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Sommario 

In questo lavoro descriviamo un modello dei dati, ed il corrispondente linguaggio di 

definizione, progettato e sviluppato per la manipolazione di oggetti grafici in un contesto di 

base di dati logiche. 

La caratteristica principale del modello e' costituita da un insieme di concetti nuovi che 

cercano di eliminare i difetti presenti nei modelli dei sistemi grafici piu' diffusi. Il modello e' 

stato integrato con un Sistema di Gestione di Basi di Dati logiche, EDBLOG, al fine di 

ottenere GRAPHEDBLOG, che e' quindi un sistema per la gestione di basi di dati logiche in 

cui si possono manipolare, in modo uniforme (dichiarativo), infomlazioni sia grafiche che 

non grafiche. 

parole chiavi: Grafica, modello dei dati, programmazione logica, sistema di gestione di 

basi di dati logiche, prototipazione rapida. 

Abstract 

We describe a data modeI, and the corresponding data definition language, which have 

been designed and developed for the management of graphicaI objects in a logic data base 

environment. 

The principle feature of the mode! is a set of new concepts that try to eliminate the defects 

of the most commonly used graphicaI system models. The model has been integrated in an 
existing Logic Data Base Management System, EDBLOG, to obtain GRAPHEDBLOG, an 

LDBMS in which graphical and non graphical information is handled in a uniform 

(declarative) way. 

key-words: Graphics, data model, Iogic programming, logic database management 

system, rapid prototyping 



1 Introduction 

In recent years, Iow cost workstations characterized by high speed computing power and 
large memory capacity, have become easiIy accessible to all kind of users. Thus, the need for 
graphics in various application areas has increased. 

GeneraHy, graphical systems are characterized by three main components [6]: 

• the data model; 

• the graphical component; 

1& the inteiface that connects the data model with the graphical routines. 

So far, considerable effort has been spent on the standardization of the graphicaI 

component in order to guarantee a unifonn interface to graphical functionalities, and to render 
them neither host dependent nor application dependent. 

The standardization of the graphical component permits applications to become hardware 
independent bllt existing data models still Iack in the following aspects: 

• descriptions of graphical objects are extremely unnatural and affected by the 
algorithmic programming style used. Thus, efforts have been devoted to making graphics 
more powerflll, on one side by introducing object-oriented characteristics [11] [19] and, on 
the other, by using logic languages to define graphical objects and their operations [12] [ 8] 
[9]. 

• the data model is often application dependent. Thus, the use of a data base 
management system to represent and manipulate data in graphical applications is investigated 
[17] [1] [2]. 

In the following, we present an approach to graphics which is logic database oriented. We 
introduce a (data) model, and the corresponding linguistic constructs to manage graphical 
objects in a logic data base management environment. 

The main feature of the model is a set of new concepts that try to eliminate the defects 
previously outlined. The mode! was then defined in tenns of an existing Logic Data Base 

Management System, EDBLOG, thus obtaining GRAPHEDBLOG, an LDBMS in which 

graphical and non graphical information is handled in a uniform way. Furthennore, because 
of the declarative style, il is possible to validate applications, e.g. system specifications 

against user requirements, etc., thus making GRAPHEDBLOG a system to define and to 

prototype applications. 
In section 2, a brief description of the kemel LDBMS is introduced in order to presents the 

framework within which the data model is defined. In section 3, the model is pres~nted. 
Section 4 gives the linguistic constructs related to graphicaI objects. Section 5 presents aH the 
definitions in EDBLOG that implement the mode!. An appIication example is sketched in 
Section 6 whiIe in the Appendix the whole set of rules and integrity constraints are presented 

by a sequence of interactions with the system. 
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2. The kernel Logic Database Management System 

In the following, we describe the logic database management system EDBLOG [2] which is 
the kemel LDBMS. We assume some familiarity with Logic Programming terminology, and 
for further det.ails we refer to [lO]. 

The EDBLOG system consists of four parts: 
1) a logic program in which: 

- tlle set of facts, "unir" definite clauses, are considered to be the Extensional 
component of the DB (EDB); 

- tlle set of deductive rules, definite rules, are considered to be the 
Intensional component of the DE (IDB); 

2) a set of integrity constraint forrnulas of two kinds: 
- a set of /ntegrity Constraints (IC), which are fom1Ulas of the forrn: 

Ak -7 DI, ... , Ds with s~o. 

- a set ofControlformulas which are either le fonnlllas or else 

Al,"" Am-7 DI, ... ,D u with m, n~O 

where the logical connective -7 has the uSllaI semantics and "," stands for the logical 

connective 1\. 

3) Given a database (a logic program), a set of c1auses that define compound lIpdating 
operations (transactions) can be defined with the following syntax: 

i) trans i f- prec I t j, ... , t n I post 

The procedura! interpretation is that, to execllte the operation trans, the precondition 

(prec) must be verified in the cunent DB, the c1ause containing this 
precondition must then be committed, the body executed and the corresponding 

postcondition verified in the modified database. The commit operation is a way of 

expressing the behaviour of the Prolog cut operator, a failure in the body of a 
transaction causes the failure of the transaction. 

ii) trans i f- prec# tj, ..• , tn # post 

The procedural interpretation of this kind of transaction is that to execute the 
operation trans, the precondition (p ree) must be verified in the current DB; 
the clause containing this precondition is then selected, its body executed and the 
corresponding postcondition verified in the modified databases. A failure in the 
body or in the postcondition does not cause the faiIure of the transaction, the 
computation proceeds by searching for another sllitable definition of trans. The 
transaction fails if all its defining clauses fai!. 

The ti in the bodies can only be user defined or system predefined transactions. 

