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ABSTRACT 
" 

, 
The Entity-Relationsbip Model is one 6f ~he ~~tter known semantic 

; data models. Its concePts are based on ~h~wayj~ which people per~eive 

information. Accordingly a qu~ry lang~age 0ve~.~ne Entity-Relationship 

Model is expected tq have' constructs ba~ed Dn' the ~ay~ebple communicate, 

tnat is, natural language sentences. 

~ 
~ The objective of the paper, is to'~roppse and define such a query
 

language, called ERROL (~ntity-~elatton~hip ~ole Qriented Query ~anguage)t
 

The Entiry-Relationship Mode~ concepts are- reviewe~ anti their linguistic
 

aspect is examined.
 

ERROL is introducea'through a large set of characteristic examples
 

illustrating its basic constr~cts and its 'syntax ~s given.
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clear boundary between the log~cal and phy~ical asp~cts of database, 
I ; 

mana~ement; and communicability ,'by keeping'tne ,model simple enough 

so tha~ the users could easily understand, use and co~unicate with one 

another about the data~ 

~ secQnd obj ective was only partia)ly fu.1filled by ilie model., 
( 

The Relational Model allows the ~s~r to deal ~~inl~'with the ,representa­

tion of things rather th<¥L"the r:eal1 ty itself, .thus ..hidl.ng~'fl).lch of the 

semantic structure 9~ the ~eal world. 

This places an, incre:a~ed' burden 011 the user, who must try to 

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

Consequently~ semanti~ally oriented model& h~ve been develope& 

~ wi th the Enti ty-RelationS,hip Model (ERMJ. [Cl\enj emerging as the most 

popular. 7he ERM fe-£lects··a natural view of the worl,d: entities are 

~ualified by their propertie~ and interactions between e~tities are 
"" expr~ssed by relationships which also are qualifie~py properties. 

~. The ERM is thus easy to formulate and to understand. We intend to 

establish the form of the ~aturqi ~anguage sentenCes which fit this 

view in ~rder to·tailoT4 ~for the GR~ elements, denotations ~hat would 

suit ~ query language app~oaching th~ n~tpr~i way of cpmmunication.
J 

Concepts uqderlyi~g the !RM are reviewed in '?ecti~n 1, in a 

modified versi-on of the orig~nal proposal of.(Chen·], How the ERM .reflects 

the surface structure of the e~terprise - description sentences is 

q.iscussed in Section 2. 'The ,basic "90ns1;ructs of ·ERRO.L are present.ed 

in Section 3 with the help,'bf .a, large set of exa;ynples, S'ecfion 3 

concludes by giving the syntax o( ERRQL in a BNF like diagrammatic 

~ form. Finally, some. conclusions are drawn in Section 4. 

~ 

~ 

--~._- -_.. 

.. 
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materia! or abstract, ~hich can be distinguished from its environment 
"' . 

and considereCl atomic, i:e. not divisiole becl:j,use nO'part of it will ," 

" ",be of ~nterest in tnat sp~cific environment. 

Entities are group~Q ,into entity-setS (e-sets), which have unique 
• I 

nam~.s and .a type which .formalize their time indeI:entlent as.pect. Each 

·e-set is provided'~rth a.m~mber$hi~·predicatet~at tysts if a given 

entity belongs to tpe e-~et. ~ 

A relationship describ,es interactrpns among en;ities. Relation­
, , 

ships a~e elements of rel~tj~ryship~sets (r-se!s), wh~ch can 'be defined 
'" I '1,. 

~ as ~ mathematical relat~on among n ,e-sets: 
.t 

R. = {[e1, ... ,e] Ie. E E.; j ~'l.;;n}, 
1 '.n J.J ' 

.f. where [e l , ... "en} repJ;:es€mts. a relationship . 

Not all Ej~s have. to be distincr, qence their ordering is 
,.11:. 

s~gnificant. Twoe-se~s may be ~ssoci~ted 
, 

by more than one r-set. 
~ 

A value-set groups ·t~gethyr valu~s of a same type (in the same .. 
sense as for types of e-sets) anq pave"associated a membership predicate 

far testing whether a valu~ belongs to' it~ 

~ 

A property of an e''':'s~,t 01: r-set fs Qefined by 'a totai functi9n 

,:from the ryspective set to a va.lue-se~. " Requiring the function to be. 
.t 

total means that all the elements of some' set shaAe the same properti~s; 

the existence of an ~le~ent implies the ~xistence of values fpr all the.p~oper­

ties of the set it belongs to. Note that tne prope~ty ~s an association 

in the sense the r-set is. Jin a.ssociation. 'The range of a property, .at 

a given time, i:;. called attribute, havJ:ng an attribute-name. 

An attribute-instance exists, Oy definition, only when coupled 

with snme entity or relationship., It may be viewed how~ver, as an 

entity whose identity could independently p'ecome of interest. In ~uch 

? a case the attribute shoulq pe redefined as an'e~set and the correspond­

.ing property as a r-set. .. ." 

A Key of an .. e-set .is a· list of properties. such" that any value from 

" 

.-... -_.. 
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be ~hosen ,~o identifY~ permanentiy'and uniquely, the en~~~es of·the 

e-~et in the system. Th~ir use ~s,idepti!iers is troubJesome because.
 ~. 

they carry informatfoft and -a~e subject. 1io,.change. Therefore, .for every. 
... e-s~t a system-prov~dea value-se{ of sp~c~al'valu~s called surrogates 

[Hall] is established as<',~e cQ-9-0main' af an iden,t~fier··property.; i~. 

ls called the ~urrogate-property and tHe'carr~sponding' attribute is 

called the surrogate-attti,bute:, 
, 

protected fro~ the user, whp ~ay'.generate ur de~ete -~ surrogate~ 
. 

The ,.surrog~te is information-f,ree -and 
~ 

do no more ·tffap eause the system to 
.,.Two surrogates 4re. equal if, ~nd 'only 

;~~ 

..' 

if, t!rey denote fQe saJ!1e ~nti ty ,in th6" pet.c,eived world'" of J,nti tie's ~ 

• 

An:entity 1s des~ribed by an entity-repr~sent~tion, consisting 
, -­

of the list. of all :its at'triDute-instan.ces ]?,ltis' i ts, sur~ogate, Similarly, 

• 

a re)ation~hip is cfe;ll:rib~d..by "a relationship-representation, consisting 
\ ' 

of the complete lis~ of-all its ~ttrtQute~instanc~s plus the surrogates 

.of all the participating et1titie~. A~. eritit)C­ or~ relationship-repre'senta­

tion may be viewed as emb~dditlg pioperty.-tepre'sentat·i~,.f,3ach consisting 
~~ • • • , ~ /> 

of an attr:i:bute-inst'ance plus the,. COJlunon to. all ..;... sui~ogate or list of. 
surrogates, of the,respective ~ntity or'relatioriship. 

"'" .. ,,'11 

Besides 'the expiicltl~defined r~;ets, fhere are so called implicit 
. . " 

r-sets [Kent], defin~d oy some derivation sequence invol~ing at the 
, • F 

initial- state explicit J:-'5-et, e-sets, ot both, In. the foflowing ,siis-; 

cussion r-set ?hall refer to both expl~~it and implicit r-sets. 

" .! 

