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Abstract — The paper discussesissuesrelated to the applica-
tion of information modelling to the field of Electronic CAD,
using VHDL as the basis for discussion. It is shown that an
information model of VHDL provides a coherent and uniform
description of the VHDL objects at different levels of the lan-
guage and of the transfor mations that interrelate these levels.
In addition, it captures the time-dependent aspects of the lan-
guage. Hence, ahierarchy of VHDL infor mation modelscan ex-
ist which encompassesthe range from abstr action to detail and
can help support CAD applicationsin a direct manner.

|. INTRODUCTION

A major domain of research in the field of electronic
computer-aided design (ECAD) isthat of modelling. Theaim
isto build clear and unambiguous descriptions of the seman-
tics of various ECAD languages and artifacts. Of the many
possible modelling methods, information modelling has re-
celved particular attention in recent years. For example, the
specification of the Electronic Design Interchange Format [5]
and that of the Design Representation Programming I nterface
of the CAD Framework Initiative[3] are accompanied by in-
formation models. These models use the specification lan-
guage EXPRESS [6].

The relatively restricted circulation and application of
these early information modelsand therel ative novelty of the
field has limited the genera acceptance of information mod-
elling as a useful tool with awide range of applicability. The
consideration of information modelling as a competitive a-
ternative to other modelling methods has also suffered be-
cause, misguidedly, information modelling is seen only as a
means of defining the contents of a data base rather thanasa
conceptual description of the modelled universe of discourse
(UoD).

The aim of this paper is to outline some of the specific
features which an information model and, in particular, an
EXPRESS model, can provide. Although the discussion fo-
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cusses on VHDL [12], atypica language used in the ECAD
fidd, its relevance is more generd. The paper tries to show
that (@) aninformationmodel of VHDL canintegratedifferent
perspectives of VHDL objectsdirectly and uniformly; (b) the
model can describe the mappings between these perspectives
and (c) themodel can keep track of thedescribed perspectives
for each language object. These features, taken together, can
seldom befoundin other kinds of model such asformal mod-
els [11], which mainly describe functional aspects of VHDL
such asits behavioural semantics, or implementation models
[13], which concentrate on the representation of thelanguage
obj ects as data structures.

The problems discussed result from work supported by the
UK Defence Research Agency and by the ESIP (ESPRIT
8370) project which aim to produce a comprehensive infor-
mation model of VHDL' 87 and, eventually, of VHDL'93. As
the work progressed it become clear that a single model of
VHDL isnot a satisfactory option from the end user point of
view. Instead, ahierarchy of models, each of which describes
therelevant aspects related to a specific application and from
a specific perspective of VHDL, isamore redistic solution.
However, the modd at the apex of this hierarchy describes
theessential objectsand the semantics of VHDL at thedesign
description, analysis, eaboration and ssimulation levels of the
language. 1t can be seen as an abstraction of al theother mod-
elsinthehierarchy. Such amoded, identified here asthecore
model, is currently under review [8]. It is the basis for this
paper.

The discussion which follows appliesto VHDL' 87, called
VHDL hereafter. Notethat for brevity theexamplesinthepa
per are not meant to be complete.

Il. INFORMATION MODELLING

In contrast to computation, which aims to show how val-
ueswhich characterise aUoD are obtained, information mod-
elling is intended to capture the conceptual structure of the
UoD: the underlying obj ects and concepts, their rel ationships
and constraints. The UoD hereis VHDL. The main thrust of
computationisto solve; the goal of information modellingis
to describe.

The main construct of a VHDL information model is the
description of a VHDL object. It specifies the attributes of
the object and the constraints which the values of the at-



tributes must satisfy. For example, using EXPRESS, the ob-
ject explicit_signal which designates an explicitly declared
signal, can be described by means of a construct, called EN-
TITY, asin example 1. Notethat here attribute, constraint
and ENTITY are EXPRESS terms.

This partial example illustrates the main points of an ob-
ject description. Each attribute has a name and atype, which
isthe name of another entity. It specifies that in an entity in-
stance the value of the attributeis normally an instance of the
entity which represents the type of the attribute. For exam-
ple disconnection_delay is an attribute the values of which
are of type time_expression, itself an entity which must be
fully specifiedinthemodel. Theattributesintheexampleare:
mandatory (e.g. signal_type, inherited from the signal en-
tity), optional (e.g. disconnection_delay) and computed (e.g.
is.guarded).