Preconditions I postconditions in the definitions of transactions denote particular forrns of 
Controls which must be checked before/after the execlltion of a set of operations (body of the 

transaction). They are introduced to separate global DB controls (Controls) from those 
related to particular transactions, thus reducing the nllmber of necessary globaI Control 
formulas. 
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Transaction definitions are searched according to the standard Prolog strategy, where 
dauses are tried in the order they appear in the program. Thus, the commitment will be to the 

first clause whose precondition part succeeds. The successful evaluation of a transaction 

causes the Control formulas to be checked. The required transaction operation is aborted if 
tne Controi cnecking fails. Abortion also occurs upon failure of postconditions or of certain 

operations of the body. The abortion of a transaction is handled by maintaining a transition 
log which is also useful when the system crashes to restore the previous state. 

Transactions can be defined recursively, and two additional control constructs are defined 
on them: a for _ all(Cond, Trans) construct and an iterative(Trans) construct; their 

semantics is rather straightforward, the fonner collects all solutions to Cond and executes 
Trans for each of them. Example: for_aIl«age(Name, X), X>18), update(Name»; the 
latter coHects the set of soIutions to the precondition for every dause defining the 
transaction and executes the body for each of these values. Ex: iterative(update(Name). 

A set of elementary updating operations is provided by the system as a meta-theory with 
respect to the DB. Such operations al so allow le, COlltrol fonnulas and transactions to be 
added and deleted. 

Figure 1 shows a simple example of the kind of database that can be handled by EDBLOG. 

~e (david , 20). 
~e (mary, 22). 

empIoyee (david). 
empIoyee (me.ry). 

.IC 

empIoyee (Y) --> a,ge(Y IX) I X>20 
poss_depcchief(X) --> a,ge(X,Y). Y <65 

poss_dept3hief (X) <-- older_empIoyee (X). 
older_empIoyee (X) <-- a,ge(X,Y), Y >40. 

Figure l 

3 The graphical model 

Our model is here introduced by giving a set of definitions together with . some 

explanations. 

The model has the foUowing features: 

• it is declarative and deductive Le. the descriptions of the graphical elements are not 
given procedurally, but consist in a set of clausal definitions; 

• it is compositional, Le. complex elements can be described in tenns of previously 
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defined elements; 

.. it isfast p rototyping oriented; 

The model consists in the foIlowing elements: 

• prototypes, Le. templates of graphical objects; 

• mechanisms to compose prototypes; 

• graphical objects, i.e. instances of prototypes; 

• mechanism.s to operate on graphicaI objects; 

• afratne, Le. the abstract pIane in which graphicaI objects are drawn. 

3.1 Prototypes 
The prototype concept naturaHy emerges when different views of the same object are 

considered useful and, furthermore, when it is desired to use a given graphical object as a 
sub-object in several more complex objects. Thus, the notion of prototype is similar to the 
notlon of (generic) type found in high leveI programming languages such as Ada™; that is, 

its definition does not define a new object, but is a tel11plate that wiIl be used to create 
graphieal objects upon instantiation. 

Definition l: AUributes are features of a graphical object. Two classes of attributes are 
provided: 

• contextual attributes; 

• absolute attributes. 
AlI prototype descriptions are parametric with respect to contextual attributes and, 

optionally, also to certain absolute attributes. 

Definition 2: A prototype is the description of a graphicaI object which is parametric 

with respect to contextuaI attributes. • 
Definition 3: A parametric prototype is a prototype which is parametric with respect to 

absolute attributes. • 

Definition 4: The interface of a prototype definition consists in the set of hs parametric 

components (attributes). 

Prototypes are divided into two further classes: 

• basi c primitive prototypes, that represent the usual graphical output primitives (e.g. 
point, polygon, .. ). They are system defined and theÌr description cannot be 
manipulated by the user; 

• user defined prototypes, which can be: 

le compound user defined prototypes; defined as the composition of 

user defined prototypes and basie primitive prototypes . 

• primitive user defined prototypes; defined only in terms of 
basie primitive prototypes and obtained from lIser defined prototypes by means 
of a compilation processo 

Given that the modei is compositionaI (i.e. a prototype may be defined in terrns of other 

prototypes), the compilation of a compound lIser defined prototype into a primitive user 
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defined one eliminates its dependencies on its component prototypes. This means that a 
primitive user defined prototype only consists of basic primitive prototypes. This class of 
prototypes has been introduced because il has at Ieast two advantages: 

CII encapsulation: modifications to any component will not affect the compound 
prototype; 

Et efficiency: the visualization of an instance of a primitive prototype will be more 
efficient than tlle visualization of an instance of the same non-primitive prototype. 

Definition 5: Contextual attributes are of two kinds: 

i) geometrie attributes: 

·origin 

·scale 

erotation 
where, origin fixes a point on the pIane so that the coordinates of each instance of a 
prototype have to be computed with respect to this point. The scale and rotation give 
the scale and the rotation with respect to which instances are created. 

ii) state attributes: 

411 raster functiolt (mode), represents a Iogic connective (and, or, ... ) to be applied to the 
source destination pixels (those present on the visualization pIane) to obtain 
the new destination pixeIs; 

• fil! pattern, represents the pattern that will be used to fill the surface of the given 

object; 

li) write pattern, represents the pattern that will be used to draw the border of the 

given graphical object; 

CII write style, represents the style that will be used to draw the border of the given 
graphical object; 

CII write width, represents tlle width that will be used to draw the border of the given 
graphical object; 

CII color table, represents tlle name of a color table to be used at visualization 

tim~ + 
Definition 6: Absolute attributes are user definable components. • 
Absolute components are useful when a prototype is to de note the partial description of a 

graphical object in which some components, apart from the contextual ones, are Ieft 
unspecified. For example, it is possible to define prototypes such as the arch(Length, 
Height), that describe an arch parametrically, with respect to its length and height. ' 

As we have previously pointed out, the description of a prototype defines the graphical 
structure of the object to be represented parametrically, with respect to some attributes. 