.: 

" 

Over a refationship-~,et_'IDay be de.fiJ).ed 

restrict th'e corres'ponde\lce cpncept. 0; '[San] 

corre~pondences; 

to ~he .foIT@wing: 

we shall 

given 

a r-set R;: H.e" .... e r'j e. E E." i = l+n}'..,. • n '.1 J. 
EI, ... ,En , a correspon~ence, deriot~d by 

defined on the e-sets 

eEl"" ,Bk_I,E}(+I' '," ,E~) {Ek} 

~'. 

,. 

" 

associates ,every .tuple l-e'l a .... • ,:ek_l ,ek:,:L'''' ,en], fqr whiclt there is 

some l\ in Ek , such 'thai [-eI,· .. ,ek_Ilek,·ek+l', ... "enl is in R, with 

the set ot' all the. entitieS' e- of Ek .. .Such that [e'" ... , ek I' e , e" I' 
--" " ~ ~: - S !}+ 

... ,e] is in R. 'An element of (EI, ... ,E ) is called the indexingn n, . 

.~ 

-',.,- _.. --- _... -.. - . - ..__ . . . -,.­_
Technion - Computer Science Department - Technical Report  CS0262 - 1983



They a~sociate the indexing co~ponents 0 

computed values deriYed from the indexed set~ by so-called aggregate
J" .. 

functions.	 D~~ending ,on the arity~ot ~he i-component, the property 

would be an entity-property ~r a relationship-property. 

For a given enterpr.ise the ~omplete set .of est~blished'e-s~ts, 
? 

r-sets, properties and. attributes~ together with ~he value-sets form 
.~. .. 

the Entity-Relationship sch~ma,(ER~)., ilso known as the enterpri£e 

schema. " 

..An ERS may be r~presented by an Entity-Relationship Diagram (ERD) 

in the following way: 

- e-sets are	 r~pr~sehted by rectangles labelledMi~h their names; 
4 

!	 
- r-sets are represented by diamonds labelle~ ~ith their names; 

- attributes are represeneed by cir~les labelled wi~h their nameSf 

- properties are representeq by arc~ co~nectirtg the respective sets ..	 , ~ ~ 

and attrjbutes; 

~ the involvement of a~ e~s~t in a r-set is r~presented by an arc 

conneoting tneir representations. 
~ 

An Example: 

- empl9yees' nave'names, safaries and numbers; 

employees are ~mpldye~ by departm~nts; 

- departments are mapaged by some of the,. employees; 

- departments h~ve pumbe~s ~nd names, and ~re located on floors; 

- suppliers have num~ers arid names, apd have trreiT,residence in 

localities; 
.~ 

, :1'... 

- i terns have .numbers '. n'ame~ to'" colors ~nq,. tYPl(S; 
.	 ~ 

~uppliers supply' the depart~~nts with item~, ~n c~rtain quantities 

,at certain prices; 

-' suppliers stoc~ items in certain' guantitieS~ 
': 

~	 - ~epartments re~ue~t items ~n certain quantiti~s. 

The ERD far the ERS of this examJ>le is, given in Figure I find 
.. ,should be self exp,1anatoi'y';' 

- - -- - _. _.	 _.~- ~~.-.... Technion - Computer Science Department - Technical Report  CS0262 - 1983



~ 

Figur~ 1 - The,ERD and £RS example 
" ; 

'.
We have ~~~serited a slightly different and ~xtenaed set of 

ERM-concepts, compared to·the original propos~l of [C,hen ]. Some 

of the extensions were adapted from [Pir ] and lSa~]. Other issues 

concerning the ERM, $uch as existence dep~ndencies were· judged 

irrelevan~ to this study· and were omitted. 
~ 

" 

2. THE LINGUISTIC ASPECT OF -THE ERM CONCEPTS 

The ERM views ·the enterprise as cQnsi~ting of entities, having 

properties, interacting through relatiQnships, which also ma~ ha~~ 

properties. We have no intention of discussing to what extent this 

view is restrictive or "unn,atural". We will try to point out the kind 

of natural language sentences which fit tHis yiew in order to ~~i!or, 

for the ERS elements, denotations that woul~_suit a manipulation 

language appr~aching 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 defifl,ition, atomic in the s~nse that. their 

.11 decomposition is of no interest in the given enterprise. In the same 

sense, the attribute-instances ate a,lso atomi~., Both e-sets and 

io 
attributes are denoted by -names that a're", when possible, IIreal-world" 

no~n names. Properties and r-sets describe associations amon~ elements 

•...__ .--_.. ... _._--, 
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~eJl"teIlce.? IOOLy' "'lIe 011 .. ., ... 1'........... = ...... ­
eIiterprl<se, the set ot all "these 

descrip~ion (es-descripti'On). Notice that. the es-description contains 

only positive (not formally negate~) fact a~sertions. 

We choose to denote an association (r-set or property) by the 

skeleton {includin,g'onlr the predicate ,and. the obj ect terms) of the 

participial fcu,:m of the:~rr.esponding es-description/S<entence. Since 

a sentence has diffetent p~raphrases~.accordingly an association wiil 

have different rlenotations. The SUPPLY r-set of Figure 1, for instanca, 

is exprc5sed (the denotations are in llEpercase letters) by: 

SUPPLIER is SUPPLYIfJG ITEM. to DEPARTMENT; 

DEPARTMENT is SUPPLIED w.i tl1 ITEM bY' SUPPLIER; and 

ITEM is SUPPLIED t~ .DEPAR~ENT by SUPPLIER. 

Notice that what.differentiates the paraphrases is which of the 

te~s is in the,subject position, wh~le the' ordering of the term~ in 
• 

the object p~sition is ~rrelevant. 
.< 

The denotp~ion of a prqperty belongi~g ~o an e-set or r-set is 

similarly de~ived. It ~ncludes the"denotat~on of ~he set the property 

belongs to, and a~ attrIbute denotati9n. The COLOR property of ITEM 

in Figure 1, for lnstance, is denoted by: 

COLOR OF ITEM; and
 

ITEM .HAV.ING COLOR
 

while the QTY prop,erty of the SUPPLY '~-set 'in Figure 1. has as one of 

its denotations: 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 w~ich it. is in the subj ect 

position, called~. It relaxes, ~n~~ost cases, the ordering-of­

e-sets condition, but not -as completely. as does the "role" of [Ghen], 

where it is defined as asserting the function that the entity performs 
• in the relationship. The roles label in the ~RD the arcs representing 

the participation of the e-sets in r-sets. The ERD 'thus resembles 

the surface structure. of t~e es-descrip~i~n sentences. The different 

r-set denotatiqns provided py the paraphrases of an es-description 

.-- --_. -- - - .'.- ---. - - ---_. --,-_. _. 
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'. respond. 'to comp.LeX-roles. 

3. THE ERROL QUERY WGUAGE	 
.~ 

..... 

In this ·se4tio~ we;present;a que~y language within the Entity­

Relationship Model tpat ~e cali gRROL - Entity Relationship Role 
.!',.	 - -~ -

Qriented Query ~anguage'~ ,ERROL, takes ~dv~ntage'of the possibilities 

posed by the linguisti~ a~a:logies of the ERM; by using, denota~ions 

. based on the.s'imple sentences of the es-des.cri{)tion, and by using.., 
constructs similar to tne ~a~ural l~ngu~ge se~tence combination. 

Ad<\i tionally, ERROL uses cOFr.es~ndence as the basis fo;!.' set' expres­

•	 sions and for formulat!ng derived pro~erties. 

