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Abstract

Since the development of QBE, over fifty visual

query languages have been proposed to facilitate easy

database access. Although these languages have in-

troduced some very useful paradigms, a number of

these have some severe limitations, such as: (a) not

extending beyond the relational model (b) not consid-

ering negation and safety, formally (c) using ad hoc

constructs, with no analysis of expressivity or com-

plexity done, etc. Note that visual database access is

an important issue being revisted, with the emergence

of different ff avers of object-oriented databases. We

believe that there is a need for developing a unified

visual query language.

Specifically, our goal is to develop a visual query lan-

guage that has the following properties: (i) It has a

few core constructs using which “expert-users” can

define new (derived) constructs easily (ii) “Normal

users)’ can use easily either the core or the derived

constructs for database querying (iii) It can imple-

ment representative constructs of other (textual or

visual) query language straightforwardly, and (iv) It

has formal semantics, with its theoretl “d properties,

such as complext”ty, analyzed.

We believe that we make a first step towards the above

goal by introducing a new logical construct called re-

stricted universal quantifier and combining it with the

hierarchical structure of windows to develop a Visual

Query Language, called VQL. The core constructs

of VQL can encode easily a number of representative

constructs of differen t (about six visual and four non-

visual) relational, nested and object-oriented query

languages. We also study the theoretical aspects such

as safety, complem’ty, etc., of VQL.
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1 Introduction

Since the development of QBE, over fifty visual lan-

guages (forty three surveyed in [BCCL91], and twelve

in [OH93]) have been proposed. Although these visual

languages enjoy some desirable properties, they have

severe limitations: except a few (just 4 of [BCCL91])

the rest do not extend to object-oriented models, most

do not consider formal issues involved in negation and

safety, many use ad hoc commands/reserved words

with no formal basis, etc. Moreover, with the devel-

opment of object-oriented models, this issue of visual

querying is being re-visited. Diverse visual languages

may emerge using object-oriented query languages

such as [CKW89, L091, KKS92, BCD90, INV91] aa

basis. Thus, we believe that there is a need towards

unifying the efforts of visual query language devel-

opment. The main contribution of this paper is the

development of a visual query language, called VQL

(Visual Query Language), that we believe takes a first

step towards this unification, because of its following

properties:

extends gracefully from the relational and nested

models to disparate object-oriented models

simulates in a user-friendly manner, the ad

hoc commands/reserved-words of diverse object-

oriented (visual and non-visual) query languages

has form..d semantics with proper consideration

for negation, quantification, safety, etc.

has provably minimal set of language-primitives

while simulating desired features such as nesting,

MIN, MAX, etc., and has its formal properties
such aa data complexity [CH82, Var82] analyzed.

VQL achieves the above by combining the power of a

formal rule-based language (formal-component) with

the power of nested windows (visual-component).



The relational fragment of the formal component

of VQL is obtained by extending Datalog with a

single, but crucial construct called restricted uni-

versal quantifier. This is extended to the object-

oriented models by adding merely variables for de-

noting sets/complex-objects, and object-ids. De-

spite the few constructs that it has, VQL is very

versatile; it simulates representative features of dif-

ferent languages: RC/S [OW89], STBE [OM089],
XSQL [KKS92], Oz [BCD90], ORION [KKD89] ,

G+ [Cru89], DOODLE [Cru92] and Hilog [CKW89]

(see Section 5). Interestingly, while these languages

use specialized operations such as “ALL”, “GROUP-

BY” , “SOME, “OID FUNCTION OF”, etc., to en-
code the represent ative queries we consider, VQL

uses the same few core-constructs throughout.

The above is possible because diverse query-features

such as set-comparisons [OW89, 0M089] schema

querying [CKW89], path-expressions [KKS92], filter-

ing [BCD90], grouping of LDL [B NST91], restricted

quantification of [Kup90], negation, MAX, MIN, etc,

are natural consequences of the core-constructs of

VQL. Recall that grouping plays a crucial role in

set based models, for different languages achieve this

differently: [BNST91] introduces an explicit con-

struct, [AG88, CKW89, L091] use data functions

or their variations, 0z[BCD90] and XSQL[KKS92]

use ad-hoc constructs, STBE[OM089] uses window-

hierarchy, etc. VQL, on the contrary, does not require

any special constructs for grouping, as the restm”cted

universal quantifier simulates grouping easily. This

makes us believe that VQL is in the right direction

towards obtaining a synthesis in visual querying. We

would like to emphasize that our restricted universal

quantifier is more powerful than that of [Kup90] as the

latter can not encode [Kup90] negation or grouping.

