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Abstract difficult to express in SQL. The difficulty ariséscause

users must know the implementation schema in detail

.The paper presents the ,S:E'A'L' query language afggrticularly, users need to know table hames,dbation

interpreter for entity-association queries thavwat such of attributes, and table primary and foreign kesigyply

guerlessto be eépresl_s%gtfjln a much simpler way Hany,ying the conceptual schema (problem domain) is
QL. S.E.AL (Simplified Entity Association Lan@&) jnsufficient. Additionally, users need advancedcigiest

et i s e s g rovedge of SQL narder (o ceclae ol o
to know W’hether a?oarticular attribu?e is a reglalmrributg g())(gf(tersaslir:)tﬁson entity properties in terms of candal
oran EAV attr_ibute. The _Iang_uage allows parts gliary Entity-Aséociation gueries become even more
to be omitted if they are implied by the rest of uery, complex if a query contains a conjunctive conditmm

ang tEe interpreter Wli" infher the bmisgingSreEquAimrts, Of two different values of the same attribute, ordfre of

ask the user to resolve the ambiguity. S.E. .L.-e\sait the query attributes are stored in Entity-Attribitalue
easier for users of databases, particularly scieamued a% AV) database structures. In both cases, the numbe
.ecflomm(.erce. dﬁt"?‘bgse% to make use of the valuahleying evels may increase, and nesting makesesuer
information In their databases. difficult to construct and harder to debug. (Sucierips
Keywords Databases, Query Language, EAV, Querphay prove to be complex even for database

Inference professionals.)
. If an entity-association query contains a conjuwmecti
1 Introduction constraint on two different values of the sameilaite,

Many database users in fields such as Medicindp8yp e.g. “retrieve students who passed both Databaste/@g
and Genetics have large collections of data wharttain and Operating Systems courses”, expressing it i SQ
important information. This information would berequires finding the intersection of entity settisfgng
valuable to their owners, if only it could be exted each of the constraints alone. Such queries atedéy
from the data. A similar situation exists in theseaof default. Increasing the number of entity and retzship
many eCommerce databases. However, many userstyges involved in the query may also increase thalrer
these databases have only modest database expertiseof nesting levels in the SQL statement.

use very simple SQL or query-by-example (QBE) tools Entity-Attribute-Value database structures are (sed
such as Microsoft Access. But QBE tools are limited efficiently storing sparse data and for allowingems
the kinds of queries they support, and therefoersuare defined attributes. There are a number of variahisAV
unable to exploit all the information hidden inithéata. database structures, but they all share a common
This paper presents S.E.A.L. (the Simplified Entitycharacteristic: meta-data regarding attribute narnses
Association Language) — an extension to SQL to lenakstored in database tables like other common data.
such users to extract information more easily. Syntactically, EAV structures can be consideredragy-

A common class of queries involves finding allassociation structures, and therefore even conakytu
instances of an entity-type which satisfy some tansts simple queries involving EAV database structurearash
involving participation in relationships with othentities. all the complexity of other entity-association stuwres,

An example of this kind of query would be findingjthe  requiring detailed knowledge of the database schand
patients in a medical database with a set of hretated often requiring complex nested query structurese Th
symptoms who were closely related to someone wido haeed for EAV structures is very common in Medicine,
been diagnosed with a particular disease. Thesgegue Biology, Genetics, Chemistry, and generic e-Commerc
called entity-association queries, are common ket aweb database applications. For example, in the cakdi
database above, most patient symptoms would nekled to
stored in an EAV structure because there wouldoloe t
Copyright © 2009, Australian Computer Society, InchisT many sparsely populated possible symptoms to use
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database abstraction. Additionally, S.E.A.L. possss such as aliasing and generating join conditions.EQB
inference mechanisms that allow information abauhe relieves a user from having to know the structur¢he

of the database structural concepts to be omittad the underlying database, but it is still not a URS iifitee
query. S.E.A.L.’s inference mechanism relies on knguage, since it builds queries using tableso ABBE
disciplined database schema approach. Thanks $ tknhgines that we have tested have been unable dugeo
design approach, S.E.A.L. accepts queries havirlg orgueries involving conjunctive conditional expressian
one entity type name, a list of result attributesd different values of an attribute (except by modityithe
conditional expressions on attribute values, amtlpces database structure).

a corresponding SQL expression or warns the usdr th Entity Attribute Value (EAV) database structureg ar
the query specification is insufficient for an udguous important for this paper since queries against EAV
translation of the query. In the course of the guerdatabase structures belong to the class of entity-
translation, S.E.A.L. infers all necessary assediantity association queries. EAV structures are described i
types, relationship types, and entity type rolead a Nadkarni and Brandt (1998), Dinu and Nadkarni (9006
generates a SQL query in terms of the underlyingnd Corwinet al (2007).

relational implementation structure. We identified two systems which abstract EAV
The paper describes: attribute representation from a database user. fiféie

» A set of rules and guidelines for designing databasACT/DB (Nadkarniet. al 1998), is a database tool for
compatible with S.E.A.L., managing clinical trial data. It uses a client/sgerv

« The S.E.A.L. declarative language for specifyingirchitecture with Oracle7 at the backend. Userstroct
entity-association queries, which also supports EAueries with a GUI-based tool written in Microsoft
structures, Access. The tool uses Visual Basic code to hartute t

