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Abstract

In this paper, we present an abstract framework for Web
site verification which improves the performance of a previ-
ous, rewriting-based Web verification methodology. The ap-
proximated framework is formalized as a source-to-source
transformation which is parametric w.r.t. the chosen ab-
straction. This transformation significantly reduces the size
of the Web documents by dropping or merging contents that
do not influence the properties to be checked. This allows
us to reuse all verification facilities of the previous system
WebVerdi-M 1o efficiently analyze Web sites. In order to
ensure that the verified properties are not affected by the
abstraction, we develop a methodology which derives the
abstraction of Web sites from their Web specification. An
experimental implementation shows a huge speedup w.r.t.
a previous methodology which did not use this transforma-
tion.

1. Introduction

Despite the exponential WWW growth and the success
of the Semantic Web, there is limited support today to spec-
ifying, verifying and repairing Web sites at a semantic level.
Some sophisticated Web site management tools have been
recently proposed that provide helpful facilities, including
active rules that automatically fire repair actions throughout
the rich navigational structure of Web sites. Unfortunately,
these tools are mostly focused towards syntactic checking
(see [3, 4, 6] for a wider discussion).

A rewriting-based approach to Web-site verification and
repair was developed in [3, 7]. The methodology applies
to static-HTML/XML Web sites and can discover flaws in
Web sites that are not addressed by classical tools [2, 15, 21]
as these mainly focus on modeling navigational aspects and
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user interaction; see [1]. Our technique is particularly suit-
able to analyze collaborative Web sites, (that is, sites where
several users may freely change/remove data). In this sce-
nario, keeping the static web contents complete and cor-
rect is obviously not trivial and requires advanced veri-
fication capabilities which are naturally supported by our
methodology. In a nutshell, our framework comes with
a Web specification language for defining correctness and
completeness conditions on Web sites. Then, a rewriting-
based verification technique is applied to recognize forbid-
den/incorrect patterns and incomplete/missing Web pages.
This is done by means of a novel technique, called partial
rewriting, in which the traditional pattern matching mecha-
nism is replaced by a suitable technique based on an homeo-
morphic embedding relation for recognizing patterns inside
semistructured documents.

The verification methodology of [3] is implemented in
the prototype WebVerdi-M (Web VErification and Rewrit-
ing for Debugging Internet sites with Maude) [4], written in
Maude [10]. For correctness checking, it shows impressive
performance thanks to the Associativity-Commutativity
(AC) pattern matching and metalevel features supported by
Maude (for instance, verifying correctness over a 10Mb
XML document with 302000 nodes takes less than 13 sec-
onds). Both resource allocation and elapsed time scale lin-
early. Unfortunately, for the verification of completeness, a
(finite) fixpoint computation is typically needed which leads
to unsatisfactory performance, and the verification tool is
only able to efficiently process XML documents smaller
than 1Mb.

In this paper, we develop an abstract approach to Web
site verification which makes use of an approximation tech-
nique based on abstract interpretation [12, 13] that greatly
improves on previous performance. We also ascertain the
conditions which ensure the correctness of the approxima-
tion, so that the resulting abstract rewriting engine safely
supports accurate Web site verification. Since our frame-
work is parametric w.r.t. the considered abstraction, we pre-
cisely characterize the conditions which allow us to ensure
the correctness of the abstraction, which is implemented
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by a source-to-source transformation of concrete Web sites
and Web specifications into abstract ones. Thanks to this
source-to-source approximation scheme, all facilities sup-
ported by our previous verification system are straightfor-
wardly adapted and reused with very little effort. Our ab-
stract verification methodology can be seen as a step for-
ward towards more sophisticated management of dynamic
components of Web sites, which can generate a potentially
infinite number of Web pages and thus cannot be handled by
the more standard methodology in [3]. An extended version
of this work can be found in [5].

Related Work In the literature, abstract interpretation
frameworks have been scarcely applied to analyse Web
sites. In [18] an abstract approach is developed which al-
lows one to analyse the communication protocols of a par-
ticular distributed system with the aim of enforcing a cor-
rect global behavior of the system. [17] uses abstract inter-
pretation for secret property verification: the methodology
applies Input/Output abstract set descriptions to finite state
machines in order to validate cryptographic protocols im-
plementing secure Web transactions.

