiplefiles,
itistheresponsibility of the model manager to link in the additional files. In other words, the application links
in only the model manager object file, and the model manager shall link in any additional files (for itself or
its models) as needed.

The bootstrap file contains two pieces of information needed by the application to bootstrap the associated
model manager:

— The name of the model manager object file. The name shall be location-independent (i.e., it should
not include any path information).

— Thename of the C function that is the bootstrap routine (see 5.2) for the model manager.

Syntactically, the bootstrap file shall consist of exactly two lines. Thefirst line consists of a sequence of zero
or more blank or tab characters, the character sequence “MANAGER:” (the letters in upper case), followed
by zero or more blank or tab characters, followed by a sequence of characters that gives the location-
independent name of the model manager object file. The second line consists of a sequence of zero or more
blank or tab characters, the character sequence “BOOTSTRAP:” (thelettersin upper case), followed by zero
or more whitespace characters, followed by a sequence of characters that gives the name of the C function
that is the bootstrap routine for the model manager.

Example:
The following is an example bootstrap file:

MANAGER vendor X MM 1. 0. so
BOOTSTRAP: vendor X _bootstrap_1_0

NOTE 1—Onceinstalled (placed on the host file system), the full pathname of the bootstrap file completely characterizes
the model manager for integration purposes with any application. By using the information in the bootstrap file, an
application can determine the exact location of the model manager in order to load it, as well as what routine to cal to
initiate communication with the model manager. The bootstrap file contents are meaningful to the human eye, serving as
asort of minimal documentation for the model manager.

NOTE 2—The mechanism by which an application becomes aware of the model managersit isto use and the mechanism
by which an application locates the bootstrap file for a particular model manager are not defined in this standard.
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NOTE 3—A model or model manager supplier would be wise to include a vendor-specific string in the name for its
bootstrap function in order to avoid conflicts with the bootstrap function names of other suppliers.

4.3 Characteristics of OMI applications

In order to describe the way OMI applications and OMI models work together, it is first necessary to define
two key characteristics of an OMI application. These two characteristics are called the model boundary class
and the simulation style of the application.

4.3.1 Model boundary class

The model boundary class of an OMI application represents the richness in the object data types that the
application environment supports at the model interface. The OMI defines four model boundary classes.
These are called the two-state, four-state, simple-logic, and unrestricted model boundary classes. The most
prominent restriction for each of these classes concerns the data types for the model ports that are supported,
but each classalso impliesits own restrictions on the datatypesfor model parametersand viewports. Tables 1
through 4 give the data type restrictions for each of the OMI model boundary classes. The data types
themselves are defined in 7.6.

Table 1—Data type restrictions for the two-state model boundary class

Kind of interface object I nterface object shall be of one of these data types
Port MVL2, array of MVL2
Parameter Boolean, Integer, String
Viewport MVL2, array of MVL2, array of array of MVL2, Integer

Table 2—Data type restrictions for the four-state model boundary class

Kind of interface object I nterface object shall be of one of these data types
Port MVL2, array of MVL2, MVL4, array of MVL4
Parameter Boolean, Integer, String
Viewport MVL2, array of MVL2, array of array of MVL2, MVL4, array of MVL4,
array of array of MVL4, Integer

Table 3—Data type restrictions for the simple-logic model boundary class

Kind of interface object I nterface object shall be of one of these data types
Port Any logic type, an array of any logic type, Real, Integer
Parameter Boolean, Integer, String, Real
Viewport Any logictype, an array of any logic type, an array of array of any logic type,
Integer, Boolean, Real, Time
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Table 4—Data type restrictions for the unrestricted model boundary class

Kind of interface object I nterface object shall be of one of these data types
Port Any OMI type
Parameter Any OMI type
Viewport Any OMI type

These model boundary classes are described here in increasing order of data type richness, and each class
encompasses the preceding class, e.g., a simulator that supports the simple-logic model boundary class
necessarily supports the four-state model boundary class.

In each of the model boundary classes, the model attributes are allowed to be of any OMI datatype (that is,
attribute data types are unrestricted).

4.3.2 Simulation style

The simulation style of an OMI application indicates whether the application environment provides ageneral,
event-based simulation paradigm or isrestricted to asimple clock-based model of simulation. The OMI cycle-
based simulation style makes a restricted use of the OMI simulation interface. Specificaly, the smulator’s
OMI routines that are relevant to delayed updates or event times are not used during cycle-based simulation
and, in fact, do not need to be supplied by the simulator. Further, the simulation-time callbacks that are not
specific to clock transitions are not used during cycle-based simulation and need not be supported by the
simulator. The event-driven simulation style alowsfull use of the OMI simulationinterface and, in particul ar,
alows use of the simulator routines and callbacks that are not used in the cycle-based simulation style.

As with the model boundary classes, the OMI simulation styles are nested; specifically, an application
environment that provides the event-driven simulation style necessarily provides the cycle-based simulation
style.

4 .4 Classification of OMI simulators

An OMI-compliant simulator shall support at least the two-state model boundary class and the cycle-based
simulation style.

An OMI event-based simulator is a distinguished kind of OMI-compliant simulator that supports at least the
simple-logic model boundary class and the event-driven simulation style.

4.5 Simulator/model interoperability

During the bootstrap process, the application indicates the model boundary class and the simulation style that
it can support for the session (see 5.2). It isthe responsibility of the model or model manager to diagnose any
incompatibility between the requirements of the model or model manager and the model boundary class and
simulation style indicated by the application.

A model may adapt or reconfigureitself based on the model boundary class and simulation style provided by
the application during the bootstrap process. For instance, if the simulation styleis cycle-based, amodel may
choose to present an “untimed” version of itself to the application. Similarly, if the model boundary classis
two-state, amodel that normally operates with four-state logic may choose to restrict itself to two-state logic
for the purpose of the particular simulation session.

Documents

. . Documgnt Sharing Hub
Copyright © 1999 IEEE. All rights reserved. S g
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:23:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1499-1998


http://www.avadocuments.com/doc/ieee-1499-1998
http://www.avadocuments.com/doc/ieee-1499-1998

IEEE
Std 1499-1998 IEEE STANDARD INTERFACE FOR

The simulation style and highest model boundary class that are established during the bootstrap stage (see
5.2) are especialy significant because they may determine the nature of the model query information
provided for a particular model. Model query information for a particular model at a given installation shall
be the same across sessions that have the same simulation style and highest model boundary class.

Clearly the application characteristics described in 4.3 have implications for the kinds of OMI simulatorswith
which a given OMI model will work. An OMI model that can operate within the two-state model boundary
class and the cycle-based simulation style will necessarily work with any OMI simulator, since these
represent the minimum level of support that OMI requires of asimulator. At the other extreme, an OMI model
that requires the unrestricted model boundary class and the event-driven simulation style will work only with
OMI simulatorsthat support this most-demanding form of model. In between these two end points there exist
intermediate levels of requirements imposed by models and corresponding degrees of support provided by
simulators.

Any model that satisfies the requirements of the simple-logic model boundary classis of special significance
since it will necessarily work with any OMI event-based simulator.

NOTE—The above rule concerning consistency of model query information across sessions guaranteesthat, for example,
at aparticular site, a*“shell generator” OMI application and an OMI simulator will observe an identical model interface
for agiven OMI model when using the same simulation style and highest model boundary class.

5. Execution

An OMI session is conducted by an application and one or more model managers through calls to OMI
routines provided by the participants. This activity is called execution. Although simulation is one of the
primary kinds of execution supported by the OMI, execution is not limited to simulation. In fact, an OMI
session may not involve simulation at all. For example, an OMI-compliant application may be a wrapper-
generator that produces HDL shells for instantiating OMI-compliant modelsin HDL designs. Or, it may be a
delay calculator that extracts timing information from OMI-compliant models when building a hierarchical
timing mode! for an enclosing design.

The execution of an OMI session may involve a number of stages dedicated to specific activity:
bootstrapping, elaboration, initialization, simulation, and termination. Although the application acts as the
coordinator for an OMI session (determining when to advance to a new stage and maintaining the OMI
simulation clock), generally the model manager determines when to synchronize with the application by
registering and removing callbacks.

5.1 Stages of execution

An execution session proceedsin an orderly fashion. In other words, OMI routines cannot be called randomly,
but shall be invoked according to an overall plan that divides execution into periods of activity called stages.
Each stage of execution isfocused on a particular kind of activity, such as model instantiation. Certain stages
may be further decomposed into a series of steps according to an algorithm. For instance, simulation consists
of aseries of simulation cyclesin which a number of steps are performed. The result is a partial ordering of
execution activity in which certain activities are required to occur before or after others.

OMI sessions can be categorized by the sorts of activities that can or will take place. The application
determines the nature of a session. In a model query session, library or model data are examined without
creating any model instances, as alibrary browser might do. An elaboration session involves creating model
instances (generally to extract certain information), without simulating their behavior. For example, a delay
calculator might instantiate modelsin an elaboration session in order to generate backannotation datafor later
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usein simulation sessions. A simulation session not only creates model instances, it simulates their behavior
aswell.

The sessions described in the previous paragraph correspond to increasing levels of OMI activity. An
elaboration session includes model query and elaboration activity; and a simulation session includes model
query, elaboration, and simulation activity. The stages executed in an elaboration session are a superset of the
stages executed in amodel query session. Similarly, the stages executed in asimulation session are a superset
of those executed in an elaboration session.

: Bootstrap Model query
session
T «
E
R v
M Elaboration Elaboration
| session
N
v
A . .
< Initializati Simulation
T nitialization session
|
(0]
- v
N[
Tes Simulation

Figure 4—Execution of stages in OMI sessions

Figure 4 graphically presents the stages of execution, which are described briefly below. More detail can be
found in the clauses pertaining to specific interface support for the different stages.

a)

b)

0)

d)

Bootstrap—Bootstrapping is the process of establishing communication between the application
and the model manager. During the bootstrap stage, the application and model manager establish the
nature of the session and perform setup activity, such as license checking. The bootstrap stage shall
occur before any other stage.

Elabor ation—Elaboration is the process of creating the model instances that will be manipulated
during an OMI session. Elaboration shall occur after bootstrap and before initialization. Both
elaboration and simulation sessions require an elaboration stage.

I nitialization—Initialization is the process of establishing the initial values of data objects having
state. Initialization shall occur after elaboration and before the simulation stage. It isarequired stage
for asimulation session.

Simulation—Smulation is the process of approximating the behavior of a system by exercising a
set of model instances through application of stimulus and propagation of response. The simulation
stage shall occur after initialization.
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e) Termination—Termination is the process of shutting down an OMI session. It may occur anytime
after startup. Termination shall be the final stage of execution in any OMI session.

NOTE 1—The only stages that always occur in an OMI session are the bootstrap and termination stages.

NOTE 2—The OMI stages are concerned specifically with OMI activity. Other non-OMI activity of a different nature
may be taking place concurrently with the OMI activity, aslong as the rules pertaining to OMI activity are followed. For
example, the bootstrap stage precedes elaboration from the perspective of a particular model manager; however, the
application may in fact bootstrap a model manager upon encountering the first instance for that model manager during
the application’s broader design elaboration phase. Similarly, the OMI elaboration stage may take place in what is
actually the beginning of simulation for an application, perhaps because the application system saves the elaborated
representation of the “native” portion of a design to disk for repeated re-use and elaborates “foreign” models just prior to
simulation.

