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Abstract

The paper discusses issues related to the application of
information modelling to VHDL. It is shown that an infor-
mation model of VHDL can provide a coherent and uniform
description of: the VHDL objects at different levels of de-
sign, the interrel ationships between the design levels, and
the behavioural semantics of the language. A hierarchy
of VHDL information models can exist which encompasses
the range from abstraction to detail. The’core modd at
the apex of thishierarchy isthe base for the paper.

1 Introduction

An important domain of research in the field of dec-
tronic design (ECAD) is that of modelling. The aim isto
build clear and unambiguous descriptions of the semantics
of various languages and artifacts. Of the many possible
modelling methods, information modelling has received
particular attentionin recent yearsand thereare ECAD lan-
guages accompanied by information models[3] [2]. How-
ever, therdatively restricted circulation and application of
these early information model s and the relative novelty of
the field has limited the genera acceptance of information
modelling as a useful tool with awide range of applicabil-
ity. The consideration of information modelling as a com-
petitivealternativeto other modelling methods has al so suf-
fered because, misguidedly, information modelling is seen
only asameans of definingthecontentsof adatabaserather
than as aconceptual description of themodelled universeof
discourse (UaD).

This paper triesto show that (a) an information model of
VHDL [10] can integrate different perspectives of VHDL
objects, both static and time dependent, directly and uni-
formly; (b) the model can describe the mappings between
these perspectives; (¢) therecan besevera VHDL informa-
tion model's, depending onthe goal of the model, which can
be organised into hierarchies for better support of applica-
tions. These features, taken together, can seldom be found
in other kinds of model such as formal models [9] which
mainly describe thefunctional aspects of VHDL, including
its behavioural semantics, or implementation models [11]
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which concentrate on the representation of thelanguage ob-
jects as data structures.

The problems discussed relate to work supported by
the UK Defence Research Agency and by the ESIP (ES-
PRIT 8370) project which aim to produce a comprehen-
siveinformationmodel of VHDL' 87 and of VHDL' 93. The
VHDL' 87 model [6] whichisthebasisfor thispaper, iden-
tified here as the “core model”, describes the essentia ob-
jectsand the semantics of VHDL at the design description,
analysis, elaboration and simulation level s of the language.
The problems discussed apply aswell to the core model of
VHDL'93.

2 Information modelling

There are severa levels of using computers to tackle
a problem from a given UoD. At the conventiona level
the underlying concepts of the UoD, their rel ationshipsand
congtraints, are implicitly used in order to build a descrip-
tion, in particular aprogram, which, when executed, solves
the problem. Theaim isto show how values which charac-
terisethe UoD according to thegiven problem are obtained.
At ahigher leve, the conceptual structure of theUoD isex-
plicitly described and then used to assist the problem solv-
ing process. Thefirst level ischaracteristic of computation
whereas the second relates to the field of conceptual mod-
elling, in particular to information modelling.

For example, a program written in VHDL is a compu-
tational model of the eectronic circuit it describes. When
executed, themodel behaves asthedescribed circuit. Alter-
natively, an information modd of VHDL itsalf, writtenin
a specific information modelling language, can be used to
explaintheway any given VHDL model behaves. A model
of VHDL can be considered as themodel of ageneric elec-
tronic circuit seen through VHDL glasses.

Themain construct of aVHDL informationmodel isthe
description of a VHDL object. It specifies the attributes
of the object and the constraints which the values of the
attributes must satisfy. For example, using the modelling
language EXPRESS [4], the object explicit_signal, which
designates an explicitly declared signal, can be partialy de-



SCHEVA desi gn_descri ption_schema;
*

Subrmodel of VHDL which groups nodels of VHDL objects
used at the level of source design description.