« A prototype interpreter for S.E.A.L. queries. abstraction of EAV attributes in queries and tratish
Section two of the paper reviews related workinto SQL to be executed at the backend. The tda@sre

Sections three and four introduce an example dagabd!Pon the specific schema for which it was desigriéu

schema, and briefly discuss EAV database structuréhema includes conventional tables as well as six

Section five analyses a simple entity-associatioerg general purpose EAV tables for the various dataegyp

and justifies the claim that such queries are cempd Supported. ACT/DB supports a number of comparison

define. Sections six and seven introduce the SLE.A.operators as well as aggregate functions such erage
syntax and briefly describe the design of the S.E.A and standard deviation.

interpreter. Section eight reports on the resultsao  The second is QAV (Nadkarni 1996) which is a GUI-

limited number of performance measurements and tR@sed tool which allows users to perform queriesiresg
final section presents conclusions and ideas feuréu the Columbia MED dataset, a large medical metadata

work. repository. QAV uses a special schema in whictdath
is represented in EAV form. QAV is also based dent}

2 Related Work server architecture.

Because of its inference abilities, S.E.A.L belotgshe Both of these systems are tied to a particular rsehe

class of the database query languages with a MVerA.&gnmcant advantagg of S.E.A.L is that it cam bsed
Relation Schema Interface. According to the UniaersWith any schema which conforms to the rules and
Relation Assumption (Ullman 1982), there exists Quidelines given in section 6.3 of this paper. _
hypothetical relation schema (URS) which contaifis a Puring the literature search, we found no previous
attributes of a universe of discourse (problem daojna atémpts to classify entity-association —queries or
An actual database schema is produced by decongposifiPlement a general solution for allowing users to
the URS. A URS query interface allows a user tandef €XPress these queries in an easier way.
queries solely on attributes without having to cabeut
real database objects like tables. 3 Example Database Schema

One of the first research projects on a query |aggu To illustrate entity-association queries in a W&}&tt
with URS user interface was developed within afiéquires no specialized domain knowledge and tdaexp
experimental database management system callé proposed language and interpreter, the paper as
System/U (Ullman 1982). Ullman describes a querjinning example of a fictionarobbers database. The
interpretation algorithm and two ways to cope withrobbers database contains a variety of structures that

ambiguities induced by database cyclic structukmg, require defining entity-association queries.
does not discuss interpretation of queries havin The robbers database describes robbers and banks

conjunctive conditional expressions on differeritiea of they have robbed. Robbers have certain skills &nat
an attribute. tested at special testing locations and some rsbimery
The Query-By-Example (QBE) language is a graphicdlave special features such as haircuts, or likéicpéar
query language developed by IBM Research and iénds of music. Figure 1 contains the conceptual
available as a part of the Query Management Fgcilitrobbers database schema in the form of an entity-
(Elmasri and Navathe 2006). It is also embedded inf€lationship diagram, which, for simplicity, is sented
Microsoft Access. A query is formulated in QBE byWwith no attributes.
filling in table templates that are displayed oa ttreen.  Figure 2 contains a relational schema that correpo
Users drag and drop tables and set predicate comsito  to the ER diagram in Figure 1, giving the schemaea
construct a query. The QBE engine takes care okiss and the set of attributes, with the primary keyertided.
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Figure 1: ER diagram of tHeobbersdatabase.

Relation Schemes:
robbeq robberid, nickname, age
robber_attribute§attributeid, attribute},
robber_eayrobberid attributeid valug,
mentoring robberidl robberid2
robber_skil{ robberid, skillid, skilllevel,
skill{ skillid, skillnamé,
skill_tesfrobberid, skillid locationid},
test_locatiofilocationid locationnamg
banK bankid banknamg
robbery robberid, bankiddate amoun}

Referential Integrity Constraints:
robber_eafrobberid O
robbefrobberid] (eav_robbey,

robber_eajattributeid O
robber_attributegattributeid (eav_skil),

mentoringrobberid] O robber[robberid (teache},
mentorindrobberid] O robber[robberid (pupil),

robber_skil[robberid O
robber[robberid (has_skil),

robber_skil[skillid] O skill [skillid] (possessed_hy

skill_tesf(robberid, skillid)] O
robber_skil[(robberid, skillid)] (rob_skill_testeyl

skill_tesflocationid O
test_locatioflocationid| (tested_a},

robbenfrobberid O robber[robberid (has_robbel
robbenfbankid O bank[bankid (is_robbed

Figure 2: Implementation Schema

For simplicity, all relation schemes have only ey —
the primary key — and a small number of attributes

The referential integrity constraints have the form
Ni[FK ] O No[PK ] (role), whereFK is the foreign key
corresponding to the primary kd3K of N,, androle is
the role of the entity typH, in the relationship typhl;.

Sparse robber attributes likeircut, music andcall-
sign are stored in EAV database structures, represented
by robber_attributesand robber_eavrelation schemes.
EAV database structures are described in the mexios.

4 EAV Database Structures

Under a conventional relational database desigoh ea
entity instance is represented by a single rovhatable
representing that entity type. This row has a firachber

of columns and each column stores an attributeevalu
Each attribute is described by the name of theronland

the data type. As a consequence of this, all entity
instances of the same entity-type contain valueshef
same set of attributes. Metadata on the numberggsam
and types of attributes an entity-type stores imfation

on is defined by the table structure.