The querie~ in ERROL are in~ended to be clos~ to natural lang­
•

•	 uage expression$, thereb~ ~asy to underst~nd and-to 'formulate using 

few constraints. In this'section, the ERROL query 'language is. , 

introduced by a discussion'.of its b?stc con~trusts, and .through a set 

of characteristi~ examples:' 

3.1 ~asic Concepts	 
; 

E-set name~, att~ibvte names and foles are' the ERROL identiffers. 
" -r..~ 

We shall denote	 t~em as follpws: 
(' 

... ENTITY rQr'	 e-~et Vames; 
...ATTRIBUTE for at~~ibut~"~ame~; 

ROLE ':fo.r .rolE(s,:' 

The ENTITY, ATTRI~~TE an~1ffiast of the ROLE identifiers are de~lared 

in the' ERE; over, wh}ch' "the. queries "ar~~ expressed. ERROL queries may 

involve constants (numeric constants, ,~ .. g. 2, 01' strings", e.g. 'ABC',) 

denoted as CONSTANT. ROLEs 'appear'ip ERROL prefixed by a single• .. 
quote (e. g. .' SUPPLIED). 

" 

, 

.... _. 

i 
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! 

• 

• 

•
 

.... .LVll.>3 V.L ......... .... __ --_ ... 't'­

SUPPLIER !SUPPLyING ITEM DEPART~ENT. 

When th~re ·is .n~ ambiguity in a "reference to an aSSQci~tion, the 

,single quote or a ROLE- that ~as not been declared in ERS may be u~ed. 

This is the case with mO,st p'rQE.erties. For, example, the "SAW\RY" 

prope:cty may be denoted by:.. ­

EMPLOYEE '-EARN ING SA:LARY, or
 

EMPLOYEE 'lWlING ,SALARY , pr
 

EMPLOYEE 'SALARY.
 

~roperties pf a same r-set may be :e~bcdded' in a.sin~le denotation. 

For example, the QTY and PR~CE propetties of SU~PLY may be dertoted by: 
" ~ 

SUPPLIER ',SUPPLYING ITEM, ""TO DEPARTMENT "IN QTY "AT ~RICE. 

If, for some n-arry (n> 2)' r-set, interest is in the association of 

only part of ~he involv~,d e..-sets',· ?-"p·art.fal denota,tion may be used: 

DEPARTMENT 'SUPPLIED J'BY SUPPLIER. 

ERROL accepts comments that ma~ b~ placed, anywhere within a query.
 

A coniinent is prefixed by doub1e'quatatj.-o!l marks, is deliJI~.itated' by
 

spaces, and therefo~e c~nnot cont~in .spa~~s. Comm~nts are u~~ful
 

in making a query look more natural, and thereby self expianatory.
 

In the qssociation. - denotations, for instance t the prepositions of
 

the es-description sentences, which are dropped in thp. ,denota~jons,
 , . 
may be included as c~nts. The above "SUI;'PLY" de.notat':i:on cOQld be: 

SUPPLIER 'SUPPLYING -IT£M "IN, QTY "TO DEPAR~Ef.n. 

In the following. Ilresentation the ERROL key words are unde"rlined. 

They are used as follows: 

GET, TIS, ~IT - .in query' structuring;------ . 
SET - ~o~ se~ expressions; 

• AND, OR, NOt - as .logical connectors; 

.EQ, IN, CONTAIN& .-- as' set operators (1)05S ib iy preceded· oy NOT);- - ' ­

NIL - denotes' the empty set;' I 

' 

COUNT,SUM,MIN,MAX - are aggregate fwfctions.-- ,...---, -- " 

.' 

_.......... --- -- .. _---_._- ... _., ­
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'. 
-3.2 The GET-CLAUSE 

The target el~merlt_s of, a· query are stat"ed in the GET-C;:LAUSE, 

which is headed by the_key-wbrd GET. and consists of a list of one or 
-""­

more sublists separated ~Y semicolons. A sublist may contain: 

(a)	 an ENTITY - "imply~ng the r~qu~sx~ for the whQ1e entity-representation, 

for ~nstance: 

GET 'SUPPLIER; 

(b)	 several ATTRtBUT~s pelonging to an ENTITY, possibly followed 
• 

by the 'ROLEs corresponding'to the re~pective properties, 

separated'by commas; ~he last ATTRI~UTg is part of a full 
~ property denota~ion, including the. E~TJTY - implying the req~est 

for a partial eRtity-repr~sentation" for ~nstance: 

GET SALARY 'EARNED '''BY, NAMe fOE EMPLOYEE; 

(c)	 several ATTRIBUTEs:belongi~g to a r-s~t, appearing in an embedded 

property~denotation of properti~s b~19nging !o a r-set - imply~ 

ing the request for a ~artial (or whole, if all the ATTRI~UTEs 

are included) relationship-represeritation~for instan.ce:· 

-GET Qrr 'SUPPLIED ITEM "BY SUPPLIER.."TO DEPARTMENT; 

Every ENTITY of a sublfst (a) or (h), and at leasi 9ny EN1ITY of a 

sublist (c), will p'articipate in the qualification phr~se (TiS-CLAUSE; 

see belo~). If nb qualification exists, and there\is more than one 

~ublist in the GET-CLAUSE~ every sublist is considered as a. separate 

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

The'	 above pre~entatio~ is partial. .A GET-CLAUSE also may in~ 
~ 

clude d~notatiQns of derived properties and pf attributes viewed as 

e-sets. The-definition of ~he GET-CLAUSe will be completed after• 
th~se concepts have been introduced . 

.- ~._.- - . - -- _.. -	 - .. . . - ... Technion - Computer Science Department - Technical Report  CS0262 - 1983
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the target e-sets. This state~ent is ,contajned in a TIS-CLAUS~ ~ 
.' I • 

(T.IS is the abbrevi,atiori' of "."'J'!fATIS"'). A TIS-GLAUSE, 1S delimited' 