5.2 Bootstrap stage

At startup time an application goes through a particular initialization protocol with each of the model
managers it is using. This initialization protocol is called the bootstrap process. Achieved during the
bootstrap process are the following goals:

— A specific OMI version isidentified for the interaction between the application and the model
manager.

— The application and the model manager each obtain the addresses of the routines that the other is
required to provide as part of the OMI interface.

— Session-specific options are established.

It is expected that the OMI will evolve over time and that this evolution will lead to different recognized
versions of the interface. The bootstrap processis performed in two steps to allow version incompatibility to
be detected gracefully and in a version-independent way. Compatibility is established through a pair of
startup routines that are provided by a model manager and called by the application. The onmi Boot st r ap
routine initiates an exchange about supported OMI versions, and the oni Begi nSessi on routine
compl etes the exchange by establishing an OMI version for the session and exchanging the information that
each side needs in order to conduct a session for that particular version of the OMI.

5.2.1 Initiating communication

The application initiates communication with a model manager by invoking the model manager's
om Boot st r ap routine. The purpose of thisroutineisto provide the application with information about the
OM I revisionsthat the model manager supports. Thisinformation is supplied in the form of alower and upper
bound defining a nonempty range of supported revisions.

The bootstrap routine also returns a pointer to the model manager’soni Begi nSessi on routine, which the
application callsto perform the second half of the bootstrap process, i.e., establish the basic characteristics of
the OMI session. If the model manager is unableto continuefor any reason, the bootstrap function shall return
a status value indicating failure. The application shall not attempt to invoke the model manager's
om Begi nSessi on routine if it receives an indication of failure from the bootstrap routine; all further
communication with the model manager shall cease at that point.

Using the information provided by the bootstrap routine, the application shall select an OMI revision for the
session. If the application is unable to find an OMI version supported by both the application and the model
manager, then the application shall cease communication with that model manager without completing the
bootstrap process.
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Example:

The sample bootstrap routine below informs the application that the model managers supports a single
OMI revision (in this case, the latest one):

om StatusT Vendor X Bootstrap (

[* output */ om Revi si onT *ear | i est Support edRevi si on,
/* output */ om Revi si onT *| at est Suppor t edRevi si on,
/* output */ oni Begi nSessi onRout i neT **begi nSessi onRouti ne )
{
if (earliestSupportedRevision) {
*ear | i est Support edRevi si on = oni Lat est M Revi si onTVal ue;
} else {
return omError;
}
i f (latestSupportedRevision) {
*| at est Support edRevi si on = om Lat est OM Revi si onTVal ue;
} else {
return omError;
}
i f (begi nSessi onRoutine) {
*begi nSessi onRout i ne = Vendor X_Begi nSessi on;
} else {
return omError;
}
return om d ear;
}

Programming interface references:
See 9.79 for omiRevisionT.
See 9.59 for omiLatestOMIRevisionTValue.
See 9.5 for omiBootstrapRoutineT.

5.2.2 Beginning a session

The basic characteristics of an OMI session are fully established by the om Begi nSessi on routine. The
following information is exchanged when beginning an OMI session:

— The OMI revision under which the session will be conducted

— Thenature of the OMI session

— A reference simulation style

— The highest model boundary type supported by the application

— Theprecision for representing time values during the session

— Thetiming mode (min/typ/max) for the session

— Theinstalation path where the model manager object file resides

— The names of the application and the model manager

— Thecaler identifiers of the application and the model manager

— Theentry points of the required OMI routines provided by the application
— Theentry points of the rest of the required OMI routines provided by the model manager
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The begin session routine has a pair of arguments. The first argument is an indication of the OMI revision for
the session. The second is apointer to astructure of typeom Sessi onAr gunrent sT; the remainder of the
information characterizing the session is exchanged through the fields of the session arguments structure
rather than directly through a set of arguments. Some fields are set by the application before invoking the
oni Begi nSessi onRout i ne; the remaining fields are set by the model manager before returning. The
nature of the information exchanged is described in more detail below.

The OMI revision selected by the application shall belong to the range of revisions supported by the model
manager. Both the application and the model manager shall interpret the second argument to the begin session
routine as a pointer to the om Sessi onAr gunent sT structure for the selected OMI revision.

The application shall inform the model manager of the sort of activity that can take place in the session by
selecting asession type (e.g., onmi Si nul at i on). It isan error for the application or the model manager to
attempt to engage in activity that is not allowed in that sort of session.

The application shall provide a reference ssimulation style to the model manager, indicating the broadest
category of simulation support provided by the application environment. If the session is not a ssmulation
session and the notion of a simulation style is not meaningful in this particular application, then the value
onmi NoSi nul at i on shall be supplied. If the simulation style specifed by the application is not supported
by the model manager, then the model manager shall raise an om Unsupport edSi nul ati onStyl e
error.

The application shall indicate to the model manager the highest model boundary class that the application
supports. If the model boundary class specified by the application is not supported by the model manager,
then the model manager shall raise an om Unsupport edBoundar yd ass error. If the specified model
boundary class is not compatible with the specified simulation style, then the model manager shall raise an
om | nval i dAr gunent error. Simulation styles, model boundary classes, and compatibility issues are
discussed in 4.3.1.

The application shall select atime precision in the form of atime unit and an integral scale. This precision
defines the resolution for time values exchanged during the session. The representation of time is further
discussed in 8.5. To assist an application in selecting an appropriate time precision, a model may have
predefined attributes associated with it to provide information regarding the time precision that it requires
(seeA.D).

The application shall select a timing mode (min/typ/max) for the session if the session is an event-driven
simulation session. If the session is not an event-driven simulation session or the model manager does not
support min/typ/max timing, then this specification shall be ignored by the model manager.

The application shall inform the model manager of the installation location, i.e., the directory on the host file
system where the model manager object file resides. The model manager may (but is not required to) access
thislocation to retrieve information needed to conduct the rest of the session.

The application and the model manager shall each provide the other with a string representation of its name.
That representation shall not be anull string or an empty string.

The application and the model manager shall each assign a unique caller identifier to the other (see 9.13 for
details on caller identifiers). Thereafter, the assigned caller identifier shall be passed as a part of the caller
datato any OMI routine provided by the OMI implementation that assigned that identifier.

The application and the model manager shall each provide a function tray containing pointers to the OMI
routines that it supports. The function tray is afixed structure of function pointers that shall remain valid for
the duration of the OMI session. Each shall use the function pointers of the other to make calls during
execution. Functions that are not supported shall have null (zero) entries. The function tray entry for a
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required routine shall not be null. The nature of the session and the simulation styles that an application or
model manager supports determine which routines shall be provided in an OMI function tray; see 9.2 and 9.60
for details on the required routines for the application and the model manager, respectively.

During the oni Begi nSessi on call, the model manager may perform setup activity, such as license
checking, and make calls to certain OMI routines. OMI activities that may be performed by an
oni Begi nSessi on function shall belimited to callback registrations (see 5.7.1), invocation option queries
(see 5.2.3), error handling (see 8.2), and termination requests (see 5.7.2).

A model manager may be asked to support simultaneous sessions with different applications (see example
below). Support for multiple applicationsis not required. A model manager that does not support this feature
shall raise an om OneAppl i cati onOnl y error if more than one application attempts to begin a session
withit.

An OMI simulator shall support sessions involving multiple model managers.
Example:
A multiple application situation may arise when an OMI model is used in another OMI model and is also

instantiated directly by the top-level application, as shown in Figure. In this case Model Manager X is acting
both as a model manager and as an application, and Model Manager Y is supporting two applications.

Application

< Model / Model Manager X > < Model / Model Manager Y >

< Model / Model Manager Y >

Figure 5—Two applications for Model Manager Y

NOTE 1—The session arguments are exchanged through a structure rather than aset of argumentsto shelter the bootstrap
process from OMI version dependencies. Information in the session arguments structure may change over time without
affecting the interfaces of the onm Boot st r ap and om Begi nSessi on routines, enabling the same bootstrap processto
span OMI revisions and successfully insure compatibility.

NOTE 2—The simulation style may be meaningful even if the application is not asimulator. For instance, an HDL shell
generator application might provide an om Cycl eBasedSi mul at i on value for the simulation style because the shells
will be used in acycle-based simulation environment and this information could prove useful to the model manager. The
session type always determines the nature of an OMI session, and in this example the session type provided would be
om Model Query.

NOTE 3—The function trays do not include the anonymous routines that may be provided through the callback
registration mechanism (see 5.7.1).

NOTE 4—The application and model manager names are provided for informational purposes. For instance, the names
may be used in displays or error messages.

Documents

. . Documgnt Sharing Hub
Copyright © 1999 IEEE. All rights reserved. I’Tg g
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 17:23:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1499-1998


http://www.avadocuments.com/doc/ieee-1499-1998
http://www.avadocuments.com/doc/ieee-1499-1998

IEEE
Std 1499-1998 IEEE STANDARD INTERFACE FOR

NOTE 5—The model manager installation path supports separate representation of models and model managers. In
practice, amodel manager may serve a specific domain of models that are compatible with it. Typically, a given vendor
might supply amodel manager along with a set of models designed to execute under that model manager. In such cases
the model manager and the models are likely to be physically separate entities. Therefore, amodel manager may need to
learn about the models that it is responsible for managing in a given session, perhaps through a model registry located in
the installation path. As with all interaction between a model manager and its models, this particular interaction is not
defined in this standard. Furthermore, amodel manager isfreeto use amechanism other than itsinstallation path to locate
information about itself or its models. For instance, it may use an operating system environment variable to locate
installation-related information.

NOTE 6—If amodel manager does not support multiple applications, then it may be limiting itsusein other OMI models.
It is expected that large model suppliers will provide model managers that support multiple applications; such support
may not be as common among providers of single models. Since the OMI does not define how OMI model packaging is
accomplished, amodel manager is not required to support OMI models that contain other OMI models. Such support is
provided entirely at the discretion of the vendor providing the model manager and packaging service.

Programming interface references:
See 9.3 for omiBeginSessionRoutineT.
See 9.79 for omiRevisionT.
See 9.90 for omi SessionArgumentsT.
See 9.91 for omi SessionKindT.
See 9.13 for omiCallerldT.
See 9.2 for omiApplicationFunctionTrayT.
See 9.60 for omiManagerFunctionTrayT.

5.2.3 Invocation options

A model or model manager may allow an OMI session to be customized through specia invocation options
that it defines and recognizes. For example, a model manager might accept as an option the location of a
results directory where simulation data for its model instances will be collected during the session. An
invocation option may be a simple directive (e.g., telling it to run in interactive mode) or an option with an
argument (e.g., telling it to take stimulus from a particul ar file).

An application shall provide a mechanism for accepting invocation options. The application is not required
to interpret the options or know which, if any, of the model managersin the session understand those options.
It merely has to recognize that they are OMI invocation options and then make them available to any model
manager that inquires about them. The fact that an application provides this mechanism does not preclude a
model manager from providing its own invocation option entry mechanism.

Aninvocation option isidentified by astring called an option keyword. It is case-sensitive. Thiskeyword shall
be restricted to a phanumeric characters and underscores. The optional argument to an invocation option shall
be a string that contains printable, noncontrol ASCII characters. The application shall define how this string
isentered and how it is delimited.