This paper is organized as follows. Section 2 intro-

duces the relational fragment of VQL and the re-

stricted universal quantifier. Section 3 shows how

VQL extends to nested data models by encoding
the grouping construct using the restricted univer-

sal quantifier. Section 4 gives a formal definition

of the relational fragment of VQL, and shows how

the restricted universal quantification can easily en-

code negation. Section 5 shows how VQL extends

for object-oriented models; since there are only a

few visual languages for object-oriented query lan-

guages, we also take complicated examples from the

non-visual declarative languages for querying object-

oriented databases and show how these can be en-

coded easily in VQL. Section 6 discusses the related

work, and compares a number of visual/non-visual

languages with VQL.

2 VQL – Relational Model

The relational fragment of VQL consists of Datalog
extended with the restrict ed universal quantifier. This

simple extension lends itself into a powerful language

as the following example illustrates. In the sequel, “-”

represents an unused attribute of a predicate.

Example 2.1 (Wanted Items)

Consider the query “Get those items that are sold by

every department in the second jlooti) in the schema:

Let

DEPT(dnarne, manager, dvname, floor)

SELL(dname, iname)

ITEM(inanze, color, price, itype)

SUPPLY(sname, iname, dname)

Df2 denote the set of departments in the second

floor. Then, the expression (I) given below

{i I Item(i, -,_, - ) and (Vd G Df2) [Seii(d, i)] } (I)

represents the desired query.

The visual representation (Figure 1) of this query in

VQL hsa two windows: Output and Df 2.
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Figure 1: The Wanted Items.

Each window in VQL consists of a header and a body.

The header consists of the window name, a list of at-
tribute names, and their corresponding values; these

can be viewed as the interface (input/output) to the

window, analogous to the head of a Dat slog rule. In

the body of a window there may be skeletons for base

or derived relations 1. Within each skeleton there can

be either an example element or a constant (repre-

sented as a string such as 2 above). In Figure 1, Item

and Sell are base relations, and Df2 is a derived re-

lation. The window Df2 computes the departments

1Unused attributes of a relation me not shown in the
window-skelet ens.
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that are in the second floor. In other words, it impl~

ments the following rule:

D~2(z) _ DEPT(z, -, –, 2) (II)

The window named Output has two components: the

first one is a relation skeleton indicating the simple

fact that i is an Item. The second one (which has

two skeletons connected by arrows) specifies

“for every department dl, . . . . dk which appears

in D~2, it is the case that Sell(dj, i) holds”.

This component is the visual representation of the

‘(restricted universal quantifier”, whose formal syntax

is given later. This encodes the expression

“ Vd [Df2(d) + Se//(d, i)]” (III)

BCD90, KKS92] differ from one another on precisely

‘how they do grouping. We show that the restricted

universal quantifier can encode grouping directly and

easily.

Example 3.1 (Simulating Grouping)

Let T(t, c) denote the fact that the teacher t

teaches the course c. The following rule (1)

groups the tuples of T by the teacher name, into

GroupByTeacher(t, C) where C is a set of all courses

taught by t.

GroupByTeacher(t, C) _ & (C(Y)), ~ (T(t, “)) (

Thus, the two windows Df 2 and Output together rep- in the above C is a set variable, referring to a set
resent the desired query (because (111) and (11) en- of courses. The first part of the body in the above
code the expression (1) above). The windows are rep- rule, W (C(y)), tests if every course taught by the
resented by the following rules in the formal compo- teacher ~ is in C. The second part tests if C does not
nent of VQL: have any “spurious” courses. i.e., every course in C

Output(i) - Item(i), ~~$&, (SELL(dept, i))
is taughtby t.Clearly, together, they make C to be

the group of all courses taught by the teacher t.