A constraint specifies either alocal condition on thevaues
of an entity attribute or a relationship between the values of
the attributesbel onging to the same entity or to different enti-
ties. Itisalogical expressionwhich must not evaluatetofalse
for each valid instance of the containing entity. For exam-
ple, the constraint valid_disconnection statesthat each signa
(in reality each instance of the entity explicit_signal) can be
associated with a disconnection delay only if it isa guarded
signd, i.e. if the attribute signal kind is explicitly specified.
Predefined or user defined functionscan be called within con-
straint expressions. Intheexample aboveis.typeand subde-

SCHEVA desi gn_descri ption_schema;
REFERENCE FROM vhdl _t ype_schens;

ENTI TY signal ABSTRACT SUPERTYPE CF

(ONECF(explicit_signal,...);
si gnal _type: VHDL_t ype;
END_ENTI TY;

ENTITY explicit_signal ABSTRACT SUPERTYPE OF
(ONECF( port, internal _signal) AND
ONEOF(scal ar _signal , conposite_signal) AND
ONEOF( si gnal _subel enent, conpl et e_si gnal ))
SUBTYPE OF(signal);
- declared attributes

si gnal _ki nd: OPTI ONAL bus_or _regi ster;

di sconnection_del ay: OPTI ONAL tinme_expression;

resol ved_by: OPTI ONAL resol ution_function;

DERI VE -- conputed attributes
i s_guarded: LOQ CAL:= EXI STS(signal _kind);
is_resolved: LOG@ CAL:= EXI STS(resol ved_by) AND

NOT subel ement _of _resol ved_si gnal ( SELF);
(* Asignal is resolved if it is not a subel enent
of a resolved signal and there exists an associat ed
resolution function *)
WHERE -- constraints
val i d_si gnal _t ype:
NOT is_type(signal _type,['file_type',’ access_type']);
val i d_di sconnecti on:
(* Only guarded signals can have disconnection del ays *)
i s_guarded OR NOT EXI STS(di sconnection_del ay);
END_ENTI TY;
END_SCHEMA;

Example 1: The partia model of asigna

ment_of _resolved_signal are user defined functions.

Entities can be structured into hierarchies of supertypes--
subtypes which can be used for classification purposes and
for attribute and constraint inheritance. Entities are grouped
toforma SCHEMA, which isa sub-model of a specific part
of the modelled UoD. Entities from one schema can be used
in other schemas. In thisway acomplete model can be parti-
tioned into smaller and conceptually consistent parts.

An EXPRESS modd can berepresented diagrammatically
by using a graphical notation caled EXPRESS-G. The dia-
grams consist of symbolswith different formats for different
EXPRESS constructs such asentitiesand types. For example,
an entity is represented by a solid rectangle which is starred
if the entity contains constraints. The symbols are connected
by lines: thin lines connect attributesto their containing en-
tities; thick lines indicate subtype / supertype relationships.
Attribute optionality is represented by dashed lines. The di-
rectionality of the relationshipsisindicated by acircle at the
target end of a line. Additional information is displayed on
thin lines indicating the nature of the attribute, e.g., DER (in
Fig. 1) stands for acomputed attribute. For instance, the sig-
nal modd can be represented asillustratedin Fig. 1.

1. INTRA-LEVEL MODELLING

The basic goal of an information modéd is to describe the
objects of the given UaD, outlining their structure, intrinsic
properties and direct relationships with other objects of the
UoD. For instance, aVHDL core model must describethe ba-
sic VHDL objects at different levels of the language: source
design description (which corresponds to a source VHDL
program), design anaysis (which considers specific VHDL
objectsaslibrary units), design elaboration (whichtransforms
an anaysed VHDL description into a network of processes
controlled by signals), and design simulation (which high-
lights the time-dependent behaviour of an elaborated VHDL
description). There is a sub-model corresponding to each
VHDL level and, at each level, the model of an object em-
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Fig. 1: The diagrammatic representation of the signal model



phasi ses the possible perspectives of the object.

