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Abstract
We propose mechanisms for controlling in ence mechanism to

PROLOG the semantics of applicetions de-
veloped on a8 generalized data management
system <celled TIGRE. It is intended to
provide database management facilities
for generalized dete, 1i.e alphanumeric
data, but slso large and complex objects
such as documents, graphics and voice.
It is being implemented at IMAG (Univer-
sity of GCrenoble), in cooperation with
the BULL Corporate Research Center. We
emphasize providing a powerful tool for
constraint checking on the logical struc-
ture of data, on their relationships, as
well as the static properties of objects,
and their dynamic behavior. It is thus
possible to represent, control and mani-
pulate the semantics associated with so-
phisticated applications involving gener-
alized data. It is used here to imple-
ment a validation sub-system in an integ-
rated CAD environment for VLSI circuits.

I. INTRODUCTION.

been carried on
to extend DBMSs with new data
graphics, voice, documents.
Al or CAD applications incresse
the role of knowledge bases and expert
systems for the design of new sophisti-
cated applications, e.g decision support
systems /VAS83/, or CAD/VLSI /ZAUB3/.

Numerous research have
recently
types, e.g
Further,

This paper is devoted to the design and
operations of a logic programming compo-
nent for a generalized data management
system called TIGRE, and 1its use as 8
validation sub-system in CAD for VLSI
circuits /ADISB4/.

First, it is intended to enhance the data
management server of TIGRE with an infer-
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implement a powerful

data typing and semantics management ca-
pability. Next, it is intended to pro-
vide the wusers with a flexible tool fer

the design of sophisticated applications

involving complex data, e.qg VLSI circu-
its. A prototype of our proposal has
been implemented on DEC LSI-1]1 machines,

running the RT-11 operating system. It
is now being integrated to TIGRE on a Ho-
neywell DPS 8/70 computer.

We emphasize on the representation of the
SEMANTICS of applications developed on
TIGRE. By this we mean

- the objects involved,

- their static properties,

- their processing,

- the dynamic constraints they must obey.

We use here logic programming to define

- the semantics associated with the con-
ceptuel schema of an application,

- the access and manipulation of data
stored in & relational-like DBMS or in
a database of PROLCG clauses, at the
internal schema level,

- the definition of the processing
res at the external schema level.

proce-

Specifically, we show that implementing a
validation component for controlling the
semantics of CAD/VLSI applications can be
entirely off-loaded to Prolog by a gener-
alized DBMS, in & cooperative approsach.
It is consistent with a distributed envi-
ronment where designers wupdate partials
designs at their own workstations, shar-
ing knowledge and semanties information

stored in public database servers
/KAT83/.

Section II is devoted to a short presen-
tation of the TIGRE generalized dats man-
agement system. In Section I1I, we ex-
pose the guidelines for integrating TIGRE
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end & logic programming component such as
PROLOG. Section IV is an overview of ob-
ject definition for CAD/VLS! in such an
environment. In Section V, we describe
the object instantiation and manipulation
facilities required by our approach,
Section VI is devoted to the management
of the semantics of CAD/VLSI applica-
tions. Section VII is made of conclu-
sions.

THE GENERALIZED DBMS TIGRE.

e R R Bl T A
R -2

TIGRE is developed &t Leboratoire de
Génie Informetique of Institut IMAG (Un-
iversity of Grenoble), in cooperation
with the BULL Corporate Research Center.
It is intended to provide a generalized
database server for the management of
graphics, voice, documents and usual bu-
siness data. A full scale prototype is
being implemented on a Honeywell DPS 8/70
machine, running the MULTICS operating
system (Fig. 1). ’

We assume here that the DBMS TIGRE ex-
ists, and that it allows for the model-
ling of sophisticated applications, using
a generalized data model /LOPR3/. This
one provides the user with a strong data
typing capability, with such notions ss
entity, relationship, classes, aggrega-
tion and generalization.

Local network
! !
workstations

Fig. 1. Environment of the research.

Cn one hend, TIGRE will provide the data
management facilities to store, retreive
and modify large and/or complex objects,
such as predefined cell components or
circuit layouts. On the other hand, PRO-
LOG will provide the semantics represen-
tation, control and manipulation capabil-

ities for applications wusing these ob-
jects.
III. INTEGRATING TIGRE AND PROLOG.

o
Y e s e

TIGRE and PROLOG both operate on very

different concepts. The generalized
model of data of TIGRE is an extension of
the entity-relationship model /CHE76/.
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It includes the notions of data type,
clsss, generalization end aggregetion.
The associated dasts definition sand mani-
pulation language, called LAMBDA, is non
procedural, PROLOG allows for the mani-
pulation of complex data, structured in
lists and trees.

Integrating both of them requires a level
of consistency for the representation and
the manipulation of common data. We re-~
present in PROLOG all the data types de-
fined with the model of TIGRE. We also
guarantee that any constreint concerning
the dats types, the belonging of elements
to classes, the inheritance of properties
and the semantic constraints will be ava-

ilable and controlled in PROLOG.
Moreover, we are able in such a <case to
write programs which are syntactically

and semantically consistent with all
plications developed on TIGRE.

ap-

Iv. CBJECT DEFINITION FOR CAD/VLSI.

=R -R—p PR R P Y T T

The first step corresponds to the defini-

tion in PROLOG of the basic date type op-

erations. These include

- basic type derivation, e.g scelar type,

- constructed types, e.g record, array,

- specialization of entities and associa-
tions,

- aggregation of entities.