Df2(z) _ DEPT(z, –, –, 2)

In the above ~ (SEL~(dept, i)) constitutes

the formal syntax of the restricted universal quanti-

fier, which captures the formula (III) above.

Note that if we are to use Datalog for computing the

previous query, we will have to use the following rules

with double (nested) negation.

BAD(i) t-- Item(i), Dept(d, -,-, 2), +ELL(d, i)

Output(i) - Item(i), +3AD(i)

Since the query is non-monotonic (in the sense of

[U1190]), positive Datalog can not encode this query

while the restricted universal quantifier encodes it in

a natural way. Representing, in VQL, recursion and

rules with the same head but different bodies is dis-

roupByToaehar

leach

m

tnama cnama

t yl

t yk

Figure 2: Grouping by teacher name.

cussed in [VA092].

Because grouping is an important operation, it is rep-

resented explicitly as in Figure 2 rather than as having

3 VQL – Nested Model two components correspon~ing to the two parts of the

body in rule (1) above.

The relational fragment of VQL extends straightfor-

wardly to nested models by a mere addition of vari-

ables that refer to nested values. Since nested values
are collections, variables denoting nested values label

skeletons just as predicate-names do. The most cru-

cial operation in a nested-model is grouping or nesting.

In fact, as observed in [AK90], different nested model

proposals [BNST91, AG88, CKW89, L091, 0M089,

VQL, using the restricted universal quantifier can

also encode MAX, MIN ,etc. Let P(p, F_Ages) de-

note the fact that p is a parent, and FAges is the
set of all ages of p’s family, Then, the following com-

putes Output (p, max) where maz is the maximum age

of the members of p’s family.
Output(pname, max) t- P(pname, F), MAX(F, max)

MAX(F, maz) - F(maz), ~(mas > age)
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4 Formal Properties

We first give syntax and semantics of the relational

fragment of VQL, and then its formal properties:

(i) restricted universal quantifier can simulate nega-

tion (ii) stratified Datalog and the stratified relational

fragment of VQL are equal (iii) study of data com-

plexity [Var82, CH82] of a fragment of VQL (this

fragment involves sets). For full proofs, see [VA092].

Definition 4.1 (Relational Fragment of VQL)

A program in VQL is a collection of rules. A rule is

of the form ‘head - body” where “head” is a posi-

tive literal, and ‘$ody” is a conjunction of literals. A

literal is either (i) a positive literal, (ii) a comparison

literal or (iii) a restricted-universal literal (ru-literal).

A positive liters/ is of the form P(u1, . . . . Vk) where

P is a k-ary predicate. A comparison literal is of the

form x6y where O c {=, #,>, <,z, s}, and x and

y are variables or constants. Finally, an ru-literal

‘s a fOrmula ‘f ‘he form & (’(~) ‘here p ‘s a
predicate and l(j) is a positive or comparison literal

and 5 and J are vectors of variables and constants.

The following rule computes the complement of a

(monadic) relation Availitems; note that Item, the

entire domain (see [U1190]) of items, is introduced for

safety.

NegAvai/iterns(z) t-- Item(z), &(y # z)

See Figure 3 for a visual formulation of the above

query in VQL. Many of the languages described in

NegAvailttems
inune

i 1

1
item

❑
inanlo

i

Avaiillenw NotE ual

m

inwne nmwl nme2

jl ]1 i

;k “ jk i

Figure 3: Simulating Negation: Unavailable items.

[BCCL91] do not have a formal notion of negation,

and few discuss the issue of safety [U1190]. First

note that in VQL the universal quantifier is range

restricted, and hence the usual (safety) problems of

the universal quantifier [U1190] do not arise. However,

some queries can still be unsafe, due to the builtin

implication in the ru-literal. For example, in the rule

output(z)- *(R(y))

the body of the rule holds vacuously if P is empty;

this in turn makes the variable z is then unbounded,

and produces infinite output. This can be avoided by

defining rules to be limited as follows:

Definition 4.2 (Limited Rules)

A rule is limited if every variable appearing in the

head is limited in the body. A variable appearing in a

positive literal in the body is limited in the body. If x

is limited in the body and z = y appear in the body,

then y is limited in the body.