Sometimes it is useful to limit the range over which these attributes may assume values; in 
other words, it may be useful, or even necessary, to type sue h attributes. Thus, we 

introduce the concept of property. 
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Definition 7: A property is a pair <name, value>, where name denotes an auribute 
and value denotes its value. Each property is associated to the definition of a prototype. 

+ 
Definition 8: Given a prolotype P, parametric with respect to an attribute A, the set of 

properties for A, detennines the range of values Vp A for A wrt P. + 

The set of values V p A enumerates possible options, and the attribute A of each instanee of 

tbe prototype P, must have a value in Vp A' For example, if we assume tbat, in the database, 

the deseription of prototype P has the following properties for its attribute origin: <origin, 
[10,10]>, <origin, [20,20]>, then alI instanees of P must have their origin at eoordinates 
[1O,1OJ or [20,20]. 

3.1.1 Compound prototypes 
When deaIing with eompound prototypes, if a graphical objeet 0 1 is a struetural element of 

a more eomplex objeet 02 then the deseription of the prototype P2 of 02, must decIare the 

use of the prototype P 1 of O l. 

Definition 9 A use declaration of a prototype P2 within a prototype Pl specifies the 
infonnation that is needed to obtain the values of the attributes of Pl from the aetual values of 

tbe attributes of P2. • 

The information earried by a lise declaration is lIsed to obtain instanees of P2 from 

instanees of Pl. In partieular, the values of the geometrie attributes, are eonsidered in 

relation to the values of the eorresponding attributes of the defining prototype, while the 

values of the other kinds of attributes, when mentioned, are considered to be absolute. The 

information carried by a use deelaration is deseribed below, when diseussing the 

representation of prototypes. 

The deseription of a user defined prototype thus eonsists of a set of use declarations of 
other prototypes. This pennits a prototype to be modelled as the eomposition of several sub­
prototypes. 

Definition lO: A prototype P1 depends on a prototype P2 if the deseription of Pl eontains 

a use dedaration of P2 or, if il eontains a use deelaration of a prototype P3 that depends on 

P2· + 
Given a prototype P, its dependencies ean be represented as a graph, the depender.zcy 

graph, where the root denotes P and the other nodes denote ali the prototypes on whieh P 
depends. An oriented are, from a node N l to a node N2, shows that, in the deseription of the 

prototype denoted by N 1, there is a use declaration of the prototype denoted by N 2. 

Definition 11: A prototype is definable if its dependeney graph is aeyclic. 
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With this definition, we want to make cJear that the only prototypes that can be described in 
our model are hierarchical, ones. 

Conditional use declaratioll 
The model we are describing is based 0/1 the assumption that descriptions of graphical 

objeets will be stored in a database together with non-graphical information. 
In sueh a situation cases wiU arise in which the use of a prototype P l, within a prototype 

P2, is subordinate to the existence of a certain item of information in the database. In a high 

level programming language framework, this corresponds to the concept of record with 
variant. In practice, taking advantage of our mixed environment we want to be able to model 
eases in which some information about our data might not be available at definition time, 

whereas it wiU be available at query time (retrieval andlor visualization time). Hence, the 

strueture of a graphical object is no longer static and fixed at definition time. For this purpose 
we introduce tile concept of conditional inclusion. 

Definition 12: A guard is either a query to the database or a boolean expression. + 
Definition 13: A prototype P2 conditionally includes a prototype Pl, if the use 

dedaration of Pl contains a guardo 

Conditional indusion allows the definition of graphical objects that could have a different 
structure at visualization time, depending on the state of the database. 

Representillg prototypes as trees 
A prototype P that consists of (uses) N sub-prototypes, can be structurally represented by a 

tree where the root denotes the prototype itself and the nodes directly connected to the root 
(depth level l) denote the N sub-prototypes used by P. Every are in the tree represents a use 
dedaration (in the prototype associated to the leading node) of the prototype associated to the 
ending node. The leaf nodes of the tree denote primitive prototypes (basie or user defined). 

Every are in the tree earries a set of information: 

~ a guard: a condition that has to be evaluated as true (when the are is traversed), for 

the use declaration to be effeetive; if no eondition is required, the guard is set to tme; 

• the reIations that bind the actual attributes of the using prototype to tile attributes 

of the used prototypes; 

• a priority faetor that determines tile ordering in which the sub-tree has to be visited. 

Figure 3 gives an example of a tree representation for a prototype. 
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GuardI GuardN 

AA 
Figure 3 

Correctlless 01 non conditiollal prototypes 
Once the semantics to be associated to the attributes has been chosen, we have to decide 

when a set of attributes can be asserted on a prototype and how these attributes will affect the 
use of the prototype within other prototypes. 

For this purpose, we introduce a set of examples which will help in understanding the 
forthcoming definitions of correctness in relation to the use that a prototype makes of other 
prototypes. Such notion of correctness has been defined for non conditional prototype only. 
In fact, it only makes sense if it is possible to perform a stati c checking. This cannot, in 
generaI, be done when using conditionaI prototypes where, it may happen that, some 
information about the use of a prototype can be available only at run time. 