by the key-wQrds ~ apa~e![. I~ is, based on the simple association 

denotations ded~cible fr9~ th~ERS, which a~e compin~d in a complex 

qualification phr~s~.. 

~~~~~--~~~~~~~£~~g-
'. 

First,9f all, we. must know·how to cor~elate references to ~ 

same e-set. Tnis is don~ by sufixing'the ENTIty with referenc~ 

variables (REF) which.'have to star~ with- a ,iI''' s~gn. F9r example:' 

DEPART,MENT IDX , EMPLOYEE lEX . 

• 

• Such a referencing is les? flexible. than -in""the nat\lral language, 

but is compact and ~nambiguous. S~~ondly" t~e following imrlicit 

referencing may be.used, when-possible, to ~eep ,the referenci~g 
, , 

limited: 

(a) a same e-set in th~ GET-C4AUSE'may, b~ .correlated?y 

unreferenced, ENT~TY~ F 

a simple, 

• (b) 
. r 

an ENTITY suffixed by an "empty" REF (single'" I.") in the TIS­

CLAUSE ref~rs to ~he cOtresp~nding EN~I~Y '9f the GET-CLAUSE. 

~:.~:.~--~~~~~~~g 

~ 

.... 

.;.. 

< 

Chaining is based on Fhe natural langu~g~'sentence combination 

by relativi~ation. A short connec~ipn is assured by~the par~icipiaJ 

Chaining is, th~ sim~lest way of connecting simple (explicit), 
associations. A ~ertain de~otation of an associat~on reflects how 

in the corresponding>:p'aiaphrase of t.he ,es -d~scription sentence" an 

e-set is in the subject position, whil~ all the other e-sets ar~ in 

the o~ject positions. The last ENTITY 6f thft GET-CLAVSE is the 

subje'ct in "the first' a'ssoci,ation-denotation. ,of the: TIS-CLAUSE;' 

therefore it is -called the leading subJect of the ~IS-CLAUSE. 

.; 
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• 

position of the following, association-denotation. A first query 

example will illustrate the chaining of two r-set denotations. 

(ERROL 1). "Fipd the names o,f depattmen.ts reSluesting some item 
, t, 

stotked by some, supplier" 

GET NAME "'Of DEPARTMENT ,TIS 'REQVESTING ITEM 'STOCKE.D 

"BY SUPPLIER SIT 

Re~triction~ are ~ss~rtions that a~e dependent on "corresponding 

property d~notati:ons. Fo.r instance "LOCALITY = 'PARIS "' is relevant 
l" 

when included in "SUPPLIER 'HAVINg J.QCALITY =" PARIS '" . Notice, 

however, that the comparison operators are a l(ind of ROLE. In the 

corresponding natural language sentence, th~ ATTRIBpTE ~ in a subject 

position, a~d tne CONSTANT is in an object positi9n. 

(ERROL 2) 

A property' cnaining is realized whep ~he place qf the CONSTANT is 

taken in the .restriction 'by another. ATTRIBUTE .belonging to some 

property. 

(ERROL 3) "Find the employees working in departments requesting 

ifems stocked by suppliers loc~tea in the same locp.tiol1S 

as those supplying red items" 

GET EMPLOYEE TIS iEMPLOYED '''IN DEPARTMENT 'REQUESTING 

ITEM 'STOCKED '''BY SUPPLIER = LOCALITY'HAVING LOCALITY .~ '" 

'OF SUPPLIER 'SUPPLYING ITEM 'HAVING COLOR = 'RED' SIT. 

In this e~ample. notice that the different, appearapces of SUPJLIER 

do not refer to the same SUP~LIER sin~e no ~orrelation is mentioned. 

In the follpwing example, an associa~ion ~hich is not eXRlicitly 

represented in .the ERS, has to be "constructively" expressed . 

(ERROL 4) "~et the employees th~t ~arIi more than their man!1ger" 

GET EMPLOYEE TIS 'EMPLOYED "BY ,DEPARTMENT 'MANAGED "BY 

EMPLOYEE 'HAV1NG SALARY < S~LARY 'OF EMPLOYEE I SIT. 

- - -_.- -- . - - .. 
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depart~enis that ar~ suppli~d .with these items Py these 

suppliers" ~ 

~;GBT Sl}Pp.LIER; ITE~ Tis " ~EQ~ESTED "BY' DEPARTMENT .' 

'SUPPLIED' "WITH dE~l "BY SUPP4IE,Rl·SIT., . ­

Observe how it differs fro~: 
'. 

" 
~l' 

(.ERRe~·.6) "Get the- :sl:!pp;liet's, ~rld Jhe i t~m~ th~t ale -r'equested by
, , 

departments that q:;-e supplied -(with items) by these 

suppliers" 

GET SUPPLIER;' ITEM Ti& 'REQUESTED "BY DEPARTMENT ~ SUPPLIED 
- ,.--r" 

"WITH' ITEM ''''BY'' SUPPLIER l SIT· . .. .~ ~.~ -, 

where "WITH ITEM may ~e ,'omlt~ed aito~ether·. 

The chaining .of natural ~entences may alsp be r~alized by closed
• 

relative clause rel:atiyit.ation, whery the "object-'subject" contiguity, 
is broken. ·The b~eak -In,tne chain i~ ~xpressed in ERRO~ by a pseudo­

• 
ro.le, indicated, by " '* ". 

(ERROL 7) "Get the pairs of suppliers anq items such that the items 

are r~quested by departm~nts ~o,whicQ' something is 
.. '\- ..t.> 

su,Ppiied by these suppl~ers"
 

GET SUPPLIER~ ITEM'TIS 'REQUESTED "BY ..oEPARTMENT.lX '*
 
SUPPLiERl 4SUPPtYING DEPARTMENTlX SIT
 

The pseudo-r~le may be us~d to expFess cross~product associations 

in rather unusual, but pQssible, qperies. 

(ERROL 8) "Get the pairs of gepartments,and items, such that the 

items ?re stocked ~y some supplier and the department 

is placed..on the 2-nd floor". 

GET DEPARTMENT; ITEM- TIS 'STOCKED- "BY SUPPLIER "* 
DEPARTMENTl 'HAV-ING FLOOR = 2 SIT 

.' .. 

., " 

r.· 

'\ 

~. __ .- -- -_. ,. --.-. -_ .... - - . ­
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"possible" ~ladonsh:l.ps. of somer-set R are obtained by the ca.r.tesian~ 

product of the e~sets o~ which the r-set. is defined. Th~ complementary 

r-set of a r-set R is ~enoted'by the neg~tion of the R-denotation. 

(ERROL 9) "Get "all the i terns and. the departments that do not request, 

them" 

GET ITEM; 'DEPARTMENT TIS NOT 'REQUESTING ITEM! SIT-- ~-,-

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

den~ted by the negation of the chain expressing the r-set. 

(ERROL 10) "Get the pairs of suppliers and departments, :such tha·t 

the department is not'reque$ting items stocked by the--"'..... 
respective supplier" 

~. 

GET SUPPLIER; DEP~RTMENT TIS NOT 'REQUESTING ITEM-- ..--- ­
'STOCKED "BY SUPPLIER! SIT 

• 
~~~~~--~~~~~~~~~ 

In addition'to chaining~ assocition ~ denotations, whether 

simple or comR1ex, may be connected py oranchjng. Branching is 

based on the natural language sentenc~ co~bination by,coordination. 

The coordination connectors are AND. and OR, while the coordination-- --' , , 

"pivot" is the ENTITY or ATTR.IBUTE in t,he sUbj,ect position in all 

the coordinated ~enotations. In order to' enf6rce a certain order 

of evaluation brackets may be used. 

(ERROL 11)
 "Get the d'epar;tments requestin.,g Hems t!lat are stocked 

by supplj~rs from LONDON, 4nd managed by'managers 

earning more than 1000" 

GET DEPAA1MENT TIS 'REQUESTING ITEM 'STOCKED "BY- - ~ 

SUPPLIER 'IiAVING LOCALITY = 'LONDON'
 

ANI1 'MANAGED "J3Y EMPLOYEE 'HAVI~G SALARY > 1000 SIr
, 

Some·binary AND branchings may be reformulateu only by chaining . 

• 
-, 
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GET QTY 'SUPPLIED "BY SUPPLlER "TO DEPARTMENT "OF ITEM 
-' " 

TIS 'REQUESTED !'BY ~ DEPARTMENT! AND" HAVINq COLQR = .' RED " 

.. 
This may also be expres,sed 

SIT ,--­

~s. 

-, 
''I; • !f 

GET QTY 'SUPP~IED 

" REQUESTING tTE~ 

.ITEM "BY SUPPLER t'TO .DEPARTMENT TIS 

f HAVING· COLOR = 'RED: sn' , '­
~, 

The 

are 

OR branchi~g in .mu1ti.-1;:arg~t queries ~where 'more, thar) one sul;>list 

in the GET-CLAUSE, needs references to all the e~sets of. the. , " 

GET-CLAUSE 
,. 