The explicit_signal entity in example 1 illustrates intra-
level modelling at thelevel of source design description. The
entity shows that a signal can be classified according to: (a)
itsrole- port or internal _signal (declared in an entity declara-
tion, package declaration, block or architecture), (b) itsstruc-
ture- scalar or composite, and (c) signal membership - subele-
ment of another signal or stand alonesignal. Therefore, anex-
plicit_signal is an aggregate of these three perspectives. The
model outlines the intrinsic properties of an explicit_signal
by showing that it has atype and may have a kind, an asso-
ciated resolution function and a disconnection delay. Some
properties of a signal depend on other properties. For exam-
ple, thederived attributeis_resolved showsthat if thesignal is
a sub-element of aresolved signal then it is considered unre-
solved, regardless of the existence of an associated resolution
function, i.e., theresol ution function playsno rolein comput-
ing the value of the signal (Std 1076-1987 page 2-7).

Information modellingmakes it possibleto hide or enhance
detail as needed, according to the purpose of the model. The
fact that a resolution function is associated with asignal via
thesubtypeof thesignal specified inasignal declarationisnot
described by the signal model nor doesthe model show that a
disconnection delay is associated with a signal viaa discon-
nection specification. Theseare considered inessentia details
that are omitted from the core model, the aim of which isto
describe only the basic concepts of the language.

IV. MULTI-LEVEL MODELLING

A given VHDL object can have correspondents at differ-
ent levelsof thelanguage. For example, asigna occursat the
source design description and elaboration levels. Each level
uses a particular perspective of the object, which implicitly
means that the object may havedifferent (but interrel ated) de-
scriptions at different levels. Therefore, the abstract model
of the object can be seen as thetuple of al its corresponding
level-models.

Example 2 illustrates the model of a signal corresponding
to the elaboration level of VHDL. The dlaborated_signal is
the entity describing the result of elaborating asignal. Itis
contained in the design elaboration schema, which is the
sub-model corresponding to the VHDL design elaboration
level. Thesignal entity istheentity shownin section 1I. and
specified inthe design description schemawhich isthe sub-
model corresponding to the VHDL design description level.

Each elaborated signal from an elaborated VHDL descrip-
tion corresponds to a source signal from the source descrip-
tion from which it is elaborated. The model shows that there
can be severa instances of the entity elaborated_signal that
have the same value for the attribute source_signal. In other
words, the generic relationship signal - elaborated_signal
can be one-to-many. In addition, the model from example 2
shows that the nature of a signd (e.g., whether it is a port
or an internal_signal) is no longer important at the elabora-

tionlevel, whereadesignis seen as aflat structure containing
processes connected by anetwork of signals[10]. Instead, an
elaborated explicit_signal is characterised by a set of sources
which are used to compute the val ues of the el aborated signal
while the simulation process unfolds.

Based on the sources of a signal, the concept of sig-
nal resolution can now be fully described. The constraint
valid_resolution of the entity elaborated_explicit_signal
shows that an elaborated signal which has multiple sources
and is not a sub-element of aresolved signa of a composite
typemust be elaborated from asour ce_signal whichisassoci-
ated with aresolutionfunction (Std 1076-1987 page 2-7,4-6).

Note that the model of aVHDL object, such as the model
of an elaborated signal, concentrates information that, in the
language reference manual (LRM), is scattered in different
places. In addition, the structuring of the model according to
thelevels of thelanguage clarifies the abstraction level of the
different perspectives of VHDL objects. For example, at the
description level, a signal is an abstract object. It plays the
role of atemplate, which cannot have sources, states and val-
ues. At theelaborationlevel asignal hasamaterial existence.
An elaborated signal has sources and can have states and val -
ues. An information model of a VHDL object and, in gen-
eral of VHDL, acts both as a concentrator and as a structured
representation of the essential informationwhich conveysthe
semantics of the language.