Let us consider a user defined prototype P, parametric with respect to parameter x l , ... xn, 

whose corresponding attributes are Al , ... An . Let us also suppose that the description of P 

contains the use decIaration of s prototypes Pl '''''Ps' If Pk is one of these prototypes, then 

in the tree representation of P, there is an arc connecting the node corresponding lo P to the 

node labeUed Pk. That is, we have: 

P(x l,""xn) 
I 

Such an arc is labelled with m functions fYl , ... ,fym, each of which is defined as follows: 

fy.{x ly., ... , X s ,d ly., ... , dry.) = Yj with j$; m and Sy. $; n and rYJ' ~O 
J J 'yj J J J 

Le., given the set of actual values for the parameters of P and, possibly, a further set of 

values (d ly., ... , dry.), called 0, each of the fy. functions computes the actual value of the 
J J J 
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corresponding parameter for Pk. 

For example, if, in the description of prot, there is a use declaration of the prototype 

another yrot with parameter values (15,17) for origin_coord and 2 for scale, then the 

functions associated to the arc connecting the two nodes wiIl include two functions of the 
following kind: 

do_reaCorigin_coord (P,S,R, (15,17» 
do_real_scale (S,2), 

The first function, given the position of the origin_coord P, the scale Sand the rotation R, 

that have to be applied lo an instance of prot, and given the position of the origin_coord of 

the instance of another yrot (15,17) with respect to the instances of prot, computes the 

actual position of the instance of another yrot. 
The second function, given the actual scale of an instance of prot S, and the scale (2) of 

the instance of anocher yroc with respect to S, computes its actual scale. 

Let us now consider one of the functions associated to the arc above in relation to the Yj 

paranleter: 

fy .(xly.,· .. , xs .' dly., ... , dry,) withj~ m and Sy. ~ n and ry. ~O 
J J YJ J J J J 

Let us assume that we have an adequate number of values for the diy. parameters in 8, and 
J 

that for aH the s prototypes, each attribute has asserted values; that is, for each parameter of 

every prototype P, Pt. ... ,Ps the set of values for the corresponding attributes 

VPA ,,,,,VPA ' VPiA .' i E [1, s] ,j E [1, mi] exist. 
1 n YJ 

AH variables are typed, that is, the range of theÌr values is fixed by the values of the 

attributes to which they refer. Thus, referring to Pk, each application of fYj denotes a value 

that can be assigned to Y} along a path which incllldes the arc connecting P to Pk. 

Definition : 14 Let T J,.PPk be defined as follows: 
Yj 

TJ,.PPk = ( Y I VXJ"",xk with xi E VPA' Y = fy,(xl"'" xk, dJ, ... , dr)} + 
Yj l J 

Le. T J,.PPk
Yj 

denotes the set of values that the arc PPk assigns to the Yj component of Pk. 

We can define the following notion of correct use: 

Definition 15 A prototype P correctly uses a prototype Pk if: 

Vj E [1 : m], Vp :::> TJ,.PPk + 
kAj Yj 

Definition 16 A prototype P that lIses s prototypes PJ, ... ,Ps is correct with respect to 

auributes if it correctly lIses each prototype Pi, i E [l,s] where each Pi is correet with 

respect lo attributes. + 
Let us now consider the generaI case where some, (or alI) components of P are not typed, 

while alI components of the used prototypes are. 
In this case, in order to apply Definition 15, we give a set of Definitions that, roughly 

speaking, force the nontyped variables to assume the attributes of the used prototypes; that 
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is, we allow for a sort of bottom-up type inheritance mechanism. 
Let us suppose, for the moment, that only one component of P is not typed. Let us aiso 

eonsider a used prototype Pk E (Pl,""Ps ), eonneeted by an are to P. 

Definition 17 Given a prototype P(x 1 , ... ,xn), with an untyped component xp' such that 

p uses a prototype Pk(y 1 , ... ,ym), the set TiPPKxp that denotes the xp-inheritable attributes 

set with respect to PPk' is given by the soIution of the following set of equations: 

[t( Xl!'···, xp, ... ,x1i' dll' ... ,dl q)=Yl, 

fr( xfJ '···' xp, ... ,xri' dq, ... ,drq)=Yr 

Where f 1 , ... ,fr' are the funetions assoeiated with the are PPk' such that each one of them 

eomputes an actual parameter of Pk and uses the untyped component of P, xp' as parameter . 

Thus TiPPK denotes the set of potential values for xp . . xp 

• 
The interseetion of aIl sets TiPPhp' j E [1 ,s], eomputed for eaeh are that Ieaves P wiIl 

give the range of values that xp may assume in eaeh funetion that uses it as a parameter. 

Definition 18 Given a prototype P using s (correct wrt attributes) prototypes 
{Pl , ... ,Ps}' for each untyped parameter xp of P, the inherited attributes set 

Tipxp = n j$s Tippjxp 

If no funetion fPjr uses xp as parameter, then TiPxp=Ux ' where Ux denotes the 
p p 

universe of values. 

3.2 Graphical objects 
A graphicaI object is obtained by fuUy instantiating a prototype, Le. providing it with the 

infonnation needed by its description, thus generating a ground (no variables are Ieft 

uninstantiated) instanee of the prototype definition. 
The only operations that can be perfonned on graphical objeets are: 

create 

de/ete 
retrieve 
visualize 

Since the model wilI be implemented in a Iogie DBMS (EDBLOG), eaeh of the àb~ve 
operations is defined in tenns of operations on the DB that contain prototypes, instanèes, 
etc .. Thus, the create operation will have the effeet of inserting in the DB a faet that, naming 

a prototype instanee, asserts the existence of a new graphieai objeet; delete, eauses the 

deIetion of a previously inserted objeet (faet); retrieve, is a query to the DB; visualize is 

defined in tenns of the retrieve operation and depiets the retrieved objeet on the sereen. 
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Like prototypes, graphical objects can be represented by trees. In this case, the root denotes 
the graphicaI object and there is only one leaving arc which reaches the node denoting the 

prototype of which the object is an instance. This arc carries the values that must be given to 

the attributes of the prototype to instantiate il. As an example, if we consider the prototype 

A_Prototype, represented in Figure 3 above, its instance, the graphicaI object Example, is 

represented by tile tree of Figure 4. 