The application shall establish invocation options at the beginning of a session, prior to the call to the
oni Begi nSessi on routine. They shall remain constant throughout the session. A model manager can
obtain information about the invocation options for a session through theom ScanOpt i ons routine.

Example:
Use of an invocation option might look like the following:

simul ate +Vendor X results=/net/test/test123 testBench ...
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The simulator might define its rules to say that

— aplusindicates the beginning of an OMI invocation option, which is terminated by white space
— anequal character signals an argument to that option

— if itis necessary to embed white space, then the argument must be enclosed in double quotes

The VendorX model manager might obtain its invocation information by the following OMI call:

omCallerbDataT CD={ ... };
om Bool eanT f ound;
omBufferT directoryName = { ... };

om Scan(ptions ("Vendor X results", & ound, &directoryNane, &CD);
From that call, the following information would be returned:

f ound om True
di r ect or yNare. buf f er "Inet/test/test123"

NOTE 1—This standard does not define how invocation options are input to the application. For example, input may be
accomplished through command-line options, a graphical dialog box, an input file, an operating system environment
variable, etc. The end user isresponsible for using the entry mechanism in amanner that produces the string expected by
the model or model manager.

NOTE 2—This standard does not require any particular invocation options for an OMI session; however, a model
manager may require the use of certain invocation options that it defines. In other words, invocation options are always
optional from the OMI application’s perspective, but they are not necessarily optional from the model manager's
perspective.

NOTE 3—A model/model manager supplier would be wise to include some vendor-specific string in an option keyword
to avoid conflicts with the option keywords of other suppliers.

Programming interface references:
See 9.84 for omi ScanOptionsRoutineT.

5.3 Elaboration stage

The elaboration stage is the period devoted to the creation of model instances. A moddl is instantiated to
create a unique, customized instance by establishing the values of its design parameters and binding its ports
to the environment. Elaboration is the only stage during which model instances are created.

An instance of a particular OMI model is created when the application invokes the model manager’s
oni Cr eat el nst ance routine. A data channel is created when the application supplies its own private
identifier(s) for the net and/or driver that it has associated with an OMI port. These identifierswill be used by
the model manager during simulation to denote different aspects of the port connection, e.g., to get the new
value of anet or to schedule a change on adriver created by the OMI port association.

5.3.1 Model instantiation

A model instance is created through a multi-step process in which parameter and network connectivity
information is exchanged and unique representations of the objects at the model instance boundary are
created. The mechanics of instantiation are performed by several model manager routines, which shall be
invoked by the application in the following order:
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a) Theapplication shall call om Cr eat el nst ance toinitiate the instantiation of a particular
model.

b) Theapplication shall call o Set Par anet er for each parameter default value that it wantsto
override.

¢) Theapplication shall call om El abor at el nst ance to elaborate the instance.
d) Theapplication shall call om Connect Port for each port that it wants to connect.
€) Theapplication shall call om EndPor t Connect to signal the end of the port connections.

During this process the model interface is described to the application through the model query mechanism
(see 7.10); and the instance is described to the model manager through the arguments of the instantiation
routines provided by the model manager. The OMI does not support simultaneous instantiation; it is
erroneous for an application to interleave calls to these routines for different instances.

Each invocation of om Cr eat el nst ance shall create a unique instance of the specified model, which
shall be associated with the model manager supplying the om Cr eat el nst ance routine. An application
shall not invoke an o Cr eat el nst ance routinein a phase other than the elaboration phase.

Parameters are set using the parameter definitions of the model as references. omi Set Par anet er shall
be called at most once for each parameter definition, in an order determined by the application. The model
manager shall use the default value for any parameter that is not explicitly set by the application.

The parameter values take effect when the instance is elaborated. The oni El abor at el nst ance routine
shall elaborate each definition of the model according to the rulesin 5.3.2, creating unique representations of
the data objects (e.g., ports, parameters, viewports) at the model instance boundary. The application shall not
attempt to access a data object before the associated instance has been elaborated.

A port is connected using the defined port objects of the instance asreferences. oni Connect Port shall be
called at most once for each defined port in an order determined by the application. To make the connection,
the application supplies net and/or driver information based on the port direction and the number of atomic
elements associated with the port. A port shall be either entirely connected or entirely unconnected; in the
case of anonatomic port (i.e., aport that is manipul ated by element; see 7.5.2.1), all of the elements shall be
connected if any of them are. The model manager shall be responsible for insuring a well-behaved
instantiation in the event that a port is not connected.

Processing the port connections ends when the om EndPor t Connect routineis called. The instantiation
process is complete upon the return of this routine.

NOTE 1—Parameters are set with respect to the parameter definition alone. When connecting a port, an application must
refer to both the elaborated port (for completely characterized datatype information) and its corresponding port definition
(for direction and atomicity information).

NOTE 2—A dataobject is not created by acall to om Set Par arret er or oni Connect Por t ; it is created by the call to
oni El abor at el nst ance.

NOTE 3—A port, including its nonatomic elements, is connected by asingle call to om Connect Port .

Programming interface references:
See 9.21 for omiCreatel nstanceRoutineT.
See 9.92 for omi SetParameterRoutineT.
See 9.31 for omiElaboratel nstanceRoutineT .
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See 9.18 for omiConnectPortRoutineT.
See 9.32 for omiEndPortConnectRoutineT .

5.3.2 Elaborating definitions

A dataobject iscreated from adefinition object through aprocess called elaboration. Asapart of thisprocess,
the model manager associates a completely characterized data type with the data object and performs the
internal processing required to make handles to that data object available for subsequent model queries.

The general nature of a data object at the model instance boundary is determined by the model provider, who
characterizes the data object through a definition. Definitions describe the model interface, i.e., telling the
application which aspects of the interface arefixed (such asthe directions of its ports) and which aspects may
vary from instance to instance (such as the widths of certain ports). A definition is not itself a data object; it
does not have avaue. A parameter definition is not a parameter, a port definition is not a port, etc.

The application and the model manager use definitions as a reference when creating a new instance of a
model. For example, the data type of a parameter definition tells the application what sort of values it may
select for the corresponding parameter when customizing the model instance. Similarly, the direction
indication in a port definition determines whether the application is required to supply net identifiers, driver
identifiers, or both in order to connect the corresponding port.

Each instance of amodel contains a data object corresponding to each definition in that model. These data
objects are said to be derived from their definition counterparts. The data objects share the fixed
characteristics with other instances of the same model. After the elaboration of a particular instantiation is
complete (upon the return of the om El abor at el nst ance routine), the application can access the
instance-specific data objects.

One way in which adata object is characterized is by the set of valuesthat it can assume. Thisinformationis
conveyed through its data type. For most types of data objects, the set of allowed data values is completely
fixed; and the definition and the data obj ect have the same data type. In the case of arrays, the model provider
may allow the application to determine the bounds or size of adata object’ s values on a per-instance basis. In
this case the data types of the definition and the data object will be different but related, as described below.

The data type of a definition may be an incompletely characterized type. In this case, the storage type and
element type of the value(s) are fixed, but the size and possibly the bounds of the value(s) are determined by
the application on a per-instance basis. During the instantiation process, the application supplies the
information necessary to compl ete the characterization of the data object’ s set of values. The model manager
shall use this information to create a completely characterized data type for the data object, i.e., an
om Fi xedArrayDat a object with the same storage type and element type as the corresponding
incompletely characterized data type.

If the object type of aparameter definition isan unconstrained array type, then the model manager shall select
appropriate bounds for the corresponding parameter, which shall be consistent with the size of the value
supplied by the application or the default value, whichever applies. A parameter definition shall not have a
datatypethat isaparameterized datatype. In other words, the bounds and size of a parameter shall not depend
on the value of another parameter.

If the object type of a port definition is a parameterized array type, then the model manager shall use the
instance parameter values to create a fixed array type that is consistent with those values. This fixed array
type shall be the data type of the instance port. A port definition shall not have an unconstrained array type
for its data type.

If the object type of aviewport definition is aparameterized array type, then the model manager shall use the
instance parameter values to create a fixed array type that is consistent with those values. This fixed array
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type shall be the data type of the instance viewport. A viewport definition shall not have an unconstrained
array typefor its datatype.

NOTE—The data type of a data object is always a completely characterized type.

5.4 Initialization stage

Initialization is the stage during which OMI objects having state (i.e., ports, nets, drivers, viewports) get their
initial values. At the end of this stage, the value of every OMI data object in the OMI session is defined, and
an attempt to access a data value will yield avalue that is appropriate for the data type of the object.

OM I initialization is athree-stage process in which

— Drivers associated with OMI output or bidirectional ports areinitialized
— Nets associated with OMI input or bidirectional ports areinitialized
— Ports and viewports are initialized

A model manager may choose to provide an initial value for a driver by invoking the
om InitializeDriver routine provided by the application. To do so, the model manager can register
one or more calbacks for om Driverlnitialization. A mode manager shal invoke the
om InitializeDriver routine at most once for each driver and then only during the execution of an
om Driverlnitialization calback. If amodel manager chooses not to initialize a driver, then the
application shall initialize that driver to avalue that isvalid for its data type.

Prior to the execution of net initialization callbacks, the application shall establish valid initial values for all
of the nets associated with OMI ports. Thereafter, the value of a net can be obtained by querying the
application through the oni Get Net Val ue and oni Get Net Gr oupVal ues routines.

Theinitial values of ports and viewports are determined by the model manager. They shall be availableto the
application at the beginning of simulation, but not necessarily before then. The initial values can be obtained
at the beginning of simulation by querying the model manager for the current values through the
om Cet Dat aVal ue routine. The initial value of an OMI port is not necessarily the same as that of the
associated net at the beginning of simulation.

NOTE 1—Initialization of a data object prior to simulation is not considered to be an update to that object; hence it does
not trigger a callback.

NOTE 2—To obtain the initial value of a net as soon as it becomes available, a model manager can register an
om Net I ni tialization calback. From this callback, the model manager can make the appropriate net value queries.
An attempt to obtain the value of a data object before it has been initialized will result in an error.

NOTE 3—A simulator may implement OMI driver initialization by scheduling an update to the net at time zero. Thevalue
of an OMI driver may influence the net either prior to execution of the net initialization callbacks or during the execution
of the first simulation cycle.

Programming interface references:
See 9.51 for omilnitializeDriverRoutineT.
See 9.73 for omiRegisterCallbackRoutineT.
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5.5 Simulation stage

Simulation is the execution of a series of simulation cycles in which OMI ports are updated and routines
implementing OMI model behavior are executed. | nteraction between the simulator and the model manager
takes place through the execution of callbacks registered by the model manager (see 5.7.1). Model manager
callbacks affect changes at the OMI port boundary by calling routines provided by the simulator to retrieve
new values or schedul e updates (see 6.5). Clause 6 provides a detailed description of the activities which may
take place in an OMI simulation session, including the simulation stage.

5.6 Termination stage

The termination stage encompasses the activity required to gracefully shutdown an OMI session. Resources
may be released (e.g., files closed), final messages emitted, etc. Termination may be initiated because of an
explicit request (perhaps through a user interface), the occurrence of afatal error, or normal completion due
to the absence of further scheduled activity.

Prior to exiting, the application shall execute the termination callbacks of the model managers. No further
communication between the application and the model managers shall take place after execution of the
termination callbacks has occurred.