*

)

REFERENCE FROM vhdl _type_schens;

ENTI TY signal
ABSTRACT SUPERTYPE OF( ONEOF(explicit_signal,...);
signal _type: VHDL_type;
END_ENTI TY;

ENTI TY explicit_signal
ABSTRACT SUPERTYPE OF
(ONECF(port,internal _signal) AND
ONEOF( scal ar_si gnal , conposi te_signal) AND
ONEOF( si gnal _subel enent, conpl ete_si gnal ))
SUBTYPE OF(signal);

- attributes
si gnal _ki nd: OPTI ONAL bus_or _register;
di sconnection_del ay: OPTI ONAL tinme_expression;
resol ved_by: OPTI ONAL resol ution_functi on;

- constraints
WHERE
val i d_di sconnecti on_del ay:
- Only guarded signals can have disconnection del ays

EXI STS(si gnal _ki nd) OR NOT EXI STS(di sconnecti on_del ay);

END_ENTI TY:
END_SCHEMA;

Example 1: The partia model of asignal

scribed as shown in example 1. Each attribute has a name
and a type, which is the name of another object. It speci-
fies that, in an object instance, the value of the attributeis
normally an instance of the object which representsthetype
of the attribute. For example disconnection_delay isan at-
tributethe values of which are of typetime_expression, it-
self an object which must be fully specified in the model.
The attributes in the example are. mandatory (eg. sig-
nal_type, inherited from the signal object) and optional
(e.g. disconnection_delay).

A constraint specifies either a local condition on the
values of an object attribute or a reationship between
the values of the attributes belonging to the same ob-
ject or to different objects. It is a logica expression
which must not evaluate to fase for each valid instance
of the containing object. For example, the constraint
valid_disconnection_delay states that each signd (in real-
ity each instance of the explicit_signal) can be associated
withadisconnectiondéday only if itisaguarded signd, i.e.
if theattribute signal kind is explicitly specified.

Objects can be structured into hierarchies of supertypes-
subtypes which can be used for classification purposes
and for attribute and constraint inheritance. Objects are
grouped to form a SCHEMA, which is a sub-modd of
a specific part of the modelled UoD. Objects from one
schema can be used in other schemas. In thisway a com-
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Figure 1. The diagrammatic representation of the signa
model

plete model can be partitioned into smaller and conceptu-
ally consistent parts.

The signal modd can be represented diagrammatically
by using agraphical notation. Thediagraminfigure 1 con-
sists of symbols with different formats for different EX-
PRESS constructs. For example, an object description is
represented by a solid rectangle which is starred if the de-
scription contains constraints. The symbols are connected
by lines: thinlinesconnect attributesto their containing ob-
jects; thick linesindicate subtype/ supertypere ationships.
Attributeoptionality isrepresented by dashed lines. Thedi-
rectionality of therelationshipsisindicated by acircleat the
end of aline.

3 Themodéelling focus

Building a model which focusses on the essentia ob-
jects and semantics of the language makes it necessary to
classify VHDL objects into essential and derivable. In-
tuitively, an essential object cannot be described in terms
of other objects whereas a derivable object can. This task
can identify syntactic constructs which are derivable from
basic objects and, in contrast, can uncover objects which,
conceptualy, exist in the language although they have no
syntactic equivalent.

For example, the concurrent signa assignment is not
an essential concept. It can be described using more ba
sic concepts: process, (sequential) signal assignment, and
wait statement [7]. The conversion of a concurrent sig-
nal assignment is as shown in figure 2. A core model of
VHDL need not contain an explicit sub-model of the con-
current signal assignment. Instead, theboxed code sections
which occur in the descriptions above must be modelled.
The transformation shows that the object signal_ assign-



guarded_concurrent_assignment: process
begin

i if GUARD then target <= waveform;
iese target <= null after disconnection_delay;:
j - only if thetarget isaguarded signal | (@

wait on (GUARD + signals-from-wavefor m);
end process;

non_guar ded_concurrent_assignment: process

wait on (signals-from-waveform);
end process;

Figure 2; Basic signal assignments

ment, which describes a sequential signal assignment, acts
asasupertypeof two more specific and conceptual ly essen-
tial signal assignments:

¢ non_guarded_signal_assignment, correspondingto a
sequential signal assignment;

e guarded_signal_assignment, corresponding to the
boxed control structure (a) and which can be taken
as abasisfor describing the behavioura relationships
which interrelate the assignment target signal, itsdis-
connection delay and the corresponding GUARD sig-
nal.

Only the non_guarded_signal_assignment has a syn-
tactic equivaent in the language, although both assign-
ments are conceptual ly essentidl.