Using the above definition, we show ~A092], that a

limited rule produces safe (i.e., finite) output. Since

VQL has recursion, and can simulate negation, the

natural question is how to restrict the interplay be-

tween recursion and negation. We first define a notion

of “occurs positively (negatively)” and then define a

notion of stratification.

Definition 4.3 (Stratification ([L1084] ))

A predicate P occurs positively in the formula P(O

and in ~ (R(fi)) where R is some predicate different

from “#” ?nd “P”. Next, P occurs negatively in the

formuia *(P(Z)) and in W(Z # u).

A set of rules is stratified if we can assign to each

predicate a positive integer (called level) so that for

any rule, the level of the head predicate is greater or

equal to the level of any predicate occurring positively

in the body; furthermore, the level of the head pred-

icate is strictly more than the level of any predicate

occurring negatively in the body.

Using the above notion of stratification, the following

can be shown (for full proofs, see [VA092]).

Theorem 4.1 Stratified Datalog and VQL are ex-

pressive complete for each other.

The minimal model semantics of relational fragment

of VQL follows easily now. The minimal model as-

sociated with a given program is what we call the

output of a program on the input database. Suppose

D is a database and R is a single rule in VQL. Then

TR T D is the result of applying the rule R on the

facts of D. Here the operator TR is similar to the “T

operator” defined in [L1084]. The following theorem

ensures that the output of a stratified VQL program

II! can be obtained just as in the case of stratified

Datalog.
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Theorem 4.2 (Operational Semantics)

Given any stratified VQL program W and a database

D, the output of IJ? on D can be obtained by applying

(polynomial number of times) the operator T* on D.

Next we consider the formal properties of the language

when there are set variables. The formal semantics

(i.e., Herbrand universe, entailment, etc.) in this con-

text are well known. Since we have grouping (defined

through restricted universal quantifier), we need to

follow the approach similar to that of [BNST91] or

[AG88] to obtain a notion of unique minimal model.

We follow the approach of [BNST91].

An important question in this context is the data com-

plexity [Var82, CH82] of the nested version of the lan-

guage. It turns out that we can analyze this using

an approach similar to that of [Vad]. By a k–level

language we mean that fragment of VQL which in-

volves generation of k-level nested sets (or tuples, or

a combination). The following theorem describes the

data complexity of VQL. In the following by expo-

nential hierarchy we mean a sequence of complexity

classes PTIME, EXPTIME, . . . . where each class is

obtained by an exponentiation of the previous class.

Theorem 4.3 The data complexity of k-level VQL

is complete for k ‘th level of the exponential hierarchy.

5 Object Oriented Models

This section shows how VQL extends to object-

oriented databases. It turns out that we do not

need any special features to navigate object-oriented

databases. We choose representative queries from dif-

ferent object-oriented languages and show how VQL

can represent easily all these queries; note that these

queries are implemented using specialized features in

the respective proposals while VQL uses the same few

constructs it has. Thus, one can use VQL as a visual

interface to any of the logical and/or text-based (SQL-

like) object-oriented language discussed here. Hence,

VQL can justifiably be claimed to be making a first

step towards synthesizing a unijied visual query lan-

guage for object-oriented databases (of different fla-

vors). We introduce an interesting notion of persis-

tent queries (see Observation 5.1 below) which seems

to capture the notion of “methods” naturally.

zSince ~~Y ~ ~OUpleof visual interfaces =e desi-ed for

object-oriented databases, we also consider a number of SQL-
type and logic-based object-oriented query languages.

In the sequel, we represent a fact such as “e is a mem-

ber of the class Employee” by e : Employee. Thus,

the attributes of an employee id e can be represented

in our formalism by a skeleton with e : Employee as

a header, and the attributes listed explicitly as usual.

Example 5.1 (O-O Navigation [KKS92])

Consider the schema:

Employee (Qualifications : {string},

Salary : Integer,

FamilyMembers : {Person});

Employee IsA Person;

Person(Name : string, Age : Integer,

Residence: Address,

OwnedVehicles : {Vehicle})

Consider the query: ‘(Find all employees with a family

member who is over 20 years old.” The corresponding

XSQL query is:

SELECT X FROM Employee X

WHERE (X. FamilyMembers.Age) some >20

The corresponding VQL query is in Figure 4.

