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ABSTRACT
W e presen t P attern-b y-Example (PBE), a graphical language that

allo ws users with little or no kno wledge of pattern-matc hing and

functional programming to de�ne complex and optimized queries

on XML do cumen ts. W e demonstrate the k ey features of PBE

b y commen ting an in teractiv e session and then w e presen t its

seman tics, b y formally de�ning a translation from PBE graphi-

cal queries in to CQL ones. The adv an tages of the approac h are

t w ofold. First, it generates queries that are pro v ably correct with

resp ect to t yp es: the t yp e of the result is displa y ed to the user

and this constitutes a �rst and immediate visual c hec k of the se-

man tic correctness of the resulting query . The second adv an tage

is that a seman tics formally�th us, unam biguously�de�ned is an

imp ortan t adv ancemen t o v er some curren t approac hes in whic h

standard usage and learning metho ds are based on �trial and er-

ror� tec hniques.

Keywords
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1. INTRODUCTION
One of the reasons, if not the main one, of the success

of relational databases is the query language SQL. The k ey

features that made SQL the standard query language for

relational databases are its ease of use, its formal foundation

and clear seman tics, and its high declarativit y . This last

p oin t is quite imp ortan t b ecause b oth it mak es the writing

of SQL queries indep enden t from the ph ysical organization

of data and, for the same reason, mak es SQL queries highly

optimizable.

As w e discuss in the related w ork section, a further b o ost

to relational databases w as giv en b y the in tro duction of

graphical query languages, suc h as Query-by-Example (QBE).

Despite the simplicit y of SQL and of the relational mo del

these graphical query languages allo w ed more p ersons to ac-

cess relational databases and in a more user friendly w a y .

This is done without missing most of the adv an tages of the

previous approac h since the seman tics of these languages is

giv en b y a translation in to the relational algebra or calculus.

No w ada ys there is a clear trend to increasingly use XML

to mak e data a v ailable on the W eb. Querying data in this

format p oses the same c hallenges as for relational data and

ev en ampli�es the problems. The arbitrary structural nest-

ing of XML due to its tree-based structure is at the ori-

gin of the absence of a clear candidate language to query

bases of XML do cumen ts. W3C puts forw ard the X Query

language [4] and other prop osals suc h as XDuce [12] or

CDuce [1] exist. While X Query relies on XP ath to decon-

struct XML trees, and on a for op erator to iterate o v er this

deconstruction the other rely on pattern-matc hing for decon-

structing v alues and, in the case of CQL, on a select-from-where

iterator. While XP ath is go o d for a deconstruction that na v-

igates v ertically in the do cumen t it is not able to p erform

a �ne grained selection on horizon tal na vigation, that is on

sequences of elemen ts. F or instance, imagine that w e ha v e

to select in an XML do cumen t bib.xml con taining a bibli-

ograph y (see Figure 2 for an instance), all the titles of b o oks

published b y A ddison W esley after 1991 that ha v e exactly

t w o authors. In X Query w e cannot directly select these ti-

tles but w e ha v e to stop at b o oks' lev el, and then p erform

three subselections one for authors, one for titles and one

for prices as in (iterator k eyw ords are underlined)

<bib> for $b in

document("bib.xml")/bib/book[count(./author)=2] where

$b/publisher="Addison-Wesley" and $b/@year>1991 return

<book year="$b/@year">$b/title </book> </bib>

It w ould b e b etter if w e could capture in a v ariable exactly

the titles of the b o oks that matc h the required conditions,

that is, that ha v e a sp eci�c giv en form. In functional lan-

guages the form of a v alue can b e describ ed b y patterns.

P atterns then can b e used to p erform horizon tal selection,

b y matc hing them against heterogeneous sequences of el-

emen ts in order to capture only some giv en subparts. F or

this reason in a previous w ork [2] w e prop osed CQL an XML

orien ted query language that com bines the v ertical selection

capabilities of XP ath-lik e expressions with the horizon tal

selection capabilities of CDuce patterns [1], whic h are pat-

terns designed for XML elemen ts. In CQL the query ab o v e

is written as

<bib>

select <book year=y> t from

<book year=y&(1992--*)>[ t::Title Author Author

<publisher>"Addison-Wesley" (_ n Author)* ]

in load_xml("bib.xml")/Book

CQL syn tax is an enric hed form of the SQL's one: (i ) in

the select part w e can use fully structured expressions in-

stead of just relations, (ii ) on the righ t of a � in � in from

clauses, simple relations (that is, sets of tuples) are replaced

b y XP ath-lik e expressions that allo w v ertical na vigation to

select heterogeneous sequences of elemen ts and (iii ) rather

than simply captured b y v ariables (as in SQL) the extracted

sequence is na vigated horizon tally b y patterns that matc h

the sequence elemen ts and capture subparts in v ariables. In

the expression ab o v e the pattern on the left of the � in �

k eyw ord selects all and only the b o ok elemen ts whose at-

tribute y ear is in the in terv al ( 1992; 1 ) and that ha v e exactly

t w o author sub elemen ts follo w ed b y a publisher elemen t that

con tain the string "Addison-Wesley" , this follo w ed b y an y
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elemen t (the wild-card � _�) that is not (the di�erence sign

\ ) an author (the * denotes a regular expression that indi-

cates that there ma y b e zero or more suc h elemen ts);
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of the

selected b o ok elemen ts the pattern captures the y ear in the

v ariable y and the title in the v ariable t .

CQL not only mak es it p ossible to com bine v ertical and

horizon tal na vigation but pro vides a v ery precise t yp e infer-

ence and b etter logical optimizations whic h mak e it more

e�cien t in main memory execution than ma jor implemen-

tations of X Query [2]. Ho w ev er, the use of patterns ma y

b e di�cult to a basic programmer, esp ecially in adv anced

(e.g. nested) queries. In this con text a graphical in terface

to de�ne queries is m uc h more necessary than in the SQL

case. This is the goal of our w ork that, mimic king what

w as done for SQL, will �rst de�ne a tableau-based graphi-

cal represen tation of queries for XML-do cumen ts and then

giv e its seman tics via a translation in to CQL. The ric h struc-

ture of XML mak es the task m uc h more c hallenging than for

the relational mo del: w e do not w ork on a set of �xed and

�at relations; instead the information w e extract ma y ha v e

a complex structure. In order to generate the table corre-

sp onding to some extracted data our system will hea vily rely

on the t yp e system. F or instance in the query example w e

ga v e ab o v e, once w e ha v e extracted the data on b o oks the

graphical in terface will use the t yp e system and the giv en

DTD to generate a table that con tains a column for the y ear,

another for the authors, a third for the publisher and a last

one for the price: the users will then ha v e just to �ll the cells

with the corresp onding conditions and capture v ariables to

complete the query .

Related work
The use of graphical languages for expressing queries is not

new in the database �eld. This is mainly due to the require-

men t that non-exp ert users should b e able to in teract with

the database system while not b eing acquain ted with the

subtleties of the underlying query language whic h ma y b e

complex to use.

Query-by-Example (QBE) [16] is the �rst graphical query

language for relational databases. It has b een dev elop ed in

the 70's b y Zlo of at IBM and ga v e rise to a wide category of

commercial graphical languages suc h as, for example, P ara-

do x or Microsoft A ccess. The cen tral concept of QBE is the

notion of tableaux. A tableau is a graphical in terface (a ta-

ble indeed) allo wing the user to express some queries simply

b y de�ning sp eci�c v ariables in the table.

In the con text of XML, man y attempts to de�ne graphi-

cal query languages ha v e b een prop osed: QSByE (Querying

Semi-structured data b y Example) [11], X QBE [6], Miro-

w eb [5], EQUIX [9], BBQ [14], P esto [7], QURSED [15],

Xcerpt [3] and Xing [10]. Due to space limitations, w e shall

giv e the spirit of these approac hes rather than giving an ex-

haustiv e state of the art. Hence, w e c ho ose to presen t X QBE

X Query by Example as it is the most complete language. W e

refer the reader to [13] for a complete surv ey .