An Entity Attribute Value (EAV) database structuse
an alternative method for representing the atteibut
belonging to an entity type. EAV represents eadityen
instance as a set oertityid attribute valué triples
(Nadkarni and Brandt 1998). Thentity describes the
entity, theattribute value carries the information about
the attribute name, while thealue assigns data to the
attribute name. Under EAV, metadata is represeated
data: not only are the values of attributes dagtey
were in the conventional relational model) but the
attribute names are also data.

EAV tables are generally not shared between entity
types: that is, each entity type making use of Esdfage
is assigned a separate EAV table. A useful vanatm
the described structure is to also have a seplakep
table to record the names of attributes stored AV E
form. Often the attribute lookup table will have a
surrogate integer primary kewtfributeid) and the EAV
table stores a reference to this field.

EAV database structures are used in applicatioats th
handle sparse data, or have a need for user defined
attributes. They can also be used to store multedl
attributes.

4.1 Sparse Attributes

Conventional “one fact per column” table designe ar
unsuitable for extremely sparse data. A common @kam
of sparse data is a patient record in a medicabdate.
While there may be thousands of possible facts ¢hat
apply to a single patient record, the number tiyically
applies may be only a few dozen (Nadkarni and Brand
1998). Unlike conventional relational tables whisbt
aside space for each attribute whether it is nulhat,
EAV only represents facts which apply to the giestity
instance. EAV can be used in combination with
conventional storage: data which applies to every
instance can be stored in a conventional table thad
sparse data can be represented in an EAV table (@id
Nadkarni 2006).



4.2 User Defined Attributes Using the combination of the following two SQL

In certain applications, as in generic e-commercaial@ments, a user may insert a new sparse adftimd

databases, there is a need for users to be allefire ?(;‘Sb;$ig” a valuePizzd to the food attribute of a
(C?’?‘?’ gr?tit)rno?yl) Ef:tﬁgrlﬁg:tﬁ%pg; &':jaéget%]’pg' ‘;ﬁ%ﬁﬁ; ;datn I(’\f‘ERfT c:(;:g;) robber _attributes VALUES
g)e(i‘:i:i?ilc\)/r? Iaﬁguagg (D_SL) 6ilns?ruf:lgons t?)naltl_:lfcltggle aa‘INP?EIZ?;)I;I\JTO robber _eav VALUES ( 2, 4,
Zgggit&f.t(l)n ;::gﬁifg :r?hé\)ig:ﬂgi]\?edﬁ)g? %Srei't %‘:3%’3: The structure composed of tabless_skillandskill is

detrimental to performance. Allowing the user/apgtion anot_her EAV gtructure_that is used to represent the
to perform DDL is also a significant security risk multivalued attributeskill in the robbersdatabase. Here,

Using an EAV design, the attributes for an entjyet the attributeskilllevel in therobber_skilltable associates

: lues of the attributskill to robbers.
are described as regular data, and therefore eugjylar values or t . .
row INSERT/DELETE operations are required to add an A significant problem with EAV structures is thaiet

remove attributes respectively. This design remadbes userl has lto k”OW. wheItEh:\r/ anblattrl\'lblétlf IS stodredal as
security risk associated with user-defined attelsuand reguiar column or.in an table (Nadkarni an

also removes the need to acquire an exclusivedadke 1998). This problem adds to the complexity of wdti

whole table, making user-defined attributes feas#élen EQthueri_estﬁg?iTlst EAV datt_abasizhstrllicttjrﬁ; _M"it
in a high-volume database. e shown in the following sections, thanks tortgience

capabilities S.E.A.L. hides this complexity fromets
4.3 Multivalued Attributes

. . . 5
In the conventional normalized relational databaseﬁ
multivalued attributes are stored using separadesa a
For example, the multivalued attribute robbesliglls is

Analysis of an Entity Association Query

n entity association query contains two or more
conjunctively bound constraints on the same atteibu
represented this way in the schema of Figure 2EAN SQL ldoes ?Ot haye a decl_ararlve syntlax fqr ?Xmghss'
database structure is another possible solution fH?'S class o _qu?.”?f n ?] simple way. In prlnf(;dpicac
representing multi-valued attributes, if the prignkey of queries require finding the intersection or setedence

the EAV table is set to be (entityid +attributeidatue). of entity sets satisfying each of the constraiftea We

are aware of four main strategies for expressinchsu
Example 1. In the examplerobbers database, dense entity-association queries in SQL. These are:

robber attributesnickname and age are stored in the

conventional tablerobber, and sparse attributes like 1. Multiple SELECTstatements combined with the set
haircut, music andcall-sign are stored in EAV database operators,

structures. Figure 3 presents instances of the2. NestedSELECTqueries using theN operator,
robber_attributesandrobber_eavEAV relation schemes. 3. Correlated nestéBELECTqueries usin@gXISTS

The robber_attributesinstance lists the sparse attributes  operators, and

haircut, music andcallsign and therobber_eavinstance 4. Multiple neste SELECTqueries where the

specifies the association between robbers andouatetri intersection is performed using an equi-join.
values. Example 2. The following is a relatively simple entity-
robber association query for thebbersdatabase:

robberid nickname Age “Find the robbers who have the skibtin Shooting

1 Al Capone 31 but do not have the skilMoney Counting and the

2 Bugsy Malone 23 robbers who have the skilEkplosives.

3 Lucky Luch|ano 55 Using the first approach, this query could be broke

4 Anastazia 47 . ) - ;

5 Dutch Schulz 63 down into three SELECT queries and then combineld wi

the set operators UNION, INTERSECT and EXCEPT:

robber_attributes SELECT ni cknarme FROM r obber NATURAL
attributeid | attribute JOIN ) )