Deciding what is essentid in aUoD and what is not es-
sential also relies on the role played by the objects of the
givenUoD. Therecan be objectswhich play syntacticroles,
conceptswhich are merely programming commodities, etc.
For instance, in VHDL, adisconnection delay expressionis
associated with asignal by means of a disconnection spec-
ification. The association mechanism is not important for
the purpose of the core model. What isfundamental isthe
fact that a guarded signal can have a disconnection delay.
Therefore, it is sufficient to add the disconnection delay as
an attribute of the object explicit_signal.

In the discussion above, objects were considered essen-
tial and derivable based on the purpose of the model which
is to describe fully the semantics of the VHDL language,
ignoring syntactic and computationa details. However, if
the purpose of the model changes, for exampleif themodel
isto be used toimplement VHDL, then objectssuch as con-
current signal assignment or subprogram haveto be consid-
ered essential. Thissuggeststhat there can be severa mod-

els, more or less complete and with different levels of ab-
straction, for the same version of the language but aiming
to satisfy different goals. These models can be organised to
form a hierarchy. The model at the apex of this hierarchy
can be seen as a core model covering only the basic con-
ceptsof VHDL. A model inthehierarchy isaspeciaisation
of the core model, covering additional, non basic, concepts
of the language, ignoring non-relevant concepts, and pos-
sibly containing transformations of the contents of the core
model.

4 Modéelling objectives

A comprehensive core model must describe the ba
sic VHDL objects at different levels of the language:
source design description (which corresponds to a source
VHDL program), design anaysis (which focusses on li-
brary units and libraries), design elaboration (which trans-
formsan analysed VHDL descriptionintoanetwork of pro-
cesses controlled by signals), and design simulation (which
highlights the time-dependent behaviour of an elaborated
VHDL description). There is a sub-model corresponding
toeach VHDL level.

The explicit_signal object in figure 1 illustrates object
modelling at the level of source design description. The
model showsthat asignal can beclassified accordingto: (a)
itsrole :- port or interna _signal (declared in an entity dec-
laration, package declaration, block or architecture), (b) its
structure ;- scalar or composite, and (c) to signal member-
ship :- subelement of another signal or stand aone signal.
Therefore, an explicit_signal is an aggregate of these three
perspectives.

A major goa of the core moded is to describe the rela
tionships between objects from different design levels. A
typical case isthat of describing properties of the algorith-
mic processes which are used to generate or transform ob-
jects from one design level into objects of another design
level.

design_elaboration_schema
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signal  * ! explicit_signal !
source_signal

elaborated . * *  elaborated_
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Sgtjor%(]s elaborated_ *
signal_source

((SIZEOF(sources) > 1) AND EXI ST S(source_signal.resolved_by)) OR
subelement_of_resolved_signal(source signal) OR
(SIZEOF(sour ces) > 2);

Figure 3: The partial model of an elaborated signal



Themodel elaborated_explicit_signal fromfigure 3de-
scribes the result of elaborating a source explicit_signal.
The elaborated_explicit_signal is contained in the design
elaboration schema, which is the sub-model correspond-
ing to the VHDL design elaboration level. The mode
showsthat the nature of the signal, e.g. whether itisaport
or an internal_signal, is no longer important at the elabo-
ration level where adesign is seen as a flat structure con-
tai ning processes connected by anetwork of signals[8]. In-
stead, an elaborated_explicit_signal is characterised by a
set of sources which are used to compute the values of the
elaborated signal while the simulation process unfolds.

In addition, the model shows that an elaborated signal
which has multiple sources and is not a sub-element of are-
solved signal of a composite type must be el aborated from
asource_signal whichisassociated with aresolution func-
tion (Std 1076-1987 page 2-7,4-6).

5 Modelling of time-dependent behaviour

An important part of VHDL semantics corresponds to
the behaviour of a given design during simulation and,
therefore, the VHDL model must also focus on relation-
ships between signals and processes as a function of time.
The general modd illustrated in figure 4 suggests how
VHDL behavioural relationships can be modelled.
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Figure4: The genera model of the simulation process

The attribute simulation_cycles of the abstract object
design_simulationimplicitly specifies thesimulationfunc-
tion as a set of points (previous simulation cycle, current
simulation cycle),where the object simulation_cycle con-
tains as attributesthe set of process and signal states corre-
spondingtothecycle. The pointsof thesimulationfunction
must correspond to valid transitions between the process
states. Therefore, additional propertiesare specified to fur-
ther constrain the points of the simulation function. These

"behavioural’ constraints show how process states relate to
signal statesviaahierarchy of other objectswhichinclude:
executed wait statements, executed signal assignments, sig-
nal driversand transactions.

