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systemandthe SpecChartianguage[4], both designed dr

The ever increasing complexityof digital hardware, forces the generatiomf VHDL modelfrom statediagrams.in the

the hardware designer to switch fronoa-level capture-and-

view of a moregeneral approaclotsystem leveldesign,

simulation process @& a high-level design-and-synthesis DEBYS/CAS [5] - a knowledge-basedystem forcomputer-
process. Inorder b assist the designer during the aided specification of mixed digital, analogwgtoelectronic,

specification phaseye designed MDDES, anew high-level
specification environmentMODES integrates graphical

etc. units - as wellas MCSE[6], a top-down specification
methodology for digital hardwareandthe respectivetools -

specification capturenivarious behavioural representations,have to be mentioned.

a facility to merge various specification formatg)igh-level
simulation tooland,finally, codegeneration forsimulation
and synthesis, e.g.in VHDL-1076, |IEEE's hardware
description language. Furthermorspme verificationand
consistency-check mechanisms have been integrated.

1. INTRODUCTION

In the last few years, thehardwaredesign procesdegan
switching from a low-level capture-and-simulg®cesso a

high-level design-and-synthesise proc3ss new paradigm
shift allowsa design o be described o higher abstraction
levels with the final implementation achieved through

automatic synthesidnstead & manual refinement,thus

relieving designerdrom the tedioustasks oflogic mapping
and optimisation [1].

While the specification formats at the logic level ae
straightforward, adesign & higher levelsof abstractioncan
comprise many differerdescriptionsthe designershould e
free b choose themost convenient ondor eachpart of the
design. Furthermoreptincreasethe acceptancefathe high-
level design approach, specific CAD-tools mustbailable,
enabling for capture and merge & specifications, user
assistance as well as automatedegenerationn a standard
HDL language, e.g. VHDL.

We distinguishthree sets of problems:i) the (graphical)
capturetools for high-level design specificationand their
respectiveformalisms with syntax and semantics, ii)the
merge & dataspecifiedusing varioustools, the common
internal formatandthe consistencghecksand verifications
which can e applied b it, and iii) the output code
generation forsynthesisand simulation, in the later case
optionally with accompanyingodefor testsand simulation
at the HDL level.

Several attempts have beenmade ¢ rise the level of
abstractionn hardwaremodelling. TheStateChartapproach

In the present paper, @first present theglobal concept
MODES, defining ablack-box behaviou(§2). In paragraph
3, we list the specification capturéools auser candispose
of for his design. The captured daitaternally storedusing a
particularformalism foreachspecificationtool, hasthento
be transformed to a common internal representation thath
they can ke merged(84). Furthermorethis representation
easesn an important waythe application of consistency
checks and verification algorithmswhose results can &
back-annotated in the originapecificationg85). This same
representation caalso beused a an input to theinternal
high-level simulator(§86) whichallowsi) the animation of
the specificationst the levelof the graphical specification
tools andii) the display n the form of waves a well asin
log files. Paragraph 7is devoted ¢ the output code
generation. Paragraph @esents brieflythe framework m
which MODESis built. Finally, the resultsand the open
issues are discussed.

2. THE CONCEPT

MODES hasbeen conceived m order b easethe user's
specification jobby increasingthe level of abstractiorfrom
the HDL (HardwareDescriptionLanguage)level o a more
abstract and convenient one [7].

The user shall no more be confronted with tihdiousdetails
of HDLs, and, important for the continuously moving
market & hardwaresynthesis toolsbecomeindependent fo
the languageub-setssupportedThe MODES projectaims
to lower the level of expertiseneededfor the realisation 6
behavioural models, promoting hence a top-down
specification approach for digital hardware devices.
Figure 1 showsthe basicconcept & MODES. Thehigh-
level specificationsre introduced wdule ty module using
various behavioural editors. Block editor o project editor
enables @ express theconnectivity betweenthe modules.

[2] uses state diagrams for the description of the behagfour The formalised internal representations ofhe captured

blocks of hardware. t formed the basefor StateMate[3]

designs are then combined and can e translated @
simulatable and/or synthesisable HDL code.
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Figure 1. The concept of MODES

Since ve do wantto lower the expertiserequiredfor high-
level specifications, weive the useralso the possibility ©
observe the simulatioat the samelevel of abstractiorused
for the specification. Therefore, MODES incorporates a
high-level simulationunit, working at the level of the
internal representation amghablingthe userto visualise he
results of a simulation either in the desighsmselveor in
the more classical form of signal wave forms.

3. SPECIFICATION CAPTURE
We distinguishtwo types of editors:i) behaviouraleditors
for the description 6 the functionality.ii) structuraleditors
for the specificatiorof the connectivity,this beingreduced

to an interface specification for the case of a single module.

