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ABSTRACT

o

” ~

The Entity-Relationship Model is one 6f.xhé»better known semantic
*data models. Its concepts are Baseé on the' way din which peoplé perceive
information. Accordingly a query language over, the Entity-Relationship
Model is expected to have constructs based on- the way -péovple communicate,

that is, natural language sentences.

The objective of the paper- is to propose and define such a query

¥ language, called ERROL (Entity-Relationship Role Oriented Query Language).
The Entiry-Relationship Model concepts are' reviewed and their linguistic

aspect is examined.
ERROL is introduced ‘through a large set of characteristic examples
illustrating its basic constructs and its ‘syntax is given.
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clear boundary between the logical and physical aspects of database.

i, N 7 . 4
management ; and communicability, by keeping ‘the .model simple enough
so that' the users could easily understand, use and‘communicate with one

another about the data.

The second objective was only partially fulfilled by th& model.
- ‘ »
The Relational Model allows the user to deal mainly'with the .representa-

tion of things rather than,the reality itself, thus Jhiding _much of the

semantic structure of the real world.

This places an_increased' burden on the user, who must try to

understand the semantics of the model as well as use it correctly.

Consequently, sémantitally oriented modéls have been developed
. with the Entity-Relationship Model (ERM). [CHen] emerging as the most
) popular. The ERM feflects~a natural view of the world: entities are
yualified by their properties and interactions between entities are
expressed by relationships which also are qualified by properties.
The ERM is thus easy to formulate and to understand. We intend to :
establish the form of the_naturai language sententes which fit this
view in ordér to- tailor, -for the ERM elements, denotations that would

suit a. quéry language approach%ng the nqtyrqi way of communication.

Concepts underlying the'ERM are reviewed in Section 1, in a
modified version of the original proposal of [Chem]. How the ERM reflects
the surface structure of the enterprise - description sentences is
discussed in Section 2. -The basicconstructs of -ERROL are presented
in Section 3 with the help.-dof a large set of examples. Section 3

. . concludes by giving the syntax of ERRQL in a BNF like diagrammatic
form. Finally, some conclusions are drawn in Section 4.
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material of abstract, which can be distinguished from its environment

-

and considered atomie, i.e. not divisible becguse no-part of it will

y

be of intérest in that specific environment.

Entities are grouped into entity- sets (e-sets), which have unique
names and a type which formalize their tlme independent aspect. Each
.e-set is providéd ‘with a .membership predicate that tests if a given

eritity belongs to the e-set. *

A relatlonshlp describes interactions among entities. Relation-

ships aré elements of relatlonship sets (r sets), which can be defined

* as a mathematical relat;on among n .e- sets.

R, = {[e},.. e ] ﬂej € ?j; j = 1in}
< where [el,.,.,ﬁn]' represents a relatibnshiﬁ.

Not all EjLs have, to be distinctﬁ hence their ordering is

v,
K

£ .
significant. Two e-sets may be associated by more than one r-set. .

A value-set groups -together values of a same typé (in the same
sense as for types of e-sets) arid havetassociated a membership predicate

far testing whether a vallue belongs to it.

A property of an e-set or r-set is defined by ‘a total function
from the respective set to a value-set. * Requiring the function to be
total means that all the elements of someiset shayxe the same properties;
the existence of an element implies the existence of values for all the proper-
ties of the set it belongs to. Note that the property is an association
in the sense the r-set is.an association. ‘The range of a property, at

a given time, is called attribute, having an attribute-name.

An attribute-instance exists, Ey definition, only when coupled ‘

with some entity or relationship. It may be viewed however, as an

entity whose identity could independently Recome of interest. In such

Y

a case the attribute should be redefined as an 'e-set and the correspond-

-ing property a% a r-set.

-

1Y

A Key of an. e-set ds a-iist of properties such that any value from

»
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be c¢hosen to identify, permanently and uniquely, the entities of ‘the

e-set in the system. Their use as~1dent1f1ers is troub}esome because

they carry informatiof and are sdeect to~change. Therefore, for every
N e-set a system-provided value- sef, of 5pec1a1 “values called surrogates

[Hall] is established as—ghe co-domain- ef an identifier-property; it

is called the surrogate-property and tlie ‘corresponding attributé€ is

called the surrogate-attiibute. The .surrogate is information-free -and . i
protected from the user, wh¢ may do no more ‘than cause the system to
o ) . .
generate Or delete 'a surrogate. TWo Surrogates are. equal if, -and -only
) Ga

if, they denote the same entity .in the- pefceived world of entities,

An;entity ks described by an entity-representations consisting
‘ of the list.of all ‘its attributé-instances plus its. surrogate. Similarly,
a relationship is deseribed.by 'a relationship-representation, consisting

bt a
. of the complete 1list of-all its attribute-instances plus the surrogates 1

of all the participating éptities. An entity- or, relationship-representa-

tion may be viewed as embedding properfY~repreSentatiOn§k'each consisting

of ah attribute-instance plus the; common t0. all, surrogate or list of

surrogates, of thewreSPective<ePtity or- relationship.

Besides 'the explicftly. defined r-sets, there are so called implicit
r-sets [Kent], defined By some derivation séqoence invoiﬁing at the
initial state expliéit r-set, e-sets, of both. In. the following .dis-

' . cussion r-set shall refer to both explicit and implicit r-sets.

. Over a refationship-set;may be defiped correSpondences; we shall

restrict the correspondence concept of TSan] to the follewing: given

ar-set R= {[e ceea®y }j 6‘ € E i = 1tn} defined on the e-sets
El""’En’ a correspondence, denoted by
(El,...,Ek_l,Ek.ﬂ,.!..,Eh) {E,}

associates every tuple fe snse sy i k+L""’en]’ for which there is
some & in Ek, such that Eel, T L TR LR 1 is in R, with

@ | the set of all the entltles eb of Ek* such that [e L T k+1’

.,en] is in R. -“An element of (El,...,E ) is called the 1ndex1ng

k!
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They associate the indexing components of a COrrespondencg witm uire
computed values derived from the indexed sets by so-called aggregate ,
functions. Depending -on the arityﬁof~;he i-component, the property

would be an entity-property or a relationship-property.