'(ERROL 13) 

i~ every branch in'o~qer 

IlGet the. d~partments and 

t~ be unambiguously ~erceive~. 

items such that the. items are, 

.il 

" 
requesteo by these departmepts or supplied to these 

departments" 
, 

~'DEPARTMENT; ITEM TIS 'REQUESTED "BX.D~P.(\RTMENT! . . 
OR 'SOPpLIEO '''TO 5EPARTMEN..T!, SIT . 

... 

• 
(ERROL 14) "Get the. departments and .items,. 

~ 

~eque5ted by ..tbese departm~nts 

such that the items ·are , 
J ~ 

or are<"red" 

~, 

• 'GET DEPARTMENT; ITEM TIS 'REQUESTED !'BY DEPARTMENT!
--" --'. 
OR 'HAVING COLOR = iRED' SIT- ........... 

the 'DEPARTMENT of the GET-CLAUSE. 

In the precedi~g eXiIDlple, the s'ec~nd branch 'has no referenaes to 
~.- . 

In such eases the branch is­,, 
perceived as irnplic}-tly completed, through th~ pseudo-role, with all 

~ t 

the unreferenced "tar~et {(-Set,s. J;hus (J;i.RROL· 14) is irtterpreted as.: 

>, 
GET DEPARTMENT; I.TEM rIS 

OR ('HAVING COLOR = 'RED' 
_,_.. • 

'REQUEST.ED "BY DEPARTMENT! 

AND '* DEPARTMENTI) sri 
--..-, .Ill.-­

The. completion is petf~'~ed by chaining qr AND branching~ . .~ .;' 

" 
• 

'. 

, 

- - - - -'-". - -_.. _-- ._. 

I
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element will head an inner TI£-CLAUSE. 
• 

(ERROL 15) "Get tlte departments reguesting itmes that are stocked 

by suppliers located' ih'LONDON and having typ.e T" 
,. '"	 v

GET DEPARTMENT' TIS 'REQUESTING ITEM TIS 'STOCKED -"BY 

SUPPLIER 'LOCA'r.ED' "IN LOCALITY = 'LONDON,' JlND 'I"IAVING 
" TYPE 'T' SIT SH::I 

'.- ­" ~ 

An inner T.JS-CLAUSE contains chains starting with ROLEs corresponding 

to the pivot subject (e-set	 .in ~he above example), lIke the general 

ToIS-CLAUSE. While the gener~l TIS~CLAUSE correspond~ to an e-set 
..

leading subject, inner TIS-CLAUSEs may qualify attribytes or sets 

as well. 
...

•	 (ERROL 16) "Get the i;tems that are r~d 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 comparfson operator followed by a single 

CONSTAN~, 

(ER:ROL 17) 

or with another ATTRIBUTE as the head of a longer chain. 

"Get the item,S' that are red or are coloured like the i tem~ 

supplied by LONDON locate"d suppliers" 

GET ITEM TIS" HAVING COLOR TIS = 'RED' OR = COLOR-- -' _ .. . 
'OF ITEM 'SUPP~L"lED 'lBY SUPPLIER ' HAVING LOCALITY = 

'LONboN' SIT SIT 
'" 

It has been pointed out that chaining relies on t~e first ~na last 

elements of the association - denotation. When the association is 

n-arIY(n > 2) an~ the qualification of one of the other e~ements is 

required, inner TIS-CLAUSEs are used', 

(ERROL 18) "Get the departments requesting items supplied to them b)' 

suppliers locat.ed in PARJS, and placed on tlie' 2-nd floor" 

GET DEPARTMENT JIS 'REQUESTING ITEM 'SUPPLIED "BY 

SUPPLIER TIS 'HAVING LOCALITY = 'PARIS' SIT- "TO 

•	 DEPARTMENT! 'HAVING FLOOR = 2 SIT 
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lJ1Ven a r-:>e~, K, U~J:.LJlt:U UJl .LIIe: e: ~Cl'" ""'1"'· '-n':L _ 

<l 

~ 

~ 

.' 

denoted by 

(El,···,E 1) {S}n- n 

provides the set of entities fro~ the e-set En' assoc~ated through 
..,::

p • 

R with every tuple ,[ e l ," ... , e 1]' (see Section 1) . (E l' ... ,E 1)n- n­
is called the i-compqnenr, while {En} is the i-~et. 

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 dendtatiop. 

'. 

(ERROL 19) ~Get ~he suppliers sto~king ~t least all the items requested 

by some departlpent'" 

GET SUPPLIER TI£ 'STOCKING S~T ITEM.CONTAINS S~T ITEM 

'REQUES'rED "BY DEPARTMENT SIT 

The above query" shows that the i-set may precede the i-component in 

the denotation, thus integrating, naturall~~he correspondence ~n a 
k

chairr. Sets ~ay be compared by set .operators (EQ, IN, CONTAINS NOT , 
IN, NOT CONTAINS}, with other compatible sets, i.e. sets containing 

entities of a same type le~se~). 

" A correspo~ence ?eno~ation omitting 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 'STpcKING SET ITEM E.Q. SET ITEM SIT 

.~ ~,.. 

The correspondence'is a conv~nien~ way 'of expressing the universal 

quantifier. 

For simple quer~es,' the only effort required from the user is 

to reforrnuiate expressions involving '''all'', "at.' le'ast fl , "at most", 

etc., by using sets and Set operators.; 'Sometimes the set ~f interest 

is' not the set, ot entities belonging to the i-set, but the set of 

attribute-instances cprresponding to a property of. tne r-set implied 

by ~he correspon~ence. The set-comparisons therr involve compatible 

sets, i. e ", containing values" from a same value ..set . 
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GET SUPPLIER;, DEPARTMENT ,TIS 'RFnJIFSTINI, SF.• IILI ­
...---.- -­
CONTAINS 'SET, QTY !STOC~D "BY 'SUPPLIER! SIT 

A speqial key-word, 'NIL, denot~s the empty set. Its use provides 
-",...- "1:10 ..i.­

an alternative way of expressivg some qveries involving negati~n: 
I> ~- ~ 

For example, 'fer" . . 
(ERROL. 22)' "Get the ~upplie~s thc;Lt do not s~ock any it~mfl, 

" ' 
GET SUPJ>LIER TIS, NOT 'STOCKJNG' ITEM S,IT 

•
is equivalent to GET SUP~LiER'TIS 'STOCKING SET, ITEM EQ NIL SIT 

, -"'--- -" - --­
~ correspondence ~enotation may'not adqress al} the e-se~s on which 

a r-set is derineq. Attenfion mus~, be paid; irt s~~h cases, to the . ~ 

iritended meaning, "For- instance the followi~g' two queries clearly 

•.. differ, althqugh botH ake,based 9~·~orrespo~dences wlt~ a same i-?et 

and similar (but not identi~al) i-c~mponents~ 

(ERROL 23) "Get th'e i:tem5 that are,,5upplied by all the suppli~rs." 
, . 

(i.e. no'ma~ter,to what department) 
" 

GE·T ITEM TIS 'SUPPLIED !'BY SET SUPJilLIER EQ SET - - --"---­

SUPPLIER SIT 
l ~ 

(ERROL 24) t'~et the ,items ,.that are- ·5upp.Fed, to a given department, 

by all" the supplier,s" 

GET trEM TIS 'SUPPLIEQ "TO PEPARTMENr "BY SET Sl/PP.LIER 

EQ.SEr SUPPLIER SIT-.- -­
An ENTITY from an i-set or an i-c6mpon~nt can Qy qualified. 