Guardi 

CompOllcnt 
Valucs 

Rclatiollsl Rclatiol1sj / ... / 
Another_prot 1 Anothecprotj 

GuardN 

RclatioTlsN 

Rd"\ ... '" 
Anothecprotk Another_protN 

AA 
Figure 4 

Note that when creating an object O, instance of a prototype P, no check that the actuaI 

values for an anribute A are in the set Vp A is performed (see Definition 4). 

Definition 19: An object O, instance of a (correct wrt attributes) prototype P, is correct 

if, for aH its current attributes, the corresponding properties are satisfied. • 

Retrieval of an incorrect object will fail, Le. its structure cannot be deduced, thus the object 

cannot be visualized. 

3.3 Frame 
In the foUowing, we define the concepts of a frame and of its state. These concepts are 

introduced to make it possible to define integrity constraints on graphical objects at 

vÌsualization ti me. 

Definition 20: Theframe is the abstract pIane on which graphicaI objects will be drawn . 

• 
Definition 21: The state of t!le frame consists of the name of the objects and their 

descriptions (Le. the name of the prototype and its parameters) currentIy on the frame . 

• 
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4. Implementing the model by EDBLOG 

In this section, we present the implementation of tbe model within the EDBLOG system. 

EDBLOG han dIes facts, rules, integrity constraints and transactions, as described in 
Section 2. 

The structure of EDBLOG can be depicted as in Figure 4.1, i.e. a logic theory TKB' the 

knowledge base, and a meta-theory T KBMS' ils management system. 

TKBMS T
KB 

user-transparent infonnation 

Figure 4.1. 

In order to obtain the GRAPHEDBLOG system, the above structure has been modified as 
in Figure 4.2: 

T 
KBMS 

user-transparent infonnation 

Figure 4.2 
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That is, an infoffilation that is sel up by the user, sueh as the representation of user defined 

prototypes and of graphieal objects, will be contained in the theory of the knowledge base, 
whereas rules needed to interpret tbe representations and tbe meta-interpreter to visualize tbe 

graphieal objeets, will be resident on tbe theory T KBMS' 

4.1 l'he linguistic constructs used to represent graphical objects 
These eonstruets are of two kinds: i) those eorresponding to basie primitive prototypes are 

defined in the theory T KBMS ' in particular in T GRAPH ' and the user ean eonsider them as 

already existing in his KB; ii) those eonstructs that the user has to insert in his KB to define 

his own objeets. 

Basic primitive prototypes 

The model provides for basie primitive prototypes that correspond to graphieal primitives 

sueh as Une, circJe, etc .. whose deseription is n01 explicit in the database, but hidden to the 
user sinee they are considered as extending the set of standard system predieates. 

Basic primitive prototypes are defined in T GRAPH by facts sueh as: 

basie yrototype(Geometry, State, Abs Attributel, ... ), 
where 

Geometry = geometry(Origin, Scale, Rotation) and 
State = state(Mode, ... , Color_TaNe). 

We have grouped together with the geometry funetor, the geometrie eontextual attributes 

and, with state, the eontextual state attributes. 
Furthermore, for every absolute attribute, we have: 

Abs_Attributej = aur _ namej (Value). 

The functor attr_namej has to be considered as the attribute builder that, for an absolute 

attribute, helps in understanding the meaning of its associated parameter. For example: 

polyIine(Geometry, State, points_list(List») 
denotes the polyline basie primitive prototype, parametrie with respeet to the eontextual 

attributes (Geometry and State, here denoting variables) and also to the absolute attribute 
points_list, Le. with respeet to a list of points, fixed relatively lo the Origin (part of the 
Geometry information), thàt eontains the polyline vertiees that must be eonnected by lines. 

Figure 4.3 below lists alI the basie primitive prototypes; the eapitalletters denote variables: 
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point(geometry(P,S,R),ST A TE). 
line(geometry(P,S,R),ST ATE,sec_point(S _P». 
path(geometry(P,S,R),STATE,points_list(POINTS_LIST». 
rectangle(geometry(P,S,R),ST ATE,sec_point(S_P». 
polygon(geometry(P,S,R),ST ATE,points_list(POINTS_LIST». 
arc(geometry(P,S,R),ST A TE,pointl (PI ),point2(P2),point3(P3». 
text(geometry(P ,S ,O),ST,string(STRING». 

Figure 4.3 

User delined prototypes 

In the knowledge base (T KB), the user inserts information about graphieal objeets, using 

tbe linguistic construets that we are going to introduce. 
AIthougb it sounds more intuitive to represent a tree (see Seetion 3.1-3.2), in clausallogie, 

by a set of rules, it turns out that a representation by means of facts is easier to bandle, sinee 

prototypes wiU be developed interaetively. Another eonsideration in favor of a representation 
by means of faets is that we have to handle the priority factor that, in the eontext of a ruIe­

oriented representation, determines the selection strategy of subgoaIs in the body. This is 
more complicated than letting the priority faetor be a further parameter in a faet and using 
unification to perform the right seleetion order while relying on the fixed selection rule 
(leftmost) that almost aH commerciaIly available Prologs have. 

Let us now eonsider a sub-tree representing a prototype, that consists of two nodes linked 
by an arc having assoCÌated a guard, and a set of relations to bind the attributes of the 

connected prototypes. In addition, let us suppose that this arc also has a priority factor. 

This fragment of tree is represented by the foIlowing fact: 
link (Defining_Prot, Used_Prot, Guard,Relations_List,Link_Priority). 