For a given éﬁterﬁrise the complete set .of established e-sets,
r-sets, properties and.attributes{ together with the value-sets form

the Entity-RelationshiE_Sthema¥(E§Sl, also known as the enterprise

schema.

An ERS may be represented by an Entity-Relationship Diagram (ERD)

in the following way:

e-sets are represented by rectangles labelled.wi?h their names;

- r-sets are represented by diamonds labelled with their names;

attributes are represented by circles labelled with their names;

properties are répresented by arcs connecting the respective sets
£ Ea 3

and attributes;

1

the involvement of an e-set in a r-set is represented by an arc
.

connecting their representations.

An Example: 3
&

employees have ‘names, salaries and numbers;

employees are qmpld&e& by departments;

departments are managed by some of the, employees;

departments have pumbers and names, and are located on floors;

suppliers have numbers and names, dnid have their residence in

localities;

- -
items have -numbers, names, colors and: types;

suppliers supply the departments with items, in certain quantities

at certain prices;

- suppliers stock items in certain quantities;

departments request itéms in certain quantities.

The ERD for the ERS of this example is, given in Figure 1 and
.should be self explanatory.
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QTY
STOCKING
.SUPPLIER

|
(NAMEJ)(jEOCALITY )

EMPLOYED MANAGING SUPPLYING

EMPLOYEE

J .
o > @
NAME ) (SALARY ) (E# ) .

1

Figure 1 - The ERD and ERS éxample
___—_L‘__,;

We have Br@seﬁted a glightly different and extended set of
ERM-concepts, compared to ‘the original proposal of [Chen 1. Some
of the extensions were adapted from [Pir ] 4nd [San]. Other issues
concerning the ERM, such as existence dependencies were judged

irrelevant to this study-and were omitted.

.,ﬁ

2. THE LINGUISTIC ASPECT OF ‘THE ERM CONCEPTS

The ERM views -.the enterprise as consisting of entities, having
properties, interacting through relationships, which also may- have
properties. We have no intention of discussing to what extent this
view is restrictive or "unnatural'. We will try to point out the kind
of natural language sentences which fit this view in order to ‘tailor,
for the ERS elements, denotations that would- 5uit a manipulation
language approaching the natural way of communication, the natural
language.

‘The following ideas were adapted ‘to the ERM from the proposal

for a linguistic model for the relational model of {Fur].

Entities are, by definition, atomic in the sense that their

‘e

decomposition is of no interest in the given enterprise. In the same
sense, the attribute-instances are also atomic. Both e-sets and
attributes are denoted by names that are’, when possible, ''real-world"

noun name€s. Properties and r-sets describe associations among elements

Department - Technical Report CS0262 - 1983~~~




enterprise, the St O all TNesSc SCIALCHCES IUIM T Tnvorprros sowrs
description (es-descriptivn). Notice that the es-description contains

only positive (not formally negated) fact assertions.

We choose td denafe an association (r-set or property) by the
skeleton {including“only*the predicate ,and thé object terms) of the
participial form of the.sorresponding es-description :sentence. Since
a sentence has diffetent pqraphrases{“accordingly an association will
have different denotations, The SUPPLY r-set of Figure 1, for instance,

is expressed (the denotations are in uppercase letters) by:

SUPPLIER is SUPPLYING ITEM. to DEPARTMENT ;
DEPARTMENT is SUPPLIED with ITEM by- SUPPLIER; and
ITEM is SUPPLIED to  DEPARTMENT by SUPPLIER.

Notice that what .differentiates the paraphrases is which of the
terms is in the.subject position, while the:ordering of the terms in

the object position is irrelevant.

-~

The denotation of a property belonging to an e-set or r-set is
similarly derived. It includes the 'denotation of the set the property
belongs to, and an attribute denotatign. The COLOR property of ITEM

in Figure 1, for ‘instance, is denoted by:

COLOR OF ITEM; and
ITEM HAVING COLOR

while the QTY property of the SUPPLY x-set‘in Figure 1.has as one of
its denotaticns: QTY SUPPLIED by SUPPLIER of .ITEM to DEPARTMENT.

The participation of an e-Set or an attribute in a r-set is character-
ized by the predicate of the paraphrase in which it is in the subject
position, called role. It relaxes, inﬁmost cases, the ordering-of-
e-sets condition, but not -as completely as does the "role'" of [Chen],
where it is defined as asserting the function that the entity performs
in the relationship. The roles label in the ERD the arcs representing
the participation of the e-sets in r-sets. The ERD thus resembles

the surface structure. of the es-description sentences. The different

r-set denotations provided by the paraphrases of an es-description

lence Departmeent - Technical Report CS0262 - 1983~ ©
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3. THE ERROL QUERY LANGUAGE .

In this 'section we’present a query language within the Entity-
Relationship Model that we call ERROL - Entity Relationship Role
- Oriented Query }anguagei ERROL takes qdvgntage'of the possibilities
posed by the linguistic analogies of the ERM, by using denotations
"based on the .Simple sententes of the es-description, and by using
constructs similar to the natural languige senté;ce combination.

Additionally, ERROL uses correspondence as the basis for set expres-

. sions and for formulating derived properties.

The queries in ERROL are intended to be close to natural lang-
¢ uage expressions, thereby: gasy to understand anditO'fdrmulate using
few constraints. In this-section, the ERROL query ‘language is
introduced by a discussion of its basic constructs, and .through a set

of charactéristic examples.

3.1 Basic Concepts : . .

E-set names, attribute names and foles aré the ERROL identifiers.