To the best of our knowledge, this work develops the first

methodology based on abstract interpretation techniques
which is general enough to support the verification of static
as well as dynamic aspects of Web sites. Our inspiration
comes from the area of approximating (XML) query an-
swering [8, 22], where XML queries are executed on com-
pressed versions of XML data (i.e., document synopses) in
order to obtain fast, albeit approximate, answers.
Plan of the Paper The paper is organized as follows. Sec-
tion 2 recalls some standard notions, and introduces Web
site descriptions. In Section 3, we briefly recall the Web ver-
ification methodology of [3]. Section 4 formalizes our tech-
nique for abstract Web site verification and demonstrates
its soundness. Experiments with a prototypical implemen-
tation of our method are described in Section 5. Finally,
Section 6 concludes.

2. Preliminaries

In this section, we briefly recall the essential notions and
terminology used in this paper. We call a finite set of sym-
bols alphabet. By V we denote a countably infinite set
of variables and ¥ denotes a set of function symbols (also
called operators), or signature. We consider varyadic sig-
natures as in [14] (i.e., signatures in which symbols do not
have a fixed arity).

Terms are viewed as labelled trees in the usual way. Po-
sitions are represented by sequences of natural numbers de-
noting an access path in a term. The empty sequence A
denotes the root position. Given S C X UV, Og(t) denotes
the set of positions of a term ¢ that are rooted by symbols in
S. t}, is the subterm at the position u of t. t[r], is the term
t with the subterm rooted at the position u replaced by 7.
Given a term ¢, we say that ¢ is ground, if no variable occurs
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int. 7(X,V) and 7(X) denote the non-ground term algebra
built on XUV and the term algebra built on X, respectively.

Syntactic equality between objects is represented by =.
Given a set S, sequences of elements of S are built with
constructors € :: S* (empty sequence) and . :: SxS* — S*.

A substitution 0 = {X1/t1,...,Xpn/tn} is a mapping
from the set of variables V into the set of terms 7(%,V)
satisfying the following conditions: (i) X; # X, whenever
i # 4, (1) X;0 = t;,1=1,..n, and (4i7) Xo = X, for all
X e V\{Xy,...,X,}. Aninstance of a term ¢ is defined
as to, where o is a substitution. By Var(s) we denote the
set of variables occurring in the syntactic object s.

2.1. Web Site Description

Let us consider two alphabets T" and 7ag. We denote the
set T by Text. An objectt € Tag is called tag element,
while an element w € Text is called fext element. Since
Web pages are provided with a tree-like structure, they can
be straightforwardly translated into ordinary terms of the
term algebra 7(7ext U Tag).

Note that XML/XHTML tag attributes can be consid-
ered as common tagged elements, and hence translated in
the same way. In the following, we also consider terms
of the non-ground term algebra 7(Text U Tag, V), which
may contain variables. Elements of this set are called Web
page templates. In our methodology, Web page templates
are used for specifying erroneous/incorrect patterns which
may be recognized in the Web pages.

In order to describe a Web site, we use the formulation
given in [20]. We use an alphabet P to give names to Web
pages and to express the different transitions between pages.

Definition 2.1 (immediate successors) The immediate
successors relation for a given Web page p is defined by
—p={(p,p") CP x P |p isdirectly accessible from p}.

Definition 2.1 establishes a relationship between the
page p and its immediate successors (i.e., the pages
P1,.-.,Pn that p points to by means of hyperlinks). We
will use the associated computational relations —p, —>7§,
etc., to describe the dynamic behavior of a Web site. For in-
stance, the reachability of a given Web page p’ from another
page p can be expressed as p —% p'.

Definition 2.2 (Web site) A Web site is defined as a set of
reachable Web pages from an initial Web page, and is de-
noted by

W = {pi,... Ji,1<i<n,

>pn}> S.L.