Unlik e QBE, rather than manipulating tableaux, X QBE

manipulates XML trees. The purp ose w as to o�er an in-

tuitiv e in terface in order to automatically generate X Query

1

The di�erence sign is used for the sak e of the example but here is

completely useless. The DTD of � bib.xml � giv en in Section 2.1 ensures

that a publisher elemen t is follo w ed just and exactly b y one elemen t

of t yp e Price . Therefore a single wildcard � _� w ould ha v e su�ced.

queries. X QBE o�ers most of XP ath expressiv e p o w er,
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p er-

mits the de�nition of nested queries, to build new elemen ts

etc. In order to giv e the reader a �a v or of X QBE let us

consider the follo wing query whic h corresp onds to query Q 1

of XML Query Use Cases [8]. List all b o oks published b y

�A ddison-W esley� since 1991. This is exactly the query w e

presen ted in the in tro duction without the condition on the

n um b er of authors. Th us to de�ne it it su�ces to remo v e in

the X Query expression the predicate on the path. In X QBE

suc h a query is expressed as sho wn in Figure 1.

Figure 1: X QBE Q

1

In X QBE, the w orkspace is divided in t w o separate zones:

the source space (on the left) and the result space (on the

righ t). Eac h zone con tains lab eled graphs whic h represen t

fragmen ts of the XML do cumen t to b e pro cessed. XML ele-

men ts are represen ted b y rectangles annotated b y their tag,

attributes are represen ted b y blac k disks together with their

names. F or instance, on Figure 1 the source zone expresses

a query whic h extracts all b o oks elemen ts <book> ha ving an

attribute ye ar whose v alue is greater than 1991, and ha ving

a c hild <publisher> with v alue "Addison-Wesley" . In the

corresp onding result space, again the result is describ ed b y

a tree. F or our example, the graph states that the result will

consist of all the titles of <book> elemen ts whic h ha v e b een

selected in the source space (suc h a binding is materialized

b y the arc connecting the resp ectiv e no de from source to

result space). These will then b e encapsulated in a unique

fresh elemen t <bib> (the trap ezoidal shap e indicates the fact

that the result is considered as new).

Most of graphical query languages for XML use graph-

based represen tations of b oth do cumen ts and queries. Their

main limitations are that no seman tics is formally assigned

to those graphs hence they do not accoun t for correctness

pro ofs of the translation (usually to X Query) they imple-

men t and last they nev er exploit the underlying t yp e system

in order to yield optimized v ersions of the resulting queries.

Unlik e those, (i) w e formally assign a seman tics to our

graphical tableaux-based in terface and (ii) formally establish

a (partial) correctness pro of of the translation to CQL.

W e will pro ceed as follo ws. First w e presen t in Section 2

the system b y sho wing and commen ting an in teractiv e ses-

sion with our protot yp e. T o that end w e also in tro duce

CQL, since its regular expression t yp es are used as condi-

tions in the graphical in terface whose use will result in the

generation of a CQL expression. The formal dev elopmen t

follo ws in Section 3. In particular w e formally in tro duce the

notions of tableau and PBE query and de�ne their seman-

tics b y translating PBE queries in to CQL queries. Since the

translation in far from b eing trivial w e de�ne the translation

incremen tally , b y progressiv ely increasing the complexit y of
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Apart from some functions suc h as for instance position()
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the translated queries. This will allo w us to p oin t out the

most di�cult or subtle p oin ts of the translation. A partial

correctness result of this translation is also giv en.

Throughout the presen tation w e use some con v en tions and

syn tactic sugar of CDuce/ CQL, most of whic h are quite in-

tuitiv e and need no explanation. On the same v ein, w e just

presen t a v ery simpli�ed v ersion of the language. Space con-

strain ts do not allo w us to do a complete treatmen t, whic h

an yho w w ould not bring an y further insigh t. The in ter-

ested reader can consult the do cumen tation a v ailable on the

CDuce w eb site ( www.cduce.org ) and try the distribution of

the full featured language a v ailable there to o.

2. A GUIDED TOUR
In this section w e presen t a guided tour of PBE ( Pat-

tern by Example ) our graphical query language designed to

help non-exp ert users to write complex queries. PBE uses

CQL as a bac k-end since it generates and ev aluates opti-

mized CQL queries, but other bac k-ends can b e considered.

A ctually , PBE can b e used indep enden tly from CQL, since

its usage only requires the kno wledge of the t yp es that CQL

b orro w from CDuce, t yp es that are v ery close to other t yp e

systems for XML. Ho w ev er, the presen tation of PBE seman-

tics is far simpler in CQL, whic h is the reason wh y w e start

this presen tation b y an o v erview of CQL.

2.1 Presentation ofCQL

The goal is not to giv e a full presen tation of CQL (for that

see [2]) but rather to presen t a minim um set of features that

are enough to presen t PBE. The most imp ortan t feature are

t yp es. PBE and CQL use CDuce's t yp es, whic h can b e seen

as a compact notation for DTDs (actually , for Relax-NG):

T yp es T ::= bt yp e j [ t ] j < tag { A }>[ t ] j Any j v
j T | T j T & T j T n T

RegEx t ::= T j t t j t | t j t ? j t * j t + j "
A ttrs A ::= a= T A j "

T yp es are either typ e c onstructors , that is: basic t yp es (e.g.,

Int , Bool , Char , . . . ); heterogeneous sequences t yp es (delim-

ited b y square brac k ets and whose con ten t is describ ed b y

a t yp e regular expression t ); XML elemen ts (that is, tagged

sequences whose tag ma y con tain a p ossibly empt y list of

attribute t yp e declarations whic h assign t yp es to attribute

names�ranged o v er b y a�); Any , the t yp e of all v alues; v ,

the singleton t yp e that con tains only the v alue v . Or they

are typ e c ombinators , that is, union, in tersection, or di�er-

ence of t yp es. Regular expression t yp es, ranged o v er b y t ,

are obtained from t yp es and the empt y string (denoted b y

" ) b y juxtap osition, union, and the constructors for optional

elemen ts, p ossibly empt y , and nonempt y sequences.

W e will use some con v en tions, in particular the underscore

� _ " to denote Any , PCDATA to denote the regular expression

t yp e Char* , and String to denote the t yp e [Char*] . W e also

use iden ti�ers to denote t yp es (and follo w the con v en tion of

capitalizing them), as in the follo wing declarations

type Bib = <bib>[Book*]

type Book = <book year=String>[Title (Author|Edit)+ Publisher Price]

type Author = <author>[Last First]

type Edit = <editor>[Last First]

type Title = <title>[PCDATA]

type First = <first>[PCDATA]

type Last = <last>[PCDATA]

type Publisher = <publisher>[PCDATA]

type Price = <price>[Int]

whic h de�nes the t yp es for the bibliograph y example w e will

use throughout the pap er.

F or this pap er, CQL expressions are v ariables (ranged o v er

b y x , y , . . . ), constan ts (e.g. true , 1 , 2 , . . . ranged o v er b y

c), the select_from_where expression, the constructors for

sequences (a juxtap osition of blank-separated expressions

delimited b y square brac k ets), and XML elemen ts (a se-

quence expression e lab eled b y a tag and a p ossibly empt y

set of attributes), banged expressions ! e (whic h �op ens�

the sequence e so that, for instance, if e1 ; e2 ; : : : ; en are se-

quences, then [! e1 ! e2 : : : ! en ] returns their concatenation),

and op erators (e.g. = , > , max , if_then_else , ...). V alues,

ranged o v er b y v , are closed expressions that do not con tain

�select�, op erators, or banged sub-expressions.

e ::= x j c j [ e : : : e] j < tag a= e : : : a= e> e j ! e j op (e; ::; e)
j select e from p in e, : : : , p in e where e

The expression select es
from p1 in e1 , ::: , pn in en where ew

deserv es explanation. The expression ew
in the where clause

m ust b e of b o olean t yp e, while the expressions ei 's in the

from clauses m ust return sequences. Select iterates on these

sequences matc hing eac h elemen t of ei against the corre-

sp onding pattern pi . P attern v ariables capture subparts of

the matc hing elemen ts and these v ariables can then b e used

in es
or in the successiv e from clauses. The result of a select

is the sequence of ev aluations of the expression es
in the en-

vironmen ts obtained b y iterating on the from clauses.

P atterns are nothing but t yp es with capture v ariables.