I
1

0: Employee

B

FamilyMembers

F

F

•1

m

m : Psrson

❑
s

>20

Figure 4: Employees with a family member over 20.

Figure 4 has a single window which has three skele-

tons: the first one specifies that e is an employee with

F as the value of FamilyMembers. The second skele-

ton indicates that m is a member of F, while the third

skeleton specifies m is a person with age over 20. The

following is a more complex example from the same

language, XSQL[KKS92].

Example 5.2 (Quantification in XSQL)

Consider the query: “Find all employees that make

less than $35,000 and have family of more than four

members all of which live in the same house”. The
corresponding XSQL query is:

SELECT X FROM Employee X

WHERE count(X.Fami/yit4embers) >4 and

X. Salary <35000 and

X. Residence = all X. Family Members .Residence
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Note the use of “all”. This construct has a spe-

cial meaning: it quantifies over all ground “paths”

[KKS92]; the meaning of this construct is different

from the meaning of “all” used in 02. Thus, “all” is

used by different languages in different ways. VQL

encodes this query easily as shown in Figure 5.

Q:Emplc’yw cL9wlt
mm lF~ Id

n I F >S-ImFe

I

P!!!EIB

Figure 5: Poor Employees with crowded family.

Figure 5 has two windows. The window labeled

SameResidence takes two ids of the class Person and

determines if their residences are the same. The win-

dow PoorEmployee has four skeletons: the one la-

beled “e : Employee” specifies that e is an employee

with salary less than 35K, FamilyMembers denoted

by F, and name denoted by n. The component-

skeleton (representing the restricted universal quan-

tifier) specifies that every member PI, . . . .pkof e has

the same residence as e. Finally, the two windows

Count and Greater make sure that the cardinality

of F is greater than four. The class Employee is a

subclass of Person, and hence inherits the attributes

FamilyMembers and name; VQL does this inferring

for the user automatically.

Observation 5.1 (Persistent Queries)

Note that the window SameResidence above can

be stored (“persistent query”) and used over and over

again, when it is needed, just like a method that deter-

mines if two employees have the same residence. We

acknowledge that there is no complete agreement on

the notion of “method”; for example, some authors
define methods as procedures on the members of a

single class while others [KKS92] define methods as

functions with signatures that involve more than one

class. However, a generalized approach that any “per-

sistent query” can be viewed as a “method” seems to

unify the two notions. A query can be made persistent

by a user by indicating so.

In the following example taken from 02, we show how

to simulate the “filte~

construct complex sets.

operation of 02 and also to
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Example 5,3 (Parametrized Queries (02))

Consider the query (see schema in [BCD90]): “ What

are the places whose activities are all open on Sun-

days? Give their name and their activities name and

fee. The following is the Oz formulation of the query:

define names_and_fees (x)

select t uple(name: y.narne, fee: y.fee)

from y in x;

select tuple(name: x.name,

things-to-do:

names.and~ees(x. things-to-to))

from x in Place-to-go where for all y in

x.things.to-do: y.closing-day # “Sunday”.

Notice that the 02 formulation uses filters, and uses

one query as an input to the other to compute

the grouping. VQL encodes this query easily, as

shown in Figure 6 with three windows: Open Sunday,

Get NamesFees and Activities.

kthfities

mm
1.1” 1.1

mw
x : PlacaToGe T
Thingslorle

T
~

name fw
nl n

Imnml’m h
nk fk

m-~dw t

t: TM ToOe

B

Cioshl a

O’sunday’

Figure 6: Sunday Activities.

OpenSunday takes a member t of ThingsToDo and

tests if that t is open on Sundays. GetNamesFees

takes a place z of P/aceToGo, and groups the names

and fees of all the members of its T’hingsToDo at-

tribute. Note that a member of ThingsToDo at-

tribute can have more than two attributes, but this

query simply projects only the required two attributes



for the grouping. Finally, the window Activities com-

putes the desired query, by testing if every member of

ThingsToDo is open on sunday (for this it uses the

restricted universal quantifier).

In the next example we consider a complex query from

the graphical language of ORION [KKD89]. This

shows how we can encode cyclic queries in VQL, il-

lustrating its versatility.