V. CROSSLEVEL RELATIONSHIPS

A magjor goal of aVHDL core model isto describe there-
| ationships between the objects and object perspectives cor-
responding to different levels of thelanguage. A typical case

SCHEVA desi gn_el abor ati on_schems;
REFERENCE FROM desi gn_descri ption_schens;

ENTI TY el abor at ed_si gnal ABSTRACT SUPERTYPE OF
(ONECF( el aborated_explicit_signal,...));
sour ce_si gnal : signal;
END_ENTI TY;

ENTI TY el aborated_explicit_signal SUBTYPE OF
(el abor at ed_si gnal );
sources: SET OF el aborated_signal _source;
DERI VE
has_nul ti pl e_sources: LOGQ CAL: = S| ZEOF(sources) > 1;
has_resol ution_function:
LOG CAL: = EXI STS(source_si gnal . resol ved_by) ;
i s_subel ement _of _resol ved_si gnal :

LOG CAL: = subel ement _of _resol ved_si gnal (source_signal);

WHERE
val i d_resol ution:
( has_mul tiple_sources AND
NOT i s_subel enent _of _resol ved_si gnal AND
has_resol uti on_function) OR
NOT has_nul tipl e_sources OR
i s_subel ement _of _resol ved_si gnal ;
END_ENTI TY;
END_SCHEMA;

Example 2;: The partia model of an elaborated signal



isthat of describing the salient properties of the algorithmic
processes used to generate or transform objectsfromonelan-
guagelevel into objectsof another level. These propertiesare
part of the language semantics.

Fig. 2 illustrates the simpler case of signd driver elabo-
ration. A signal driver of atarget signal S is the set of all
the signal assignments thetarget of whichisSand which are
contained in the same process. All these assignments taken
together constitute one potentia source of S. Depending on
the design level being considered, there are: signal_drivers,
as specified at the source description level of design, and
elaborated_signal _driverswhich result fromthe elaboration
of the signal_drivers. Therefore, the entity signal driver is
defined in the design_description sub-model of the VHDL
core model, whereas the entity elaborated_signal _ driver is
amember of the design_elabor ation sub-model.

Consider that the entity elaborated_signal_driver has
the attribute source_ signal_driver, which designates the
signal_driver which is elaborated, and contains constraints
which show that: (a) there is a one-to-one correspon-
dence between the elaborated_signal_assignments of the
elaborated_signal driver and the signal_assignments
of the sourcesignal_driver, and (b) that the dabo-
rated_signal_assignments of the elaborated_signal _ driver
must be contained in the same elaborated_process. In
other words, the elaboration of a signal_driver implies the
elaboration of each signal assignment of the driver.

These constraintsimplicitly specify propertiesof the el abo-
ration function signal_driver - > dlaborated_signal driver,
as illusrated in Fig. 3. They show that an dabo-
rated_signal _driver is isomorphic to the corresponding
source_signal _driver. Thisisomorphismis an example of a
cross-level relationship between the design description level
and the elaboration level of VHDL. In a similar way, the
model can describe other cross-level relationships, such as:

designdescription | — — analysis — design libraries
elaborated design | — — simulation — signal process states
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Fig. 2: The model of an elaborated signal driver

VI. MODELLING OF TIME-DEPENDENT BEHAVIOUR

Intraclevel and multi-level modelling of agiven VHDL ob-
ject focustypically on propertiesthat are not time-dependent.
The description of behavioura relationships, however, hasto
cope with time dependent functional correspondences. For
example, an important part of VHDL semantics corresponds
to the behaviour of a design during simulation. The be-
havioural semantics address relationships between signals
and processes as a function of time. The general mode illus-
tratedinFig. 4 suggestshow VHDL behavioural relationships
can be modelled.

The attribute simulation_cycles of the entity de
sign_simulation implicitly specifies the ssmulation function
as aset of points (previous simulation cycle, current smu-
lation cycle), where the entity simulation_cycle contains as
attributes the set of process and signal states corresponding
to the cycle. The points of the simulation function must
correspond to valid transitions between the process states.
Therefore, additional properties are specified to further
congtrain the points of the simulation function. These
"behavioural’ constraints show how process states relate to
signal states via a hierarchy of other entities which include:
executed wait statements, executed signal assignments,
signal drivers and transactions.

It should be noted that the’ behavioural’ constraintsdo not
describe the simulation framework of VHDL, e.g. the ker-
nel process and the different phases of a hypothetical VHDL
simulator. Instead they make sure that the functional rela
tionships, with regard to time, between different simulation
events are correct. From this point of view the level of ab-
straction of the information model is higher than the level
of abstraction of other VHDL models which describe the be-
havioura semantics of VHDL indirectly, by considering the
semantics of ahypothetical ssimulation machine [2].