W e distinguish t w o kinds of patterns for capture v ariables:

�simple v ariables patterns� that ha v e the form of a v ariable

and can o ccur wherev er a t yp e can, and �sequence capture

patterns� that ha v e the form x :: t , can o ccur wherev er a

regular expression t yp e can, and capture in x the se quenc e

of all v alues matc hed b y the regular expression t . So in the

CQL query giv en in the in tro duction y is a simple capture

v ariable (the in tersection of t w o patterns succeeds only if

eac h pattern succeeds, therefore y captures the v alue of at-

tribute year only if this is of t yp e 1992--* ), while t captures

the sequence of all titles of the b o ok (in this case just one).

Di�eren tly from union t yp es, that are symmetric, union pat-

terns implemen t a �rst matc h p olicy: the righ t pattern is

c hec k ed only if the left one fails. So, for instance when the

pattern [(x::Author|_)*] is matc hed against a sequence it

captures in x the sequence of all (v alues of t yp e) authors

presen t in it (if an elemen t is of t yp e Author , then it is cap-

tured b y x , otherwise is discarded b y matc hing it against

the wildcard � _ ��i.e. the t yp e Any ).

W e apply the con v en tion to use single quotes to delimit

c haracters and double quotes to delimit strings (whic h are

sequences of c haracters). F or formal and complete de�ni-

tions of the syn tax, the seman tics, and the t yping of CQL

the reader can refer to [2].

2.2 A tour of PBE
W e demonstrate PBE b y querying the do cumen t in Fig-

ure 2 and assuming that it conforms to the CDuce t yp e

Bib de�ned b y the declarations giv en in the previous sec-

tion (from whic h w e omit Edit in order to limit the size of

�gures) that w e will ha v e en tered in the tab �Data� of our

PBE in terface, visible in Figures 3�11.

3

Queries are expressed b y means of table aux . T w o di�eren t

kinds of tableaux are presen ted: Filter table aux and Con-

3

Declarations are generated from a DTD b y the program dtd2cduce .
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<bib>

<book year="1995">

<title>TCP/IP Illustrated</title>

<author>

<last>Stevens</last>

<first>W.</first>

</author>

<publisher>Addison-Wesley</publisher>

<price>65</price>

</book>

<book year="1992">

<title>Advanced Programming in Unix</title>

<author>

<last>Stevens</last>

<first>W.</first>

</author>

<publisher>Addison-Wesley</publisher>

<price>65</price>

</book>

<book year="2000">

<title>Data on the Web</title>

<author>

<last>Abiteboul</last>

<first>Serge</first>

</author>

<author>

<last>Buneman</last>

<first>Peter</first>

</author>

<author>

<last>Suciu</last>

<first>Dan</first>

</author>

<publisher>Morgan Kaufmann Publishers </publisher>

<price>39</price>

</book>

</bib>

Figure 2: reference XML do cument

struct table aux . The former are used for extracting infor-

mation (they are en tered in the upp er half of the in terface),

while the latter are used for building the sequence of XML

v alues that constitutes the result of the query (they are en-

tered in the lo w er half of the in terface). PBE tableaux allo w

for expressing a wide v ariet y of queries. Let us start with

a simple query: �return all b o oks in the bibliograph y�. As-

sume that the do cumen t to b e queried is stored in the doc

(p ersisten t) v ariable. The �lter tableau o�ers a list of p ersis-

ten t XML do cumen ts and the user will c ho ose among them

the doc v ariable as sho wn in the left part of Figure 3.

Figure 3: Filter tableau creation

Once the do cumen t is selected, PBE displa ys the �lter tableau

asso ciated to the t yp e of doc (i.e., Bib ) as sho wn in Figure 4.

The column mark ed b y a # sym b ol represen ts the tag whic h

can b e tested and captured

4

while the fact that the con ten t

4

In the full v ersion of CQL/ CDuce XML tags are full �edged ex-

of Bib elemen ts is a sequence of Book elemen ts (recall, Bib

= <bib>[Book*] ) is represen ted b y Book* . In the ro w, PBE

pro vides fresh v ariables x1 , x2 to capture the corresp ond-

ing comp onen ts and a default (t yp e) constrain t Any whic h

is alw a ys satis�ed

Figure 4: Filter tableau fo r doc

The user who w an ts to capture all the b o oks of the bibliog-

raph y doc in a v ariable books (Figure 5), has just to declare

this v ariable in the corresp onding column (the one lab eled

b y Book* ). The righ t part of the cell remains unc hanged

( Any ), since w e do not need to express further constrain ts

on v ariable books .

Figure 5: A dding va riable books in the �lter tableau

Getting and, presumably , re-structuring the result is p er-

formed b y means of a c onstruct table au that is de�ned in

the lo w er part of the windo w as illustrated in Figure 6.

Construct tableaux are de�ned b y adding new columns and

�lling the cells b y using the v ariables in tro duced in the other

tableaux. F rom the con ten t that is �lled in a cell, PBE de-

duces and inserts the t yp e that lab els the corresp onding

column. Not only do es the construct tableau indicates ho w

the result is re-structured (here w e c ho ose to encapsulate all

b o oks in a <result> tag) but it also pro vides a fresh v ari-

able q1 that denotes the query so that it can b e later reused

(e.g. for de�ning nested queries).

Clic king on the �View query� button righ t b elo w a construct

tableau, mak es PBE compute and displa y in the �Queries�

tab the corresp onding CQL query and its result (Figure 7).

PBE also infers that the t yp e of q1 is [<result>[Book*]*] ,

an information useful in case q1 w as reused in other queries.

As with an y other v ariable, q1 can b e reused b y selecting it in

the pull do wn men u of Figure 3 to whic h it is automatically

added at the momen t of its de�nition.

This �rst example w as v ery simple. W e shall no w presen t

t w o more adv anced examples that illustrate (i ) ho w to pro-

gram nested queries and (ii ) what is the use of sev eral ro ws

pressions that can con tain namespaces and ha v e arbitrary com-

plex t yp es suc h as type AorB = <(`a|`b)>[Any*] .
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Figure 6: Construct tableau creation fo r q1

Figure 7: CQL co de and result fo r q1.

in a �lter tableau. Imagine that w e w an t to de�ne a query

that returns a sequence of elemen ts tagged b y <entry> where

eac h suc h elemen t corresp onds to a b o ok of our example

bibliograph y and con tains its title elemen t as w ell as the

authors' last name elemen ts encapsulated in a <auth> tag.

While the plain English seman tics is a little bit t wisted, the

meaning should b e quite clearer b y lo oking at ho w the query

is expressed in Figure 8.

The �rst �lter tableau is de�ned for the books v ariable

that w as in tro duced (and automatically added in the pull-

do wn men u) b y the previous query , and extracts in title

and a the list of titles (w ell, just one) and of authors of

eac h b o ok, resp ectiv ely . This ro w captures for eac h b o ok

the relationship b et w een its title and its authors. In order

to extract for eac h author in a his/her last-name w e use

a second �lter tableau whic h captures in the v ariable last

the corresp onding information. T o encapsulate eac h <last>

elemen t in a tag <auth> , w e de�ne the construct tableau q3 .

Figure 8: A nested PBE query

This tableau is then reused in the construct tableau of the

query q4 , in whic h the title is requested as w ell as the result

of q3 for this title.

The de�nitions of the queries q3 and q4 and their resp ec-

tiv e results are sho wn in Figure 9. When it is executed

Figure 9: CQL co de fo r queries q3 and q4

standalone q3 returns a single list con taining all the authors

in the bibliograph y (since in that case a is b ound to all au-

thors), as sho wn in the �rst � Result � section of Figure 9.

Instead when it used inside q4 the query q3 encapsulates
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the authors of the b o ok curren tly selected b y the outer it-

eration. It is imp ortan t to notice that q3 do es not o ccur in

the co de for q4 . As a matter of fact, it w ould b e wrong to do

it, as the co de that o ccurs in q4 at the p osition of q3 is not

the co de de�ned for q3 as a stand-alone query . Indeed when

generating the co de q4 PBE m ust generate custom co de for

the call of q3 , that tak es in to accoun t the en vironmen t in

whic h the nested query is ev aluated. The tec hnique w e use

to k eep trac k of the en vironmen t in whic h nested queries

are called and to minimize the n um b er of p ossible patterns

needed for expressing the query are formally explained from

Section 3.2.3 on.