1 haircut ((SELECT robberid FROM robber _ skill

> music NATURAL JOIN ski |l WHERE

3 s ski | I name=" Gun Shoot i ng’

ca’sign EXCEPT
SELECT r obberi d FROM robber _ski | |

robber_eav NATURAL JOIN ski || WHERE
robberid attributeid value ski | | name=" Money Counti ng’)

1 1 Mohawk UNION

4 1 Mohawk| SELECT robberid FROM robber skill

4 2 Latin NATURAL JOIN skill WHERE

4 2 Classic ski | I name=" Expl osi ves’) AS foo;

Figure 3 Using the second approach, the query could be

expressed using nested IN statements:



SELECT ni ckname FROM r obber WHERE constraints alone. Such queries are complex: hard t

(( robberi dIN (SELECT robberi d FROM define and even harder to debug.
robber _ski |l NATURAL JOIN skill This analysis applies equally to queries on EAV
WHERE ski | | name=" Gun Shooti ng’)) structures, since theentity_eav relation schema
AND corresponds to a relationship type and the
(NOT ( robberidIN(SELECT robberid entity_attributesrelation schema corresponds to an entity
FROM robber_skill NATURAL JOIN type.
skill .WH,ERESK' I name=" Money Example 4. Consider the following query against the
OROount i ng"))) robbersdatabase:
(robberi dIN (SELECT robberi d FROM “Find robbers who likel'atin’ and Classic’ music.”
robber _skill NATURAL JOIN skill The query constraints ask for two values of the
WHERE ski | | name =’ Expl osi ves’)); multivalued sparse attributausic which is stored in the

Using the third and fourth strategies results jEAV_structure. The following SQL query uses the

i
similarly complex nested SQL expressions. SELECT ... IN -+~ approach:

We argue however that a query constructed usingSELECT ni ckname FROM robber WHERE
either of these strategies poorly reflects thedalgintent ( robberidIN(SELECT robberid FROM
of the query and because of this is difficult toiter ' Obber_eav NATURAL JOIN ,
Given the intent of the query, it will not be cleara user , robber_attributes WHEREat tribute
why they would need to issue multiple select steteis1 = MuSi ¢’ AND  val ue ="Latin’))

From the user’s perspective, the relationshipshicivan AND _ _
entity participates can be viewed as a propertyhef ( robberidIN (SELECT robberid FROM
entity itself. The following relation schema probhab

r obber _eav NATURAL JOIN
better represents the user’s understanding ofdheaih: _ robber_attributes WHEREattribute

=’ nusi ¢’ AND val ue = ‘Classic’));
r obber {robberi d, nicknane,
has_gun_shooting_skill, 6 S.E.A.L. Design

has_noney_counting_skill, This section describes the design of the S.E.Ayktesn,
has_expl osi ves_ski | I'} including the syntax of the S.E.A.L. query languaihe
. . i ts on the design of the database, and the
Example 3 With this schema, the query could e cquiremen ; . X
expressed straightforwardly as: S.E.A.L. interpreter, particularly the inferencga@ithms

S.E.A.L. uses to infer entity and relationship tydeft

SELECT ni cknanme FROM r obber WHERE implicit in a query.
( has_gun_shooting_skill AND NOT
has_noney_counting_skill ) 6.1 S.E.A.L. Syntax
OR has_expl osives_skill; The syntax of the S.E.A.L. query language is irepiby

While this database design is flawed (it will noate the SQL SELECT syntax, but is specialised for gatit
to hundreds of possible skills), it is easy to e this association queries. A S.E.A.L. query specifiesedd
SQL reflects the user's intention more simply andren attributes and a base entity type, along with twalk of
directly than the complex queries above. constraints: constraints on the attributes of thsebentity

Furthermore, all of the strategies described lead {régular or EAV attributes), and constraints onitest
queries which are unnecessarily difficult to wriactors associated with the base entity. A S.E.A.L. query the

contributing to this difficulty include the follow: following form:

1. Users need to know where an attribute is stored. IsQuery ::=
stored in a regular column or as an EAV attribute? SELECT

2. Users need to construct join conditions explicitly. attribute [..]*
For this trivial exampleNATURAL JOIN suffices FROM
but, in the case of joins involving a recursive baseEntityType
relationship type, INNER JOIN has to be used. [ I

3. When using INNER JOIN, a user needs to know the AttributeConstraintExpression
primary keys of tables representing the entities N

involved in the relationship as well as the primary
and foreign keys of the tables which represent the
relationship. In more complex examples, these keys An AttributeConstraintExpression is a
may be composite, involving three or more attribute logical expression (which may contain conjunction,
4. With nested associations, multiple table aliasestmudisjunction, negation, and parentheses) involving
be used. These aliases must be uniquely named akitributeConstraint (s) which specify constraints
knowing which alias to refer to is a source ofon regular or EAV attributes of the base entityetyp
confusion.
5. Finally, if the query contains a conjunctive coasit
on the same attribute, the query has to find the
intersection of entity sets satisfying each of the

[ AssociationExpression ]