~ 

(ERRO'L 25) "Get "the dtrpartments suppFed at least by SAXON' arid 

PEUGEO~ ~upplierstl 

GET DEPARTMENT TIS ~SUPPLIED "BY SET SUPPLIER CONTAINS 
~ " 

SET SOPP~I~R TIS 'HAVING NAME rlS = 'SAXON'OR = '"PEUGEOT' 

'SIT ,SIT SIT· 
.. 

The entire i-set m'ay 'also' be qualified', provided all the chainS' in 

~he respecti~e TIS-CLAUSE are he~ded by" ~et c6mR~rison-operato~s~ 

• 

_.. --. -_.. "-, ------~- ~-----
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l:J!:a Ur.t'I\KlMI'.Nl lolL), 

SET ITEM TIS 'HAVING COLOR =.'REIT' SIT AND CONTAINS 
~ .. ~ -_._.::..~:...::..::..:..,;.;;. 

SET ITEM "STOCKED "By -!'UPPLIER '~VING S# = 'SOO' 

'l\~\{U~"'l;Ll~U .., ~ -_ .. 

SIT" SIT, .. 
A correspondence ~ay be expressed over a derived r-set. A new ROLE,. 

not declared in -the 'ERS for assoGiationS conti~cting. the e-set~~efer­

red, to by this correspondence, 'declares the ~rit~ntion of defining
""...... ~. 

a derived r-set. The actual definition is ,included in ~ TIS~CLAUSE. ' 

of'the i-set ENTI~Y, 

(ERROL 27) ,f!Get the departrneJl~s fot which 'all the, s,uppliers, located 

in-LONDON, ?tock sRrne ite]Il request,ed by them" 

GEJ, DEPARTMENT T~S .'HAVING..SET SL!PPLiER TIS "STOCKING <" 

ITEM 'REQUES1;.ED '!BY DEPARTMENT! 'SIT CONtAINS 'SET 
•
 ~ ·t ,
 

SUPPLIER TIS 'HAV1NG-LOCALt1t~= 'LONDON' SIT SIT ~ 

Tbis is different frbrn~ 
il 

(ERROL 28) GET DEPARTMENT TIS rREQUESTIN9 ITEM' 1STOCKED "BY SET- .- , . ---, ­

SUPPLIER" CONTAINS. SET SUP~tIER TIS 'HAVING LOCALITY = 

'LONDOW §.!! SIT-

which requires "The depar.tments reque~ting it~rns th'at are stocked 

by all the suppliers lQe;"cit'ed in.'LONPON". 

In (ERROL 27) the correspondence' is expressp.d 
~ 

(the combination off REQUEST apd STOCK) while 

yorrespondenc~ is expressed. over STO~K. 

The derivation may be complex, ffivolving 

and nest,ing. 

ove~ a derived ~-set 

~n (ERROL 2&) ~he' 

ch~ining, branching 

(ERROL 29) "Get the departments·for which 1;he items~ that are. supplj.ed 

to t~ern o~ requested by a department played on the same 

floOf as they,,,are, inclpde all :the red i terns" 
... GET DEPARTME~T

-' 
TIS 'HAVING 
-' 

SET- ITEM TIS 'SUPPL'IED "TO-.' 
DEPARTMENT! OR- 'REQUESTpD f'BY D~PARTMENT , 'HAVING 'FLOOR 

• = FLOOR 'OF' DEPARTMENT! SIT~Q.SGT'I'rEt1 TIS 'HAVING 

COLOR = 'RED '. SIT .sIT---, ­ < 
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"'.. ..........	 _
(a)	 every ENTITY of the f';-component' nas 'to.oe reLenm...cu 
,. 

once;-	 ~Jl,d 
~ 

, 
" 

(b) ,all the other 'r~ferences have to be local t.o this TIS:.~LAUSl? 

Set expre~sions may be neste~,. one inside ariqther, the only 

restriction 'is the ·sat.isfac;tion' of the,.;'abov.~ ;refe;encing ru1e.s. 

(ERROL 30') "Get the, depattin'Emts reque-.sting all the 'items stocked 

by-both, 500~ and '701, supp1~ers" 

§! DEPARTMENT TIS ! REQUEStiNG SET 'I:rEM'~ §!. ITEM TIS 

'STOCKED f'BY SEt.. SUPPLIER CONTAINS SET SU'PPLiER'T-IS 
-	 i -' ­

'HAvtNG S#=.1 500' ORS'HA,VING' SI::;) 701' SIT ,SIT SIT 
... ., --...- -- ­

Set nesting is e5sential for the formt1la1;ibn of more' complex universal­

quantffier queries. The'natura~ laDguage phrase expressing them has a recursive 
" 

'" f-ortn, which the ERR,OI- query reproduces. Hence the difficutly ,of fOI'!llulating 
.,­

the.query in ERROL paratlels th~'diffic\llty of the corresponding natural 

• i~ngua~e expressio~• 
(ERROL 31) "Get the departrt\ents tqat are sUEPiied by all the supp1i"-ers 

stocking .some i~em, and by' every' ?upplier with all the 

items ,this supplil~r StOCKS" 