We shall denote them as follows:

v ENTITY for' e-set pdmes;
ATTRIBUTE for atp%ibuté~name3ﬁ
ROLE for .roles:

The ENTITY, ATTRIBUTE and-most of the ROLE identifiers are deglared

in the ERS over wh;ch”theiquerieS»arejexpressed. ERROL queries may

involve constants {(numeric constants, e.g. 2, or stringiﬂ e.g. 'ABC")
’ denoted as CONSTANT. ROLEs -appear in ERROL prefixed by a single
quote (e.g. !SUPPLIED).

TEChMIoN = Comperer Science Department - Technical Report CS0262 - 1983~
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SUPPLIER 'SUPPLYING ITEM DEPARTMENT.

When there -is no ambiguity"in a reference to an association, the
single quote or a ROLE- that "i}as not been detlared in ERS may be used.
This is the case with most properties. For:example, the ""SALARY"

property may be denoted by:,

EMPLOYEE 'EARNING SALARY, or
EMPLOYEE 'HAVING SALARY , or
EMPLOYEE 'SALARY .

Properties of a same r-set may be 'embedded in a.single denotation.
For example, the QTY and PRICE propetties of SUPPLY may be deroted by:
. SUPPLIER 'SUPPLYING ITEM "TO DEPARTMENT "IN QTY "AT PRICE.

If, for some n-arry (n> 2')‘ r-sét, intetrest is in the association of

. only part of the involved e-sétsi‘a-partial denotation may be used:
DEPARTMENT 'SUPPLIED “'BY SUPPLIER.

ERROL accepts comments that m"a): be placed anywhere within a query.

A comment is prefixed by double quetation marks, is delimitated by
spaces, and therefore cannot contain spaces. Comments are u§¢f_u1

in making a query logk more natural, and thereby self explanatory.

In the association, - denotations, for instance, the prepositions of
the es-description sentences, which are arohped in the denotations,

may be included as comments. The above '"SUPPLY'" denotat¥on couyld be:
SUPPLIER 'SUPPLYING "ITEM "IN QTY ""TO DEPARTMENT.

In the following nresentation the ERROL key words are underlined.

They are used as follows:

- x

GET, TIS, SIT ~ in query structuring;
i SET - for set expressions;
) ‘m, OR, NOT - as.logical connectors;

EQ, IN, CONTAINS -~ as set operators (possibly precedéd by NOT);
ks E{I_, - denotes’ the empty set;',

COUNT,SUM,,MIN,M.RX - are aggregate furjc;:ions.
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-3.2 The GET-CLAUSE

The target elemernits of. a- query are stated in the GET-CLAUSE,
which is headed by the key-word GET, and consists of a 1list of one or

more sublists separated by semicolons. A sublist may contain:

(a) an ENTITY - ‘implying the request for the whole entity-representation,
' for instance:
GET 'SUPPLIER;

(b) several ATTRIBUTEs belonging to an ENTITY, possibly followed
by the ROLEs corresponding  to the reSpective properties,
separated by commas; the last ATTRIQUTE is part of a full
property denotation, including the. ENTITY - implying the request

for a partial entity-representation, for instance:
GET SALARY 'EARNED “'BY, NAME fOF. EMPLOYEE;

(¢) several ATTRIBUTEs:belqngiqg to a r-set, appearing in an embedded
property-denotation of properties belonging to a r-set - imply-
ing the request for a partial (or whole, if 411 the ATTRIBUTEs

are included) relationship-représeritation, for instance:
GETQTY 'SUPPLIED ITEM "BY SUPPLIER "TO DEPARTMENT;

Every ENTITY of a sublist (aj or (b), and at least one ENTITY of a
sublist (c), will participate in the qualification phrase (TIS-CLAUSE;
see below). If no qualification exists, and there‘is more than one
sublist in the GET-CLAUSE, every sublist is considered as a separate

request. The order .of the sublists in the GET-CLAUSE, is irrelevant.

The” above pregentation is partial. A GET-CLAUSE also may in:

o

clude denotations of derived properties and of attributes viewed as
e-sets. The definition of the GET-CLAUSE will be completed after

-

these concepts have been introduced.
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the target e-sets. This statement igycontai?eg in a TIS-CLAUSE
(Ilg_is the abbreviatioﬁ'ofa"THAT Is™). A TIS—GLAUSE,is délimited-
by-the key-wqrds Il§.§?a:§llr' It is. based on the simple association
denotations deducible from tBeLERS, which are combingd in a complex
qualification phrase.’

3:3.1 Referencing.

- = - -

»

First. of all, we must know-how to correlate references to a
same e-set. This is done by sufixing the ENTITY with refererce

variables (REF) which have to start with-a "'I" sign. For example?
DEPARTMENT!DY, EMPLOYEE!EX .

Such a referencing is less flexible than.jn"'the natural language,
but is compact and ynambiguous. Secondly, the following implicit
referencing may be.used, When~ﬁossib1e% to keep ‘the referenéing
limited:

(a) a same e-set in thg,GET—CLAUSE‘mdy be .correlated by a simple,

unreferenced, ENTITY; ’

(b) an ENTITY suffixed by an '‘empty' REF (;ingle*"L") in the TIS-
CLAUSE refers to the corresponding ENTITY -of the GET-CLAUSE.

3.3.2 Chaining

Chaining is, the simplest way of connecting simple (explicit)
associations. A certain deénotation of an associdation reflects how
in the correspondingyparaphrase of Qhe~es—descriptioﬁ gentencer an
e-set is in the subject pbsition, while all the other e-sets are in
the object positions. The last ENTITY 6f the GET-CLAYSE is the
subject in the first association-denotation- of the TIS-CLAUSE;
therefore it is called the leading subject of the TIS-CLAUSE.

Chaining is based on the natural language¢ sentence combihation

by relativization. A short connectipn is assured byfthe participial

Report "CS0262'- 1983
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position of the following, associdtion-denotation. A first query

example will illustrate the chaining of two r—sep}denotations.