Figure 10: Multiple ro ws tableau

Our last example illustrates the use of sev eral ro ws in a

�lter tableau. Assume that w e w an t to select the b o oks

whose title b egins either b y letter � T � or b y letter � D �.These

constrain ts are expressed in the CQL t yp e algebra resp ec-

tiv ely as ['T' _*] , ['D' _*] . Their �or� is obtained b y the

tableaux in Figure 10, since in PBE m ultiple ro ws are in ter-

preted as union patterns. Note that eac h ro w declares the

same v ariables: ro ws di�er only for their constrain ts (see

also De�nition 3.2 whic h enforces this prop ert y). It is w orth

stressing that b y using the kno wledge of the DTD and the

stated constrain ts of the �lter tableau, PBE deduces t yp e :

['D'|'T' Char*] for the capture v ariable text in the con-

struct tableau. The CQL query generated b y the system

and its result are giv en on Figure 11.

Figure 11: Result of the multi-ro w query

3. FORMAL DEVELOPMENT
In this section w e giv e the the formal de�nition of PBE

b y �rst precisely de�ning its syn tax and then stating its

seman tics via a translation in to CQL.

3.1 PBE syntax
The syn tax of PBE is constituted b y three distinct kinds

of tableaux, �lter table aux and c onstruct table aux that w ere

informally presen ted in the previous section, and c ondition

table aux (or c ondition b oxes ). Let us discuss eac h of them.

3.1.1 Filter tableaux
Filter tableaux are tables in whic h (i ) ro ws are lab eled

b y already de�ned v ariables, (ii ) columns are lab eled b y at-

tribute names, b y a hash sign (exactly one column), and/or

b y t yp e regular expressions and (iii ) cells con tain fresh v ari-

ables and regular expression t yp e constrain ts. F or instance,

in the previous section w e de�ned the follo wing tableau

Book # Title Author+ Publisher Price

b o oks (x1 , t1 ) (x2 , t2 ) (x3 , t3 ) (x4 , t4 ) (x5 , t5 )

whic h �lters the elemen ts that comp ose the sequence de-

noted b y the v ariable b o oks . The user de�nes only the

con ten t of the ro w, the rest (that is the n um b er of columns

and their lab els) are automatically deduced from the t yp e of

�ltered v ariable b o oks , that is Book . But ho w is that PBE

decided to insert a single column lab eled Author+ instead

of�equiv alen tly�, sa y , three columns resp ectiv ely lab eled

Author? , Author , Author* ? The reason to prefer the former

to the latter should b e prett y clear: w e w an t to minimize the

n um b er of �lter columns in order to use as few v ariables as

p ossible. In order to formalize the w a y in whic h this c hoice

is made, w e need the de�nition of se quenc e maximal pr o duct .

First notice that ev ery t yp e regular expression t is of the

form R1R2 : : : Rn (with n� 1) where R i 's are t yp e regular

expressions di�eren t from the juxtap osition. Let us call

R1 : : : Rn the exp ande d form of t . Notice also that ev ery

R i in an expanded form is of the form tR � (where � is either

* , + , ? , or the empt y string�in the latter case tR is either a

regular expression union or a t yp e): w e call tR the b ase of

R . Finally , w e write T1 ' T2 if and only if T1 and T2 denote

the same t yp e (e.g. [(A|B) C] ' [(A C)|(B C)] ; see [1] for

de�nition).

Definition 3.1. L et R1 : : : Rn b e a typ e r e gular expr es-

sion in its exp ande d form and let us denote the b ase of

R i by tR i . R1 : : : Rn is a sequence maximal pro duct if

[ tR i ] 6' [ tR i +1 ] for i = 1 :::(n� 1) .

F or example, � B* B+ C B � is not a maximal pro duct since

the �rst t w o elemen ts ha v e the same base. There exists

a naiv e algorithm to transform ev ery t yp e regular expres-

sion in to a maximal pro duct and consisting in merging con-

secutiv e expressions with the same base (e.g., � t * t � b e-

comes t + and � B* B+ C B � b ecomes � B+ C B �). There-

fore, henceforw ard w e consider all t yp e regular expressions

b e maximal pro ducts. Notice, ho w ev er, that this is just a

syn tactic prop ert y with no seman tic implication. It hea v-

ily dep ends on w a y the user wrote DTD's for data: for in-

stance, � (A|B)* (A*C+|B*C+) � is a maximal pro duct al-

though � (A|B)* C+ � w ould b e a smarter denotation.

Definition 3.2. L et T b e an XML typ e, a �lter tableau

asso ciate d to T is:
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T # a1 � � � ak R1 � � � Rn

y (x0 ; t1
0 ) (x1 ; t1

1 ) � � � (xk ; t1
k ) (xk +1 ; t1

k +1 ) � � � (xk + n ; t1
k + n )

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

y (x0 ; tm
0 ) (x1 ; tm

1 ) � � � (xk ; tm
k )(xk +1 ; tm

k +1 ) � � � (xk + n ; tm
k + n )

wher e

1. y is a variable of typ e [ T *] or a p ersistent r o ot of

typ e T ,

2. T = < tag { a1 = T1 : : : ak = Tk }>[ R1 : : : Rn ] ,

3. R1 : : : Rn is a maximal pr o duct,

4. x j ar e fr esh variables ( j = 0 : : : k + n ),

5. t i
j ar e r e gular expr ession typ es ( i = 1 ::m; j = 0 ::k + n ).

Henceforth w e will mainly w ork on what w e call (improp erly

in the case of �lter tables) ro ws of a tableau and w e use the

follo wing compact notation to denote the (set of ) ro w(s) of

a �lter tableau

FT (yj tag jkj(x0; ~t0 )j(x1 ; ~t1 ) : : : (xk ; ~tk )j(xk +1 ; ~tk +1 ) : : : (xk + n ; ~tk + n ))

where tag is the tag of the XML t yp e asso ciated to y , k the

n um b er of its attributes and eac h

~t i represen t the v ector

t1
i ; : : : ; t m

i

3.1.2 Construct tableaux
A c onstruct table au is a single ro w table that de�nes the

structure of the result of a query . The user sp eci�es the tag

in whic h the result m ust b e encapsulated and adds as man y

columns as (subsequences of ) elemen ts in the result. Eac h

elemen t is sp eci�ed b y �lling the cell in the corresp onding

column with a v ariable whose t yp e will determine the la-

b el of the column. F or instance, the construct tableau of

Figure 10 is:

<title> [ ('D'|'T') Char* ]

q5 text

In general, users can de�ne not only the tag of the result

but also its attributes, whic h yields the de�nition:

Definition 3.3. If x1 ; :::; x k + n ar e variables, a1 ; :::; ak ar e

attribute names and tag is an expr ession denoting a tag, then

they de�ne the fol lowing construct tableau

tag a1 � � � ak R1 � � � Rn

y x1 � � � xk xk +1 � � � xk + n

wher e R i is the (r e gexp) typ e of xk + i ( i = 1 : : : n� k ) and y a

fr esh variable of typ e [(< tag { a1 = t1 : : : ak = tk }>[ R1 : : : Rn ])*] .

As w e did for �lter tableaux w e in tro duce a compact nota-

tion to denote a ro w of construct tableau, that is

CT (yjtagjkj(a1; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) ,

where k is the n um b er of attributes.

3.1.3 Condition Box
PBE condition b o xes are the same as in QBE, that is, they

CONDITION BOX

e1

.

.

.

en

are used to sp ecify constrain ts. In

particular, condition b o xes are useful

for declaring join conditions b et w een

t w o v ariables. Condition b o xes are of

the form as sho wn on the side, that is

they are single column tables whose

ro ws con tain a CQL expression of b o olean t yp e. Usually

these expressions are applications of op erators to v ariables,

suc h as the equalit y of t w o v ariables x = y (a t ypical condition

used for joins) or to a v ariable and constan ts, suc h as y > 5. As

w e did for �lter and construct tableaux w e in tro duce some

sp ecial notation to record ro ws of condition b o xes. F or the

sak e of the presen tation w e consider just a v ery sp ecial case

of conditions formed b y the application of a binary b o olean

op erator to either v ariables or v alues. Then a ro w of a con-

dition b o x con taining expression e1 op e2 will b e represen ted

as CB ( op ; e1 ; e2) .

3.1.4 PBE Queries

Definition 3.4. A PBE query is de�ne d by a non-empty

set of p ersistent r o ots, a �nite set of �lter table aux, a �nite

non-empty set of c onstruct table aux, and an optional c ondi-

tion b ox.