Block editor or project editor / interface specification editor
Each desigrcan be specifiedas a single behaviouralunit.
Nevertheless,timay be interestingto split up a design,
either for conceptual reasons or for convenience, enatbling
user to specify each module with thestfitting behavioural
editor. Thereforeand also in order b be able b integrate
previously specified blocks (843 schematicor block editor
with hierarchyhasbeen integratedimplicitly, it allows to
specify thel/O pins of new modulesd be created andat
reuse the interface information of pre-existing modules.

BEMCharts: an editor for extended finite state diagrams
Classical finite statemachines(FSM) reflect the control
structure of a design through their stadedtransitions. @r
extended FSM approach - BEMCharts[8] - is based on

[2], [3]. The implementation, which also has been
commercialised independentlwith many extensions|[9],
enables theuser b specify concurrent and hierarchical
annotated BMs. The approach g particularly well adapted,
but not limited, to the specification @bntroller circuits and
communication protocols.

The hierarchy concept allows the refinement 6 the
functionality of a stateat a givenlevel in a diagram one
level down, enabling for a better readabilitytbé design,an
important goalof top-down design. Asingle statecan also

be refined into severabncurrentsub-diagrams which wilbe

executed n parallel. The actionblocks permit the

specification ofsetsof actionsat different places.Placed o

transitions, theyenablethe specificationof actionsto be

undertaken when the respectivansition istriggered,placed
at the entry respectively exit ofstate,they are triggereddr

all inbound and outbound transition®f the corresponding
state. Inorder b supportdata-pathconstructsthey can also
be placedinside a state or as amdependentnit in a sub-

diagram:the actionblock is asynchronouslyevaluated s
long as the respective state or sub-diagram is active.
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Figure 2. Concurrent and hierarchic finite state machines

Extended Timing Diagrams ETD

Recently, the ETOExtended Tming Diagrams) formalism
has been presented [10], extending traditional timing

diagrams - which represent signal wave forms at/thepins

- by addingtiming constrainsand action blockswith the

respectivetriggering conditions.This tool (or formalism)
supports hierarchy and concurrence as well.
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Figure 3: Extended Timing Diagrams ETD

Extended Truth-Tables ETT

Combinatorial logiccan ke specified conveniently using
truth-tables. Againthe basic formalism has been extended
such thatclocked elementsare also covered: Mealy ad
Moore machines can also be specified.

Utilities

Besidethe model specificationtools, theuser disposesf a
set of utilities. Astimuli editor permitsthe specificationof
one or more processes stimulating the maésigned during
simulation, both at high-level andafter codegeneration dr
a corresponding test bench - at HDL lev&Imore advanced
version - theest bench editor allows also the specification



of the desired results, and the generation of the petarting
differences. Alogic seteditor enableshe userto define he
logic value set and the correspondinglogic functions and
resolution functions.

4. STORAGE AND REUSE OF MODULES

MODES uses a specifknowledge basghich constitutesa
repository ofall the information that will be required,i.e.
modelling rules and previously instantiatéelsignsto create
new behavioural modelsvithout having to start from
scratch. Themodule managerusesthe knowledge baseot
provide the user with a global design control systemo@n
hand, such a system provides a simple save/resamability
to allow the user to complete the design n multiple
sessions. Othe otherhand, t provides acces®twhole o
parts of previously completed designsotallow extensive
reuse. Todo so, thespecificationsare stored according ta
predefined schema which defines the different typeaalels
and functions and their attributes (Fig. 4).
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Figure 4: Schema definition (partial)

5. INTERNAL REPRESENTATION,
CONSISTENCY CHECKS, VERIFICATION

Eachone ofthe editors presenteg@reviously represents rd
stores aspecificationaccording ¢ its own format. It must
not understanchow the othereditors are working. Thisis
essential @ permit future additions & new editors s
necessary. @ the otherhand, MODES provides several
editors o allow the useto cope with complex designs b
selecting theappropriatetool. Therefore, the validation
process inside each specific editor is not suffictentalidate
the global specification constitutedby the union of all
individual specifications.

In order to overcome this problem, all individual
specificationsare merged Y the model builder into a
Common Specification Intermediary Format (CSIF) [12].
CSIF allowsto representall specificationsin a unique
format suchthat the capturing process § separatedrom
other processes whichmay directly use the merged

specifications. Examples of suphocessesre: extraction fo
global propertiesgonsistencyerification, HDL translation.
Having a single format ghat stageallows to developtools
performing thelatter processes independently the input
editors.

The representationfahe specificationin CSIF keeps H
informationrelated ¢ the structureof the specification(i.e.
hierarchy, concurrence). It therefore respectathg the user
has enteredthe specificationsThis is very importantto
allow the reuse of the specifications.