A model manager may request termination through a control request (see 5.7.2). Upon receiving a control
request for termination, the application may choose to terminate the entire on or to terminate the session
for that model manager al one while continuing execution with the remaining model managers. Regardless of
the choice it makes, the application shall execute a termination stage for that model manager by executing its
termination callback(s) and then ceasing communication with it.

5.7 Execution control

An OMI session has an execution state, which changes as execution proceeds. The current state at a given
point in execution includes the notion of the current stage of execution, the current values of the data objects
at the OMI model instance boundaries, and possibly the current simulation time.

The application is responsible for advancing the current state. If the session involves simulation, then it has
aclock associated with it. That clock is advanced by the application, which is a simulator in this case. The
application providesan oni Cur r ent Ti nme routine, which provides the current simulation time.

The model manager may request certain changes in state, such as areset, by making a control request. Upon
receiving such arequest, the application isresponsible for initiating the change in state, possibly by notifying
al of the model managers and asking them to perform certain tasks. The application may deny the request in
some cases. Handling of control requests is discussed in detail in 5.7.2.

The OMI provides an automatic error handling facility, which may affect the flow of execution. Details about
error handling are discussed in 8.2.

5.7.1 Callbacks

Dynamic interaction is achieved through the OMI by allowing the model manager to register and remove
callbacks. The callback mechanism allows a model manager to choose the granularity with which it interacts
with the application. A callback isatransfer of control from the application to amodel manager, or viceversa,
that occurs under a specified set of circumstances. A callback is executed through an anonymous callback
routine that is provided when the callback is registered.
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Although a model manager may provide a limited form of callback to the application to support access to
viewport changes, such support is not required and shall not be relied upon to drive simulation. The other
callbacks discussed in this subclause are callbacks that the application is required to provide to the model

manager.

Figure 6 depicts the OMI execution model with the associated callbacks.

Bootstrap
Elaboration

Initialization

BeginElaboration I

EndElaboration

Driverlnitialization

Netlnitialization
BeginSimulation

_— — — — - — — —_— —_— M — — — — — —

Termination

Figure 6—OMI execution model with callbacks

The Simulation Cycle

‘Provided by model manager.
Others provided by application.

Two structures are involved in the registration and execution of callbacks. They are different structures, and
they are controlled by different software components.

— Theom Cal | backDescri pti onT structure is provided during registration to describe to the
callback provider exactly how the callback should be executed.

— Theom Cal | backl nf oT structureis provided during callback execution to give the callback
recipient information pertaining to the callback and the current state.
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A model manager or application requests a callback by registering the callback with a callback reason, i.e.,
an indication of the circumstances under which the callback is to occur. Callback reasons are defined for
various execution stages and simulation events. Any number of callbacks may be registered for the same
reason. Each registration yields a different, unique callback, even if the callback parameterization is exactly
the same.

Callbacks are registered through the om Regi st er Cal | back routine. The callback description structure
used to register the callback contains the callback reason, a pointer to the callback routine, private callback
data, and any additional information required to further describe that kind of callback. The callback provider
shall not assume that the callback description structure is valid after the registration routine returns.

A callback may be registered by the model manager from the following routines:

— oni Begi nSessi onRout i neT

— omi Creat el nstanceRouti neT

— om Connect Port Routi neT

— omi El abor at el nst anceRout i neT

— om EndPort Connect Routi neT

— A model manager callback routine other than atermination callback routine

A callback may be registered by the application from the following routines:

— Anapplication callback routine
— Aninterna routine that is not one of the application’s OMI routines

Private callback data may be provided when a callback is registered; this private data shall be returned when
the callback is executed. For example, for a net update callback the model manager might choose to supply a
structure containing net mapping information as the private callback data. The nature of the private datais
determined by the software requesting the callback, and the callback provider shall not attempt to interpret it
or rely upon it in any way.

Certain callbacks require special additional information to fully describe them. Thisinformation is provided
through the qual i fi er field of the callback description structure. Thequal i fi er fieldisaunion, and
each callback requiring additional information has a corresponding entry in that union for holding the
required information. For instance, anoni Si nul at i onSt ep callback hasasi mul at i onSt ep entry in
this union; it denotes a structure containing a simulation time and an indication of when in the time step that
callback should be executed.

A calback is executed by invoking the previously supplied callback routine with a single argument, i.e., a
pointer to astructure of typeom Cal | backl nf oT. The structure contains

— A pointer to arepresentation of the current simulation time in the OMI format
— The callback provider's caller-specific data

— The callback recipient’s private callback data

— Specid additional state information for certain kinds of callbacks

The callback provider is responsible for all of the storage associated with this structure, which shall remain
valid for the duration of the callback. The callback recipient shall not assume that the storageisvalid after the
return of the callback routine, nor shall it attempt to modify the structure or any of its constituentsin any way.
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Certain callbacks have additiona state information associated with them, which is provided through the
speci al fieldof the callback information structure. Thisfield isaunion with an entry for each callback for
which special information is provided. For example, an ormi Net Updat e callback hasanet Updat e entry
inthespeci al union; it denotes the current value of the associated net.

Different kinds of callbacks occur at different points in execution; hence restrictions may be placed on the
sort of activity that may take place in a particular kind of callback. Some of these restrictions are outlined in
Table 5; additional restrictions relating to simulation cycle callbacks may be found in 6.4 and 6.5. Many of
the callback descriptionsrefer to concepts defined in the simulation reference model sdescribed in 6.2 and 6.3.

Table 5—Restrictions on callback activities

Callback Restrictions

om Begi nE abor ati on Callback occurs at the beginning of elaboration, before any instances have been
created for models under the control of that model manager. The current state and
simulation clock have been initialized at thistime.

om EndHE abor ati on Callback occurs at the end of elaboration, after all instances have been created.

onDriverlnitialization Callback occurs at the beginning of initialization, before any nets/signals have been
initialized. All instances have been created. The model manager can initialize its
drivers at thistime (see 5.4).

om Netlnitialization Callback occurs after the application has established initial values for its nets (see
5.4). Net values are available at thistime.

om Begi nSi mul ation Callback occurs at the beginning of simulation, before any simulation cycle
callbacks are executed. All data objects have valid values at this time.

onm Si nul ati onSt ep Callback occursin aparticular time step. The pr ocessKi nd qualifier (see 6.4)
determines exactly when during the time step the callback is executed.

om Net Sensitivity Callback occurs upon an edge or change on one or more nets. The pr ocessKi nd
qualifier (see 6.4) determines when during the time step the callback is executed.

om Cycl eSensitivity Callback occurs upon an edge or change on one or more nets. The callback is
executed after propagation in the cycle in which the edges or changes occurred.

om Net Updat e Callback occurs during network propagation when a specific net has been updated
(the net will not necessarily have a different value).

onm Term nati on Callback occursjust prior to the end of the session. No OMI routines shall be called
from this sort of callback.

oni Vi ewport Updat e Callback occurs when the value of aviewport changes. This callback is the only
form of callback available to the application.

Theoni Si nul ati onSt ep,oni Cycl eSensitivity,om Net Sensitivity,andom Net Updat e
callbacks are intended specifically for implementing simulation cycles. See 6.4 for a detailed discussion of
these callbacks, how they relate to the OMI execution model, and the restrictions on the operations that they
may perform.

NOTE 1—Therestrictions on when callbacks may be registered are intended to ensure that callbacks cannot be registered
during operations that are meant to be reading operations (such as the model query operations) or in the middle of a
difficult and unrelated operation.

NOTE 2—Sincethe callback provider cannot rely on the persistence of theoni Cal | backDescri pti onT structure, the
same structure may be reused to repeatedly register callbacks. Similarly, since the callback recipient cannot rely on the
persistence of the om Cal | backl nf oT structure, the callback provider can reuse the same structure when executing
different callbacks.
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Programming interface references:
See 9.10 for omiCallbackReasonT.
See 9.72 for omiProcessKindT.
See 9.7 for omiCallbackDescriptionT.
See 9.9 for omiCallbackInfoT.
See 9.8 for omiCallbackldT.
See 9.11 for omiCallbackRoutineT.
See 9.73 for omiRegisterCallbackRoutineT .
See 9.75 for omiRemoveCallbackRoutineT.

5.7.2 Control requests

A model manager may directly affect the flow of execution by executing a control request. For instance, a
control request may be used to revert to a previous state or to terminate execution of the model manager.

A control request for termination can be issued from any model manager routine. All other control requests
can be issued only from callback routines.

In general, acal tooni Cont r ol Request returns to the model manager with an indication as to whether
the request is accepted or denied. An application may accept or deny any control request except for arequest
for termination, which it is required execute. Control shall not be returned to the model manager routine
making the request if the request is for termination; model manager termination is described in detail in 5.6.

Most control requests occur immediately. A save or suspend request is a possible exception. If a model
manager requests a save or suspend in the middle of a simulation cycle, then the requested operation is
performed at the end of the current cycle. The request is still accepted in this case, and the model manager
can then assume that it will take place at the end of the cycle.

If a control regquest other than termination is accepted and can be executed immediately, the following
happens:

a) Theapplication’'som Cont r ol Request routine returns control to the model manager,
indicating acceptance. The application does not call any other model manager routines before
returning control. In other words, from the model manager’s perspective, the application returns
immediately (although the application may in fact perform internal activity first).

b) The model manager then returns control to the application (immediately, from the application's
perspective) without calling any other application routines.

¢) The application executes the operation by invoking the appropriate routines of all of the model
managers participating in the session.

d) The application resumes execution at the appropriate point (possibly an earlier one).
Example:

An example illustrating the use of a control request for termination may be found in the error handling
examplein 8.2.

NOTE 1—Thebasic goal of thefirst two stepsin the above sequenceisto removethe call tooni Cont r ol Request from
the call stack before performing the requested operation.

NOTE 2—Thefact that an application does not return from atermination request gives the model manager developer the
option of using centralized error handlers rather than embedding error handling code throughout. A model manager error
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handler typically contains atermination request for handling serious errorsraised by the application. Similarly, aninternal
model manager routinefor raising errors often contains atermination request for serious errors. Since the application does
not return from a termination regquest and cannot deny such a request, the model manager does not have to include code
to recover from errors that it considers to be fatal.

NOTE 3—The om Suspend control request informs the simulator of a request for interactive input from a model user.
A simulator is not required to support this capability, nor is suspension always appropriate (e.g., in a batch simulation).
When suspending a simulation in response to a model manager request, the application should first finish the current
simulation deltacycle. It should then “ stop” at asteady state from which the user can observe aset of consistent simulation
information (e.g., signal values, port values) and eventually resume simulation (e.g., through a“run” command).

Programming interface references:
See 9.19 for omiControl T.
See 9.20 for omi Control RequestRoutineT.

5.7.3 System exceptions

System exception handling shall be the responsibility of the application. The application shall detect and
process system-addressing issues (e.g., segmentation violation, bus error) as well as user-initiated interrupts
(e.g., control-C).

A model manager may install its own system exception handler; however, the application’ s exception handler
shall berestored before execution control is returned to the application. The model manager shall handle only
the exceptions with which it can and should deal completely. Other exceptions shall be passed on to be
handled by the application.

NOTE 1—A model manager that installs its own exception handler during model activity is required to reinstall the
application’s exception handler when the model activity is complete. Thus, the application can assume that its exception
handler isin place at al times and need not reinstall its exception handler after passing control to the model manager.
Exception handling responsibilities have been assigned in this manner to minimize exception handler swapping and its
performance cost.