(ERROL 1). "Fipd the names of departments requesting some item
stocked by some supplier” |
GET NAME "'OF DEPARTMENT\IIg_'REQUESTING ITEM 'STOCKED
"'BY SUPPLIER SIT

Restrictions are assertions that are dependent on corresponding

property denotations. For instance "LOCALITY = 'PARIS'" is relevant
when included in "SUPPLIER 'HAVI&Q LQCALITY = "PARIS''". Notice,
However, that the comparison operators are a Kind of ROLE. In the
corresponding natural language sentence, the ATTRIBUTE is in a subject

position, apd the CONSTANT is in an object position.

(ERROL 2) "Find thé names of suppliers supplying items of type 1"
GET NAME 'OF SUPPLIER -TIS 'SUPPLYING ITEM 'HAVING TYPE =
'1' SIT.

A property chaining is realized when ‘the place of the CONSTANT is
taken in the restriction by another ATTRIBUTE .belonging to some
property.

(ERROL 3) "Find the employees working in departments requesting
items stocked by suppliers located in the same locations
as those supplying red items"

GET EMPLOYEE Ilg_‘EMPLOYEU’"IN DEPARTMENT 'REQUESTING
ITEM 'STOCKED ""BY SUPPLIER 'HAVING LOCALITY = LOCALITY
'OF SUPPLIER 'SUPPLYING ITEM 'HAVING COLOR = 'RED' SIT.

In this example, notice that the different appearances of SUPPLIER

do not refer to the same SUPPLIER sirnce no_correlation is mentioned.

In the follpwing example, an association which is not explicitly

represented in sthe ERS, has to be 'constructively" expressed.

(ERROL 4) "Get the employees that edr:d more than their manager"
GET EMPLOYEE TIS 'EMPLOYED "BY :DEPARTMENT ‘MANAGED ''BY
EMPLOYEE 'HAVING SALARY < SALARY 'OF EMPLOYEE! SIT.

4
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departmpnfs that are, supplied with EEEEE items by these
suppliers"

GBT SUPPLIER; ITEMizi§_“REQUESTED "BY DEPARTMENT
' SUPPLIED "WITH ITEM! "BY SU’PI"];;I'E,R! SIT.

Observe how it differs from:

: : GERROL~6) "Get the guppliers and the items that are requested by
departments that are supplied (with items) by these

suppliers"
GET SUPPLIER; ITEM Tﬂi'REQUESTED "BY DEPARTMENT !SUPPLIED
"WITH‘ITEM'“B@*SUPPLIER! SIT- . -

where "WITH ITEM may peibﬁiﬁ%ed aitogetheru

The chaining .0f ndtural sentences may 41sp be realized by closed

relative clause relativiZation, where the "object-subject" contiguity
is broken. -The break “in. the chain is expressed in ERROL by a pseudo-

rqle, indicated by 1t tx

(ERROL 7) "Get the pairs of suppliers and items such that the items
are requestéd by debartments to. which something is
supplied by these suppliers" S
GET SUPPLIER; ITEM TIS 'REQUESTED "BY DEPARTMENT!X '«
SUPPLIER! *SUPPLYING DEPARTMENT!X SIT

The pseudo-role may be used to express crossaproduct associations

in rather unusual, but possible, queries.

(ERROL 8) '"Get the pdirs of departments.and items, such that the
items are stocked by some supplier and the department
is placed .on the 2-nd floor".

GET DEPARTMENT; ITEM TIS 'STOCKED '"BY SUPPLIER '«
DEPARTMENT! 'HAVING FLOOR = 2 SIT .
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"possible" relationships of some r-set R are obtained by the cartesian-
product of the e-sets on which the r-set. is defined. The complementary

r-set of a r-set R is ‘denoted by the negation of the R-denotation.

(ERROL 9) "Get all the items and. the departments that do not reques(
them"
GET ITEM; DEPARTMENT TIS NOT 'REQUESTING ITEM! SIT

Similarly, the complementary of a complex (derived) r-set may be

&enqted by the negation of the chain expressing the r-set.

(ERROL 10) "Get the pairs of suppliers and departments, -such that
the department 4is Eggjrequestiqg items stocked by the
respective supplier" ) |
GET SUPPLIER; DEPARTMENT TIS NOT 'REQUESTING ITEM
'STOCKED "BY SUPBLIER! SIT

3.3.4 Branching

In addition'to chaining, assocition -~ denotations, whether
simple or complex, may be connected by branching. Branching is

based on the natural language sentence combination by coordination.

The coordination connectors are AND. and OR, while the coérdination
"pivot" is the ENTITY or ATTRIBUTE in the subject position in all
the coordinated denotations. In order to’ enforce a certain order

¥

of evaluation brackets may be used.

(ERROL 11) "Get the departments requesting items that are stocked
by suppliers from LONDON, and managed by managers
earning more than 1000"
GET DEPARIMENT Ilg 'QEQUESTING ITEM 'STOCKED "BY
SUPPLIER 'HAVING LOCALITY = 'LONDON' :
. éﬁg 'MANAGED "BY EMPLOYEE 'HAVING SALARY > 1000 SIT

Some -binary AND branchings may be reformulated odnly by chaining.
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GET QTY 'SUPPLIED "BY SUPPLIER "TO DEPARTMENT "OF ITEM
TIS REQUESTED "BY"DEPARTMENT! AND “'HAVING COLQR = ,'RED"
SIT

<y . ¥

- .
*i

This may also be expressed as
¥

GET QTY 'SUPPLIED .ITEM "BY SUPPLER '"TO.DEPARTMENT TIS
"REQUESTING ITEM! 'HAVING COLOR = 'BED! SIF

The OR branching in»mukti-tafépt queries .where ‘more. than one sublist
are im the GET-CLAUSE, needs references to all the e=sets of the.