AttributeConstraint ::=
attribute (* SENRES < |5
>="  |'<=" )value



An  AssociationExpression is a logical <skillname =" Lock-pi cki ng’>AND
expression involvingAssociation  (s), each of which < skillname =" Pl anni ng>)

specifies an associated entity type, the relatipngfpe The base entity-type is restricted based on the
by which the entity type is associated with theebaustity participation constraint specified in the

type, the roles in the relationship type of theebastity sg5oCIATED WITHlause. The associated entity-type,
type ("VIA") and associated entity typeAS), followed skill, is specified explicitly as is the relationshippéy

by constraints on the relationship and associatéilye ohper skill The specification of roles is not needed,
types. The entity type, relationship type and r@esall  gince the relationship typeobber_skill associates only
optional if they can be unambiguously inferred frém® o ropper and skill entity types. Two specifications of

rest of the query. attribute constraints are used in the query whioh a

Association = combined into an expression with the AND operator.
‘ASSOCIATED _WITH: ("’ Example 7. The following demonstrates the role of
[‘VIA’ EntityRole ] inference in S.E.A.L.:
[ A‘ssogatedE.ntltyTypg “Find robbers who robbed thedan Sharkbank.”
[ ‘AS AssociatedEntityRole ] _
[ “THROUGHASssociatingRelationship ] SELECT ni ckname FROM r obber
‘] ASSOCIATED_WITH(<banknane =
AssociationConstraintExpression ' Loan Shark’>)
)’ n this query, the associated entity type, the
) In th h d h
An AssociationConstraintExpression is a 'elationship type, and the roles of the both ertyjyes

were all omitted. With regard to thebbers schema,
r,F;iven in Section 3, S.E.A.L. is able to infer thae
specification<banknane =’ Loan Shark’> refers
to the associated entity typankthrough the relationship

; ) ; . . typerobbery The corresponding roles are also inferred.
Expressions  to constrain the entity or the relationship P ¥ p_ 9 )
Example 8. The following shows how an entity-

type. b= . .
o _ association query, where the relationship type has
AssociationConstraint n= participation constraint, is constructed in S.E.A.L
‘<’ AttributeConstraint N . . . . .
[AssociationExpression ] [ ] “Find robbers with the skillGuarding who had it
tested at a testing location callédarvard.”
SELECT ni cknanme FROM r obber
ASSOCIATED_WITH(ski | I,

logical expression involving  Association
Constraints , each of which specifies constraints o
the associating relationship type and/or the aasedi
entity type, possibly including nestefissociation

The attribute constraints in an association coimgtra
can refer to any attribute (regular or EAV) of eitlthe
associating relationship type or the associateityetype

fth " < skillname =" Guarding>
of theAssociation . ASSOCIATED_WITH(t est | ocati on,
< locationnane =’ Harvard’>))

6.2 Example Queries in S.E.A.L. Syntax

The following examples use thebbersschema given in ~ S-E.A.L. interprets the query through the followimg
Section 3. All examples follow the same structutee Main steps. First, it infers the association betwebber

aim of the example is given first, it is followed the and skill tables through théhas_skill table using the
query, then the S.E.A.L. syntax, and finally by arpttributeskillname Next, it infers the association between

optional comment. has_skill and test_locationtables through thekill_test
table using the attributdocationname As a result,

Example 5 The following demonstrates uniform aCCeSYK £ A | constructs a SQL statement with two levafis

to attributes (whether EAV or regular ones):

nesting.
“Find robbers who ar89years old and have a Example 9. The final example is a query where roles
Mohawk haircut. cannot be inferred and must be specified:
SELECT ni cknanme FROM r obber [ hai rcut “Find robbers who have been taught Bygsy
=’ Mohawk’ AND age = 39] Malong.“

The user does not need to know thaircut is SELECT ni ckname FROM r obber
represented in EAV form, whilegeis a regular column. ASSOCIATED_WITH(r obber

Example 6. The following demonstrates how a simple AS teacher THROUGHRment ori ng,

entity-association query is composed in S.E.A.L.: < ni ckname="Bugsy Malone’>)
“Find robbers who have the skillock-Picking and In this example, the role of the associated etiipe
who have the skillPlanning.” (also arobben was specified as deacher It was

necessary to specify at least one role, because the
mentoringrelationship involves two entities of the same
type (arobberacting as @aeacherand arobberacting as a

pupil).

SELECT ni cknane
FROMr obber ASSOCIATED_WITH(
ski || THROUGHr obber _ski | I,



6.3 Rules and Guidelines for Implementing
S.E.A.L. Compatible Databases

The S.E.A.L. interpreter has a set of
conventions to which a schema must adhere if b ise
used with S.E.A.L. These rules and conventionsigeos
consistent way to describe metadata as well
simplifying the interpreter code by reducing thamier

of special cases needed. These rules follow a camm

disciplined database design approach and arerdbest
by therobbersschema in Figure 2. The most significan
guidelines are the following:

« All attributes that have different meaning (whether
stored conventionally or in EAV form) must have
distinct names.

an attribute lookup table, naméehtity) attributesand
a relationship table nameedntity) eavwith the
structure €ntityid attributeid, value), where{entity) is
the name of the entity type the attributes belang t
The referential integrity (foreign key) constraihtsve
to be named after the name of the role the refenc
table plays in the relationship type.

rules and

not reduced to a single combination, then the query
contains ambiguity which the user must resolve.