Definition 2.2 formalizes the idea that a Web site has an
initial Web page which allows one to visit the whole Web
site. Note that there may exist several initial Web pages of
a given Web site.
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Example 2.3 The algebraic description of a simple Web
site modeling an on-line auction system is shown in Fig-
ure 1. It contains information regarding open and closed
auctions, auctioned items, and registered users.

3. Rewriting-based Web Verification

In this section, we briefly recall the formal verification
methodology proposed in [3], which allows us to detect for-
bidden/erroneous contents as well as missing information in
a Web site.

3.1. The Web specification language

A Web specification is a triple (R, Ix,Irr), where R,
Iy, and I, are a finite set of rules. The set R contains
the definition of some auxiliary functions which the user
would like to provide, such as string processing, arithmetic,
boolean operators, etc. R is formalized as a term rewriting
system, which is handled by standard rewriting [23].

The second set I describes constraints for detecting er-
roneous Web pages (correctNess rules).

The third set of rules I,; specifies some conditions
signaling incomplete/missing Web pages (coMpleteness
rules). A completeness rule is defined as | — r (q) where
[ and r are terms and q € {E,A}. Completeness rules of a
Web specification formalize the requirement that some in-
formation must be included in all or some pages of the Web
site. We use attributes (A) and (E) to distinguish “universal”
from “existential” rules.

In the following we restrict ourselves to completeness
verification (see [3] for a description of the full methodo-

logy).

Example 3.1 A Web specification for the on-line auction
system of Example 2.3 is also shown in Figure 1. It con-
tains four completeness rules. The first (existential) rule
formalizes the following property: if there is a Web page
with the information about the seller of an open-auction,
then such a seller must be registered. The second rule also
states an existential property: if there is an auctioned item
that is listed in two or more categories, then at least two of
these categories must be “unit” and “pack”. The third rule
formalizes the following universal property: for each client
registered in the Web site, a page must exist containing his
name. The last rule states that, for every item that is sold, a
closed auction associated to the item must exist.

3.2. Homeomorphic embedding and partial
rewriting

Partial rewriting extracts “some pieces of information”
from a page, pieces them together, and then rewrites the
glued term. The assembling is done by means of a sin-
gle embedding relation, which allow us to verify whether
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a given Web page template is somehow “enclosed” within
another one and thus replaces the traditional pattern match-
ing [16].

We give a definition of homeomorphic embedding, <,
which is an adaptation of the one proposed in [19], where
(i) a simpler treatment of the variables is considered, (ii)
function symbols with variable arities are allowed, (iii) the
relative positions of the arguments of terms are ignored (i.e.
f(a,b) is not distinguishable from f (b, a)), and (iv) we ig-
nore the usual diving rule' [19].

Definition 3.2 (homeomorphic embedding) 7he homeo-
morphic embedding relation

AC 7(Text UTag,V) x 7(Text UTag,V)

on Web page templates is the least relation satisfying:
1. X <t forall X € Vandt € 7(Text UTag,V).
2.ty ytm) <g(s1, .., 8n) iff f = gand
ti J sxiy, fori = 1,...,m, and injective function
m:{Ll,...,m} - {1,...,n}

Whenever s < ¢, we say that ¢ embeds s (or s is embed-
ded or “recognized” in t). The intuition behind the above
definition is that the structure of the template s appears
within the specific Web data term ¢.

Now we are ready to introduce the partial rewrite relation
between Web page templates. W.l.o.g., we disregard condi-
tions and/or quantifiers from the Web specification rules.
Roughly speaking, given a Web specification rule | — r,
partial rewriting allows us to extract from a given Web page
s a subpart of s which is simulated by a ground instance
of [, and then replace s by a reduced, ground instance of r.
Let s,t € 7(Text U Tag,V). Then, s partially rewrites
to ¢ via rule [ — r and substitution o iff there exists a
position u € O7qy(s) such that (i) o < s, and (ii)
t = Reduce(ro, R), where function Reduce(z, R) com-
putes, by standard term rewriting, the irreducible form of x
in R. Note that the context of the selected reducible expres-
sion s|,, is disregarded after each partial rewrite step. By
notation s — 1 ¢, we denote that s is partially rewritten to ¢
using a rule belonging to the set I.