Thetask of modellingthe VHDL behavioural semanticsis

signal_driver elaborated_signal_driver

i i
! contains ! contains
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one-to-one
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| SETOF
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| SETOF

¥
elaborated_signal_assignment
iscontained in iscontained in

. correspondsto.

parent_process elaborated_parent_process

.

v
process elaborated_process

elaboration

design_description elaborated design

Fig. 3: Crosslevel modelling
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Fig. 4: The genera model of the simulation process

dlightly more difficult than suggested here. Thisisdueto the
VHDL feature of allowing delta delays which means that dif-
ferent object states corresponding to the same object and sep-
arated by a null time lapse may co-exist. The model has to
be ableto order such states as explained in [10]. Thisdiscus-
sion is beyond the scope of the paper. A possible solutionis
presented in [7].

VII. INFORMATION TRACKING

Besides intra-level, multi-level and time-dependent mod-
elling, an important but sometimes overlooked purpose of a
VHDL modé isto provide an implementation basis for dif-
ferent applicationsof thelanguage. To qualify for such apur-
pose, amodel must have two important properties. First the
model must have the capability to be instanced. Second, the
model must be able to keep track of al theinformation rele-
vant to the given application. The tracking of informationis
particularly important sinceit links a specific result of the ap-
plication program to those parts of the source design descrip-
tionwhicharerelevant totheresult. Generally, any model can
keep track of information. The key issue is the balance be-
tween theinformation detail required and retrieval efficiency.

For example, acoremodel of VHDL couldbe used toguide
the execution of asimulator. Apart from specific behavioural
relationships, computing the value of asignal cannot be per-
formed without accessing information such as: signal kind,
disconnection delay, associated resolution function. Suchin-
trinsic properties are used by the application control engine
to filter the model objects and the relationships which are
relevant for the application and which therefore should be
processed. Thisinformation isgathered selectively from the
models of VHDL design description, analysis and elabora
tion and from their instances according to the detail required

by the execution of the application program, asillustrated in
Fig. 5.

A single model cannot keep track efficiently of the vast
amount of information necessary for anon trivial application
of VHDL. It istoo costly and impractical. This suggests that
efficient information tracking requires the ability to integrate
models of different perspectives of the language. Thisisa
natural property of information modelling and an advantage
over other kinds of mode.

VIIl. CONCLUSIONS

Theview of information modelling as discussed in this pa-
per is somewhat different from the usual perspective which
considersan information mode as the contents of adatabase.
The stress on modelling is on conceptual issues. There are
important consequences of thisidea

Theinformationmodelling of VHDL encouragesthestrati-
fication of the model according to thelevel of abstraction and
to the roles of the different objects and concepts of the lan-

given design "7 design description model

design elaboration model

ENTITY signd ...

END_ENTITY; design simulation model

ENTITY elaborated_signal;
source_signal: signal;

design description instance ENTITY simulated_signal_state;

simulated_signal: elaborated_signal;

END_ENTITY;

END_ENTITY;

elaborated design instance

design simulation instance

Fig. 5: Information tracking



guage. The paper has shown that static, structural properties,
object transformation and dynamic aspects of the language
can be appropriatdly integrated in an information model.

Severa information models can exist for VHDL accord-
ing to the modelling purpose. In particular, it is thought that
a core model, seen as the root of a hierarchy of specialised
models, can be used to enhance the standard of the language
by clarifyingthe ambiguousaspectsand, in addition, asacon-
ceptual comparison base between existing versionsof VHDL.

An information model can be taken as aformal specifica-
tion of thelanguage and, therefore, propertiesof thelanguage
can beinferred from themodel. Furthermore, an information
model can provide a unique and homogeneous implementa
tion base for application systems. Assuming that an informa-
tion model forms the conceptua layer of the procedural de-
scription of an application[1], and thereforeit can be seen as
the conceptual layer of aknowledgebase, themodel can drive
computer programs[4]. Inparticular, thiswill help to achieve
complianceto thestandard, portability of VHDL descriptions
and the kind of inter-tool communication that isrequiredina
VHDL framework [9].

Thework presented in thispaper isjust afirst step towards
using information models as a basis for language documen-
tation and design. Future work will consider the modelling
of VHDL'93 and VHDL-A. The latter project is considered
as an opportunity to use information modelling in the process
of language design. Thereisa so ample opportunity for work
on mode! verification and on model integration into practical
applications.
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