GET-CLAUSE in every branch in-order to be unémbigudusly perceived.
‘(ERROL 13f "Get the. departments and items such that the. items are,

_ requested by thése departments or supplied to these
1 departments" o .
GET 'DEPARTMENT; ITEM TIS 'RE_QUESTED"'B\{ .DEPARTMENT!
ng'SUPPLIED'fTO ﬁEPARTMENTL SIT,

Al
S

(ERROL 14) "Get the departments and items, such that the items are
requested by these departments or aresréd" ﬂ
- -GET DEPARTMENT; ITEM TIS 'REQUESTED !'BY DEPARTMENT!
Q_Rq!'Hé\'fIl\;Q COLOR = 'RED' SIT
In the preceding example, the second branch ‘has no referéﬁces to
the 'DEPARTMENT of the GET-CLAUSE. In such cases the branch is
perceived as implicitly completed, ghrough‘thq pséudo-role, with all
the unreferenbedgxarget ¢-sets. Thus (EFROL-14) is interpreted as:

» GET DEPARTMENT; ITEM TIS 'REQUESTED "'BY DEPARTMENT!
OR ('HAVING COLOR = 'RED' AND ', DEPARTMENT{) SIT

The. completion is performed by chaining dr AND branching.

¥ ¥
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element will head an inner TIS-CLAUSE.

(ERROL 15) "Get the departments regUesting itmes that are stocked
by suppliers located inh LONDON and having type T"
GET DEPARTMENT' TIS 'REQUESTING ITEM TIS 'STOCKED *'BY
SUPPLIER 'LOCATED "IN LOCALITY = 'LONDON' AND THAVING
TYPE = 'T' SIT SIT o

An inner TIS-CLAUSE contains chains starting with ROLEs corresponding
to the pivot subject (e-set in the above example), like the general
TIS-CLAUSE. While the general TIS-CLAUSE corresponds to an e-set
leading subject, inner TIS-CLAUSEs may qualify attributes or sets

as well.

L4

(ERROL 16) "Get the items that are réd or hlue"
GET ITEM TIS 'HAVING COLOR TIS = 'RED' OR = 'BLUE' SIT SIT

When the pivot is an ATTRIBUTE, the respective TIS-CLAUSE contains
chains starting with a comparison operator followed by a single
CONSTANT, or with another ATTRIBUTE as the head of a longer chain.

(ERROL 17) "Get the items that aré red or are coloured like the items
supplied by LONDON located suppliers"
GET ITEM TIS "HAVING COLOR TIS = 'RED' OR = COLOR
'0F ITEM 'SUPR}iED "BY SUPPLIER 'HAVING LOCALITY =
'LONDON' SIT SIT

%

It has been pointed out that chaining relies on the first and last
elements of the association - denotation. When the association is
n-arxyy (n > 2) and the qualification of one of the other elements is

required, inner TIS-CLAUSEs are used.

(ERROL 18) "Get the departments requesting items supplied to them by
suppliers located in PARIS, and placed on the 2-nd floor"

GET DEPARTMENT TIS 'REQUESTING ITEM 'SUPPLIED '"BY
SUPPLIER TIS 'HAVING LOCALITY = 'PARIS' SIT "TO
DEPARTMENT! 'HAVING FLOOR = 2 SIT




-

Livell a I7ebl, B, HepLAUARE ML AR ATette ey
denoted by
(El,...,En'_l) {E}

provides the set of entities from the e-set En, dssociated through
R with every tuple iely...,en_l]‘ (see Section 1). (El""’En~1)
is called the i-component, while {Eﬁ} is the i-set.

- F

In ERROL the correspondence is denoted by the.association
implicitly defined by the i-component, followed by the key-word SET

and the i-set dendtation.

(ERROL 19) "“Get the suppliers stocking at least all the items requested
‘ by some departpent'- .
GET SUPPLIER TIS 'STOCKING SET ITEM.CONTAINS SET ITEM
'REQUESTED ''BY DEPARTMENT §£i ~

The above query shows that the i-set may precede the i-component in
the denotation, thus integrating natirally ‘the correspondence in a

chaim. Sets may be comparéd by set operators (EQ, IN, CONTAINS NOT

IN, NOT CONTAINS), with other compatible sets, i.e. sets containing

entities of a same type (e-set).

A correspondence denotation omittiﬁk the i-component implies a

single i-set which'refers to a whole e-set.

(ERROL 20) '""Get the suppliers stocking all the items"
GET SUPPLIER TIS 'STOCKING SET ITEM EQ SET ITEM SIT

The correspondence is a convenient way of expressing the universal

quantifier.

For simple queries;, the only effort required from the user is
to reformulate expressions involving "all', "at l€ast', 'at most",
etc., by using sets and set operators. ‘Sometimes the set of interest
is' not the set of entities belonging to the i-set, but the set of
attribute-instances corresponding to a property of, the r-set implied

by the correspondence. The Set-comparisons thefr involve compatible

sets, i.e., containing values from a same valuerset.




GET SUPPLIER; DEPARTMENT TIS TREQUESTING SET QI
CONTAINS SET. QTFY 'STOCKED "BY *SUPPLIER! SIT

L3

A special key-word, NIL denotés the empty set. Its use provides
an alternative way of expre551ng some queries involving negation.

For example, ¥for '

(ERROL. 22)- "Get the suppliers that do not stock any item",
GET SUPPLIER TIS NOT 'STOCKING ITEM SIT

is equivalent to GET SUPPLIER ‘TIS 'STOCKING SET,ITEM EQ NIL SIT

A correspondence denotation may -not addreéss all the e-sets on which
a r-set is defined. Attention mist be paid, in such cases, to the

iritended meaning. For- instance the following' two queries clearly

.

differ, although both are-based onh-corresporidences with a same i-set

and similar (but not identical) i—components'

L /)

(ERROL 23) '"Get the items that are shpplled by a11 the suppliers
(i.e. no matter to ‘what department)
GET ITEM TIS 'SUPPLIED "BY SET SUPPLIER EQ SET
SUPPLIER SIT b

%

(ERROL 24) "Get the -items that are-3upplied, to a given department,
by all the suppliers
GET ITEM TIS 'SUPPLIED 'TO DEPARTMENT '"BY SET SUPPLIER
EQ. SET SUPPLIER SIT
e ot ALY

An ENTITY from an i-set or an i-compoment can be qualified.