These operators will guarantee the con-
sistency of the data definitions and data

manipulestion operations &already defined
in TIGRE.
We automate the translation of data de-

finition statements from LAMBDA in PRCLOC
clauses with a rewriting system. We wuse
a CONSTRUCTOR concept. It provides for
the definition of the 1logical structure
of entities, independently of the opera-
tions on the data.

a circuit is the juxta-
of an electric
From the

for our purpose,
position of a logic layer,
layer and a physical layout.
logic layer perspective, a circuit is
composed of NODES which correspond to
FUNCTIONS. Etach one is connected to oth-
ers by SIGNALS. From the electric per-
spective, the CPERATORS which implement
the logic NODES are made of transistors,
resistances and capacitances. They have
specific charscteristics. These sre used
to ensure that specific layout RULES are
followed., A set of simplification rules
are defined for this purpose. Ffrom the
physical layout perspective, a circuit is
an aggregate of CELLS, linked by CONNEC-
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TIONS through PINS. Further details
about circuit description and manipula-~
tion are given in /ADIB4/.

OBJECT MANIPULATION.

In order to simplify the user interface,
and alleviate the systematic scan of the
entire search-space by the inference me-

chanisms of PROLOG, a few primitives are
provided to allow for the data and the
semantics manipulation, i.e :

- object instantiation,

- static properties control,

- processing procedures uescrlption,

- dynamic behavior control.

The primitives concerning the objects are

- create an object in the database (prim-
itive object),

-~ derive an object from an existing one
(dependent object),

- copy an object (making a dependent ob-
ject independent),

- replace an object (makin

ochiect dependent
gent

ng a (in-)de-
Lject depe )
- modify an object (update the value of
one or more attributes),

- delete an object.

The static properties are controlled by
specific constructor <clauses. The pro-
cessing procedures must be written by the
designers when the system is being imple-
They

are

nnn11ﬁo+1nn
are app

24021100

dependent,
depender
the dynamic behavior deflnltlons
are not generated automaticelly. They
must therefore be explicitly put down by

the designers.

mentea.

So far,

We have defined so far some basic mechan-

isms to implement in PROLOG a database

schema which includes :

- basic operators on data types,

- constructors, which asre clauses speci-
fying semantic constraints on the logi-
cal structure of the dats (Fig. 2).

Managing and controlling the semantics of
sophisticated applications such as CAD

for VLSI 01rcu1ts can only be implemented
if it is made EXPLICIT /KAT83/. We as-
sume here that, except for data types and
object structures, it can ENTIRELY be mo-
delled and maintained through RELATION-~
SHIPS among the database objects. Ve
provide for this purpose primitiv

for the instantiation and manipulation

amma
UL QUINT
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two specific types of relationships,
namely : weak and strong relationships.
They are used to account for the semantic
links between objects, and particularly
for the propagation of wupdates derived
from the designers basic operations.

LAMBDA PROLGG

data types
and
structure
constreints

N application
7 -
constraints

Fig. 2. Data types and application

constraints.

A WEAK relationship between two objects
can be created explicitly by the user.
It can also be created by the system,

when an object is instantiated by 1nvoca—
of the CQOPY

en—

nr1m1+1un -
P en

LaOn 11Wia LAVTe

forces the sibling relationship between
the ariginal object and its It
permits the control of the logical struc-
ture and of the static properties of both
objects when the constructor clauses are
invoked by application progrems. Further
modifications of one of these objects do

copy.
7

not imply modification of the other.
Want.l o a1l ..l» A P o =TSk P Py TANNC DO MANCMOMT
wWCariy reéi1Lacea b jJeuriLos dilio ANUVULTLNUL NI »
A STRONG relationship can be created by

the wuser. It can also be created by the
system when :

- deriving an object from an existing
- replacing an object by another.
This implies modification of the descen-
dants of the parent objects. Further,
modifications on strongly relsted objects
are visible to the each other. They are
DEPENDENT nh'lectsi In nartlgulep depnpen-
dent objects are used to model COMPONENTS
of cells in a circuit, or derived objects

one

relating a particular representation
level to another. Similarly, independent
objects are used to model various ver-

sions and alternatives of the same compo-
-
el .

Strong relationships thus re nresent COM-
PUSITION links between objects in
CAD/VLSI applications. Weak relation-
ships represent EQUIVALENCE links among
objects or representations of the same
object. '

We assume here that the <cooperatio of
TIGRE with a PROLOG validation sub-system
can be implemented by protocols based
SOLELY on coroutines. We wish indeed to
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meke visible to the designer the derived
updates related to his specific opere-
tions. We thus do not want them to be
fully automstic, but allow him to inter-
act, if he wishes.

With this essumption, it can be shown
that the most complex semantics controls,
i.e those that imply side-effect updates,
can be implemented by two phase commit
protocols. They are therefore consistent
with distributed environments such as
TIGRE.

We are involved in the development of a
CAD/VLSI application, in which the knowl-
edge associated to the logic, electric
and physical representations of a circuit

is stored as PROLOG clauses. More deta-
ils about this approach are given in
/ADIB4/.

VII. COCNCLUSION.

- - A W e e
-SSP g

We emphasize on the representation of the

SEMANTICS of sophisticated applicetions,

such as CAD for VLSI circuits, to provide

the users with :

- 8 generalized data model,

- powerful data manipulation and seman-
tics representation and control feaci~
lities.

We show that extended entity-relationship

like concepts can be essily modelled and

manipulated in PROLOG. This offers to

the wusers of TIGRE all the inference me-
chanisms of logic programming. It is
thus possible to off-load the semantics

definition and control to & validation
sub-system, in a cooperative approach,
whilst large and /or complex objects are
handled by TIGRE. This leads to :

the extension of the functionnslities
of TIGRE,

the cooperation of generalized database
systems with knowledge beses developed
in PROLOG,

the integration of DBMS management fa-
cilities, specially those concerning
the menipulation of large and/or com-
plex objects, with artificiel intelli-
gence techniques, such as those using
knowledge and semantics representation
through logic programming.
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