One kind of ambiguity arises if there are two phlssi
relationships in the database between the basy gmpe

and an associated entity with the specified atteibuln

;%Qis case, S.E.A.L. can report the alternativetiaiahips

0 the user so that the user can specify the oaiship
g1ey intended.
Another kind of ambiguity arises if the relationshi

ttype of a combination involves the base or assediat

entity type in more than one possible rale.( the table
has two or more foreign keys referring to the samiity
type) and the role is not specified in the query.this
case, the algorithm reports the ambiguity to ther,uus
along with the possible roles, so that the userreéfine

EAV database structures should be implemented usirtge query.

Once there is an unambiguous consistent combination
of (relationshiptype associated entity typdase entity
role, associated entity roje this information is passed to
the translation algorithms (6.5) to construct th@LS
query.

Note that a S.E.A.L query may contain multiple
ASSOCIATED_WITHclauses and that the inference

These, and the other requirements, all represeat goprocess must be applied to each clause. For nested

database design practices, and are not difficuiatesfy.

We note that the first requirement is needed toidavo
induced by cyclic database structure

ambiguities
(Ullman 1982).

6.4 Inference Algorithms

S.E.A.L. gives users considerable flexibility whe
specifying a participation constraint via ASSOCIAT-

ED_WITH clause. While the base entity-type and a

expression constraining attribute values are reduithe
associated entity type, the relationship type, tedroles
of both the base and associated entity types drenaph
If any of these types or roles is omitted, S.E.Anill

attempt to infer them based on the attributes usdte
specification expression. To be able
translation without ambiguity, S.E.A.L. needs tmdfi
exactly one valid relationship type associated entity
type base entity roleassociated entity rojecombination
for the base entity-type and attributes used.

6.4.1 Inferring possible combinations

The first step is to infer all the possible combiimas of
relationship types, associated entity types, amesrthat
are consistent with the specified base entity tyjey
types or roles specified in the query constraingbarch.

n

to perform

ASSOCIATED_WITH clauses, the process must be
applied recursively.

6.4.2 Attribute coverage algorithm

For a given telationship type associated entity type
base entity roleassociated entity rojecombination to be
valid with respect to a query, the associated \eiipe
together with the relationship type must contamefither
rl,i:_AV or regular column form) all attributes referrein
anASSOCIATED_ WITHIlause. A combination with this
property is said to “cover” théASSOCIATED WITH
clause. The attribute coverage algorithm checks a
(relationship type associated entity type pair to
determine if it covers the query.

Regular attributes can be checked from the metadata
but checking for the existence of an EAV attribute
requires a query against the database. For effigien
attributes are grouped into sets correspondinghér t
expected location and all EAV attributes used iguary

are checked at once rather than individually.

6.5 Translation Algorithms

Once a query has been parsed and all necessary
inferences are completed, the translation into SQL
performed by a bottom-up, recursive traversal & th

Subject to these constraints, S.E.A.L. searches tANETY tree. In this design, the various parts ef goery

metadata for all tables in the database that haveaat
two foreign keys, at least one of which referentes
base entity type. Any such table
relationship type, and all tables referred to by tther
foreign keys of the table are candidate associattity
types. Names of the foreign keys involved are thes:

is a candidate

tree are responsible for their own conversion iBQL
with relatively little interdependence.

At an abstract level, the translation of a S.E.A.L.
statement produces SQL blocks of the form

base_entityidIN (SELECT
base_entityi d FROM rel ati onshi p INNER

S.E.A.L. then attempts to reduce the set of camelida JOIN associ ated _entity ON ... WHERE

combinations by examining the attributes specifiethe
query (using the attribute coverage algorithm dbsdrin

Associ ati onConstraint)

6.4.2) and eliminating combinations that are nofor each Association Constraiim an ASSOCIATED_

consistent with the attributes. If the set of comaltions is

WITH clause. These SQL blocks are connected by logical
operators in accordance with the structure of the



Association Constraint Expression and placed inQd S other was comprised of an extensive sequence of
WHERElause in the following way functional tests on the S.E.A.L prototype interpretA
. . limited number of performance tests was our thirdl lof
SELECT attribute_|list FROM : . :
base_entity type WHERE tests. The section briefly describes the tests.

(SQ_bl ock_expr); 8.1 Testing complexity of entity-association

The form of the generated SQL statement has a form gueries

very close to the second SQL query in Example 2. To prove the claim that entity-association queridéth a

. conjunctive condition on two different values oétkame
7 Implementation of the S.E.A.L. Interpreter attribute are hard to define, we asked a group of 4
When the S.E.A.L. interpreter first starts, it cents to students to produce SQL statements for the follgwin
the PostgreSQL database and collects metadata #it®outentity-association queries within given time limits
database that it needs for translating queries.n/éheser 1 Fing robbers who have thBlanning skill. [5 minutes],
issues a query, the interpreter parses and trassthe
query. If it identifies any ambiguity or errorstime query,
the interpreter not only reports the problems, aiso : . .
gives suggestions to the user on how to resolvm.the?’g'izgirr%bgzﬂz V\[Tg rr;]?xﬁt;f;l?lannlng and ‘Lock-
Once the query is successfully translated, it dstpoe ' )

SQL, which can then be run against the database. The students had just completed an intensive trgini
The SEAL prototype interpreter is implemented in &1 SQL and were familiar with the structure of the
Java, JDBC, and PostgreSQL environment. Afteiobbersdatabase (which excludes any effect of surprise
retrieving metadata, translating a query compribese ©n their performance). The aim of the first two Gee
main stages: parsing, inference, and translation. was to test students’ SQL expertise with simplatgnt
Since the principles of the inference and tranmfati association queries, while the third query was mtitye
process were described in section 6.4, this setiimily —association query with a conjunctive condition ovot

describes only the metadata retrieval and parsing. values of an attribute. The outcomes of the testgaren
in the table below.