(ERROL 25) ""Get ‘the departments suﬁb%ied at least by SAXON and
PEUGEOT suppliers" .
GET DEPARTMENT TIS !SUPPLIED "BY SET SUPPLIER CONTAINS
SET SUPPLIER TIS 'HAVING NAME TIS = 'SAXON'OR = 'PEUGEOT'
SIT SIT SIT ‘.

The entire i-set m%y‘aISO'Be qualified, provided all thé chains in

the respective TIS-CLAUSE are headed by set cémparison-operators.

L] 8
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SET ITEM TIS 'HAVING COLOR = .! RED' SIT AND CONTAINS
SET ITEM ESTOCKED‘"BX~SUPPLIER 'HAVING S# = '500"

o

A correspondence may be expressed over a derived r-set. A new ROLE,.
not declared in the ERS for association$ conrgcting the e-sets refer-
red, to by this correspondenge,'dég}ares the intention of defining

a derived r-set. The actual definition is included in a TIS-CLAUSE
of the i-set ENTETY. '

(ERROL 27) "Get thé departments for which ‘all the suppliers, located
in- LONDON, stock some item requested by them"
GET. DEPARTMENT _'I_‘I_S"HAVING, SET SUPPLIER TIS "STOCKING «~
ITEM 'REQUESTED "BY DEPARTMENT! ‘SIT CONTAINS ‘SET
SUPPLIER TIS 'HAVING.LOCALITY..= 'LONDON' SIT SIT

L

This is different from:

“

(ERROL 28) GET DEPARTMENT_TIS 'REQUESTING ITEM YSTOCKED "BY SET
SUPPLIER" CONTAINS. SET SUPPLIER TIS 'HAVING LOCALITY =
'LONDON* SIT SIT-

which requires "The departments requesting items that are stocked
by all the suppliers located in LONDON".

+

In (ERROL 27) the corréspondence' is expressed over. a derived T-set
(the combination of REQUEST and STOCK) while in (ERROL 28) the'

correspondence is expressed over STOCK.

The derivation may be complex, ifvolving chaining, branc¢hing

and nesting.

(ERROL 29) "Get the departménts-for which the items, that are supplied

to them or requested by a department placed on the same

floor as thexyére, include g}l_;he red items"

GET DEPARTMENT TIS 'HAVING SET ITEM TIS 'SUPPLIED "TO
DEPARTMENT! OR 'REQUESTED "BY DEPARTMENf '"HAVING FLOOR
= FLOOR 'OF DEPARTMENT! §E}:EQW§EZ'ITEM TIS 'HAVING
COLOR = 'RED" §£§l[ ’




(a) every ENILI¥ orf the 1ircompanent:nds TO .D€ YCITTITNICTU av souow

> -~

cncey and
(b) .all the other references have to be local to this TIS-CLAUSE.

Set expressions may be nested, ane inside another, the only
restriction is the 'satisfaction: of the}hbovg referencing rulés.

(ERROL 30) "Get the, departments requesting dll the 'items stocked
by both, 500. and 701, suppliers"
GET DEPARTMENT TIS 'REQUESTING SET ITEM EQ SET ITEM TIS
'STOCKED "BY SET, SUPPLIER CONTAINS SET sU‘fJPLiER TIS )
'HAVING S#='500" OR 'HAVING' S#=1701'" SIT .SIT SIT

Set nesting is essential for the formilation of more” complex universal-

quantifier queries. The ‘natural language phrase expressing them has d recursive
form, which the ERRQL query reproduces. Hence thé difficutly of formulating
the .query in ERROL parallels the‘diffiéglty of the corresponding natural

J language expression,
(ERROL 31) "Get the departments that are supplied by all the suppliers

stocking .some item, and by every supplier with all the
items .this supplier stocks'"

GET DEPARTMENT TIS *SUPPLIED ''BY SET SUPPLIER!Y TIS
'SUPPLYING DEPARTMENT‘ “WITH'SET ITEM _Q_SET ITEM
'STOCKED "BY SUPPLIER!Y SIT _Q_SET SUPPLIER TIS

' STOCKING ITEM=§EI_§£I

[P R NI S SN D R R e

With the help of .the correspondence, it is possible to expréss
derived properties. Such a property associates the i-component of
a correspondence with values obtained through a ébmputation applied
to the i-set of the: correspondence. These compufations are performed
by so-called ggggggate functlons (af) : COUNT, SuM, MAX MIN. In
= the correspondence denotatlon tHe above key words' will replace the

key word SET in order to obtaim a derived property .denotation,

COUNT is applied directly to i-sets .of emtities and returns the

number of entities in theése sets. The value-set associated with the

+
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GET ITEM TIS 'STOCKED "BY COUNT SUPPLIER = 3 SIT

Using COUNT might be an alternative to’ expressioQns involving negation
or set expressions invoIving the-empty set (NIL): Thus the following
query is equivalent to (ERROL 22): g

GET ‘SUPPLIER TIS 'STOCKING COUNT ITEM = 0 SIT

SUM is applied to sets -of property-representations of the property
whose denotation appears in thé i-set, and processes the attribute--
instances of the attribute "corresponding to this, property. Herce it
takes into account any” duplicaté attribute-instances in the respective
set. The value-set associated with the neg attribute is the same as

‘the value-set of the attribute” corresponding to- the above property.