Example 5.4 (ORION – Blue Cars)

The representation of the query [KKD89] “Give all the

blue cars driven by the president of the company that

manufactures them” is shown in Figure 7.

e
VEHICLE

J%

Is ● ba EMPLOYEE

VEHICLE COMPUTER
COMPANY COMPANY

Figure 7: Blue Cars, the ORION’s Version.

r ---------------------
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modal ] manrdmturar j rdor

o I m

I L .-.-.. --.-.. -..-..= I

language of ORION. This is because of the multiple

occurrences of a node (Vehicle). We give both the

solution proposed by Cruz in G+ and VQL solution.

Example 5.5 (A Variation of “Blue-Cars” [Cru89])

Consider the following variation of the above exam-

ple proposed by Cruz[Cru89]. “Get all the blue cars

that are driven by the president of the company that

also manufactures green cars.” Figure 9 shows the

solution proposed by Cruz using G+. The solution

of VQL for this query involves a simple and natural

change to that of the previous one – namely, add one

more skeleton of Vehicle whose color is ‘green’ and

the manufacturer is ‘m’. Figure 8 with the skeleton

in the dotted-rectangle included, shows the VQL’s

solution. We would like to remark that if more in-

stances of either COMPANY or VEHICLE added,

even the figure of G+ becomes cluttered with arcs,

making it hard to understand.

/5
Manmurahnr

VEHCLE

Figure 9: A variation of “blue-cars” in G+

Figure 8: Blue Cars, VQL version (Ignore the dotted

rectangle).

Figure 8, on the other hand, shows a representation3

of the same query in VQL: first skeleton encodes that

c is a vehicle with color as ‘blue’, model as o, and ‘m’

as manufacturer. The second window encodes that

p is the president of m; the third window encodes

that the same president, p, as an employee, owns a

set of vehicles CA, and the fourth states that CA

includes c. It was shown[Cru89] that a variation of the
above example can not be represented in the graphical

3 I@Ore the skeleton inside the dotted rectm~e wbi~ will

be useful for the next example.

5.1 Schema Querying

A very useful feature, missing in most visual query

languages, is the ability to query schema (also called

meta querying) information such as classes, attributes,

etc. Krishnamurthy and Naqvi [KN88] introduced

a decidable fragment of second order logic for meta

querying. This idea was further extended by Hilog
[CKW89] and XSQL[KKS92]. Hcxvever, the .p-

proaches taken by [KKS92, CKW89] yield queries that

are not well-typed. Below we show how we can use

VQL to perform schema querying, both well-typed

and not well-t yped.
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Example 5.6 (Schema Querying [KKD89])

Consider the query: “Obtain all the class names that

involve an attribute called WonNobelPrize”. We

show two ways to encode the above query in VQL:

one is identical to that of XSQL (or, Hilog) and the

other involving a class called DbClass. Figure 10.(a)

shows the untyped encoding analogous to XSQL (and

Hilog); this is not well typed because the range of

the variable z is not bounded. Figure 10.(b) shows

the typed version with a builtin predicate DbCLASS.

Here, DbClass is a built-in class which hss names of

all the classes in the database.

T I-’’=”winnn”lwlwI

Figure 10: Schema Querying: (a) Untyped (b) Typed.

6 Related Work & Comparison

We would like to briefly survey the visual languages

moDosed so far, and compare them with VQL. The. .
problems of QBE are wefi known [OH93]: its ad hoc

additions for negation and limited grouping have no

formal semantics and are ambiguous [OH93]. New

visual and/or textual languages [OW89, OM089]

abandoned the universal quantifier for the reasons

of safety; instead some set operators and hierarchi-

cal structure of the query were used for meeting the

needs of grouping; STBE provides a very good vi-

sual language for nested-models and has formal se-

mantics. But, it uses set variables even in the rela-

tional model (which has only constants, and tuples), is

not intended for object-oriented models (actually, pre-
dates the object-oriented models), has no recursion,

and finally has high complexity for checking safety

of its formulas. The language G+ provides a very

good graphical interface for databases with binary

predicates. However, it allows only a special class

of recursion (arbitrary recursion is not available), not

clear about the semantics of negation, does not extend

to nested and object-oriented models, and is unintu-

itive for predicates predicates with arity 3 or more.