In order to b e w ell de�ned ev ery free v ariable used in a query

m ust b e either a p ersisten t ro ot or de�ned elsewhere. Notice

also that in the result of a query (i.e. in a construct tableau)

w e do not let the user sp ecify general expressions but just

v ariables (it is a design c hoice); therefore w e also require that

no p ersisten t ro ot app ears free in a construct tableau, since

this w ould b e the same as sp ecifying a constan t. In order

to formally state when a PBE query is correctly de�ned w e

need to in tro duce the notions of free and declared v ariables

of a tableau

Definition 3.5. L et f , c, and d denote the fol lowing thr e e

generic obje cts: f = FT (yj tag jkj(x0 ;~t0)j(x1 ;~t1) : : : (xk ;~tk )j
(xk +1 ;~tk +1 ) : : : (xk + n ;~tk + n )) , c = CT (yjtagjkj(a1; x1) : : :
(ak ; xk )jxk +1 : : : x k + n ) , and d = CB ( op ; e1 ; e2) . The fr e e

and de clar e d variables of these obje cts r esp e ctively ar e

fv(f ) = f yg
fv(c) = f x1 : : : x k + n g
fv(d) = var(e1)[ var(e2)

dv(f ) = f x0 : : : x k + n g
dv(c) = f yg
dv(d) = ?

wher e var denotes the function that r eturns the fr e e variables

of a CQL expr ession.

If O is a set of obje cts, then we denote by fv(O) and dv(O)
the union of the r esp e ctive sets of fr e e and de clar e d variables

of its obje cts.

Definition 3.6. F or a given PBE query let us denote by

P the set of its p ersistent r o ots, by F the set of al l r ows of

its �lter table aux, by C the set of al l r ows of its c ondition

table aux and by � the r ows of a p ossible c ondition b ox. The

query is w ell de�ned if and only if

1. fv(F ) [ fv(C) [ fv(�) � dv(F ) [ dv(C) [ P
2. fv(C) \ P = ?

Note that the freshness conditions in tableaux de�nitions

ensure that ev ery v ariable is declared in one and only one

tableau ro w that it univ o cally iden ti�es.

3.2 Semantics
The seman tics of PBE is de�ned via an (e�ectiv e) transla-

tion from PBE queries (more precisely , from v ariables denot-

ing PBE queries) to CQL queries. The translation is de�ned

in form of inference rules. F or the sak e of presen tation, the

translation is in tro duced gradually in sev eral steps: �rst,

w e de�ne a naiv e translation for unnested queries without

condition b o x. Then, w e observ e that the de�nition cre-

ates some redundancies and mo dify the translation to a v oid

them. Next w e add nested queries, that is, PBE queries

with sev eral in terrelated construct tableaux and, �nally , the

condition b o x.
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3.2.1 Unnested queries without condition
Let P , F , C , and � b e de�ned as in De�nition 3.6. W e

start b y considering the case in whic h b oth � and fv(C) \
dv(C) are empt y (no condition and no nesting).

CT (xjtagjkj(a1 ; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) 2 C
F ` f x i ! l i i = 1 : : : k+ n

F ; C ` s x ! select < tag a1 = x1 : : : ak = xk >

[! xk +1 : : : ! xk + n ] from l1 ; : : : ; l k + n

( R2 )

9f 2 F ; x 2 dv(f ) y 2 fv(f ) \ P

F ` f x ! pattern(f ) in [ y ]

( F3 )

9f 2F ; x2dv(f ) y2 fv(f ) y62P F nf ` f y ! l

F ` f x ! l , pattern(f ) in y
( F4 )

x 62dv(C)

F ; C ` s x ! 

( R6 )

x 62dv(F )

F ` f x ! 

( F2 )

Figure 12: Naive translation of unnested queries without condition.

The inference rules are giv en in Figure 12. The main

judgmen t is F ; C ` s x ! e whic h translates a v ariable

x iden tifying a query�that is, a v ariable declared b y a

ro w in C �in to a CQL query e. This is done in rule R2

whic h straigh tforw ardly generates the select clause (just

notice that elemen t v ariables are banged since they denote

sequences) and relies on a new form of judgmen t to generate

the from clauses. A judgmen t F ` f x ! l generates a list

l of from clauses of the form � p in e � , where p is a CQL

pattern and e is a CQL expression whose form is either [ y ]

or y . As w e assume that there are no nested queries, then all

v ariables free in C m ust b e declared b y one (and only one)

ro w in F (recall that these v ariables cannot b e p ersisten t

ro ots). F or this reason w e just need t w o rules to generate

the from clauses: w e use F3 when the free v ariable of the

F -ro w at issue is a p ersisten t ro ot (in whic h case w e can

stop the searc h since the v ariable is completely de�ned); w e

use F4 when the free v ariable of the F -ro w at issue is a

capture v ariable de�ned in some other ro w (in whic h case

w e ha v e to �nd this ro w and recall the judgmen t ` f un-

der an en vironmen t F from whic h this ro w is remo v ed�to

a v oid lo ops�in order to generate the clauses l that de�ne

this v ariable: these clauses m ust precede the de�nition of

the v ariable, of course). Finally the pattern corresp onding

to a �lter tableau ro w is generated b y the function pattern()

whic h has the follo wing de�nition.

Definition 3.7. L et f b e a �lter table au r ow of the form

FT (yjtagjkj(x0 ; ~t0 )j(x1 ; ~t1 )::(xk ; ~tk )j(xk +1 ; ~tk +1 )::(xk + n ; ~tk + n )) ,

wher e y is of typ e either < s0 { a1 = s1 ::ak = sk }>[ R1 ::Rn ] (i.e.,

y is a p ersistent r o ot), or [< s0 { a1 = s1 ::ak = sk }>[ R1 ::Rn ]*]

(i.e., y is a c aptur e variable), and m denotes the arity of

the various

~t i 's. Then pattern(f ) = p1 | : : : | pm wher e, for

j=1..m, pj is de�ne d as:

<( x0 & t j
0 & sj

0 ) a1 = x1 & t j
1 & sj

1 : : : ak = xk & t j
k & sj

k >[

xk +1 ::sj
k +1 : : : x k + n ::sj

k + n ]

wher e for i = 1 ::n
sj

i + k =
�

t j
i + k & R i if R i is a typ e

t j
i + k &[ R i ] otherwise

The j -th ro w of a �lter table generates the pattern pj com-

p osing a union pattern. In eac h pj , if x i is a v ariable that

captures an attribute, then the pattern asso ciated to x i is

ai = x i & t j
i . Otherwise w e use regular expressions and the

pattern is x i + k :: sj
i + k . The sj

i + k is di�eren t according to

the form of the regular expression t yp e R i . In the case

R i is a t yp e (e.g. the t yp e regular expression Title ), then

sj
i + k = t j

i + k & R i , otherwise (e.g. the t yp e regular expression

Book* , whic h is not a t yp e) sj
i + k = t j

i + k &[ R i ] .

Finally , rules R6 and F2 explicitly manage the case of

ill-de�ned PBE queries b y generating an error, denoted b y


 .

Let us follo w the translation on a PBE query q that groups

the title and the price of eac h b o ok in doc under a new tag

<result> and is de�ned as follo ws

Bib # Book*

do c (x0 ; _ ) ( bks ; _ )
Book # Title Author+ Publisher Price

bks (x1 ; _ ) ( tls ; _ ) (x2 ; _ ) (x3 ; _ ) ( pr c ; _ )

<result> Title Price

q tls pr c

F ormally C = f CT (qj result j0j j tls pr c )g, F = f FT ( do c j
bib j0j(x0 ; Any )j j ( bks ; Any )) ; FT ( bks j book j0j(x1 ; Any )j( tls ; Any )
(x2 ; Any )( x3 ; Any )( pr c ; Any )) g, � = ? .