GET DEPARTMENT 'TIS '.8UPPLIaD "BY SlIT SUPPLIERIY TIS_	 _,. to -.....- _ 

'SUPP[;YING DEPAATME~r,! "'W1T!i' SET ITeM ~ SET ITEM . ' 
'STOCKED IlBY SUPp;LIERIY SIT §.q SET SiJ~PLIER TIS 
'STOCKING ITEM-SIT SIt 

~~~~z_:~~!!y~~~~~~~~~~!!~_!~~~~~~~!;_~~~~!!~~~~ 

With the help of.the correspondence, i~ is possible to express 

aerived p~operties. Such, ~ property associate~ th~ i-component of 

a correspondence w~th va~ues pbtained t~rougn a co~putation ~pplied 
, 

to the i-set of th~·~orresp'ondence. The~e compuia~ions are perfo~ed 

by sa-caned a:ggregate f~nctions (af) ~ ,COUNT, SUM, MA.X, MIN. In 

•	 the correspondenc~ denotation tHe above ke.y W9rdswil1 replace the 

key word SET in order to obtain a deriyed proper~y ,denotat~on. 

•	 comrr is applied ai'~ecqy to i-sets ,.~f eJ1tities and returns the­

number of entiti~~ in these sets. The. value-set asso~iated with the 

..
 
I 
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,
GET ITEM TIS 'STOCKED "BY 

~ 

COUNT SUPPLIER;;;:' 3 SIT '- ­' 

Using COUN~ migh~ be an alternative to'exprespiQn? invol '(il,lg negation 

or set expressions InvolYing the,empty set (NIL); Thus the following 

query is "equivalent to (ERROL 22): ~ 

GET 'SUPP\..IER TIS 'STOCKING, ,COUNT ITEM = 0 SIT 

SUM is applied to sets -of property-repr~sentations of the property 

whose denotation appears i.n the i-set. and ~rocesses, the at-tribute- .. 

instances of the attribute 'corr~spopding to this. property. Hence ft 

ta~es intp account any~'duplicate attrfbute~instances in the respective 

set. The value-set associated with the -ne~ attribu,te is the same as 

the va~ue-set of the attribut~ cor+espondi~g to'the above p~operty. 

,. 

i 

(ERROL 33) "Get the departments requesting a total quantity of items 

greater than· 27000" 
, " GET DEPARTMENT TIS 'REQUESTING SUM QTY > 22000 SIT - ~ -

MAX and MIN are. similar to SUM. . ----.­
.' ( 

(ERROL 34) "Get the dep9-rtments whpse minimal quantitative re.quests 

are no less than 1000" 

GET DEPARTMENT ..TIS- - '~EQUESTING MIN QTY
-', 

~ 10'60 SIr-

Derived properties are expressibl~ not only with the help of cor­

respondences over explicit- r-se~s. but also with corr~spondences. 

over implicit (derived) r-sets. The,denotqt~on and the referencing 
•rules are similar to thqse for set expressions based on corres~ondences 

over derived r-sets. 

(ERROL 35) "Get the:' departm~n:ts for which, there are more than 3 

suppHers stocking s,om.e item J:equested ..by· them" 

GET DEPARTMENT TIS 'HAVING COUNT SUPPLIER TIS 'STOCKING 
-.-' _.­ .. .' - .. 
ITEM 'REQUESTED 'BY DEPARTMENT 1 SIT> 3 SIT 

.. "Notice how this differs from 

.. 
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,them"
 

GET DEPARTMENT ns 'REQUESTING' ITEM 'STOCKED "BY COUNT r
_.. _, 

SUPPLIER > 3 ·SIT 
.: 

Simila;rly, attention must.. be' pai<f r-o the ,.derived properties based 

ori corre?pond~nces~over a £peci,;l kind of derived r7sets, where 

,the. deriva.tion is implied by, a partial )~-set d~notation. 

,(ERROL 37) "Get tbe i terns' ~uppl,ied by,more than ;five ,supPtiers" 

GET l'[EM TIS 'sUPPLiEb 'lIBY COUNT SUPPLIEF > .s SIT 

differs from 

:C13RROL 38) "Get the items s~pplied 'to 'a givenaepartment by m9re 

than five .suppliers" 

GET ITEM TIS 'SUPPLIED' "TO DEPARTMENT "BY COUNT--.-	 . 
Cl	 SUPPLIER > ~, SIT 

(ERROL 39) "Get the aepartments.-, such tha~ th~ total quantities, 
... ~ 

•	 stocked'bY'suPFliers supplring these departments, ar~ 

greater than 10,0.00" 

GpT DEPARTMENT TIS 'HAVJNG SUM QTY 'STOCKED "BY SUPPLIEi 

'TIS 'SUPPLYING DEPARTMENT!" SIT > 10,000 SIT 
---"- .	 -' ­

In the last query the complete prop~rty aenotation 'QTY 'STOC~ED ItEM 
~ 

"BY SUPPLIER -is infpli.ed by the \'fay the 'sUM is applied, which preven!-s 

the elimination of duplicates. 

A derived property, precisely as ~n explici~'one, may be chain~d 

with other~roperties, wheth;r they~are a¢~ived or not. 

• 
~ 

(ERROL 40) "Get the itel)ls requested in p. total quantity equal to the 

quanti ty in .which some suppl-ier s.tocks th'em'.' , 
GET, ITEM .TIS 'REQUESTED "IN SUM QTY = QTY 'STOCKED ITEML_- -	 . ­
"BY SUPPLIER' SIT 

A f1new" att:r:ib.ute may'be qualified 'by a TIS-CLAUSE, the same as. an 
A expli~it attribut~, ,prov;ded all the c~ains. in the TIS-CLAUSE are 

of a suitab~e forn\" (s~e 3.3. S') . 

• 

'" 
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~R_~ CdUNT SUPPLtER TIS }SUP~LYI~G ITEM 'HAVING 

COLOR,'= ,IRED' SIT SIT SrT -,---'­ . 

.. 

A derived pFoperty may in fact~appear in any place ~n which an 

expli~it one is used, including ,the GEt-CLAUSE, as illustr~ted by the 
~ 

fo~lowing examples. 
,. 

(ERROL 42) "Get the nam~ of" the depar~ments togethe,r with the number 

of their" employees" 

GET NAME" OF, 'COUNT 'EMPLOYEE 'Ef1PLOYED "BY DEPARTMENT; 

(ERROL 43) "Get the 's'um of the s~laI'ies paid in departments, and 

,.. 

qU,anVt'ies of stocked items that thes~ departments request" 

GET,SUM 'SALARY 'OF EMPLOYEE TIB I'E~PLOY..ED "BY DEPARTMENT! 
__ _.....' '__ 'l..' ~. , " , 

SIT, SUM QTY 'STpCKE.p ITEM, TIS 'RE~UESTED "BY DEPARTMEN'P"! 

SIT 'OF DEPARTMENT 

• Every derived-pr'ope'rty definition is iti,dependent of the rest of the 

query. A :fIS-CLAUSE of such a defin:i,..tiqn, besides its local refer­

encing, may contain references only-to the e-set of ~he i-component. 

~:~~~--y~~~~~~,~~-~~!~!~:~~~~ 

dep~hdentAn att,;ribute is 
~ 

on the e-set or r~set it character~zes. 

irs instances are represented by v~lue~,from associated value-sets. It 

might be nece~sary, however, to refer to an attr~bute on its own, as w~ 

shall show beiow. In ERROL this is done, si~ply, by using the attribute 

as an e-se! denotation. Th~ 'attribute cuntinues to be addressable as 

former1y, tOOf 

ence variables 

Possible ambiguities are resolved by using suitable refer­

(R&F) }ike in the case of ~·sets. 

(ERROl' 44) 

GET LOCALITY TIS 'OF SUPPLIER 'STOCKING ITEM I.HAVING 

"Get. th.e 1bcal i ties in which reCl items are stocked".. 

• 

• 

COLOR = 'RED' SIT 

The answer will be a 'set of LOCALITY-instances, 

representation ~orresponding'to LOCALITY. 

not a set of property­

,- _.­
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appe,ars "'with type T in some othe:c item" 

GET	 COLORIC; TYPEIT.TIS 'OF ITEM 'HAVING COLORIC 'OF ITEM - '-,- ~, 

'HAVING TYPp ;:. 'T' AND 'OF .ITEM ~'HAVING COLOR = 'RED' SIT--	 "­

Notice that the rple used for -the: attribute viewed a~'e-se~ is freely 