Although [KKD89] provides a graphic language for

object oriented models, it is not clear what is the

range of queries it can support, does not have for-

mal semantics, important notions of negation, group-

ing, un-nesting, etc., can not be represented. Oz of-

fers no powerful visual language, and the declarative

(SQL-type) language it offers uses a number of ad

hoc reserved words such as “ALL”, “GROUP-BY”,

etc. DOODLE[Cru92] provides a graphic user inter-

face but it is tied to F-Logic, and thus can not be

looked upon as a generic visual interface; further-

more, the notions of negation, universal quantifica-

tion, etc., are not available in DOODLE. G-WHIZ

[HR] (Grids with Hierarchies, Imitating Zloof) is a

visual interface for the functional model [Shi8 1]. It is

similar to QBE, with constants as the only example

elements; it extends QBE for nested attributes, does

not represent explicit joins (functional models do not

require either); it provides grouping, but does not en-

able negation, arbitrary recursion, ability to navigate

object-oriented databases.

Some of the above languages are represented along
with some of their significant features in the table of

Figure 11. In this table, the first seven languages

are visual (including VQL), while the rest are SQL-

type. As can be seen from the table, a number

object-oriented features are not available (indicated

by empty cells) in the visual languages, and even those

available are made auailable explicitly by ad hoc oper-

ators/reserved words/et c., and we indicate this by a

check in the table. However, the non-visual languages,

on the other hand, provide most of the desired object-

oriented features (such as nesting, object-navigation,

parameterized querying) , directly (check) or simu-

lated (“S” ), but lack visual interfaces. We believe,

that VQL combines both: it is visual and provides

(check or “S”) all of the desired object-oriented fea-

tures. Furthermore, VQL does this with the few con-

structs that it has (indicated by checks).

On the theoretical front also, we believe that VQL

achieves a synthesis: restricted universal quantifier

simulates both grouping and negation. In the past,

different proposals were made to capture universal
quantification, negation and grouping.

Some rule-based languages augmented Datalog with

grouping directly [BNST91, AG88] enabling set-

generation or, indirectly [CKW89, L091] producing

ids with set-values; this was done to extend Dat slog to

meet the needs of nested models. On the other hand,

some proposals added universal quantifiers back again

to capture the needed richness of the language: Kuper

[Kup90] studied the formal properties of augmenting

a particular form of restricted universal quantification
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Figure 11:

and proved that it cart not group arbitrary elements.

Contrast this with our restricted universal quantifier.

In the case of SQL-type languages, 02 [BCD90] and

XSQL [KKS92] augmented the word “ALL” into their

language (each with different semantics). Neither IQL

[AK89], the formal language underlying a part of 02’s

query language, nor F-Logics [KL89], the formal lan-

guage underlying a part of XSQL allow this construct

“ALL”, and hence this addition remains an ad hoc ad-

dition in both XSQL and the query language of Oz.

7 Conclusion

In this paper we introduced a declarative visual lan-

guage called VQL and showed that this language

extends gracefully for databases from relational to

nested and object-oriented models. The crucial opera-

tion in this language is restricted universal quantifier,

which enables encoding the representative features of

disparate object-oriented query languages (both vi-

sual and non-visual) in a user-friendly manner, pro-

viding versatility to VQL. Thus, VQL can be used

as a visual interface on the top of the existing power-

ful non-visual languages. We also showed some in-

teresting theoretical results of the language. First

we showed that the restricted universal quantifier can

simulate negation, grouping, MIN, MAX, etc. Next,
we showed the relational fragment of VQL matches

in expressivity with stratified Dat alog. Finally, we

showed some data complexity results of the nested

language fragment of VQL. -

We plan to extend this language in many ways. Some

of these are: (i) need to extend VQL to account for

object-generation, and other update operations (ii)

Try to develop an “object code” into which VQL can

be translated, and the programs in this object code

can efficiently executed (iii) Incorporate inheritance

reasoning into VQL. We do have some ideas in these

directions. Especially, regarding the “object-code”,

we believe that structural recursion such as the ones

discussed in [OBB89, BBN91] may be potential can-

didates.
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