NOTE 2—In some situations it may be reasonable for the model manager to catch and resolve a system exception. For
example, some model developers may wish to catch 'divide by 0" exceptions in their models, deal with the problem and
then proceed. Similarly, if the model manager implements a testbench with a graphical user interface (GUI) , a control-
C interrupt might be caught and processed by the model manager’s GUI. Situations such as these need not involve the
application.

5.7.4 Debugging the model manager

In some cases a model manager developer may have access to the application software in order to debug a
session involving OMI models. Since the model manager object file is dynamicaly loaded, the model
manager is difficult to enter in a debugger. To make this task easier, the application shall supply a specia
routine that is intended to serve as an entry point for debugging purposes. om DebugEnt ry. Thisroutine
shall do nothing. A call to thisroutine can be inserted anywhere in the model manager and used by the model
manager developer to set a breakpoint in the model manager.

NOTE—The oni DebugEnt ry function is intended for debugging purposes. Calls to this routine should NOT be
included in a model manager delivered to other parties. In this way, the debugging task for a model manager developer
issimplified, because there will be no om DebugEnt ry calls from other model managers with which to contend.

Programming interface references:
See 9.25 for omiDebugEntry.
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5.7.5 Model manager commands

A model manager may provide special capabilities that enhance the usability of the models under its control.
For instance, amodel manager may allow dynamic control over simulation data collection (tracing) or alow
auser to load the contents of amemory viewport from aparticular file during initialization. The OMI provides
access to special-purpose model manager operations through a generic command routine supplied by the
model manager.

The command routine is an optional routine of type om ComandRout i neT. A command is issued
through a string argument to this routine. Another argument may be used to indicate whether the command
applies to an instance, to al instances, or to the model manager itself. Depending on the nature of the
command, avalue may be returned through another argument.

The command facility allows the definition and use of dynamic operations that are not aready explicitly
supported by other OMI routines. The meaning and form of a command shall be determined by the model
manager, and the model manager shall be responsible for interpreting the arguments to the command routine
and performing or rejecting the requested operation.

A command may be issued by the application itself or indirectly by an end user of the model through a
mechanism supplied by the application. An application is not required to provide a command entry
mechanism for the end user, nor shall correct execution of a model depend upon the execution of model
manager commands.

A number of predefined commands are described in A.2. This annex defines the syntax and meaning of a
small number of commands that might be useful in OMI sessions; however, support for these commandsis
not required.

Examples:
An OMI-compliant simulator might provide an interactive command of the form
om Conmmand [ <i nst ance_nane> | <MM nane>] <conmand_string>

that allows an end user to direct commands to a specific model manager through the simulator’s user
interface. A use of this simulator command entry capability might look like

>om Command :dut/a/b "l oadmemnentl ./memfile"
>/ Vendor _X MM :dut/a/b/nmenory successfully | oaded from/user/joe/ memfile.

Command strings may be used to implement operations on a set of internal “state” variablesthat amodel
manager may define. Consider the command strings

"set debug_trace on"
"set debug_trace of f"
"val ue debug_trace"

where the val ue command returns the current value of variablet r ace as a string message that may
be displayed to the user by the simulator’ s user interface.

NOTE 1—It is expected that model manager commands will generally be interactive in nature. The command facility
allows a model manager to take advantage of an OMI application’s interactive interface if it has one. A model manager
is not precluded from providing its own interface for dynamic control.
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NOTE 2—The command facility is an opportunity for both the model manager and the OMI application to provide added
valueto the end user of amodel: the model manager, by defining and supporting commands that enhance model control;
and the OMI application, by providing a convenient mechanism for entering those commands and displaying results.

NOTE 3—The command facility is similar to the invocation option facility in that it provides a communication channel
for functionality that is defined directly by the model manager rather than the OMI. The key differenceisthat invocation
options are static in nature (they are established at the beginning of a session and remain constant thereafter), whereas
commands are dynamic nature.

Programming interface references:
See 9.17 for omiCommandRoutineT.

6. Simulation

An OMI simulation session exercises OMI model instances through a protocol that defines how ports are
updated and how values at the model instance boundary are exchanged. The OMI defines two basic types of
simulation: event-driven simulation and cycle-based simulation. Requirements relating to simulation style
support are discussed in 4.3.2.

To support model interoperability, the semantics of OMI simulation are defined in very genera terms. A
simulation reference model defines synchronization opportunities that are mapped to OMI callbacks. A
simulator and model manager interact by registering callback routines and executing them when the specified
conditions are met. An OMI simulation reference model is defined for each simulation style. All reference
models support a variety of hardware description languages, including VHDL and Verilog.

A simulation session is distinguished from other kinds of OMI sessions by the fact that it includes
initialization and simulation stages; however, this distinction is not the only one. Certain activity in other
stages may take place only in a simulation session. For instance, backannotation during the elaboration stage
may take place only in asimulation session. Similarly, the reset, save, and restore operations are specific to
simulation sessions.

6.1 Simulation fundamentals

OMI simulation is described in terms of a system of behavioral elements called processes. An OMI process
is a black box representing an independent thread of execution during simulation. The simulator knows
nothing about the process other than the conditions under which it executes and the data changes that it
produces. A process may be dedicated to a very low-level activity, such as computing the new value of a
particular signal or executing a block of behavioral code. Alternatively, a process may be a powerful engine
that performs a series of kernel activities or executes awhole set of internal parallel processes.

Communication between OMI processes takes place through data channels that are created by OMI port
connections. Associated with each connection to an OMI input or bidirectional port is a net that represents
the current value of the corresponding port. Associated with each connection to an OMI output or
bidirectional port isadriver that represents an OMI model instance’ s scheduled contributions to the value of
the associated net.

The set of nets connected to OMI ports constitute the OMI network. A net may have multiple drivers, not all
of which necessarily represent OMI port connections. Hence the OMI does not define precisely how the value
of a net connected to an OMI port is computed. It does, however, define when an OMI net is updated with
respect to OMI execution and how a change in its value is made visible to the OMI processes.
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The simulation stage consists of a series of simulation cyclesin which the OMI network is updated and OMI
processes are executed. The steps performed in the execution of a simulation cycle vary, depending on the
style of ssimulation. The principal difference between cycle-based simulation and event-driven ssmulation lies
in the role of simulation time and the absence of a time-based scheduling mechanism in cycle-based
simulation. The event-driven reference model may be viewed as an extension of the cycle-based reference
model in which simulation cycles are grouped into time steps, which serve as a reference for scheduling
activity. The reference models for event-driven simulation and cycle-based simulation may be found in 6.2
and 6.3, respectively.

Nets are updated during network propagation, i.e., the process of recomputing the OMI network to reflect
changes in nets or their drivers. During propagation, pending updates scheduled to take place at the current
simulation cycle are removed from OMI drivers. Propagation may involve the execution of wire-tie,
resolution, or type conversion functions to compute net values.

Regardless of the simulation style, network propagation takes place only once in a given simulation cycle.
Scheduled updates are not visible prior to the network propagation step, and any changes to OMI ports
scheduled by an OMI process after propagation take effect in a later ssimulation cycle (although not
necessarily at alater simulation time), thereby insuring that the set of OMI processes executing at a given
point in asimulation cycle share a consistent view of the OMI network.

Three basic kinds of OMI processes are recognized; they are differentiated primarily by when they are
executed:

— New-time-step processes execute at the beginning of atime step, before network propagation in the
first simulation cycle.

— Post-propagation processes execute after network propagation in a given simulation cycle.

— End-time-step processes execute at the end of atime step, just before simulation time is advanced,;
they shall not affect datain the current time step.

Because cycle-based simulation does not recognize time steps, the only form of process in a cycle-based
simulation session is a post-propagati on process.

The activation conditionsfor certain OMI processes are specified in terms of changesin net values. A process
may be sensitive to any change in the value of a net or to a particular edge on that net. Type
omi Sensi ti vityT definesthis classification. An edge is a more restrictive value change that applies to
nets of alogic type. Edge determinations ignore the strength aspect of a value. The only kind of sensitivity
specification allowed for a net that is not of a logic type is oni Val ueChange. Table 6 defines the
corresponding edge for each kind of logic value transition.

Table 6—Mapping of logic value transitions to edges

TO
FROM 0 1 X Z
0 no edge | rising rising rising
1 falling no edge | falling falling
X falling rising no edge | noedge
4 faling rising no edge | noedge

A model manager creates OMI processes by registering certain kinds of callbacks (see 6.4 for details). The
behavior of a given model instance may be implemented by a single process or many processes. In event-
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driven simulation a single process may implement the behavior of several model instances. A process may
read nets and modify drivers through the routines for dynamic data transfer described in 6.5.

NOTE—A model manager may further filter events though its callback routines to implement more stringent edge
definitions (e.g., to implement IEEE Std 1164-1993r i si ng_edge andf al | i ng_edge semantics) if needed.

6.2 Event-driven simulation reference model

Event-driven simulation proceeds by executing a series of simulation cycles within a series of simulation
times. A simulation time step is a time period that encompasses al of the activity that occurs between
consecutive updates to the current smulation time. A simulation time step contains one or more simulation
cycles. Multiple simulation cycles in atime step are caused by the scheduling of zero-delay updates during
the execution of asimulation cycle. Figure 7 shows the flow of control during the execution of the simulation

omiSimulationStep callback
processKind=omiPostPropagation

— l omiCycleSensitivity callback

. ]

processKind=omiPostPropagation
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Figure 7—Event-driven simulation cycle with callbacks
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Event-driven simulation proceeds according to the following algorithm, in which each iteration of Step a) is
adifferent OMI time step, and each iteration of Step c) isadifferent OMI simulation cycle. Certain steps are
annotated with referencesto the callbacks that are executed in that step. A processis activated in this context
if it meetsthe termsfor execution for the callback that implementsit. For anet sensitivity callback, activation
is contingent on one or more of aset of nets changing in that cycle or time step. For asimul ation step callback,
activation is contingent on the simulation time reaching a specified activation time.

a) Advance simulation time.

b) Execute activated new-time-step processes (om Si mul at i onSt ep callbacks for which
processKi nd=oni NewTi meSt ep).

¢) Executeasimulation cycle.
1) Update OMI network (oni Net Updat e callbacks are executed).

2) Execute activated post-propagation processes scheduled for the current cycle
(om Si mul ati onSt ep and om Net Sensi ti vy callbacks, for both of which
processKi nd=oni Post Propagat i on, and om Cycl eSensi ti vi ty callbacks).

3) If zero-delay updates were scheduled in Steps 1) or 2), then return to Step 1).

d) Complete time step by executing activated end-time-step processes scheduled for the current time
step (omi Si mul at i onSt ep and oni Net Sensi ti vy calbacksfor which
processKi nd=oni EndTi meSt ep).

e) If further activity has been scheduled for another time, return to Step a).

A model manager determinesthe granularity of itsinteractions with an event-driven simulator in agiventime
step. For instance, upon an input change, a model manager can choose to react after network propagation is
complete for that simulation cycle, or after the OMI network has settled at the end of the time step. The
mechanics for this interaction are provided through the callback capability described in detail in 6.4.

By selecting when in a given time step a process executes, a model manager determines how frequently the
process executes, the state of the network that the process sees, and the nature of the actions that the process
can perform. For example, an end-time-step process executes at most once per time step, it observesthe final
state of the OMI network for that time step, and it cannot schedule zero delay updates to OMI ports.