2 Find robbers who have been taught Bygsy Malone
[6 minutes], and

7.1 Retrieval of metadata

] . . Query Correct answers [%0]
PostgreSQL provides an ‘Information Schema’ tha is 1 92
collection of views and tables describing structuce 2 56
databases contained in a cluster. These tablesviand 3 32

can be queried through regular SQL.
S.E.A.L connects to PostgreSQL through JDBC and The fact that 92% and 56% of students defined

issues custom queries against the PostgreSQL Inforgprrectly the first two queries within the givemé limits

ation Schema to collect metadata on attribute nameghows that they possessed a fair level of SQL éisger

table names, table primary keys, table foreign keysl The fact that almost 70% of them failed to giveoarect

foreign key names. Metadata, which carries infoiomat answer to the third question supports the claimt tha

about role names, is stored in an internal datecistre. entity-association queries with a conjunctive ctindion
EAV attributes are not collected during the metadattwo values of an attribute are hard to define.

acquisition phase, since an entity type may havayma ) )

thousands of EAV attributes, and many are mostashp 8.2 Functional testing

not needed by a query. Any EAV attributes used in @ihe goal of the functional testing was to checkt tha

query are checked at the translation time (whicdp al S.E.A.L meets the expected functional requirements.

allows for updates to the EAV attributes during the&hese tests comprised the following steps:

interaction with the interpreter). « Defining a query against theobbers database in
) English,
7.2 Parsing « Expressing the query in S.E.A.L syntax,

The parser for the interpreter was created with thee Expressing the query in SQL using an expert's
ANTLR (ANTLR http://www.antlr.org) parser generator knowledge,

ANTLR allows the programmer to write a context free « Running the S.E.A.L interpreter to produce a SQL
grammar along with Java code to describe actions to query,

perform on rule/token matches. In the case of the/fSL « Comparing the S.E.A.L generated SQL query and the

interpreter, the rules defined are relatively sinphe SQL query produced by the expert, and

parser simply generates an OO repre_sentatior_w of the Running both SQL queries against tmebbers
query tree substituting base an_d assomat_eq appBs, database and comparing results.

relationship types and roles with table, join-talaled The examples listed in previous sections of theepap
foreign key names, respectively, contained in thgre g representative set of the test queries thes win.
metadata structure. The actual testing comprised numerous varianthese

. queries and a number of queries that went beyoad th
8 Testing initial requirements of the S.E.A.L. project. Theegy
We performed three kinds of testing. One was tgdtie  variants included more complex conditional expr@ssi
claim that entity-association queries are compleie on attributes, multiple associations of the bagiyetype



with associated entity types, multiple associatimfs 8.3.2 Comparing interpreter overhead with the
relationship types, and conditional expressions on query execution time

associated entity type EAV attributes. The SEA . :
prototype interpreter passed all these tests saitdlys |'I\/Iultlple experiments were performed on the robbers

) schema to compare the time the S.E.A.L interprietek
"o translate S.E.A.L queries with the time the tregetook
to execute against a small database. The followabie
presents the measurements for three charactegistiiy-
association queries.

. SELECT nickname FROM robber
There were two parts to the performance testifg: | AssOCIATED WITH(bank THROUGH 0.2

comparing the performance of Nested-In and 5&}7 robbery, <bankname = 'Loan Shark'>)
theoretic operator approaches to produce entjty- | SELECT nickname FROM robber 0.4

association queries and comparing the interprgter éﬁasr(k),g)'ATED—W'TH (<bankname ='Loan| 3.6
overhead to the query execution time.

SELECT nickname FROM robber
All performance tests were performed on an Infel | ASSOCIATED WITH (skill THROUGH

identified some limitations of the current implertation
and are discussed in the Conclusion as a pareditiare
work.

Pentium 4 processor at 3.2 GHz, withl.5 GB DDR2 robber_skill, <skillname = 'Guarding> 0.4
memory at 533 MHz , and a Seagate 80Gb SATA dik ASSQCIATED_WITH (test_location 0.7
using Net-BSD 4.99.9, and PostgreSQL Version 8.2.4.] = ;EE%JTGH skill_test, <name = 'Harvard>)) :
nickname FROM robber
Two databases were used: tébersdatabase and 4 ASSOCIATED WITH (<skillname =
EAV database consisting of a table representingreity 'Guarding'> ASSOCIATED_WITH 3.7

type and two other tables representing its EAV dgta | (test location, <name = Harvard™>))
structure. Therobbers database was small; the smallgst SELECT nickname FROM robber

. . . ASSOCIATED_WITH (robber_attributes
table contained just 5 tuples, while the largediletal THROUGH robber._eav, <attribute = musici>1 4

contained 40 tuples. The EAV database was condijerp AND <value = 'Latin’> AND <attribute =
larger. It was populated by randomly generated. dita ‘haircut> AND <value = 'Mohawk"> ) 1.2
entity table contained 3,000 tuples, thetity attributes | Ex4 ig;%%T.AnTiEkSa\;\n/?TEﬁONtltr'cl))b?er i '
; ; | <attribute = 'music'>

table _contamed 2,500 tuples, and thetity ea table AND <value = ‘Latin'> AND <attribute = 4.1
contained 1,000,000 tuples. ‘haircut> AND <value = 'Mohawk'> )