Rule R2 is ev aluated �rst since there exists a ro w in C
whic h declares the query q. Th us w e ha v e:

. C; F ` s q ! select <result> [ !tls !prc ] from l1 , l2
Since tls is based on the v ariable bks whic h is not a p ersis-

ten t ro ot, then for the computation of l1 corresp onding to

tls w e apply rule F4 , whic h giv es:

F ` f tls ! l3 ,<(x1)>[tls :: Title x2 :: Author+

x3 :: Publisher prc :: Price] in bks

T o compute l3 w e rep eat the op eration on bks whic h b eing

based on the p ersisten t ro ot do c triggers F3 :

F ` f bks ! <(x0)> [ bks :: Book* ] in [doc]

Th us l1 denotes the list:

<(x0)>[ bks :: Book* ] in [doc],

<(x1)>[ tls :: Title x2 :: Author+ x3 :: Publisher prc :: Price] in bks

and the same computation giv es for l2 :

<(x0)>[ books :: Book* ] in [doc],

<(x1)>[ tls :: Title x2 :: Author+ x3 :: Publisher prc :: Price] in bks

In conclusion the rules of Figure 12 translate the PBE query

q in to the follo wing CQL query:

select <result> [ !tls !prc ] from

<(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title x2::Author+ x3::Publisher prc::Price] in bks,

<(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title x2::Author+ x3::Publisher prc::Price] in bks

It is clear that half of the lines in the from clauses are useless.

This redundancy is due to the fact that the rules compute

sev eral times the clauses that de�ne the v ariables tls and

pr c . T o a v oid this duplication w e add a new memoization

en vironmen t that records the set of v ariables already de�ned

during the deduction, as w e sho w in the next section.

3.2.2 Redundancy elimination for unnested queries
without condition

The rules in Figure 13 de�ne a mo di�cation of the previ-

ous translation that eliminates the redundancy w e p oin ted

out, b y using in the ` f -judgmen ts a new en vironmen t �
that stores the v ariables o ccurring in patterns returned b y

pattern().

The rules F3 and F4 , b esides returning the list of clauses l ,
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CT (xjtagjkj(a1; x1):::(ak ; xk )jxk +1 :::x k + n ) 2 C
F ; � i � 1 ` f x i ! (l i ; � i ) � 0= ? i=1 ::k+ n

F ; C ` s x ! select < tag a1 = x1 ... ak = xk >

[! xk +1 : : : ! xk + n ] from l1 ; : : : ; l k + n

( R2 )

x 2 �

F ; � ` f x ! (? ; �)
( F1 )

x 62� 9f 2 F ; x 2 dv(f ) y 2 fv(f ) \ P

F ; � ` f x ! (pattern(f ) in [ y ] ; � [ dv(f ))
( F3 )

x 62� 9f 2 F ; x 2 dv(f ) y 2 fv(f ) y 62P
F nf; � [ dv(f ) ` f y ! (l i ; � 0)

F ; � ` f x ! (l i , pattern(f ) in y; � 0)
( F4 )

x 62dv(C)

F ; C ` s x ! 

( R6 )

x 62� [ dv(F )

F ; � ` f x ! 

( F2 )

Figure 13: Memoization fo r unnested queries without condition.

they no w also return a new en vironmen t � that that enric hes

the curren t one with the v ariables de�ned in l .

The o v erall recording of the de�ned v ariables is p erformed

in the rule R2 b y the premises F ; � i � 1 ` f x i ! (l i ; � i )
where the � i 's are used as accum ulators. Eac h � i indeed

con tains all v ariables de�ned in the preceding en vironmen ts,

that is in an y � k , suc h as k < i (where � 0 = ? ). The last

en vironmen t � n will then con tain all the de�ned v ariables.

The elimination of redundancy is then crucially p erformed

b y the new rule F1 whic h returns an empt y set of from

clauses in the case where the v ariable to b e sough t is already

de�ned�that is, it b elongs to � �: in this case there is

no clause l to add in the construction of the query as all

de�nitions are already presen t. Rule F2 is straigh tforw ardly

mo di�ed.

By applying these rules to the example of the previous

section w e obtain the follo wing CQL query

select <result> [ !tls !prc ] from

<(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title x2::Author+ x3::Publisher prc::Price] in bks

whic h is indeed the one w e exp ected.

3.2.3 Nested queries without condition
W e extend the previous translation to accoun t for nested

queries, that is, queries whose construct tableaux declare

v ariables free in other construct tableaux ( fv(C)\ dv(C)6= ? ).

In tuitiv ely , when during the translation of a query w e

meet a v ariable, w e m ust c hec k whether this v ariable is de-

clared in a �lter tableau (it is in dv(F ) ) or in a construct

tableau (it is in dv(C) ). In the former case w e m ust pro-

ceed as b efore, that is, insert the v ariable as it is in the

select expression and generate the from clauses that de�ne

it. In the latter case, instead of inserting the v ariable in the

select expression w e ha v e to insert the query generated b y

recursiv ely calling the translation.

This is done b y mo difying the R -rules for ` s (the F -rules,

whic h are for ` f -judgmen ts, do not c hange) as sho wn in Fig-

ure 14. In particular this is done in rule R2 whic h for eac h

x i (indep enden tly from whether it is in dv(F ) or in dv(C) )

calls for its translation (premises F ; C ` s x i ! ei ). If the

v ariable is declared in a �lter tableau, this results in calling

x 2 dv(F )

F ; C ` s x ! x
( R1 )

CT (xj tag jkj(a1 ; x1):::(ak ; xk )jxk +1 :::x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g

F ; C ` s x i ! ei i =1 ::k+ n
F ; � h � 1 ` f x j h ! (lh ; � h ) h=1 ::m � 0= ?

F ; C ` s x ! select < tag a1 = e1 : : : ak = ek >

[! ek +1 : : : ! ek + n ] from l1 ; : : : ; l m

( R2 )

x 62dv(F ) [ dv(C)

F ; C ` s x ! 

( R6 )

( F1 ), ( F2 ), ( F3 ), ( F4 ) as in Fig. 13

Figure 14: T ranslation rules fo r nested queries without condition.

the new rule R1 whic h returns the v ariable (no w consid-

ered as a CQL expression), otherwise the rule R2 is called

on the new v ariable and the corresp onding CQL expression

generated. The rule also generates the from clauses for the

v ariables that are in dv(F ) , b y the same tec hnique as b efore.

The rule R6 is mo di�ed since v ariables free in a construct

tableau ma y no w b e de�ned in another construct tableau

(this mo di�cation is not necessary for F2 ).

Bib # Book*

do c (x0 ; _ ) ( bks ; _ )
Book # Title Author+ Publisher Price

bks (x1 ; _ ) ( tls ; _ ) (a; _ ) (x2 ; _ ) (x3 ; _ )
Author # Last First

a (x4 ; _ ) ( ln ; _ ) ( fn ; _ )

<auth> Last First

p ln fn

<result> Title <auth>[Last First]

q tls p

Figure 15: Return titles and autho rs in a new element <result> ,

where the tag auth replaces the tag author .

Let us apply the translation to the tableaux of Figure 15

whic h con tains nested construct tableaux:

C = f CT (qj result j0j j tls p) CT (pj auth j0j j ln fn )g.

T o translate the query q w e apply R2 and in particular

ev aluate F ; C ` s tls ! e0
and F ; C ` s p ! e00

. Since

tls is de�ned in F , then e0
is the CQL v ariable tls . This,

with the call of ` f to generate the de�nitions for tls yields:

select <result>[!tls ! e00
] from

<(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title a::Author+ x2::Publisher x3::Price] in bks

where e00
is the result of the ev aluation of the query p. This

b eing a v ariable de�ned in C �res the rule R2 . Since the

ro w de�ning p only con tains v ariables de�ned in F , then

the translation is as in the previous section, yielding:

select <result>[!tls

!select <auth>[ !ln !fn]

from <(x0)>[books::Book*] in [doc],

<(x1)>[tls::Title a::Author+

x2::Publisher x3::Price] in bks

<(x4)>[ln::Last fn::First] in a

]

from <(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title a::Author+ x2::Publisher x3::Price] in bks

9



W e notice that a new form of redundancy app ears as the

clauses for x0 and x1 are uselessly computed t wice. This is

due to the fact that the w ork done for translating the in-

ner query w as already done when computing the translation

of the outer query . The solution is as b efore, that is, w e

memoize the v ariables already met b y the translation, with

the di�erence that the v ariables to b e stored are no w de-

�ned in C and the en vironmen t that stores them is added

to ` s -judgmen ts.

3.2.4 Redundancy elimination for nested queries with-
out condition

W e need to mo dify only the R -rules, whose judgmen ts

sp ecify no w a en vironmen t � b oth as input and as output.