3.3. Web verification methodology

Roughly speaking, our verification methodology works
as follows. We apply a partial rewriting step to p, that is,
we replace the Web page p embedding o with the instanti-
ated right-hand side ro, in symbols p — ro. Each term ro
generated by partial rewriting is considered a requirement.
From the requirements computed so far, new requirements

IThe diving rule allows one to “strike out” a part of the term at the
right-hand side of the relation <. Formally, s < f(t1,... tn), if s <,
for some 7.
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Web site W = {p1, p2, p3, pa, p5 }, where

p1) list-items(
item(id(ite0),name(racket),state(sold),
description(Wilson tennis racket),
incategories(category(catl))),
item(id(itel),name(shirt),state(available),
description(men’s t-shirts),
incategories(category(catl),
category(cat2))),
item(id(ite2),name(shoes),state(sold),
description(women’s shoes),
incategories(category(cat0),
category(cat2))) )

Web specification (I, Iar, R), where Iy = {} and Ips = {r1,r2,73, 74},
r1) open-auction(seller(person(X))) — f#person(#id(X)) ( E)

r2) list-items(item(incategories(X,Y))) — flist-categories(pack(X),unit(Y)) (E)

r3) people(person(id(X))) — fpeople(fperson(fid(X)),name) (A)
r4) list-item(item(id(X),state(sold)) — fclosed-auction(item(X)) (E)

p2) list-categories(
pack(category(cat0)),
unit(category(catl),

category(cat2)) )

Pp4) open-auctions(
open-auction(id(open-auction0),

p3) people(

person(id(per0), name(Eliyahu),
email(eliyahu@cas.cz)),

person(id(per1), name(Melski),
email(melski@cabo.com)),

person(id(per2), name(Conte),
email(conte @forth.gr)),

person(id(per3)) )

item(ite0),

initial(48.51), reserve(77.5), Ps) closed-auctions(

bidder(person(per0)), closed-auction(

seller(person(perl))) ) seller(person(perl)),
buyer(person(per0)),

item(ite0), price(77.5)),
closed-auction(
seller(person(per5)),
buyer(person(per0)),
item(ite2), price(45.2)) )

Figure 1. Web site and Web specification for an on-line auction system.

are generated by means of a fixpoint computation by apply-
ing further partial rewriting steps. Then, by a new home-
omorphic embedding test, we check whether the given re-
quirement ro is recognized within some page of the con-
sidered Web site. If the test fails, a completeness error is
signalled.

When navigating a Web site, it is common to find a num-
ber of pages that have a similar structure but different con-
tents. This happens very often when pages are dynamically
generated by some script which extracts contents from a
database (e.g. in Amazon’s Web site). In the following we
develop an abstract methodology which derives an approx-
imation of Web sites from the considered Web specifica-
tions.

4. Abstract Web site verification

The basic idea of abstract interpretation [12, 13] is to in-
fer information from programs by interpreting (“running’)
them using abstract data rather than concrete ones, thus ob-
taining safe approximations of the programs. The ‘“con-
crete” data and operators are replaced by corresponding
“abstract” (approximated) data and operators. The “an-
swers” obtained by running the program in the domain are
proven sound by exploiting the correspondence between the
abstract and concrete domain.

In this work, we are particularly interested in the abstrac-
tion of completeness process, because in the previous ver-
sion the needed fixpoint computation leads to unsatisfactory
performance (see [4]).

We want to formalize the abstraction as a source—to—
source transformation which translates Web documents and
Web specification rules into constructions of the very same
languages. In this way, the domain of abstract terms D is
equal to the domain of concrete terms D.