As an example, the following assertion represents an arc that leaves from the prototype 

house and reaches the prototype window. 

link(house(Geometry ,State), 

window( delta_geometry(f50, 1 00], l ,0 ),delta_state([]),second_corner([30,50]», 

true, 

[], 

3). 

That is, a use declaration is asserted whose meaning is that all instances of the prototype 

house consist of an instance of the prototype window; all instances of window wiIl I}ave 

theÌr Origin coordinates at [50,100] with respect to the Origin of house; the second corner 

has coordinates [30,50] with respect lo the window Origin; while, they have the same Scale, 

Rotation and State of the house instances. 

lt can be noted that the contextual attributes are represented by the following terms: 
delta _geometry(Delta _ Origin,Delta _ Scale,Delta _ Rotation). 
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and 
delta _state(List _01_ State _ Modiflcatiol1s). 

The first tenn fixes the geometrie contextual attributes of the used prototype with respect to 
the corresponding attribute of the defining prototype. 

The seeond tenn specifies the way in which the contextual state attributes have to be 

modified. This tenn eontains a list of pair <state attribute builder, value>. Each pair denotes 
the change to be made to the state of the defining prototype in order to obtain the state of the 
instances of the used prototype (aetual state). 

As an example, if in the use decIaration of a prototype, there is a teml such as: 
delta_state([ fiH_pattern (bI ack) D, 

then, the state of the instances of the used prototype is obtained from the state of the 

instances of the defining prototype by setting tbe filCpattern attribute to black. 

Graphical objects 

Clearly, we do not represent the whole tree (see Section 3.2), but only the are connecting 

an object with its prototype, i.e. we represent graphical objects by facts as folIows : 

graph_ obj(ObL Name,Prototype Jnstance). 
For example, 

graph_obj(my _house, house(geometry([250,4001 ,2,30),state( copy , .. ,standard». 

defines the graphical object my _house as an instance of the prototype house with origin at 
[250,400J, scaled by 2, rotated by 30 degrees and with its own state. 

Properties 
As we stated in Section 3.1, Definition 8, properties have the purpose of Iimiting the range 

in which the attributes of a prototype may take a value. 

We represel1t properties by a predicate property, and we define them either by rules or 
faets as follows : 

property(Prototype _ NameAttr _ Builder(Value)). 

For example, we can have the following set of properties asserted on the definition of the 
prototype house : 

property(house,origin([O,O]». 

property(house,origin([50,40]». 

property(house,rotation(X» ~ X>O, X<30. 
The previous clauses force every instance of the prototype house to have its origin at 

coordinates [0,0] or [50,40] and a positive rotation of Iess than 30 degrees. ~. 
Summarizing, in order to describe a user defined prototype, graphical object and 

properties, the following relations are available: Iink/5, graph _ obj/2 and property/2. 

In order to guarantee that insertion of user defined non conditional prototypes is restricted 

to correct (w.r.t. attributes) prototypes, see Definition 16, a constraint is pre-defined in the 
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KB: 

link (P, X, true, Z,W) ~ coneccwrcattr(P,X, Y, Z,W). 

The definition of correcC wrcattr is also system pre-defined. 

Representation of tlle frame 
Let us see how the frame is represented. 
The fact tilat a graphical object is on the frame is represented by a fact as follows: 

obLon_frame(ObjectN ame), 

and by means of the foIlowing ruIe: 

inscoCprot_onJrame(S) f- obLonJrame(ObjectName), 
graph_object(ObjectName,P), 
compound(P,S). 

Where compound(P,X) gives an instance of a sub-prototype, X, that is part of the 
prototype instance P. 

In this way, we are able to derive all instances currently set on the frame, starting from the 
names of the graphical objects on the frame. . 

4.2. Implementing TKBMS 
TKBMS consists ofthree sub-theories: TT' TDBLOG and TGRAPH· 

Those theories are meta-theories with respect to the TKB theory (object theory). 

This means that, by means of a demo [15] meta-ruIe, it is possible to prove facts about the 

KB (within the KBMS). Our system provides for a, provable, meta-predicate that works as 

a link between these different theories and is defined as follows: 

provable(A) f- bridge(A, GOAL), call_edb(GOAL) 

When a goal f- provable(B) is issued, then, by means of the bridge predicate, B is spIit 

into a set of subgoals that can be of two different kinds: 

- subgoaIs on system predicates; 
- subgoaIs on user defined predicates (EDB=KB); 

For example: 
Jet KB be the foIlowing: 
age(john, 13). 
age(mary, 18). 

age(jack, 50). 

senior(X) f- age(X, Y), Y>= 18. 
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the internaI representation in EDBLOG of KB will be : 
edb(age(john, 13». 

edb(age(mary, 18)). 

edb(age(jack, 50»). 

edb(senior(X) f- age(X,Y), Y>=18). 

that we denote by EDB. 

Thus, once given a goal sue h as: f- senior(jaek), the bridge predicate will split it into: 

f- edb(age(jack,X», X>=18. 
This can now be proved in the theory of EDB enriehed by alI system pre-defined 

predicates. 

Given a theory for the knowledge base KB, so tl1at EDBLOG can extend it wÌth a theory 

for graphical objects, we have extended the set of pre-defined system predieates known by 
EDBLOO, with aU predicates tl1at will enable lIS to implement the model presented in Section 

3. Thus, in T ORAPH the foIIowing rules exist: 

prototype(P) f- base_prot(P). 

prototype(P) f- provable(link(P,_,_,_,_». 