These t w o � 's resp ectiv ely store and return all the v ari-

ables de�ned in the construct tableau b eing translated, so

that these v ariables are tak en in to accoun t (when generating

from clauses) just once. F -rules instead need no mo di�ca-

tion, ev en though these rules (in particular F2 ) no w w ork

on ric her � 's that con v ey more information.

x 2 dv(F )

F ; C; � ` s x ! (� ; x)
( R1 )

x 62dv(F ) [ dv(C)

F ; C; � ` s x ! 

( R6 )

CT (xj tag jkj(a1 ; x1):::(ak ; xk )jxk +1 :::x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g
F ; � h � 1 ` f x j h ! (lh ; � h ) h = 1 : : : m
F ; C; � m ` s x i ! (� 0

i ; ei ) i = 1 : : : k+ n

F ; C; � 0 ` s x ! (� m ; select < tag a1 = e1 ::ak = ek >

[! ek +1 :: ! ek + n ] from l1 ::lm )

( R2 )

( F1 ), ( F2 ), ( F3 ), ( F4 ) as in Fig. 13

Figure 16: Memoization fo r nested queries without condition.

In particular, R1 and R2 are straigh tforw ardly extended

(b y adding the con text en vironmen t and, for R1 , return-

ing it unmo di�ed). R2 �rst generates all the from clauses

needed at the top lev el, and then it translates p ossibly nested

queries under the en vironmen t � m whic h records all the v ari-

able de�ned in the generation of the top-lev el from clauses.

The rules in Figure 16 translate the tableaux of Figure 15

in to the follo wing (exp ected) query:

select <result>[!tls

!select <auth>[ !ln !fn]

from <(x4)>[ln::Last fn::First] in a

]

from <(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title a::Author+ x2::Publisher x3::Price] in bks

The rules in Figure 16 are not complete, though. A rule is

still missing. The problem is that if in rule R2 � 0 = � m

holds, then the v arious sub-calls to the F -rules w ould not

generate an y clause, th us yielding an empt y from part (and

a syn tax error). This in particular happ ens when all clauses

needed for the de�nition of the v ariables free in some con-

struct tableau w ere already generated. T o see an instance

of the problem, it su�ces to replace in Figure 15 the �rst

construct tableau (the one that de�nes the p v ariable), b y

the follo wing one.

<auth> Author+

p a

for whic h the sole rules of Figure 16 w ould return

select <result>[!tls

!select <auth>[ !a]

from ]

from <(x0)>[bks::Book* ] in [doc],

<(x1)>[tls::Title a::Author+ x2::Publisher x3::Price] in bks

whose syn tax is incorrect since the gra y ed from clause is

empt y . T o a v oid this problem it su�ces to add to the rules

of Figure 16 the follo wing rule R4 that for � 0 = � m returns

[ e] instead of "select e from " :

(if � 0 = � m )

CT (xj tag jkj(a1 ; x1):::(ak ; xk )jxk +1 :::x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g
F ; � h � 1 ` f x j h ! (lh ; � h ) h = 1 : : : m
F ; C; � m ` s x i ! (� 0

i ; ei ) i = 1 : : : k+ n

F ; C; � 0 ` s x ! (� m ; [< tag a1 = e1 : : : ak = ek >

[! ek +1 : : : ! ek + n ] ] )

( R4 )

With this new rule the previous example translates to:

select <result>[ !tls ![<auth>[!a]] ]

from <(x0)>[bks::Book*] in [doc],

<(x1)>[tls::Title a::Author+ x2::Publisher x3::Price] in bks

3.2.5 Nested queries with condition.
Finally , the most general case, in whic h � 6= ? needs the

new rules C1-C7 of Figure 17. These ha v e as input F , � and

� and generate a CQL condition C that translates the ro ws

that use v ariables in � (that is, v ariables used b y the query

b eing translated). The output also includes the list l of

from clauses that w ere created during the construction of C .

These clauses are created when � uses v ariables not already

treated (hence, not b elonging to � ). Of course, w e need to

k eep trac k of these v ariables for subsequen t analysis steps, in

order to a v oid the creation of duplicated from clauses. This

explains the third output of ` c , an en vironmen t � 0
that

collects all the newly encoun tered and treated v ariables.

The �rst t w o C -rules handle the base cases where there

are no conditions to create, either b ecause � is empt y and

th us the query b eing translated do es not de�ne an y new

v ariable ( C1 ) or b ecause there are no more condition ro ws

to translate ( C2 ). Rule C3 handles the case where the se-

lected condition uses only one v ariable x and this v ariable

is not already de�ned b y a from clause (i.e., x 62� ) . This

means that the condition is not relev an t for the query b e-

ing created, and therefore w e ma y drop this condition-b o x

ro w and con tin ue with other conditions. Rule C4 handles

the case of one-v ariable condition where the v ariable w as

already treated. Rules C5 and C6 are the t w o-v ariables

coun terparts of C3 and C4 , resp ectiv ely (in this sense C1

is an optimization of C3 and C5 ). Finally , rule C7 handles

the case of a t w o-v ariable condition, where just one of the

t w o v ariables has not b een treated (it is not in � ). Since one

of the t w o v ariables is already de�ned, w e ha v e to generate

the from clauses that de�ne the other one, whic h is done

b y the last premise in the rule. W e omitted the symmetric

cases of C3 , C4 , and C7 in whic h op erands are sw app ed.

The R -rules are mo di�ed as w ell, in particular b y the ad-

dition of � to the inputs and of the calls to ` c to generate

conditions. When these calls do not generate an y condition

(rules R2 , R4 ), then the rules w ork as b efore. If instead

the calls generate a condition C , then this is added to the

translation. Rule R3 adds C as the where clause of the

generated select expression (plus all the generated from
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x 2 dv(F )

F ; C; � ; � ` s x ! (� ; x)
( R1 )

(if � 0 6= � m )

CT (xjtagjkj(a1; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g

F ; � h � 1 ` f x j h ! (lh ; � h ) F ; C; � m ; � ` s x i ! (� 0
i ; ei )

F ; � m ; � ` c (? ; ? ; � m ) i = 1 : : : k+ n h = 1 : : : m

F ; C; � 0 ; � ` s x ! (� m ; select < tag a1 = e1 : : : ak = ek >

[! ek +1 : : : ! ek + n ] from l1 ; : : : ; l m )

( R2 )

(if � 0 6= � 0
)

CT (xjtagjkj(a1; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g

F ; � h � 1 ` f x j h ! (lh ; � h ) F ; C; � m ; � ` s x i ! (� 0
i ; ei )

F ; � m ; � ` c (C; l c ; � 0) i = 1 : : : k+ n h = 1 : : : m

F ; C; � 0 ; � ` s x ! (� 0; select < tag a1 = e1 ::ak = ek >

[! ek +1 :: ! ek + n ] from l1 ::lm , lc where C)

( R3 )

(if � 0 = � m )

CT (xjtagjkj(a1; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g

F ; � h � 1 ` f x j h ! (lh ; � h ) F ; C; � m ; � ` s x i ! (� 0
i ; ei )

F ; � m ; � ` c (? ; ? ; � m ) i = 1 : : : k+ n h = 1 : : : m

F ; C; � 0 ; � ` s x ! (� m ; [< tag a1 = e1 : : : ak = ek >

[! ek +1 : : : ! ek + n ] ] )

( R4 )

(if � 0 = � m )

CT (xjtagjkj(a1; x1) : : : (ak ; xk )jxk +1 : : : x k + n ) 2 C
f x j 1 ; : : : ; x j m g = dv(F ) \ f x1 ; : : : ; x k + n g

F ; � h � 1 ` f x j h ! (lh ; � h ) F ; C; � m ; � ` s x i ! (� 0
i ; ei )

F ; � m ; � ` c (C; ? ; � m )
i = 1 : : : k+ n h = 1 : : : m

F ; C; � 0 ; � ` s x ! (� m ; if C then [< tag a1 = e1 : : : ak = ek >

[! ek +1 : : : ! ek + n ] ] else [] )

( R5 )

x 62dv(F ) [ dv(C)

F ; C; � ; � ` s x ! 

( R6 )

x 2 �

F ; � ` f x ! (? ; �)
( F1 )

x 62� [ dv(F )

F ; � ` f x ! 