Let us introduce the definition of term abstraction «.
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Definition 4.1 (term abstraction o) Let atext :: Tag* X
Text — Text be a text abstraction function.

o T(Text UTag,V) — 7(Text U Tag, V)
a(t) = a(e t)

where the auxiliary function & is given by

& Tag* x 7(Text UTag,V) — 7(Text U Tag, V)
&(,z) =z, ifr eV
d(C, f(tlv atn)) :f(&(cfv tl)a ) &(C'f? tn))’ lff € T(lg

G(c,w) =atext(c,w), ifw € Text

Particularly, the reader may notice that elements of 7Text
are abstracted by taking into account the chain of zags under
which a particular piece of text appears. This is formalized
by means of the text abstraction function

atext :: Tag* x Text — Text

which is left undefined and is actually the formal parameter
of the definition.

The text abstraction function should be conveniently
fixed in order to tune the abstraction for each particular do-
main. For instance, in the case where no fag distinction is
needed, each element in text could be simply replaced by
some abstract fresh, constant symbol d.

In order to achieve correctness of the abstraction, we re-
strict our interest to text abstraction functions atext which
distinguish those pieces of text that are observed by the Web
specification rules and then potentially affect the result of
the verification.

The auxiliary function gen_emb_tt 7 (c,t) allows us to
know whether a sequence of tags c (with leaf ¢) is recog-
nized within some rule of the Web specification 7. This
allows us to determine whether a term within a Web page
needs to be carefully considered.

Now text abstraction functions are required to obey the
following correctness condition w.r.t. .
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Definition 4.2 (correctness condition w.r.t. W) Let W be
a Web site and J be a Web specification. Let s,t € Text
be any two pieces of text in W. For every ¢ € Tag* such
that gen_emb_tt 7(c, s) = True and gen_emb_tt 7 (c,t) =
T'rue, the text abstraction function atext satisfies

s £t = atext(c,s) # atext(c,t)

The condition above formalizes the idea that, whenever
two pieces of text are indistinguishable in the abstract do-
main, then they are also indistinguishable in the concrete
domain.

4.1. Abstract Web specification

The abstraction of the completeness Web specification
rules is simply based on abstracting the terms occurring in
the left-hand and right-hand sides of the rules.

Definition 4.3 (abstract specification rule)

Let o :: 7(Text UTag,V) — 7(Text U Tag,V) be a term
abstraction function with text abstraction function atext ::
Tag* x Text — Text. Let ripy =1 — r{q) be a complete-
ness rule. We denote by rl$; the abstraction of rlys, where

rlyy = a(l) = a(r)(q).

Example 4.4 Consider the completeness rule ry of Ex-
ample 3.1. By fixing the text abstraction function
atext(c,x) = last(x) where last(w) returns the last ele-
ment of the sequence w, the computed abstract complete-
ness rule a(ry) is list-item(item(id(X), state(d)) —
fclosed-auction(item(X))(E).

When no confusion can arise, we just write riy, =
[* — r*{q). The Web specification (I, Ips, R) is lifted

to (1§, 15, R) element-wise 2.

4.2. Abstract Web site

Let us introduce a compression function for terms which
is used as a preprocess prior to the abstraction of a given
Web site.

4.2.1. Web Compression pre—processing

Given f(t1,....,t,) € 7(7Zext U Tag), the function
COMPRESS(f (1, -.-,tn), Ins) packs together those sub-
terms of f(¢1,...,t,) which are at the same depth and
rooted by the same root symbol while ensuring that the ar-
ity of f after the transformation is not smaller than maximal
arity of f in I;. This condition of maximal arity of f in Iy,
ensures that a partial rewrite step on an abstract term is al-
ways enabled, whenever the corresponding partial rewrite
step can be executed in the concrete domain (see [5] for
more detail).

Now we are ready to formalize our notion of Web site
approximation.

2 Abstraction of correctness rules can be found in [5].

4.2.2. Web site abstraction

In order to approximate a Web site, we start from an initial
Web page and recursively apply the successor relation (—),
while implementing a simple depth-first search (DFS) [11].

Definition 4.5 (Abstract Web Site) Let W be a Web site,
p be an initial page of W, and (In, Ip, R) be a Web spec-
ification. Then, the abstraction of W is defined by:

(W) = DEs(p, 0, Inr)
Where function DFS is given in Algorithm 1.