6.3 Cycle-based simulation reference model

Cycle-based simulation is arestricted form of simulation in which clock edges provide the foundation for the
simulation execution agorithm. Rather than associating a specific delay with the execution of a particular
process or achangein a particular signal, activity takes place with respect to changesin one or more clocks.

A cycle-based simulator is not timeless. Although execution does not advance through a time-based
scheduling mechanism, a cycle-based simulator shall still select a time precision for exchanging (optional)
clock period information and for reporting the current time as determined by its clock(s). The clock periods
determine the current simulation time.

Clocks are binary devicesthat define two phases of execution relative to their state: “clock” and “not clock”.
A phase changeisrepresented by arising or falling clock edge, which may trigger OMI cycle-based activity.
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The cycle-based simulation algorithm is as follows:
a) Advance/update simulation clocks as appropriate for their periods.
b) Update OMI network.
¢) Execute activated OMI post-propagation processes (om Cycl eSensi ti vi ty calbacks).
d) Returnto Step a).
Figure 8 illustrates this algorithm graphically.

Initialization

Advance
clock(s)

Update
more to do OMI network

Execute
post-propagation} — -}omiCycIeSensitivitycallbackl_l
[

processes

Termination

Figure 8—Cycle-based simulation cycle with callbacks

If the session isacycle-based simulation session, then a clock domain specification shall be provided for each
clock in the model. (Clock domain specifications are optional in an event-driven simulation session.) A clock
domainidentifiesaclock and a set of portsthat are dependent on that clock; special restrictions apply to clock
ports (see 7.8). If clock domain specifications are provided, then they shall be complete. Each clock in the
model shall have one, and each dependent of that clock shall beidentified. If clock domain specifications are
present, the simulator can assume that the absence of a dependency means that there is truly no dependency
and that the cycle-based callbacks registered for an instance of the model will reflect the specified
dependencies.

Cycle-based post-propagation processes are implemented with cycle sensitivity callbacks (see 6.4). An OMI
cycle-based process may be activated (scheduled for execution during the current cycle) by arising edge, a
falling edge, or any changein value. A cycle-based process may be sensitive to both synchronous (clock) nets
and asynchronous (nonclock) nets.
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A model instantiated in a cycle-based simulation session shall not have transparent data paths. A transparent
data path exists between an input and an output if a change in the input port's value directly affects the output
port's value in the same cycle. A transparent data path typically occurs because the path between the input
and output is purely combinatorial.

The OMI does not specify in detail how clocks in a model instance are coordinated with other clocks in the
simulator. This coordination is implementation-defined; a ssmulator may even require assistance from the
model user in this task. Furthermore, a simulator may choose not to support certain kinds of waveforms; for
instance, a simulator may choose to accept only those clocks with 50% duty cycles.

In the absence of more detailed information about the relationships of ports to clocks and clocks to other
clocks, the cycle-based simulator shall assume the worst case in performing its scheduling. To support
optimal scheduling in multiple clock domain systems, a model may provide clocking information to the
simulator on an optional basis. A model can provide three kinds of clocking specifications:

— A description of aclock waveform
— A description of clock/port relationships
— A description of clock value relationships

These specifications are described in more detail in 7.8.

NOTE 1—If no clocking information is provided by the model and no user interaction exists with the simulator to provide
clocking information, then worst case scheduling by the cycle-based simulator should be expected. To prevent worst case
scheduling, model suppliers are strongly urged to provide the clocking information with their cycle-based models.

NOTE 2—The same net can be connected to both clock and nonclock ports.
NOTE 3—A clock can be unconnected. The ability to leave a clock unconnected is particularly useful for scan clocks.

NOTE 4—An event-driven simulator is required to support models with timing and cycle-based models. However, an
event-driven simulator is not responsible for providing a clock-generator capability for use with cycle-based models or
for verifying that nets connected to clocks on cycle-based models satisfy clocking specifications. The OMI model user is
responsible for connecting the model to netsin a manner that satisfies the clocking specifications for the model.

6.4 Simulation cycle callbacks

The OMI defines a small number of callbacks that are used to implement simulation cycles; these are the
om Si mul ati onSt ep, om Cycl eSensitivity, om Net Sensitivity, and om Net Updat e
calbacks. The om Si mul ati onSt ep, om Cycl eSensitivity, and om NetSensitivity
callbacks may be used to implement OMI processes of the sort described in 6.1. These callbacks, when
executed, are presented with a consistent view of the OMI network. Table 7 defines the execution semantics
for each kind of callback. The omi Net Updat e callback, although executed during a simulation cycle, is
provided to quickly record an individual net change rather than to view the OMI network. Each of these
callbacksis discussed in more detail below. Callbacksin general are discussed in 5.7.1.

Theom Si mul ati onSt ep andomi Net Sensi ti vi ty calbacks may be executed at different pointsin
asimulation cycle or time step. Hence each shall be qualified with an indication of exactly when the callback
should take place. The point of callback execution is specified through the pr ocessKi nd field of the
description structure; it is of the enumeration type omi ProcessKi ndT, which defines values
corresponding to the processes described in 6.1.
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Table 7—Indications of when callbacks should occur

Indication Explanation

omiNewTimeStep Callback occurs at the beginning of atime step. The simulation clock has just
advanced, and no OMI nets have been updated yet. Zero-delay updates
scheduled by this sort of callback take place in the first simulation cycle of the
time step.

omiPostPropagation Callback occurs &fter al of the OMI nets have been updated for a particular
simulation cycle. Zero-delay updates scheduled by this sort of callback take
place in the next simulation cycle.

omiEndTimeStep Callback occurs after all update activity for the specified time step has taken
place, just before simulation time advances. No further updatesto OMI data
objects shall take place in the current time step.

Anom Si mul ati onSt ep callback implements a process that is executed during a particular time step.
The callback definition structurefor asi mul ati on st ep callback containsanact i vat i onTi e field.
Unless explicitly removed by the model manager, the callback shall be executed when the current simulation
time reaches the activation time at the specified point in the execution of that time step.

The sensitivity callbacks (i.e.,, om Cycl eSensitivity and om Net Sensitivity) implement
processes that are activated by changesin the values of nets. A sensitivity callback shall be executed at most
once in a given simulation cycle, even if more than one sensitivity condition activates that process for that
cycle. If none of the net sensitivitiy conditions are met in agiven cycle, then the callback shall not be executed
at al during that cycle.

Theom Net Sensi ti vi ty calback implementsaprocessthat is sensitive to changes on one or more nets.
The callback description structure for an oni Net Sensitivity calback contains a nets field that
denotes one or more net identifiers congtituting the sensitivity set for the calback. These nets shall be
connected to ports that are either input or bidirectional. The pr ocessKi nd for this sort of callback shall be
oni Post Propagati on or om EndTi neSt ep. If activated by a net sensitivity condition, then the
callback shall execute at the specified point in the time step.

Anom Cycl eSensi ti vi ty callback implements a post-propagation process that is controlled by one or
more nets and schedules activity with unit delay. It is erroneous for a cycle sensitivity callback to call a
scheduling routine that takes a delay as an argument. Unlike other process callbacks, cycle sensitivity
callbacks are associated with a particul ar instance; however, asimulator may ignore the instance information
if it is not needed. Specifically, the use of nets and drivers with cycle-simulation callbacks is restricted as
follows:

— Eachnetinthenet s array of the callback description structure shall be connected to aport on the
specified instance.

— A driver identifier provided in a call to a scheduling routine from a cycle sensitivity callback shall
be associated with the instance with which the callback was registered.

— A netidentifier provided in acall to oni Get Net Val ue or om Get Net Gr oupVal ues froma
cycle sensitivity callback shall be associated with the instance with which the callback was
registered.

Cycl e sensitivity calbacksshal be registered before the initialization phase begins.

Theom Net Updat e callback provides a mechanism for determining precisely which nets are changing and
simultaneously obtaining their new values. om Net Updat e callbacks are different from the other
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simulation cycle callbacks because they do not present a stable view of the OMI network. They are executed
during network propagation, hence the OMI network has not necessarily settled when a net updat e
callback is executed. When an omi Net Updat e calback is registered, the callback description shall be
qualified with the net identifier of the net of interest (the net field). When the callback is executed, the
callback information structure contains a special cur r ent Val ue field reflecting the current value of the
net. Zero-delay updates scheduled by a net update callback take place in the next simulation cycle rather than
the current one.

A simulator’s implementation of net update callbacks shall be such that the following holds: if a net has a
different value at the end of network propagation, then there shall be at least one net update callback for that
net during that simulation cycle, and the current value in the last net update callback for that net in that cycle
is the value observed by all post-propagation processes executed in that cycle. Depending on how the
simulator implements network propagation, multiple net update callbacks may be executed for a particular
net during a single network propagation phase. Furthermore, a simulator may choose to execute net update
callbacks every time that it is updated or only when the net changes value; therefore, the current value is not
necessarily different from the previous one.

The model manager may provide an analogousormi Vi ewpor t Updat e callback to the application. A model
manager may restrict the nature of acallback for a particular viewport. For instance, the model manager may
alow a memory viewport to be monitored in its entirety, but not return the value of an entire memory
viewport in the callback information structure. If a model manager imposes such a restriction on a callback,
it shall indicate the restriction through the OMI error reporting mechanism when the callback is registered
(e.g., through an om NoVal ueUpdat e warning).

NOTE 1—Cycle sensitivity callbacks are the only simulation cycle callbacks supported by a cycle-based simulator. They
are used to implement purely functional models.

NOTE 2—Sensitivity callbacks are expected to be the primary vehicle for implementing net sensitive behavior since they
provide a stable view of the OMI network. The current value of anet or set of nets may be obtained during a sensitivity
callback by calling either om Get Net Val ue or om Get Net G oupVal ues.

NOTE 3—Some differences and similarities between net sensitivity callbacks and cycle sensitivity callbacks are as
follows:

— Both may be used to implement a post-propagation process.

— Cycle sensitivity callbacks are always post-propagation processes; net sensitivity callbacks may
also implement end-time-step processes.

— Cycle sensitivity callbacks are instance-specific; net sensitivity callbacks are not.

— Cycle sensitivity callbacks do not schedule with explicit delays; net sensitivity callbacks may
schedule with or without explicit delays.

— Cycle sensitivity callbacks are supported by both event-driven and cycle-based simulators; net
sensitivity callbacks are supported only by event-driven simulators.

NOTE 4—Once om EndTi neSt ep processes begin execution, no further updates to OMI data objects are permitted.
However, updates to OM| data objects in subsequent time steps may be scheduled from an om EndTi meSt ep process.

NOTE 5—The net update callback is intended primarily to support debugging operations or to record specific net
changes. A model manager cannot rely upon detecting glitches through an om Net Updat e callback. A simulator is not
required to execute om Net Updat e callbacks exactly as the nets are updated during network propagation, although it
may choose to do so. It may instead buffer the information and execute the callbacks at the end of its propagation phase.
Maximum flexibility is provided to the simulator in implementing this callback to alow it to adopt the most efficient
implementation possible.
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Programming interface references:
See 9.10 for omiCallbackReasonT.
See 9.72 for omiProcessKindT.
See 9.7 for omiCallbackDescriptionT.
See 9.9 for omiCallbackInfoT.
See 9.8 for omiCallbackldT.
See 9.11 for omiCallbackRoutineT.
See 9.73 for omiRegisterCallbackRoutineT .
See 9.75 for omiRemoveCallbackRoutineT.