The above definitions state that a prototype is either a primitive or is user defined. 
Furthermore, since prototypes must have an aeyclie dependency graph, the following 

constraint is defined and implemented as a demon: 

-7 depend(P,P). 

where depend is defined as foIlows: 

depend(P,S) f- provable(link(P,S,_,_,_»). 

depend(P,S) f- provable(link(P,E,_,_,_), depend(E,S». 
Note that the above definition properly works since the check is performed before inserting 

the new link in a database whieh only eontains acycIic dependency graph. 
We aIlow for an object to be defined in the D B even if it is not correct, see Definition 19. 

create(Obj, P1ST)f- Pname(PIST,ProUlame), prototype(Prot_name), 

assert(edb(graph_obj(Obj,PIST»)' 

The delete is exactly the same as in EDBLOG. 
The retrieve is a query to the DB where the entire strllcture of the graphical object is 

traversed and checked for correctness of the actual vallles. We do not permit any "retrieve" 

operation LO be perfonned on un-COITeet objeets: 
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Depending on the kind of prototype involved, whether primitive or user defined, the 

traverse_&_check predicate wilI check to see if PIST is a correct object, see Definiton 19. 

This means that, if PIST is user defined, alI sub_instances have to be checked too. Thus, it 

wiU recursively traverse the whole tree, taking into account any guards. Note that, even if the 

object is not retrievable, any query whatsoever is always possible on the DB , e.g. it is 

possible to ask successfuI queries such as : ?link(P,X,_, _, _). 

A graphical object can be visualized if it is correet. The visualization of a graphicaI object 

is a side effeet of the traversing of Ìts structure. This is obtained by meta-interpreting [18J the 

traverse where, every time an instance of a basic primitive prototype is reached, the 

corresponding graphicaI primitive is called. 

This definition is expressed by the foIlowing rule: 

Visualization (meta_traverse_&_check) produces a change Lo tbe database so that the Iogic 

representation of the frame is updated with the names of the graphical objects present on the 
screen. 

5 An appHcation example. 

In this section, we show how the modeI and the Ianguage so far defined (Le. the 

GRAPHEDBLOG environment) can be used to specify elements of the SADT 

(Structured Analysis and Design Technique) fonnalism, developed by D. T. Ross [13], 

[14]. 

The SADT methodology consists of a notation and a set of techniques to fOlmalize 

complex requirements in a dear and concise manner. 

The SADT includes a graphicallanguage, named Structured Analysis Language (SA), 
and a set of rules lO use this Iallguage. The maill goal of the SA Ianguage is to provide the 

user with a tooI such that many complex situations can be specified by using the 

decomposition alld structural relations. 
An SADT model consists of an ordered set of SA diagrams. The sequence in which 

tllese diagrams are built refIects the top down approach to problem solving. Every 
diagram that describes (expands, in the SA terminology) a node representing'a 

subproblem is identified by: a title; the name of the node that this diagram expands; a 

reference number. The diagrams have to be drawn on a single (abstract) page and consist 

of a set of nodes (more than three, less than six) and a set of arcs connecting the nodes. 

Two kinds of SA diagrarns are defined: activity diagrams (actigrams) and data 
diagrams (datagrams). In an actigram, the nodes denote activities while the arcs specify 
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the data flow. Vice versa, in a datagram, the nodes specify data and the arcs specify 

activities. We can say that actigrams and datagrams are dual. 

Contro! data 
~, " 

... III. ... Y 

In putdata Activity Outputd ata 
III. ... 
IP .. 

I\. ~ 

Processor 1M ec ha n ism 

Figure 5.1 

Figure 5.1 shows the formar of an actigram node. Every side has a distinct meaning and 
there are four different kinds of arcs. 

The concepts of input, output, controi and mechanism are bound to the context of each 

node in an SA diagram. 

The output supplied by a node can be: an input or a controi to other nodes; an output to 

the externaI environment of the system described by the diagram. In this second case, 

there wilI be an arc that does not reach any node. In the same way, inputs and controIs 

may come in from other nodes in the diagram or from the external environment. 

In an actigram, the input and the output represent the flow of data and the meehanisms 

represent processors. The control represents data that are used, but not modified, by the 

aetivity. 

The external inputs, outputs, controls and mechanisms of a diagram, that is, the 

decomposition of a node when used in another diagram, are limited to the inputs, outputs, 
eontrols and mechanisms that concern that node. 

Each node deseribed by an SA diagram must have at least one control are leading to it 

and at Ieast one output are leaving iL 
Figure 5.2 shows an example of an SA diagram. 
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Figure 5.2 

Given a prototype that describes a graphicaI object, our goal is to check that it is the 
description of a correct SA diagram. 

We have defined the following prototypes: 

activity(Geometry ,State,node _ name(N)).; 
arrow(Geometry ,Sta te,la bel(L),points Jist(PL)). 

which must be used in the prototypes that describe SA diagrams. 
The definition of the activity prototype is the foIlowing: 

Iink(activHy(Geom etry ,Sta te,node_ name(N», 

rectangle( delta~eomelry([O,O], l m ,del ta_stalc([J) ,sec_poi nl([ 400,200 J), 

truc,U,5). 

link(activi ty(Geom e try,S ta te ,n od e_Il am e(N», 

texl(delta~eomelry([l 0, 160J, 1 m,delta_slalc([J),string(N», 

truc,U,l). 