Algorithm 1 Web site abstraction.
Input:
p = 71(Text UTag,V)
W set(r(Text UTag,V))
I a set of completeness rules
Output:
We =set (r(Text UTag,V))
1: function DFS (p, W<, Ip;)
2:  p%* «— COMPRESS(a(p), Ip)
3 W WU {p“}
4;  forallis.t (p,p;) €—, and
COMPRESS(«(p;), Inr) € W* do
5 W* — DFS(p;, W%)
6: end for
7 — W
8: end function

4.3. Abstract verification soundness

Informally, our abstract verification methodology ap-
plies to the considered abstract descriptions of the Web
site and Web specification. Given a Web specification
(In, I, R) and a Web site W, we first generate the corre-
sponding abstractions (Ig, If;, R) and W*. Then — since
we consider a source to source transformation — we apply
our original verification algorithm [3] to analyse W< w.r.t.
(I, 157, R). We call abstract error, each error which is de-
tected in W< using (1%, I§;, R) by the verification method-
ology.

In order to guarantee the soundness of the abstract diag-
nosis, we have to ensure that, when fed with the abstracted
data, the partial rewriting relation, —, correctly approxi-
mates the behavior of the partial rewriting relation over the
corresponding concrete representation. In the following,
we present some results which state the soundness of our
abstract representation. The extended version of this work
(see [5]) contains the proofs of these results. First of all we
introduce the notion of abstract embedding, which is used
to establish a relation between concrete and abstract terms.

Definition 4.6 (abstract embedding) The abstract embed-
ding relation

< C 7(Text UTag,V) x 7(Text U Tag, V)
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()

(t)
Figure 2. Abstract embedding
w.r.t. a function atext :: Tag* x Text — Text on Web page

templates is the least relation satisfying the rules:
1. X <ft forall X € Vandt € 7(Text UTag, V).

2. f(tr, oo tm) L g(s1,...,s0) iff f = g and
t; < spay fori=1,...,m, and
some total function 7 :: {1,...,m} — {1,...,n}

3. c < iff ¢ = atext(w, ) for some x € Tag*.

By using Definition 4.6, we are able to map any con-
crete path of a concrete term into a path of an abstract term:
the structure and the labeling of ¢ are represented in a com-
pressed and suitable relabeled version of ¢ in which many
paths of ¢ are mapped to one shared path of the abstract de-
scription as stated by the following proposition.

Proposition 4.7 Let t € 7(Text U Tag,V). Let «
T(Text UTag,V) — 7(Text UTag, V) be a term abstrac-
tion function whose text abstraction function is atext ::
Tag* x Text — Text. Then, t ' a(t) w.rt. atext.

Roughly speaking, Proposition 4.7 says that a(t) safely
approximates the (concrete) term .

Example 4.8 Consider the terms t, and to of Figure 2. Let
atext :: Tag* x Text — Text be defined as {(f.g,a) —
¢, (f.g,b) — d}. Assume that there exists a Web specifi-
cation in which the maximal arity of g equals to 1, so that
the compression of the t1’s nodes labeled with g is enabled.
Then, a(ty) =ty and to < a(ty) w.rt. function atext.

In the following, we demostrate that whenever a partial
rewrite step t;1 — to is executed in the concrete domain, a
partial rewrite step over the abstract counterpart is enabled,
in symbols a(t1) — th, such that ¢, still simulates the ob-
tained abstract term ¢}, w.r.t. <F.

Proposition 4.9 Let o :: 7(Text U Tag,V) — 7(Text U
Tag,V) be a term abstraction function with text abstrac-
tion function atext Tag* x Text — Text. Let
J = (In,In, R) be a Web specification, and J¢ =
(I%, Iy, R) be the abstract version of J .
Ift() —TInr tq —In oo —Inm tn, n >0, then
1. O{(to) —re t/l B R t;,'

2. t, <Pt wrt. atext
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Given an (abstract) partial rewrite sequence S¢
a(ty) — re, th — e .. =g t, we call abstract com-
pleteness requirement any term appearing in S®. Now, the
concrete verification methodology works as follows: first,
we compute the concrete completeness requirements and,
then, we check whether such requirements are fulfilled in
the considered Web site. As explained in Section 3.3, a
completeness requirement 7 is a term which occurs in a par-
tial rewrite sequence of the formp =ty —~ ¢ — t2... —
t, = 7, where p € 7(Text U Tag) is a Web page of the
Web site W and r € 7(Text U Tag) is the computed (com-
pleteness) requirement. Our novel abstract methodology
exploits Proposition 4.9 to avoid the computation of con-
crete requirements, since they are safely approximated by
their abstract descriptions.