(ERROL 33) "Get the departments réquesting a total quantity of items
greater than- 22000"
GET DEPARTMENT TIS 'REQUESTING SUM QTY > 22000 SIT ’

MAX and MIN are similar to SUM. T

-

(ERROL 34) "Get the departments whose minimal quantitative requests
are no less than 1000"
GET DEPARTMENT .TIS 'REQUESTING MIN QTY = 10680 SIT

Derived properties are expressible not only with the help of cor-
respondences over explicit- r-sets, but also with correspondences

over implicit (derived) r-sets. The.denotation and the referencing
rules are similar to those for set expressions based on correspondénces

over derived r-sets.
N

(ERROL 35) "Get the-departments for which there are more than 3
suppligrs stocking some item requested.by” them"
GET DEPARTMENT TIS "HAVING COUNT SUPPLIER TIS 'STOCKING
ITEM 'REQUESTED 'BY DEPARTMENT' SIT >3 SIT

‘Notice how this differs from




-

them' ' . . A
GET DEPARTMENT TIS 'REQUESTING ITEM 'STOCKED "BY COUNT
SUPPLIER > 3 -SIT

-

Similquy, attention musbfbe'ﬁaid”;o the .dérived properties based
on correspondgncesiover a special kind of derived f-sets, where

,tha.defiva;ion is implied by-a partial r-set denotation.

.(ERROL 37) "Get the items supplied by .more than five -suppliers"

GET ITEM TIS 'SUPPLIED "'BY COUNT SUPPLIER > 5 SIT
differs from ’
‘(ERROL 38) "Get the items supplied to ‘a given department by more
than five -suppliers" ’ . '
GET ITEM TLS 'SUPPLIED' ""TO DEPARTMENT "BY COUNT
SUPPLIER > 5 SIT Co

(ERROL 39) "Get the departments- such that the total quantities,
stockeﬁ'by‘suppliers supplfing these departments, are
greater than 10,000"
GET DEPARTMENT TIS '"HAVING SUM QTY 'STOCKED "BY SUPPLIER
"TIS 'SUPPLYING DEPARTMENTY SIT > 10,000 SIT

In the last query the complete proﬁ%rty denotation QTY ' STOCKED ITEM
""BY SUPPLIER "is implied by the way the 'SUM is applied, which prevents
the elimination of duplicates. .

A derived property, precisely as an explicit.’one, may be chaiped
with other properties, whbphér they.are derived or not.

(ERROL 40) "Get the items requested in a total q;antity equal to the
quantity in .whic¢h some supplier stocks tliem"
éEZ ITEM TIS 'REQUESTED "IN §QM_QTY = QTY 'STOCKED ITEML .
"BY SUPPLIER’§£I_ '

A 'mew" attribute may-be qualified by a TIS-CLAUSE, the same as_an

explicit attribute, provided all the chdins in the TIS-CLAUSE are
of a suitable form (see 3.3.5)- -

)




©OR = COUNT SUPPLIER TIS JSUPPLYING ITEM 'HAVING
COLOR.'= !RED' SIT SIT SIT ,

A derivéd property may in fact,appear in apy place in which an
explicit one is used, including~the GET-CLAUSE, as illustrated by the
following examples.

(ERROL 42) "Get the name of the departments togeihqr with the number
of their' employeés"
GET NAME ''OF, "COUNT ‘EMPLOYEE 'EMPLOYED "BY DEPARTMENT:

(ERROL 43) "Get the 'sum of the salaries paid in departments, and
quantities of stocked items that these departments request"
GET .SUM "SALARY 'OF EMPLOYEE TIS 'EMPLOYED ''BY DEPARTMENT!
- §Ei3 §QE_QTY 'STOCKED ITEM;Ilg_'REQﬁESTED ""'BY DEPARTMENT!
SIT 'OF DEPARTMENT

E Every derived-propeérty definition is indeperident of the rest of the
query. A TIS-CLAUSE of such a definitign, besides its local réfer-
encing, may contain references only-to the e-set of the i-component.

-

3.3.8 Viewing as Entity-Sets

= N

An attribute is  depehdent ogithb e-set or r-set it characterjzes.
f;s:ﬁmtances are represented by values.from associated value-sets. It
might be necessary, however, to refer to an attribute on its own, as wg
shall show below. In ERROL this i5 done, simply, by wusing the attribute
as an e-set denotation. The 'attribute continues to be addressable as
formerly, too. Possible amb{guities are resolved by using suitable refer-

ence variables (REF) like in the case of ®e<sets,

(ERROL- 44) "Get. the 1ocalities in which red items are stocked"
GET LOCALITY TIS 'OF SUPPLIER 'STOCKING ITEM 'HAVING
COLOR = 'RED' SIT

The answer will be a set of LOCALITY-instances, not a set of property-

representation’corresponding’to LOCALITY.
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appears with type T in some other item"
GET COLOR!C; TYPE!T, TIS 'OF ITEM 'HAVING COLOR!C ‘*OF ITEM
'"HAVING TYPE = 'T" AND 'OF ITEM 'HAVING COLOR = 'RED' SIT

Notice that thé role used for -the attribute viewed as 'e-set is freely
chosen, since the only connection of "the attrihute is with the e-set

it is characterizing.

Successive chains of a TIS-CLAUSE might have a common suffix {tail).
It would be more convenient to express it.only once, particuiﬁnly when

>

it is complex.

o In ERROL, the common tail of succesSive chains is factorized “out

using-commas, -according to the 'following ruies:

(a) a comma preceding'a coordination connector (AND, OR) marks ‘the place
of, the common tail; ’ .