6. HIGH-LEVEL SIMULATION, ANIMATION

In order to verify as soon as possible the correct
functionality of a designa simulationmust be possible at
the levelof abstractionused beforefor the specification.
Thus asimulation and animation toolis integratedinto
MODES.

The simulation process runs top-down throughhieearchy.
At each level, concurrent modules -=sub-diagrams of
behavioural editorsrablocks for the schematiceditor - are
evaluated separatelyaccording ¢ their input signals'
sensitivity list. For certain states, evaluationsare iterated
such thatimmediate, asynchronouschanges camalso @
handled. The high-level simulator performdead-lock check
such thatinfinite simulationloops can te avoided.Timing
constraint checks (set-up, hold, min. pukse width) ae
applied and violations reported.

The user 3 given the possibility to visualisethe results of
the simulationsn two differentforms: eitheri) in the well
known form oftiming diagrams, displayindpoth thevalues
of the various variablesand the activationof the FSM's
states or ii) in the form dfigh-lightedstatesin the original
specifications. Dueto the merging method used,this
approach caneasily be extended ¢ ETDs and ETTs,
permitting simulation and animation in the respective
specification environments.

7. OUTPUT CODE GENERATION

For the integration of the modules providing from he
behavioural formalismsnentioned, & take profitfrom the
fact that all ofthem have severatommon points:they ae
driven ty controlling units (FSM, Mealy and Moore
machines,sequences foevents),can fire blocks of actions
which thencan -among others- represent combinatorial
logic and, finally, integrate hierarchyand concurrence
features. W& therefore canlimit us to the generation b
VHDL codefor the most general 6 the formats,concurrent
and hierarchical, annotated FSMs.

The modulesare combined according ot the structure
expressed by the user, using i.dlack or schematiceditor.
As a result,we geta singlemodelwhich can ke translated
into the desired output HDL code.

The translatiorinto behavioural VHDLcodefor simulation
is straightforwardandthe functionalmapping unambiguous
thanks to the evaluation scheme used. The contrdfiiBigls
are translatednto a first set of processesthe data-path
elements, and the timing checks, are put in additional
processes.

For synthesisthe situation is much different: ) every



commercially available synthesiser jisstpportsa (different)

subset of VHDL, ii) synthesisersprefer @ even need
synchronous designs, iigfter statementandtiming checks
cannot be handled, etc. In order to keep comver hardware
synthesised for thecontrolling FSMs, a synchronous
implementation hasbeen chosenwhile the data-path
elements can be integrated in asynchronous hardware.

8. GLOBAL CONTROL ENVIRONMENT

Due b the complexity of the MODES systemit appeared
soon thatthe systemwould by constitutedof severaltools

working in close co-operation.In order b evaluaterapidly

the interdependenciesf dlifferent tools, we have elaborated
the Global Control Environment (GCE) tool [11].

The GCE tool aims to build rapidigrototypesof the whole

system with a minimum of codindt also providesdifferent

mechanisms thagnforcethe constructiorof the MODES

system in a framework fashion.

The prototypingapproach proposedybthe GCE tool is

based a the fact that theuserinterface & the whole CAD

system is describedthrough the useof an interpreted
language.

9. RESULTS AND OPEN ISSUES

A sub-setof MODES have been commercialiseih the
SPeeDCHART product from Speed Electronic SA. The
coupling with existing synthesiserdCompass,Synopsys)
provides the user with a complete top-down design
methodology.

A very important feature & MODES liesin the module
managerand the model builder. Howeveronly a basic
implementation of them haseendone ® far. Forexample,
an efficient way to specify and apply modellingrules to
guide the user is still to be studied further.

10. CONCLUSIONS

The aim of the MODESrojectis the realisationof a high-
level specificationsystemfor the automated generatioof
behavioural models of blocks bbrdwarethus allowingthe
reduction & both thetime and the modelling experience
requiredfor the generation ofbehavioural modelsStarting
from the capturedspecificationsexpressedn the form of
annotatedand extendedstate machines, truth-tablead
timing diagrams, acommon internal representation si
generatedvhich first can e simulated, usinga high-level
simulation tool, and then translated eitheinto code for
simulation and documentation taHDL level or in more
particular sub-set HDL code for hardware synthesis ugieg
of the commercially available synthesis tools.
Furthermore, somécilities for verification and consistency
checks as well as for tesenchgeneratiorat the HDL level
have been integrated.

A sub-set version of MODES has been successfully
commercialised [Dar93], encouraging 10 continue n our
work, focusing orinterest onmodule storag@ndreuse, lte
internal representation (formalism) and consistency chatk
verification.
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