The definition of the arrow prolotype is the following: 

I ink(arrow( G eom etr y ,8 la te,la bel(L) ,p oi Il ts _I ist(PL», 

path( dclta~eomclry([O,O], l ,0),dclta_stale([]),pointsJisl(PL», 

true,n,5). 

link(arrow( G eom dr y ,8 tate ,la be I (L ),poi n ts _I is t(P L», 

poi ygon( del ta....gcomctry([ 0,0 J, l ,0) ,dcI ta_slale([ lì lI_pallcrn(b lack) J) ,poi nts_lisl(E», 

true,[do_end_poinl_layout(PL,E)j,3). 

lillk(a rrow( G eom etry ,Sta te,la be I (L ),pOill ts _I ist(PL», 

text( dclta....geometry(Pos, l ,0),dclta_statcC[l),string(L», 

true,[do_position(pL,Pos)], 1). 
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Let us note that in the last two use declarations of arrow, the positions the string 
associated to the are and the orientation of the arrow have to be set are obtained, 

respectively, by means of the predicates do_position and do_end_point_layout. 
Their effect is to relalc tile attribule defìning tlle list or poilllS lhrough which the are will 

pass, with parameters of used prototypes. 

Let us, finally, note that these prototypes are totalIy abstract. They onIy describe a box 

and an are to which a string is assoeiated. 

We have already stated that an SA diagram is identified by a titIe, a name (the name of 

the expanded node) and a diagram number. This information may be denoted in 

GRAPHEDBLOG by the fol1owing kind of facts: 

diagram(TiUe,NodeName,NodeNumber,SAPrototype). 

From the above facts we asserì in the data base the existence of an SA diagram whose 

tide is Title, that expands the node NodeName, whose number is Number and that is 

described by the prototype named SA prototype. 

We have thus defined a set of constraints to express that an SADT data base must not 

contain a wrong definition of SA diagrams. 

A subset of these constraints is given in the following: 

• diagram(Title,NodeName,NodeNumber,SAPrototype) --> 
integer(NodeNumber),prototype(SAPrototype). 

guarantees that alI definitions of diagrams, in the data base, are fonnaJly correct; 

• diagram(TiLle,NodeName,NodeNumber,SAPrototype),link(SAPrototype,ProtUsed,_,_,J --> 
use_oCdiagram_element(ProtUsed). 

guarantees that the prototypes used to describe SA diagrams consist onIy of arrows and 

activities; 

• diagram(Title,NodeName,NodeNumber,SAPrototype) --> 
env _arrow _typejor_activity(NodeN ame,control_side). 

• diagram(Title,NodeName,NodeNumber,SAPrototype) --> 
env_arrow_typejocactivity(NodeName,outpucside). 

guarantee that every node receives at least one controI and generates at least one output.: 

It is important to note that these constraints are structural. That is, they are not 

concemed with the retrieval or the visualization of instances of the prototypes involved. 

For practical reasons it may be usefuI to replace, in tbe condition part of each constraint, 

the term diagram(A,B,C,D) with (diagram(A,B,C,D), inst_of_prot_onJrame(D)), in 

order to obtain (making use of the logical representation of the frame) the automatic check 
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of the constraints every time the visualization of an instance of prototype declared as SA 
diagram is made, i.e. the state of the frame changes. 

We have al so defined a prototype that, given the name of a node (in addition to the 

contextual components), aIlows us to visualize its expansion in a corree t layout. This 
prototype is sa_diagram and hs description is the following: 

link(sa _ diagram(Geometry ,State,node _ name(N», 

sa_form(dclla.....gcomelry([O,O),I ,o) ,dci Ia_SlalC([]) ,titlc(T),nodc_namc(N) ,nodc_number(R», 

diagram(T,N ,R,-.J,[J ,5). 

link(sa _ d iagram (G eometr y ,Sta te,node _ nam e(N» ,SA PrOlUse 

(diagramL,N ,_,SAPrototypc) ,do_sa_use(SAPrololypc,SAProtUsc) ),[J.I). 

Note that the second prototype (a variable named SAProtUse), which is part of the 
description of sa_diagram, has not been specified. It cannot be staticaIIy detennined, but 

it can be dynamicaIIy obtained by evaluating the guard (diagramC,N,_,SAPrototype), 

do_sa_use(SAPrototype,SAProtUse», associated 10 lhe use declaration. 
Finally , we observe that, thanks to the declarative environment, it has been possible to 

define, simply and naturally, alI the properties that the description of a graphical object 
must satisfy in order to be considered an SA diagram. Furthermore, by means of the 
conditional inclusion, it has been possible to define elements whose structure is nol statie 
and uniquely fixed but can be modified, according to the state of the knowledge base, 
during the retrieval of those instances in which a conditional incIusion appears. 

6. Concluding remarks 

We have presented GRAPHEDBLOG, a system to declaratively handle graphieal objects 

and implemented in EDBLOG a logic database management system environment. 
The (graphical) data language is an extension of the language used to define a deductive 

database in EDBLOG: thus the syntax is based on Horn logic (definite clauses) and, as 
EDBLOG provides mechanisms to handle integrity checking, integrity constraints can be 
defined on graphical objects and on their visualization. 

Since graphical objects are handled within a logic database, all the advantages of Iogic are 
exploited so that the resuIting system is declarative, deductive and its semantics is well 
founded. 

We should 1ike to stress that the above mentioned features will make the final system very 
suitable for prototyping graphical applications. Among others, one application area ,that 
seems to be very suitable for a system like GRAPHEDBLOG is the visuallanguages area 

[4], since it is very natural to associate, to each graphical object, its corresponding 

operational semantics that, usually, includes also non graphieal infonnation. 
As an example of application we have presented the definition of the SADT methodology. 

The example shows that only a very few rules are necessary to define and handle something 
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as complex this methodology is. 
To obtain the final GRAPHEOBLOG system, we have extended EOBLOG by integrating it 

with the graphical system X-window [16]. The initiaI prototypical version of the system is 
implemented in Quintus Prolog and runs on a Sun 3 workstation under Unix 4.2 [Asirelli & 
al. 89] 

The future developments of GRAPHEDBLOG, a part from providing it with a graphical 
interface for naive users, should include an extension to the model in order to handle the 
graphical input. 
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