( F2 )

x 62� 9f 2 F ; x 2 dv(f ) y 2 fv(f ) \ P

F ; � ` f x ! (pattern(f ) in [ y ] ; � [ dv(f ))
( F3 )

x 62� 9f 2 F ; x 2 dv(f ) y 2 fv(f )
y 62P F nf; � [ dv(f ) ` f y ! (l i ; � 0)

F ; � ` f x ! (l i , pattern(f ) in y; � 0)
( F4 )

F ; ? ; � ` c (? ; ? ; ? )
( C1 )

F ; � ; ? ` c (? ; ? ; �)
( C2 )

r = CB ( op ; x; v ) 2 � x 62�
F ; � ; � nr ` c (C; l; � 0)

F ; � ; � ` c (C; l; � 0)
( C3 )

r = CB ( op ; x; v ) 2 � x 2 �
F ; � ; � nr ` c (C; l; � 0)

F ; � ; � ` c (C and ( x op v ) ; l; � 0)
( C4 )

r = CB ( op ; x1 ; x2) 2 � x1 62� x2 62�
F ; � ; � nr ` c (C; l; � 0)

F ; � ; � ` c (C; l; � 0)
( C5 )

r = CB ( op ; x1 ; x2) 2 � x1 2 � x2 2 �
F ; � ; � nr ` c (C; l; � 0)

F ; � ; � ` c (C and ( x1 op x2 ) ; l; � 0)
( C6 )

r = CB ( op ; x1 ; x2) 2 � x1 2 � x2 62�
F ; � ; � nr ` c (C; l1 ; � 0) F ; � 0 ` f x2 ! (l2 ; � 00)

F ; � ; � ` c (C and ( x1 op x2 ) ; l1, l2 ; � 00)
( C7 )

Figure 17: T ranslation rules fo r nested queries with condition.

clauses). Rule R5 handles the sp ecial case in whic h the v ar-

ious sub-calls generates an empt y set of from clauses (it is

the non-empt y condition coun terpart of rule R4 ) and there-

fore there is no select expression to whic h stic k C as a

where clause: in this case an if_then_else CQL op erator

is used instead.

Bib # Book*

do c (x0 ; _ ) (bks; _ )

Book # Title Author+ Publisher Price

bks (x1 ; _ ) ( tls 1 ; _ ) (x2 ; _ ) (x3 ; _ ) (x4 ; _ )

Entries # Entry*

bstore2 (x5 ; _ ) ( r eviews ; _ )

Entry # Title Price Review

reviews (x6 ; _ ) ( tls 2 ; _ ) (x7 ; _ ) (x8 ; _ )

<result> Title

q tls 1

CONDITION BOX

tls 1 = tls 2

Figure 18: Titles that app ea r b oth in doc and in bstore2 .

The PBE query of Figure 18 de�nes the query Q5 of XML

Query Use Cases [8], whic h is in teresting since it con tains a

join condition tls 1 = tls 2 . The generation of the corresp ond-

ing CQL query , relies on rule C7 , when the from clause for

tls 1 o ccurring � has b een created, but tls 2 has not b een

de�ned y et. The result is:

select <result>[!tls1

from <(x0)>[bks::Book*] in [doc],

<(x1)>[tls1::Title x2::Author+ x3::Publisher x4::Price] in bks,

<(x5)>[reviews::Entry*] in [bstore2],

<(x6)>[tls2::Title x7::Price x8::Review ] in reviews

where tls1=tls2

The translation of w ell-de�ned PBE queries alw a ys termi-

nates and yields w ell-t yp ed CQL expressions, as stated b y

the follo wing theorem

Theorem 3.8. L et Q = ( F ; C; P ; �) b e a PBE query.

F or every x 2 dv(C) ther e exists a unique e such that the

judgment F ; C; ? ; � ` s x ! e is pr ovable. F urthermor e, if

Q is wel l de�ne d, then e is a wel l-typ e d CQL expr ession (in
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p articular, e 6= 
 ) up to exhaustiveness of p attern match-

ing.

5

3.3 Further design issues
So far the in terpretation of tableaux, although tec hnically

di�cult, is rather uncon tro v ersial: the giv en seman tics im-

plemen ts what one in tuitiv ely exp ects from tableaux. There

are ho w ev er some design c hoices that are not so ob vious and

that can b e in teresting to allo w more adv anced uses of the

language. In particular, should constrain ts giv en in some �l-

ter tableau for a v ariable de�ned in a di�eren t �lter tableau

apply lo cally or globally? Note that the latter c hoice is

the one done b y QBE Also, should w e relax the restrictions

on v ariables declared on m ultiple ro ws of a �lter tableau,

accept ro ws that declare distinct v ariables, and considered

them as in tersection patterns? F or space reasons the dis-

cussion of these t w o options (whic h are easily implemen ted

and curren tly under consideration for inclusion in PBE) are

a v ailable at www.cduce.org/paper/pbe.pdf .

4. CONCLUSION AND FUTURE WORK
PBE is a graphical in terface that allo ws users with little

or no kno wledge of XP ath, X Query , or CQL to de�ne com-

plex and optimized queries on XML do cumen ts. The only

required skill is to b e able to understand XML t yp es written

using prett y in tuitiv e and standard con v en tions of t yp e reg-

ular expressions. A t road test w e found the usage of PBE

quite simple and in tuitiv e. Of course this is a sub jectiv e

view, but PBE has t w o ob jectiv e and imp ortan t adv an tages

with resp ect to other graphical query languages. The �rst is

that it generates queries that are pro v ably correct with re-

sp ect to t yp es. The t yp e of the result is displa y ed to the user

and this constitutes a �rst and immediate visual y ardstic k

to c hec k seman tic correctness of the resulting query . The

second adv an tage is that its seman tics is formally�th us,

unam biguously�de�ned, and this is an imp ortan t adv ance-

men t o v er some curren t approac hes in whic h the standard

usage and learning metho ds are based on �trial and error�

tec hniques (a.k.a. �clic k and hop e�).

The implemen tation of PBE dev elop ed in OCaml is in

alpha-testing and a v ailable at www.lri.fr/~miachon/pbe .

It relies for its graphical part on LablGTK, on the CDuce's

t yp e engine for computing table en tries, and uses CQL as

bac k-end. Its kismet is its inclusion in the o�cial CDuce dis-

tribution ( www.cduce.org ), but b efore some impro v emen ts

are still needed. Some are purely ergonomic, suc h as the

p ossibilit y of de�ning DTDs b y using tableaux, the early

detection of useless �lter tableaux ro ws (see F o otnote 5),

the elimination of explicit v ariables b y replacing them b y

�drag-and-drop� tec hniques. Others are enhancemen t fea-

tures: foremost w e w an t to allo w the user to split an auto-

matically generated column in to sev eral equiv alen t ones (for

instance, if a user w an ts to capture exactly the second author

of a b o ok, (s)he should b e allo w ed to split the Author+ col-

umn of the �rst �lter tableau in Figure 8 in to three columns,

one for the �rst author, another for the second author, and

5

The de�nition of w ell-de�ned query do es not ensure that all the ro ws

of a �lter tableau are useful. F or instance, ev ery ro w follo wing a ro w

with all constrain ts equal to Any will nev er b e used. This prop ert y

can b e easily c hec k ed at construction time but its de�nition w ould

ha v e required the in tro duction of sev eral tec hnical de�nitions of the

CDuce t yp e system. W e preferred to k eep the de�nition simple, as

these errors are statically detected as so on as the query is generated

(more precisely , as so on as the pattern () funcion is called).

a last one for the remaining authors); but w e w an t also de-

vise a w a y to express unions or complex constrain ts without

the necessit y of writing complex t yp e regular expressions in

�lter tableau ro ws.

In our future plans there also is the use for PBE of dif-

feren t bac k-ends, in primis X Query . Suc h a mo di�cation is

not straigh tforw ard b ecause XP ath selections are not as �ne

grained on sequences as PBE ones. If for instance w e query

a do cumen t of t yp e <a>[B* C* B*] and insert a v ariable in

the �rst column of the corresp onding �lter tableau, then this

v ariable m ust b e translated in to an XP ath expression with

a non-trivial condition that captures all B elemen ts whose

left siblings do not include C elemen ts.
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