It should be noted that the ' behavioural’ constraints do
not describe the ssmulation framework of VHDL, e.g. the
kernel process and the different phases of a hypothetical
VHDL simulator. Instead they make sure that the func-
tional relationships, with regard to time, between different
simulation events are correct. From this point of view the
level of abstraction of theinformation model is higher than
the level of abstraction of other VHDL models which de-
scribe the behavioura semantics of VHDL indirectly, by
considering the semantics of a hypothetical simulation ma-
chine[1].

C | c simulation
process_state ‘ process _state
blocked(P,C,Wb) active(P,C’ ,\Wr,Ws)
exec(C,Wh) exec(C’ ,Wr)

exec(C’' \Ws)

blocked_executed wait ————— = active_executed wait  bloking_
: : executed_wait

; execution of the |
e same elaborated_wait_statement -------- :
Wb identical to Wr

Figure5: The process state transition blocked-active

For example consider the transition of a process from a
suspended (blocked) state to an active state, as illustrated
infigure 5. Let blocked(P,C,Wb) bethe process state cor-
responding to the elaborated process P which is kept sus-
pended by executing the elaborated wait statement Wb in
the simulation cycle C. Also, let active(P,C’ \Wr,Ws) des-
ignate an active state of the process P which is resumed
in cycle C' as the result of satisfying the wait statement
Wr and then suspended by Ws. In addition, assume that
exec(C,W) is the result of executing the elaborated wait
statement W in the ssmulation cycle C. By convention,
exec(C,W) is said to be satisfied if the waiting conditions
of W are satisfied. The transition blocked(P,C,Wb) -¢, ac-
tive(P,C' ,\Wr,Ws) iscorrect if;

e Cisnot thefirst simulation cycle;

e C’ istheimmediate successor of C;

e The elaborated wait statement Wb isidentical to Wr;
exec(C,Wh) is not satisfied;

exec(C’,\Wr) is satisfied.



is_after(C,C")

blocking_executed_wait blocked_executed wait

S
correspond to the same
elaborated_wait_statement W

Figure6: Executing an activetimeout clause of await state-
ment

The above constraints are part of the process_state ob-
ject and rely on structurd information available from the
elaboration and design description levelsof the design. For
instance, the conditionsfor satisfying or not satisfying (ac-
tivating or blocking) the exec(C,W) depend on the struc-
tureof W, which can contain signal and/or conditionand/or
timeout wait clauses. These conditionscan be described in
the model by hierarchies of concepts and constraints.

For example, the constraints of an active or blocked
exec(C,W) can be modelled by taking into account that:

e The exec(C,W) is satisfied if at least one of its executed
clausesis satisfied.

e Theexec(C,W) is blocked if all of its executed clauses are
unsatisfied.

Hence, the condition of satisfying a generic exec(C,W)
isreduced to the condition of satisfying a generic clause of
W. Assuming that W has atimeout clause, thisis satisfied
(active) if:

e There is a process state active(P,C’,\Wr,W) which is sus-
pended due to the elaborated wait statement W.

e Thesimulation cycle C occurs after C'.

o All processstates corresponding to process P and which oc-
cur after the simulation cycle C' and before C are blocked
by the same elaborated wait statement W.

e Thetime lapse between C and C’ equals the waiting delay
of the timeout clause of W.

The above conditions form the basis of constraints
specified in the object active_delay _wait, a subtype of
active_executed_wait which is an attribute of a pro-
cess state. They are schematically illustrated in figure 6.

Thetask of modelling the VHDL behavioural semantics
also relies on amodéd of time[5] which enables the order-
ing of simulation cycles separated by zero delays, as dis-
cussed in [§].