The fact that any concrete completeness requirement is
safely approximated by an abstract completeness require-
ment ensures that the abstract verification is safe, that is,
whenever an abstract requirement is fulfilled in the abstract
Web site, each concrete representation is fulfilled in the con-
crete domain. This allows us to conclude the absence of
concrete errors in the case when no abstract errors are de-
tected. Note that —whenever we detect an abstract com-
pleteness error— we are not able to guarantee the presence
of a concrete completeness error. This is mainly due to the
fact that the abstraction can enable partial rewriting steps
over abstract descriptions which are not possible in the con-
crete domain. Thus, there might be an abstract requirement
which does not correspond to any concrete requirement.

S. Implementation

An experimental implementation a'Verdi of the abstract
framework proposed in this paper has been developed and
compared to the previous Verdi implementation for the re-
alistic test cases given in [4]. Table 1 shows some of the re-
sults we obtained for the simulation of the Web specification
rules for an on—line auction system in five different, ran-
domly generated XML documents. Specifically, we tuned
the generator xmlgen (available within the XMark project
[9]), for scaling factors from 0.01 to 0.1 to produce XML
documents whose size ranges from 1Mb (corresponding to
an XML tree of about 30 thousand nodes) to 10Mb (corre-
sponding to an XML tree of about 301 thousand nodes).

Time

Nodes | Mb Verdi Abstraction
App aVerdi
30th| 1 165.34 s 11s 0.92s
90th| 3| 1,768.65s 154 s 3.01s
150th| 5| 4,712.39s 732s 52.45 s
241th| 8| 12,503.85s | 5,330s | 186.22s
301th| 10| 21,208.28s | 8,132s | 285.51s

Table 1. Verdi and aVerdi Benchmarks
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The results shown in Table 1 were obtained on a personal
computer equipped with 1Gb of RAM memory, 40Gb hard
disk and a Pentium Centrino CPU clocked at 1.75 GHz run-
ning Ubuntu Linux 7.04.

Column Verdi shows the runtime of the original Verdi
tool. Column App shows the time used for the approxima-
tion of the Web site w.r.t. the corresponding abstract Web
specification. Finally, column aVerdi shows the execution
time of the abstract verification tool aVerdi.

The preliminary results that we have obtained demon-
strate a huge speedup w.r.t. our previous methodology. At
the same time, the abstraction times are affordable given
the complexity and size of the involved data sets: less than
5 minutes for the largest benchmark (10 Mb), with a very
reduced space budget. We note that the original Verdi im-
plementation was only able to process efficiently XML doc-
uments whose size was not bigger than 1Mb.

6. Conclusion

Web developing tends to create data that exhibit many
commonalities which often result in extremely inefficient
Web site verification models and methodologies. This paper
describes a novel abstract methodology for Web sites analy-
sis and verification which offsets the high execution costs of
analyzing complex Web documents. The framework is for-
malized as a source-to-source transformation which is para-
metric w.r.t. the abstraction and translates the Web docu-
ments and their specifications into constructions of the very
same languages, so that an efficient implementation can be
easily derived with very little effort. The key idea for the
abstraction is to exploit the sub—structure similarity that is
commonly found in HTML/XML documents. Note that no
automatic abstraction refinement is needed because no rel-
evant parts are lost due to abstraction.

To conclude, by the approximation scheme formalized so
far, we are able to apply the original verification framework
to abstract data, providing an extremely efficient analysis
which is able to ensure the absence of completeness errors
in the concrete descriptions quickly, saving time to the user.
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