. SELECT nickname FROM robber[haircut = 06|07
8.3.1 Comparing the performance of Nested-IN "Mohawk’ AND music = ‘Latin’] : :

with Set theoretic operator approach The first column specifies the example where the

A set of experiments was conducted to compare tﬁé}ma_ntics of queries are defined. The second_column
performance of the ‘nested IN’, ‘nested equi-joiahd contains the S.E.A.L. syntax of the query. Thedttind

‘set theoretic operator approaches described atstart  fourth columns contain the average query transiaioe

of Section 5. The goal of these experiments waglp in and the average query execution time in m|II|sesoﬁ(d>_r
deciding which of the three approaches to adopttier €2Ch query semantics, the first table row contains
implementation of the S.E.AL interpreter. TheS-E-AL. expression where only entity type rolee ar
performance of the ‘nested EXISTS’ approach was n@Mitted requiring only a small amount of inferengae
tested, since the use of the SQL EXISTS operarite second row contains a S.E.A.L. expression wheré bot
in correlated nested queries, which are known teehath€ associated entity and the relationship types ar

worse query costs than equivalent nested non atect| omitted r_equiring aconsidgrable_amount o_f infeeenc_ _
queries (EIMasri&Navathe 2006). The first query (Ex7) is a simple entity associatio

A number of queries involving conjunctive condition 9uery- The second query (Ex8) requires nested 9.E.A
expressions on randomly chosenattfbute = expressions, produces a SQL statement with twdé_enfe
attribute_namevalue = value_datppairs were executed N€sting, and is a more complex query than the dingt.
on the EAV database. Such queries are indicative of'€ third query (Ex4) involves a conjunctive coraiton
queries involving EAV attributes. The difference inEAV attributes of the base entity type. The firsiot

performance was negligible with all three SQL query-E-A'L. expressions treated the EAV structure as a
implementations taking approximately 3 ms to execut conventional entity-association structure; thedhieated

Another set of experiments involving conjunctiveEAY attributes as base entity type attributes, ifgc
conditional expressions on randomly chosattripute = SEAL to find their real source by inference.
attribute_namp pairs were executed on the EAvV The table shows that in the case of nearly fultayn
database. Such queries are indicative of entitpeaaion €XPressions, S.E.A.L. translation time is of thenea
queries involving conventional relational mapping o°rder of magnitude as the query execution timerega

entity and relationship type structures. The ‘ne:siy’ small databas_e._ The infe_rence generally i_ncurs an
implementation  took  approximately  12.3  ms overhead that is just a few times greater tharmhéndase

outperforming the ‘nested equi-join’ implementationbf expressions that require practically no infeeenthe
which took 13.75 ms. and the ‘set theoreticlast table row highlights an interesting S.E.A.kature.
implementation which took 15.8 ms. The outcomes dithough the query requires inference, the trarstat

these experiments led to the decision to implemiat UMe is lower than in the case of practically nfefence.
SEAL interpreter using the ‘nested IN’ approach. This is because the SEAL expression in the lastdoas

not contain an ASSOCIATED WITH clause, which



incurs many checks. Also, S.E.A.L. produced a simpl 9.2 Future work

and more efficient SQL code resulting in a fast®{ypjje this work provides a general solution to supipg

execution time against the robber database. _ entity-association queries including queries on EAV
The S.EAL interpreter was then used against thgyciyres, there are a number of areas which @n b

EAV database to perform the queries retrievingtiesti o,nanded on. Desirable functional features curyemot

based solely on EAV attribute conditions. As ary,,nored by S.E.A.L which need to be addressed in
indicative result, a query on a conjunctive atttéou g+ re work include the following:

condition took 1 ms to translate and 12.3 ms tcete
The experiments showed that the S.E.A.L interpreter
incurs an overhead that is negligible in interactise.

« Comparison operators other than equality to use in
Attribute Constraints,

» Support for relationship cardinalities other M:N,

9 Conclusions and Future Work » Allowing the attribute list after the SELECT clause
to contain attributes other than base entity type
attributes,

e Extending the support for EAV structures to
relationship type EAV attributes, and
Support of queries with nesting based on associated
types of an associated entity type and queries
containing logical combinations éfssociation  s.

The S.E.A.L. interpreter is currently a standalone

This paper describes S.E.A.L., a highly declarative
extension to SQL for the specification of entity-
association queries in an easy and natural wayityEnt
association queries constitute a class of querfesno
needed by users of databases in Medicine, Biology,
Chemistry, Genetics and similar fields of scientkese
queries ask for data about entities based on their
participation in relationships with other entitieshe

complexity of defining entity-association queriesSQL program ﬂ:a(; m_t;racths_ Vr‘]”th a dataliase.t This Tm
prevents users from exploiting the full potentia o USErs must decide which query system 1o USe foveng
‘task. A very desirable improvement would be todnage

information contained in their databases. S.E.AsL I he interpreter into PostgreSOL, as an extensiothef
intended to alleviate the problem. . ’ )
! Vi P SELECT syntax, which would make S.E.A.L. queries
9.1 Contribution very much more accessible and useful to most users.
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