6 Conclusions

The view of information modelling as discussed in this
paper is somewhat different from the usual perspective
which considers an information model as the contents of a
database. The stress on modelling has been on conceptual
issues. There are important consegquences of thisidea.

A core model, seen as the root of a hierarchy of spe-
cialised models, can be used to enhance thethe VHDL lan-
guage standard by clarifying ambiguous aspects and, in ad-
dition, as a conceptual comparison base between the al-
ready existing versions of VHDL. For instance, acore in-
formation model of VHDL could be used to help decide
on language aterations and the extent to which these con-
ceptually affect the language. In this respect a core model
makes it easier to judge to what extent the proposed ex-
tensions maintain upward compatibility of design descrip-
tions. In thelimit, language extensions could be performed
on themode which could then be used to generate the mod-
ified language.

The analysisof the compliance of different implementa
tions, including for different versions of the language, can
also rely on information models. Moreover, a core model
can be used as a basis for easier inter-operability compari-
son between VHDL and other HDLs or languagesfor elec-
tronicinformationinterchange. From thispoint of view de-
signing specific partsof ECAD applicationframeworkscan
also rely on information modds. For example, the modds
of VHDL and EDIF can be compared to determine the set
of equivalent entities and relationships which are relevant
for designing tools which can operate on both representa-
tions.

The observations above show that a hierarchy of infor-
mation models of VHDL is a worthwhile aternative to
other kinds of models. It can span from the abstract level
to the implementation level of VHDL as required for a
given application.

Acknowledgement

The authorswish to acknowl edge the support of the De-
fence Research Agency (DRA), UK and the Commission
of the European Communities through the ESIP (ESPRIT
8370) project. They are aso grateful for the reviews of the
VHDL information models by Cleland Newton of DRA,
Andy Carpenter of The University of Manchester, and Ser-
afin Olcoz and Juana Lopez of TGI, as well as other mem-
bers of the VHDL community.



References

[1]

(2]

(3]

[4]

(9]

(6]

Borger E., Glasser U. and Wolfgang M. “The Se-
mantics of Behavioural VHDL' 93 Descriptions’, Pro-
ceedings EURO-DAC’ 94/EURO-VHDL' 94, Grenoble,
September 19-23, |EEE Press 1994, pp 500-505

Sandards for Electronic Design Automation, Release
1.0, CAD Framework Initiative, Inc., 4030 W.Braker
Lane, Suite 550, Austin, Texas 78759 U.S.A., 1992

Electronic Design Interchange Format Version 300,
Electronic Industries Association / EDIF Division,
2001 Pennsylvania Avenue, N.W., Washington, DC
20006, U.SA., EIA-618, 1993

EXPRESS Language Reference Manual, 1SO 10303:
Part 11 Version N14, April 1991

Giumae C. A. and Kahn H.J. “An Information Model
of Time”, Proceedings | EEE/ACM Design Automation
Conference, Dallas 14-18 June 1993, pp 668-672

Giumae C. A. An Information Model of VHDL'87
(Draft \ersion 5) / VHDL' 93 (Draft \ersion 1), Univer-
sity of Manchester, August/November 1994

[7]

(8]

[9]

Lipsett R., Schaefer C. and Ussery C. VHDL: Hard-
ware Description and Design, Kluwer Academic Pub-
lishers, 1989

Olcoz S. and Colom J.M. “The Discrete Event Simu-
lation Semantics of VHDL”, Proceedings of the Inter-
national Conference of Smulation and Hardware De-
scription Languages, Tempe, Arizona, January 1994,
pp 128-134

Schaefers L., Mudler W. and Wilkes W. Examina-
tion of Concepts in Existing Modelling Languages /
Methodologies to Model Behavioural Semantics, De-
liverable Report ECIP2/HU/008-1, 1992

[10] VHDL Language Reference Manual (IEEE Sd 1076-

1987/1993), |EEE, Inc., 345 East 47th Street, New
York, NY 10017, USA, 1988/1993

[11] VIFASG 1076 VHDL Procedural Interface (Draft

\ersion), VHDL Schema Definition (Draft Version),
VIFASG Subgroup on Intermediate Form Definition,
November 23, December 11, 1990



	EURO-DAC 95
	Front Matter
	Table of Contents
	Session Index
	Author Index