chosen, since the only connection of~h~ attrihut~ is with the' ~-set 

it is Characterizing. 
" 

3.3.9 Factorizin&Common Chain-Suffixes -------------------------r------------­
Successive ~hains of a T~S-CLAUSE might have a common suffix (tail). 

It wo~ld be more convenient to expres~ it; only once, particul~~ly when 

it is complex. J'­

.. In ERROL, the common t~i~ of successive chains is £actdrtzed 'out
 

using·. commas ,-according -to the 'following rUles:
 
--~'- , . 

i (a)	 a comma preceding'a coordinatiorr ~onriectoF (AND, OR) marks ·the place 

o£ the commo~ ~ail; 
~ 

(b)	 a comma preceding an ~NTJTY OT an ATTRIBUTE marks the beginning of 

the common tail. ~ 

(ERROL 46) "Get the items requested b)C " and supplied to, departments 

placed on the, second floor" .' 

GET -ITEM 'TIS 'REQUESTED ~'B'f_, AND 'SUPPLIED "TO, DEPARTMENT 
-- --£.-.. 

'HAVING FLOOR = 2·SIT 

~hich is equival~nt ·t6 ' 
GET ITEM ~;;"REQUESTED. "B)' DEPARTMENT' :HAVING' FLOOR = 2 

"AND 'SUP~LIED' "TO DEPARTMENT 'HAVING FLOOR = 2. S.IT 

Note that a common tai~.does not mean ~he'aadressing pf the s.~e E~TITY. 

In the above query, for instance, the it~m~ are not necessarily requested 

by, and supplied to, the same departmept. That is wh~ the following 

query differs from the former one: .... 

(ERROL 47) GET ,ITEM' T.I& 'REQUESTED "BY ,DE~ARTMENT TIS 'SUPPLIED "WITH 

iTEM! AND 'HAVING FLOOR =-2 SIT ­~	 _.~• 
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~ 

TIS-CbAU5E ~ 

~ R~"E I ~~ 
J 

The following is ,'a 

for ERROL. Lower~casy ietters are used for representing termln~l 

stJ:ings that are >~epend,eJl,..t.on the ERS. or on the User. ". 

._"~ 

(l~ QUE~Y-STATEM~NT: . 

~J.~ghtly slmplu:~e~ alagramnl~L,~~ plU· .:>] ..... ~ 

(2) GET-~UBLIST:' 

It 

----t'-T~..j E~!~TY 1- ., .. 
E-PROPERTY-LIS1' 

R~PROPERTrES.1 .!l . , 
ATTRIBUTE-AF>.I ...• 

v 
(.3) ENTITY 

~ 

e-se.t:name <S~.~... ~. 
'AT(RI I}UTE" 

, 

(4). E-PROPERTY..LIST: 

ENTITYATTRIBUTE-G 

" 

~~,(5) R-PROPERTIES 

~ i ·1 ATfRI~O:~-At 
," 

i .J ATTRIBUTE "l 
•. !.... 

(6) ATTRIBUTE-G 

• I ~. A~RIB~rr 
"y ATfRI~UTH.AF~ . 

l. 

. -- - . - - - - - .- - . _. ­
~ - . - _. 
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(8) REF: 
. ,

-! .,iderttifie.T r----' 
~ " t 

;.
 

"
 

..., 

:(9) ROLE:--., 
,Ir:r

: (TO.1 e ! ~ '-- "~ 
. 

- I 

\'
 
<, t .. ..I.::)~
., "-- . 

i 

(10) TIS-CLAUSE - ,y (y = E XOR~A~XOR ~S)': ..
 ~ .,....- ... ~f - •
 

.... • 1 .;:----...:-. ­
. ', '_.~ y ,_---::-...::...-_-: -.._---1­'h

" 

< 

~ 

" 

~: CMIN - !' 
r- ' ... ..

l 

; C}fAIN - '1y ....... 'fIS-CLAUSE-y.~~ , 
I . € ...f TI S-CLAUSE - y I .;

'\ 

~ 1. : ~ _ !~ ; 

,'" 

·i 

.... 
~, 

~:TIS-CLAUSE-Y 0--J 
" 

(11) CHAIN-E ~ 

.cHAIN-E:,1 .... ...-:;------~-.l1 ROLE 

~ 
.. 

.... 
.i 

• 
, 
~ 

, SBT.!. ~ 
l 

CMIN-SgO 

'ENTITY-T ~ 

----::-'" ~ 
,ATT~IBUTE-T I 

" 
.~ 

I ~."'.. W 

~I 'ATI'RIBuTE-G 1-+1 ,CHAIN-A 

- - -- _.. - _ .. - -- - -- - . - ­
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...i 

} .. ) ....1ATIRIBurE-G M l 

ATTRIBUTE~~ ". ­

(13)
 .. _ 

(14) ENTITY-T: 

.. --I"'~I E~ITq -tEE ·~ }IS-C~SE-E I =~ .. 
~ 

(15) ATTRIBUTE-T: 

----1-1AT'I'iUBUTE;G ~TIS-CLAIJSE-A ~ .. 

(16) SET-T: 

~ .j 'fIS-CLAUSE-S I ·,.8 ,. 
(17·) ATIRIBUTE-AF 

1 

~ATTRIBUTE-GI 

.. l ENTITY-T I- . • ~. .. 

_1iooI 

(18) SET: 

, 

~ ." ROLEII ~.~I 
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~string~ 
number 

(20) COMMENT.: 

-() -{:Iden:ifier~ 

Syntax Rules N?t Included in the BNF Definition	 
,11. 

(a)	 The factoriiation of co~on' chain~suffixes (Section 3.3.9); 

(b)	 The referencirt~ rules for set expressions based on correspondences 

over derived r-sets (Section 3.3.6). 

'lII	 4. CONCLUSION 

This paper has proposed ERROL - a query langua~e over th~ ERM.

'.	 ERROL draws on analogies w.ith·natural language constructs, based,on 

the linguistic aspect o~ the .ERM concept~~ As such, ERROL is structur­

ally different from aU the" query languages based oil the ERM that have 

appeared in the ~iterature. ~oreover, according to the derinftipn we 

know, all ,the languages (Exe"utable Language [Atz), CLEAR [Poo], CABLE 

[Sho]) have less expressive power than ERROu; GORDAS [Elm] is ~he 

exception. 

We tried not to depart from th~ analogies to the natural language. 

However, our goal was to.maRe a construct simple and unambiguous, rather 

than natura!. Fo~ in?tance,. the referencing in ERROL does not resemble 

the natural language ways of correlatio~. the use pf sets also is more 

restrictive, or less natural, than that of the natural languages quanti ­

.fiers. However, we believe ERROL still remains close to the natural 

per~eiving of fnformat~9n and the Qatural way of communicatiQn. If our 

assumptions are correc~, ERROL should be easy to. comprehend, .le~rn, and ... 
master, even for casual users. 

The	 ERS desctibes' the enterprise struc~ure. At the data representa­
• 

tion leVel, the enti~ies are represented by the e~tity-representations 

and	 the ~elashionships are represented by relationship-representations. 

All	 are lists of attribute-instances, some of them being surrogates, 
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.' 
We.choose to organize these data in relations, which are simple, ,. 

structrtres and benefit from being th~,b~sjs'of an advan~ed da~~'model, 

the Relational Model (RM), Sil1'ce a' l:i;nk between '~FM and' RM. i~ estahIished, 

by choosing the relation to' be 'the structutal unit of'the ERM'.data­

represent.ation level, th~ ERM coutd'benefit by somiho~ inherixing, the 

Relational Algebra (RA) of the RM" [Godd,l. The RA' -operators cannot 

be used without modification fn an'E~ envirqnmeni, .however, without 

endangering the ·semanttc 'structure of the ERM." In'~(,M...R] a'se.t of 
(. 

semantic, 'Operators (s-operators) ,is"proposed :t"o :l;orm tpe manip~l~tive 
part of the ERM, by adapting, the RA ope'rators tg the" structural 

constraints of the ERM. The linguis~ic analogies of tHe s-operators 

,are investigated and relativization, coord1nation, refe~encing and 

q~antification,;which .a~e the basis~of the ERROL constructs, a~e shown 

,- to be easily expressible with their ~elp. Atc~rdingly, the de~cripti6n 

of the semanticst of the ERROL basic construets using the s-operators 

j Js straightforward [Mar]. 
"\ 

!+ 
" 

;' 

~, 

.~ 

" 

• 
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