(b) a comma preceding an ENTETY or an ATTRIBUTE marks the beginning of

the common tail. v

(ERROL 46) '"Get the items requested by, and supplied to, departments
placed on the, second floor" o
GET ITEM TIS '"REQUESTED *'BY¥, AND 'SUPPLIED ''TO, DEPARTMENT
'"HAVING FLOOR = 2.SIT

which is equivalent t& ) T -
GET ITEM TIS“'REQUESTED. "BY DEPARTMENT 'HAVING FLOOR =

AND 'SUPPLIED "TO DEPARTMENT 'HAVING FLOOR = 2. SIT

Note that a common tail.does not me€an the‘hddressing of the samie ENTITY.
In the aboye query, for instance, thé itemsg are not necessarily requested
by, and supplied to, the same department. That is why the following

query differs from the former one:

’l

(ERROL 47)  GET ITEM TIS. 'REQUESTED "BY DEPARTMENT TIS 'SUPPLIED "WITH
ITEM! AND 'HAVING FLOOR =-2 SIT
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The following 1s ‘a sligntly Simpiilrled diagramiatle phw syivoan
for ERROL. Lower-case letters are used for representing terminal

strings that are.dependent on the ERS. or on the user.

v

(1) QUERY-STATEMENT: .. . | o '

) 5
. GET-SUBLIST F TIS-CLAUSE

Y

(2) GET-SUBLIST:-

{ ENTITY |
E-PROPERTY-LIST |
R-PROPERTEES.
ATTRIBUTE-AF.

L

(3) ENTITY

-

‘—uf_r-—b €é-set ‘name

—

'ATTRIBUTE"

(4). E-PROPERTY-LIST:

s

ENTITY [—e—-

, W ATTRIBUTE-G

(5) R-PROPERTIES
“——tm—g——m| ATTRIBUTE-AF s~ ROLE - ENTITY |
| -
’ ! ATTRIBUTE = ROLE [-aalATTTRIBUTE
et L ' :

(6) ATTRIBUTE-G

> A’I"I‘RIBU’I‘»EH——-{T—*
H

ey ATTRIBUTE AT




(8) REF:

— ] idernitifiér -
'(9) ROLE:
— S
. ! }—-—N——b'—-— :
. é—ox—l./gg——.’
- ’ \—— :
i s . . .
(10) TIS-CLAUSE -y (v = E XOR A XOR °SJ:
i’- CHAIN - vy - : - e,
——re ,_....—.—-—i‘ ¥ |
3 |
!P-_—A_"-‘T
> CHAIN -y, iy
L i
N |
@ - TIS-CLAUSE - y !—-———-.
- £ " | .
° s TIS-CLAUSE-y '
(11) CHAIN-E
re—— S
——= ROLE ENTITY ) CHAIN-E: fup——tm-

1

A
y—v, ENTITY-T!;

D
| ATTRIBUTE-T *
- 1] SET-T ~
, | 4+ ATTRIBUTE-G {-| CHAIN-

N JE—, ) ;

I—

Ei 4

L
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ATTRIBUTE-G —* GHAIN-E
ATTRIBUTE-AF} - ]

(13) CHAIN-S: ,
“ CONTAINS VL ' SET ~"CHAIN-E
(14) ENTITY-T:
- ———

——»{ ENTITY’ TIS TIS-CLAUSE-E

(15) ATTRIBUTE-T;

~——»= ATTRIBUTE-G T1S-CLAUSE-A —’@———’—-——-

(16) SET-T:

—s{ SET TIS-CLAUSE-S [—ml{ SIT -

(17) ATTRIBUTE-AF

?

~——wwe—3»{ COUNT ENTITY-T [ ¥

ATTRIBUTE-G f—p=éait ROLE ENTITY-T

LI

(18) SET:

ENTITY-T}

ENTITY-THe
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| string

number

(20) COMMENT: : '
-———-&@——.--Ident'ifierr—b-——

Syntax Rules Not Included in the BNF Definition

(a) The factorization of common' chain-suffixes (Section 3.3.9);
(b) The referencing rules for set expressions based on correspondences

over derived r-sets (Section 3.3.6).

4. CONCLUSION

This paper has proposed ERROL - a query language over the ERM.
ERROL draws on analogies with -natural language constructs, based.on
the linguistic aspect of’ the ERM concepts. As such, ERROL is structur-
ally different from all the query languages based on the ERM that have
appeared in the literature. Moreover, according to the defin§tipn we
know, all the languages (Executable Language [At{], CLEAR [Poo], CABLE
[Sho]) have less expressﬁve power than ERROL; GORDAS [Elm] is thé

exception.

We tried not to depart from the analogies to the natural language.
However, our goal was to.make a construct simple and unambiguous, rather
than natural. For. instance, the reférencing in ERROL does not rgsemble
the natural language ways of correlation. The use of sets also is more
restrictive, or less natural, than that of the natural languages quanti-
fiers. However, we beli€ve ERROL still remains close to the natural
perceiving of information and the patiral way of communication. If our
assumptions are correct, ERROL should be easy to comprehend, .learn, and

master; even for casual users.

The ERS destribes the enterprise structure. At the data representa-
tion level, the entities are represented by the entity-representations

and the relashionships are represented by relationship-representations.

ALl are lists of attributo-instances, some of them being surrogatés.




[r"%.]

o

We .choose to organize these data in rélg}ions, which are simple
structires and benefit from being the”b@sis‘of an advanced &at@‘ﬁodel,
the Relational Model (RM). Since a' link between £BM and'RM is estahlished,

by choosing the relation to” be ‘the Structural unit of the ERM data-
representation level, the ERM could benefit by soméhow inheriting. the
Relational Algebra (RA) of the RM "[Codd]. The RA operators cannot
be used without modification in an ‘ERM environment, however, without
endangering the 'semantic -structure of the ERM.* Inf{;MB] a set of

semantic -operators (s—operaiorsj.ishproposed to form the maniﬁﬁfativb

part of the ERM, by adapting the RA operators to the,5tructural
constraints of the ERM. The linguistic analogies of tHe s-operators
are investigated and relativization, coordination, réferﬁnéing and
quantification, which are the basis'of the ERROL constructs, a}e shown
to be easily expressiblé with their heip. Actordingly, the description
of the semanticst of the ERROL basic construets'using the s-bpe;ators

is straightforward [Mar]. . )

M
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