6.5 Dynamic data transfer

The dynamic transfer of values across the ports of amodel instance is achieved through connections to nets
and drivers in the environment. Nets and drivers are represented by identifiers of type om Net | dT and
om Dri ver | dT, respectively. They denote distinct aspects of aport connection for transferring val ues; nets
are used to read a port, and drivers are used to write to a port. These identifiers are established by the
application at elaboration time and remain constant throughout simulation. These identifiers are not handles
and cannot be used to retrieve general information about the nets and drivers.

The application is responsible for creating a unique driver for each connection to an OMI output or
bidirectional port. The model manager that is associated with the model instance is the only one that is
allowed to schedul e updatesto that driver. It is erroneous for the application to associate the same OMI driver
with more than one output or bidirectional port.

The application provides anumber of routinesthat amodel manager may call to read net values and schedule
driver updates. Some variants allow a model manager to operate on individual nets or drivers or on groups of
nets or drivers. Other variants allow a model manager to schedule updates with explicit delays or with an
abstract unit delay. More information about these routinesis provided in 6.5.1 through 6.5.4.

6.5.1 Reading net values

The application provides two routines for examining net values. om Get Net Val ue retrieves the current
value of asingle net, and om Get Net G oupVal ues retrieves the current values of a group of nets all at
once. Special restrictions on the use of these routines from a cycle-sensitivity callback are discussed in 6.4.

A net value may also be implicitly obtained through the o Net Updat e callback described in 6.4.

NOTE—Because a net may have other contributionsto its value, the value of an OMI bidirectional port may differ from
the value driven by the model instance at any given time.

Programming interface references:
See 9.46 for omiGetNetValueRoutineT.
See 9.45 for omiGetNetGroupV aluesRoutineT.

6.5.2 Scheduling updates

An update to an OMI port is scheduled to take place with a certain delay, thereby placing the update in a
particular simulation cycle. Thisdelay is achieved by associating the update with adriver rather than directly
modifying the value of the corresponding net.

The driver is manipulated by the model manager through the routines provided for that purpose by the
application. Pending updates shall be removed from the driver by the application when they mature (i.e.,
when the simulation advances to the specified cycle or time and net values are being computed). This
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circumstance is the only one under which the application shall modify an OMI driver without explicit
direction from the model manager.

The OMI supports two basic kinds of updates. those with an explicit delay (e.g., 5 nanoseconds) and those
with a unit delay. A unit delay is an abstract delay that has no time associated with it. An application may
choose to implement a unit delay as a zero delay, or it may choose to implement it as some other constant
delay. In any case, the effect of aunit delay update shall never be immediate; the new value shall take effect
in a subsequent simulation cycle.

A model shall not mix these two forms of update. A model manager shall update al of the ports of aparticular
model instance either with unit delays or with explicit time-valued delays. The simulator may choose whether
to verify thisrequired consistency.

The application provides different routines for performing these two different kinds of scheduling. The
routine om Schedul eGr oupUpdat es schedules unit delay updates to one or more drivers. This routine
shall be used exclusively if a model has a UsesUni t Del ay attribute (see A.1) and the value is true. The
routinesom Schedul eDel ayUpdat e and om Schedul eDel ayG oupUpdat es schedule explicitly
delayed update(s) to asingle driver or agroup of drivers, respectively.

A unit delay driver has at most one pending update. The value in a unit delay update is placed on the driver,
replacing a previously scheduled update if present.

The semantics for updating a driver with explicit delays are more complex. Conceptually, such a driver has
a (possibly empty) sequence of pending updates associated with it, ordered by increasing simulation time.
When scheduling an update to a port, the driver associated with that port is modified according to the
semantics of the delay mode, which may cause previously scheduled updates to be cancelled by removing
them from the driver. The delay mode semantics ensure that at any given time an OMI driver has at most one
update scheduled for a particular time step.

Prior to modifying the driver for an update with an explicit delay, the application shall compute the absolute
simulation time for the update by adding the specified delay to the current simulation time. If an overflow or
numeric error occurs in the computation of the absolute time, then the update shall not be schedul ed.

The scheduling delay modes in Table 8 are supported by an OMI-compliant simulator:

Table 8—Scheduling delay modes

Delay mode Explanation
Inertial All All pending updates are removed, and the new update is placed on the driver.
Transport The new update is placed at the appropriate position in the sequence of pending

updates, replacing a previously scheduled update for that time step if present.
All updates scheduled to occur at alater simulation time are removed.

Pure Transport The new updateis placed at the appropriate position in the sequence of pending
updates, possibly overriding a previously scheduled update for that time step.
No other updates are removed from the driver.

Once OMI network propagation has begun, any zero-delay updates scheduled during that cycle shall take
effect during the next simulation cycle. Similarly, any unit delay updates shall take place after propagation in
a subsequent simulation cycle. See 5.5 for the definition of simulation cycles and time steps.
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Pending updates may be explicitly cancelled by a model manager through the routine
onmi Cancel Dri ver Updat e, which removes the update scheduled to occur at the specified absolute time.
Thisroutine isonly applicable for event-driven simulation.

To support resolution of binary bidirectiona ports, a model manager may usetheom Di sabl eDri vers
routine to indicate that it is not driving one or more bidirectional ports.

NOTE 1—The OMI doesnot allow “no delay” update scheduling, i.e., scheduling of updatesthat can or must be executed
immediately. A newly scheduled update for a particular simulation time always replaces a previously scheduled update
for that time. As aresult, at most one OMI update to a particular driver can occur in a given simulation cycle.

NOTE 2—A purely functional model typically chooses to perform unit delay updates. A model may assist the simulator
in its optimization by providing the optional predefined UsesUni t Del ay attribute (see A.1) to indicate whether the
model uses unit delay updates.

Programming interface references:
See 9.26 for omiDelayModeT.
See 9.87 for omi ScheduleDelayUpdateRoutineT .
See 9.86 for omi ScheduleDelayGroupUpdatesRoutineT .
See 9.88 for omi ScheduleGroupUpdatesRoutineT .
See 9.14 for omiCancel DriverUpdateRoutineT .

6.5.3 Group data operations

An application provides three routines that operate on groups of nets or drivers, alowing signal data to be
passed in a sngle vector form. These routines ae om Get Net GroupVal ues,
onm Schedul eGr oupUpdat es, and om Schedul eDel ayGr oupUpdat es. These routines share
some common semantics that are defined below.

A group of nets is represented by the model manager as an array of net identifiers. Similarly, a group of
driversis represented by the model manager as an array of driver identifiers. The ordering of nets or drivers
within a group array does not imply a processing order; it is erroneous for a model manager to rely upon a
particular order for their processing. None of the identifiersin a group array shall be null references.

The number of group members shall be indicated by a count argument; it is erroneous for its value to be less
than 1. Thegroup net s or dri ver s array shall not be assumed to be null-terminated.

Thedatafor agroup value are exchanged through avaue of typeom G- oupDat aT. Though thetype of this
vaueisavoi d *,itisactualy an array. Thisval ues array shall not be assumed to be null-terminated. A
direct positional correspondence exists between the items in the group net s or dri ver s array and the
relative position of the corresponding value in the group value array. The element type of this array is
interpreted in one of two ways, depending on the value of thei sPacked argument, which indicates whether
the scalar values are stored in the group value array using the smallest possible representation.

If the data are not packed, then the values argument shall be interpreted as an array of pointers to data value
structures (om Dat aVal ueT **), with the positional correspondence described above.

If thei sPacked argument istrue, then special restrictions apply to the netsor drivers. Inthis case, their data
types shall defineastructurally equivalent set of logic values of the samekind of logic. Therulesbelow define
equivalence among this set of data types. In the case of composite data types, these rules shall apply,
recursively, to corresponding element data types as well.

— Thenet or driver data type shall be either alogic type or an array type.
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— If anet or driver datatype isalogic type, then it shall denote the same kind of logic as the other
logic types.

— If corresponding net or driver data types are array types, then each shall have the same number of
elements.

— Thekind, storage type, and size of each corresponding net or driver data type shall be the same.
Finaly, if the data are packed, the specified nets or drivers shall have the same atomicity. In other words,
either all are atomic, or none isatomic. The application may choose either to assume adherence to these rules
or to verify it.

If the data are packed, thentheval ues argument isinterpreted as an array of logic values, packed astightly
aspossible (see Table 9).

Table 9—Logic value packing

Logickind Valuesizein bits

om M/L2Logi cDat a

om M/L4Logi cDat a

1
2
om 1164Logi cDat a 4
8

om 1364Logi cDat a

An application shall not assume that the storage associated with agroup member array or group valueisvalid
upon the return of one of these routines.

NOTE 1—The purpose of the packing capability is to allow very efficient transfer of a block of logic values. The
application may use atight loop to perform value processing since al values share the same characteristics. Though the
packing capability does not reduce the space required for transferring om 1364Logi cDat a values, it may still result in
more efficient processing.

NOTE 2—Itisnot an error if aparticular net or driver appears multiple timesin the same group, although this practiceis
not particularly useful or efficient.

Programming interface references:
See 9.48 for omiGroupDataT .
See 9.45 for omiGetNetGroupV aluesRoutineT.
See 9.88 for omi ScheduleGroupUpdatesRoutineT .
See 9.86 for omi ScheduleDel ayGroupUpdatesRoutineT.

6.5.4 Viewport values

Viewport values are read and modified through handles that may be obtained by the application after amodel
instance is elaborated. Viewport handles may be obtained by iterating through the omi Vi ewports
relationship on the model instance or by alookup operation using the viewport definition name and the model
instance scope (see 7.10.6 for details on these methods).

The current value of aviewport may be obtained through one of two routines provided by the model manager:
om Cet Dat aVal ue or om Get El enent Val ue.
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Ports and viewports are not updated in the same way because they are different sorts of data objects. From an
OMI perspective, viewports are variables rather than signals (although they may in fact be internal signals).
Although certain kinds of viewports may have internal drivers, those drivers are not a part of the model
instance boundary. Ports defined by a model provider are required for the correct operation of a model; a
viewport is a debug or informational aid in using the model. Direct interaction between an application and a
viewport is not required, and a model manager shall not rely on such interaction taking place. Similarly, an
application shall not rely on the existence of a viewport for correct execution.

Updates to viewports cannot be scheduled in advance by the application. An application may, however,
change the value of aviewport through adeposit if the model provider allows the viewport to be modified. A
deposit is an asynchronous change in the current value of aviewport, requested by the application (see 9.27).
Unlike a scheduled update, a deposit takes effect immediately.

A model manager providesanom Deposi t Val ue routinethat allows an application to deposit aparticular
value on a port or aviewport. The deposit capability is provided to enhance the usability of OMI-compliant
models; deposits are not an essential part of model integration. For example, a deposit might be used to
initialize aregister viewport or to alow manipulation of the model instance boundary through an interactive
user interface. It is erroneous for an application to use deposits to implement implicit drivers for port or
viewports. It is erroneous for a model manager to rely on the effect of a deposit for correct simulation of its
model instances.

A model manager may restrict the forms of access for a particular kind of viewport. For instance, it may
require the application to manipulate a viewport representing a memory through individual memory words.
Similarly, the model manager may require the application to manipulate other types of viewports in their
entirety rather than through individual bits. Such restrictions shall be indicated to the application through an
onmi El ement AccessOnl y or om El ement AccessNot Support ed error code when an unsupported
form of accessis attempted. Viewport manipulations through the following types of model manager routines
might result in such an error:

— oni Get Dat aRout i neT

— om Get El enent Rout i neT

— om Get El enent Val ueRout i neT
— omni Deposi t Val ueRout i neT

— oni Regi sterCal | backRouti neT

An application may monitor aviewport by registering a callback on the viewport, as described in 6.4.

NOTE—Conceptually, a viewport should not be connected to anything in the application that represents areal piece of
hardware; a port should be the point of connection in that case.

Programming interface references:
See 9.27 for omiDepositModeT.
See 9.28 for omiDepositVaueRoutineT.
See 9.39 for omiGetDataV alueRoutineT .
See 9.41 for omiGetElementV alueRoutineT.

6.6 Reverting to a previous state

The OMI defines a small set of functions that may be used to revert a session to a previous state. The two
basic forms of this sort of operation are reset and restore. A reset returns the session to its state at the
beginning of the simulation stage. A restore returnsthe session to apreviously saved simulation state that was
created by a save operation; this saved state may be one from the current session or one from aprior session.
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Support for reset, save, and restore is optional. Save and restore are companion operations; either both are
supported or neither is supported. If the model manager does not support one or more of these activities, then
the corresponding entry or entriesin itsfunction tray are null. If the application does not support one or more
of these operations, then it will deny any control requests to perform the unsupported operation.

A reset, save, or restore operation shall be initiated by the application. If a model manager supports these
operations, then it provides routines for the application to call. If the model manager wishes for one of these
operations to take place, then it makes a control request asking the application to initiate the operation (see
5.7.2).

Callbacksthat were in effect during the previous state shall bein effect after areset or restore. Any currently
active callbacks that were not in effect in that previous state are no longer in effect after a reset or restore
operation. The callback identifiers for the callbacks that are no longer in effect are implicitly released when
execution of the reset or restore operation begins.

NOTE—The reset operation returns execution to the point just after initialization and just before simulation cycle zero.
6.6.1 Reset

A reset returns a session to its state at the beginning of the simulation stage. A reset may take place any time
after the elaboration stage. The current state presented to the model manager by the simulator during the reset
operation itself may be the state at the point that the reset was initiated or the state at the beginning of
simulation (that is, the state that isthe goal of the reset operation). It is erroneous for amodel manager to rely
on a particular implementation choice.

The application executes areset by invoking the om Reset routine of each model manager in the session.
Simulation then resumes with execution of theom Begi nSi rrul at i on callbacks.

A reset occurs in the context of a single OMI session. In other words, a reset cannot be used to revert to an
initial statein a previous session.

Programming interface references:
See 9.76 for omiResetRoutineT.

6.6.2 Save and restore

A restore operation occurs with respect to a previously saved state called a checkpoint. A checkpoint has a
namethat uniquely identifiesthe current statein amanner that is meaningful across OMI sessions. The syntax
and interpretation of this name is determined by and understood by the application.

The application invokes the model manager’s o Save routine to initiate a save operation, creating a new
checkpoint. An application can initiate a save at the following points in execution:

— At the beginning of simulation

— At the beginning of a simulation cycle
— Attheend of asimulation cycle

— Attheend of atime step

An application invokes the model manager’s oni Rest or e routine to revert the session to a particular
checkpoint. A restore can occur anytime after a session has begun.

The application and the model manager each shall be responsible for saving its own checkpoint data;
however, the application shall select alocation on thefile system for storing the model manager’ s checkpoint
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data. Through arguments to the om Save routine, the application shall provide the model manager with a
location of anonexistent file on the host file system. The model manager can create thisfile aseither asimple
file or a directory, according to its needs. The save operation shall be such that the checkpoint name and
checkpoint file location are the only information required by the model manager to identify and perform a
restore operation.

Itiserroneousto attempt to revert to a previous state involving adifferent design. Furthermore, it is erroneous
to attempt to revert to a session of a different session type.

If the restore occurs in a different session from the save, then session-specific options may be different. The
application and the model manager shall each verify that any difference in the options that it uses are
acceptable for the restored state.

NOTE—A common approach to identifying a checkpoint is to use a file name supplied by the user. The OMI supports,
but does not require, this approach to naming checkpoints.

Programming interface references:
See 9.83 for omiSaveRoutineT.
See 9.78 for omiRestoreRoutineT.

Since opague references may be implemented as pointers, they shall not be assumed to be valid across
sessions. Consequently, special steps shall be taken to preserve and restore this information in a memory-
independent way so that savelrestore will work properly. The routines oni SaveRef er ence and
oni Rest or eRef er ence aredefined for this purpose. If an application or amodel manager supports save
and restore, then it shall provide an implementation of these two routines.

oni SaveRef er ence converts an opague reference to a form that can cross session boundaries, and
oni Rest or eRef er ence converts this persistent form back to one that is usable during simulation in
another session. The persistent form shall be the same across checkpoints within a single session; hence
repeated callsto oni SaveRef er ence are not needed for multiple checkpoints.

In performing a save or restore, the application and model manager shall use the other's conversion routines
to save and restore the opague references that are in effect. It is erroneous to invoke an
oni SaveRef er ence routine prior to the initiation of a save operation in that session. Similarly, it is
erroneousto invokeanom Rest or eRef er ence routine prior to theinitiation of arestore operation in that
session.

NOTE—Depending on how the software has implemented its opaque references and private data, these functions may
actually return the same value because the value is already in a persistent form. For instance, these functions might return
the same value if the model manager implements handles as array indices.

Programming interface references:
See 9.70 for omiOpaqueKindT.
See 9.82 for omi SaveReferenceRoutineT .
See 9.77 for omiRestoreReferenceRoutineT.

6.7 Backannotation

An OMI model may have configurable timing information (e.g., delays and constraints) associated with it.
Default timing values may be modified prior to simulation through a process called backannotation.
Backannotation shall take place only in an event-driven simulation session; support for this process in an
event-driven simulation session is optional.
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OMI timing information isidentified and relayed using Standard Delay Format (SDF) syntax. Default timing
information is associated with amodel, and actual timing information is associated with each instance of that
model. See 7.7 for adiscussion of timing information and how it isrepresented in the OMI information model.

A model manager that supports backannotation shall provide a pair of routines to support that process. The
oni Set SDFVer si on routine allows the application to establish an SDF version for the communication of
timing information. The om Set Ti m ngDat a routine changes the value of a particular piece of timing
information.

Backannotation is not a separate OMI stage; backannotation operations may take place anytime between the
beginning of elaboration and the beginning of initialization.

Prior to beginning the backannotation process, the application shall set the SDF version. If the model manager
does not support the specified version, then it raises the appropriate error. During the course of the
backannotation process, the application may change the SDF version by invoking the
oni Set SDFVer si on routine again. The specified version applies until the next call to this routine. This
routine shall not be called after initialization begins.

Individual timing information is modified by a call to the om Set Ti mi ngDat a routine. The application
identifies the information by supplying an instance handle and an SDF string that describes the timing
information and the new value. A boolean argument indicates whether to interpret the timing value as
absolute or incremental (if this distinction is meaningful for the SDF construct). This routine shall not be
called after initialization begins.

NOTE 1—Default timing information may be obtained by iterating through the timing definitions associated with a
model. Actual timing information may be obtained by iterating through the timing definitions associated with a particul ar
model instance. No OMI mechanism exists for obtaining timing information directly through some sort of name.

NOTE 2—Selection of min/typ/max timing is handled through the begin session routine (see 5.2.2).

Programming interface references:
See 9.61 for omiMinTypMaxT.
See 9.93 for omi SetSDFV ersionRoutineT .
See 9.94 for omi SetTimingDataRoutineT.

7. Model information

As explained in the previous clause, the OMI defines an interface between an application and a model
manager. A fundamental function performed by this interface is to allow an application to understand
precisely what model information is being provided by a model manager. This understanding enables the
application to correctly utilize the model manager in accomplishing its task.

The information provided to the application by the model manager is realized in the OMI as a set of objects
that are manipulated through the programming interface. These objects are the basis for the communication
that takes place between an application and model manager. As such, the different kinds of objects that are
available and the information content of those objects needs to be precisely defined. The OMI information
model is the means of specifying this definition in this standard.

The purpose of this clauseisto describe not only what information is available to an application from amodel
manager but also how this information is accessed and manipulated. To explain the former, the OMI
information model is presented and the meaning of this information is described; to explain the latter, the
kinds of routines available for accessing the information are outlined (see in particular 7.10).
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This clause begins with a description of the information modeling notation used in this standard. This
description isfollowed by a sequence of subclauses that introduce the various kinds of OMI objects and then
present the definition of these kinds of objects in the terms of the OMI information model. Finally, the
approach for accessing the information is described.

Clause 3 introduces the reader to the concepts of alibrary and amodel. Libraries and models are examples of
kinds of objectsthat are defined inthe OMI information model in this clause. Furthermore, Clause 3 indicates
that alibrary servesto collect together a set of models; this association between alibrary and the models that
it groupsisan example of arelationship that isformalized in the OMI information model in this clause.

A number of the kinds of objects defined in this clause concern the interface that a model exhibits to an
application. The model interface is the portion of the model that is used in integrating the model into the
activity performed by the application (e.g., smulation). Of primary importance in this interface are ports,
parameters, and viewports. Ports are the means by which signal information flows back and forth between
the model and application during simulation. Parameters provide the ability to tailor model instances to fill
particular needswhen they are created. Viewportsareinternal (normally hidden) model objectsthat the model
developer has chosen to expose to the application. Ports, parameters, and viewports are further examples of
kinds of objects defined in the OMI information model in this clause.

A portisan example of an OMI data object. A dataobject isany kind of object that possesses certain common
characteristics such as aname and avalue. A data object also has an associated data type that defines the set
of values the data object may assume. Data object and data type are examples of classes of objects that are
defined in the OMI information model in this clause.

A final important concept defined in the OMI information model isthat of an attribute. Attributes are ameans
for decorating certain OMI objects with additional information in order to describe the characteristics of an
object beyond its basic set of information items. An attribute is defined in the OMI information model as a
particular kind of data object.

7.1 OMI information modeling methodology

Much of the information provided to the application by the model manager through the OMI interfaces is
formally defined in the OMI information model. The information-modeling notation used is based on a
system of class definitions, object definitions, relationships, and properties and serves to formally relate the
kinds of OMI objects to the interface routines that operate upon them.

7.1.1 Objects and classes

The OMI interfaces operate on objects, i.e., collections of information that describe a particular item, such as
a port. The information that an object comprises is never accessed directly; instead, interface functions are
availableto return individual aspects of information about the object. Thusthe users of an object are unaware
of how an object is represented internaly and the provider of an object has considerable freedom in
implementing the required interface functions for the object.

This standard defines anumber of different kinds of objects. An object has atag that identifies the sort of item
it represents and hence what sort of information is available about the object and what sort of operations may
be performed upon the object.

Object definitions that share common aspects may be grouped into classes. A class serves as a notational
convenience that allows characteristics (i.e., properties and relationships, see below) that are common across
distinct object definitions or classesto befactored out and defined in asingle place. When an object definition
or classis specified, it is defined as having zero or more parent classes; in this case the object definition or
class inherits the properties and relationships that are specified for each of its parent classes. Furthermore,
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