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Abstract— The development and the maintenance of Web
sites are difficult tasks. To maintain the consistency of ever-
larger, complex Web sites, Web administrators need effective
mechanisms that aid them in fixing every possible inconsistency.
In this paper, we present an extension of a methodology for semi-
automatically repairing faulty Web site which we developed in a
previous work. As a novel contribution, we define two correction
strategies with the aim of increasing the level of automation of
our repair method. Specifically, the proposed strategies minimize
both the amount of information to be changed and the number
of repair actions to be executed in a faulty Web site to make it
correct.

I. INTRODUCTION

A Web site needs constant updating and maintenance to
evolve and stay current. Typically, these are not trivial tasks,
since large and complex Web sites are nowadays quite com-
mon, and very often they are designed in a way that it is
rather difficult to keep the information correct and up-to-date.
We believe that formal approaches can bring many benefits to
such important issues, giving support to automated Web site
verification and repairing.

A lot of research work has been invested in consis-
tency management and repairing of software applications and
databases, whereas similar technologies are much less mature
for Web systems. In [1], a repair framework for inconsistent
distributed documents is presented that complements the tool
xlinkit [2]. The main contribution is the semantics that maps
xlinkit’s first order logic language to a catalogue of repairing
actions that can be used to interactively correct rule violations
though it does not predict whether a repair action can provoke
new errors to appear. Also, it is not possible to detect whether
two formulae expressing a requirement for the Web site are
incompatible. Similarly, in [3], [4] an extension for the tool
CDET [5] is presented. This extension includes a mechanism
to remove inconsistencies from sets of interrelated documents,
which first generates direct acyclic graphs (DAGs) represent-
ing the relations between documents and then repairs are
directly derived from such DAGs. In this case, temporal rules
are supported and interference and compatibility of repairs are
not completely neglected. Unfortunately, this compatibility is
expensive to check for temporal rules. Both approaches rely on
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basic techniques borrowed from the field of active databases
[6]. Current research in this field focuses on the derivation of
active rules that automatically trigger repair actions leading to
a consistent state after each update [7].

In our previous work on GVERDI [8], [9], [10], we

presented a rewriting-like approach to Web site verification
and correction. Our methodology allows us to automatically
recognize erroneous information appearing in a Web site w.r.t.
a given formal specification, and then to repair the detected
bugs by means of the execution of a sequence of repair actions
which are semi-automatically inferred by the system. Since
different repair actions can be executed to repair the same
error, our method is tuned to deliver a set of correct repair
actions to choose between.
Our contribution. Our repair framework [9] along with all the
other repair methodology we cited above do not investigate the
relations/dependencies among errors. Such an analysis can be
a potential source of optimization and may increase the level
of automation of a repair system. Indeed, errors in a given
Web site are often deeply interrelated. This fact suggests us
that correcting a given bug may lead to an automatic fix of a
“related” bug without executing any other repair action.

In this paper, we extend our repair methodology [9] in
several ways. First, we carry out a systematic analysis on
the relations among correctness errors, then we exploit it in
order to formalize two possible correction strategies: the M-
strategy allows one to minimize the number of repair actions to
be executed, while the MN O-strategy reduces the amount of
information to be changed/removed to fix the Web site. In both
cases, it is worth noting that the number of errors we need to
correct to get a repaired Web site 1 is much less than the total
number of errors occurring in W. Consequently, employing
such strategies guarantees a better performance of our repair
system. To our knowledge, no repair system supports such kind
of optimization based on repair strategies, although it can lead
to a faster and simpler correction of the faulty Web site.
Plan of the paper. The rest of the paper is structured as
follows. Section II summarizes some preliminary definitions
and notations. In Section III, we formulate a simple method for
translating XHTML/XML documents into Herbrand terms and
we recall the notion of simulation used to recognize erroneous
patterns inside the Web site. In Section IV, we formalize
correctness errors that can be detected as an outcome of the
verification technique. Section V provides an analysis of the
relations among correctness errors, while in Section VI the



notion of correction strategy is given and the M-strategy as
well as MN O-strategy are formulated. Section VII concludes
and discusses future work.

II. PRELIMINARIES

We call a finite set of symbols alphabet. Given the alphabet
A, A* denotes the set of all finite sequences of elements over
A. Syntactic equality between objects is represented by =.

By V we denote a countably infinite set of variables
and ¥ denotes a set of function symbols, or signature. We
consider varyadic signatures as in [11] (i.e., signatures in
which symbols have an unbounded arity, that is, they may be
followed by an arbitrary number of arguments). 7(3,V) and
7(X) denote the non-ground term algebra and the term algebra
built on ¥ UV and X. Terms are viewed as labelled trees
in the usual way. Positions are represented by sequences of
natural numbers denoting an access path in a term. The empty
sequence A denotes the root position. By notation w;.ws,
we denote the concatenation of position w; and position ws.
Positions are ordered by the prefix ordering, that is, given the
positions wy,wy, w1 < ws if there exists a position z such
that wy.x = wy. Given S C ¥ UV, Og(t) denotes the set
of positions of a term ¢ which 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 r.
Given a term ¢, we say that ¢ is ground, if no variables occur
in t. A substitution o = {X1/t;, Xa/ts,...} is a mapping
from the set of variables V into the set of terms 7(X%,))
satisfying the following conditions: () X; # X;, whenever
i1 # j, (i) Xjo = t;,1 = 1,..n, and (iii) Xo = X, for
any X € V\ {X1,...,X,}. By ¢ we denote the empty
substitution. Given a substitution o, the domain of o is the
set Dom(o) = {X|Xo # X}. Given the substitution o and
o9, such that Dom(os) C Dom(o1), by o1/02 we define the
substitution { X/t € 01 | X € Dom(o1)\ Dom(o2)}U{X/t €
o2 | X € Dom(o1)NDom(o2)}U{X/X|X & Dom(o1)}. An
instance of a term t is defined as to, where o is a substitution.
By Var(s) we denote the set of variables occurring in the
syntactic object s.

Term rewriting systems provide an adequate computational
model for functional languages. In the sequel, we follow the
standard framework of term rewriting (see [12], [13]). A term
rewriting system (TRS for short) is a pair (X, R), where X is
a signature and R is a finite set of reduction (or rewrite) rules
of the form A — p, A\, p € 7(X,V), A € V and Var(p) C
Var(X). We will often write just R instead of (X, R). A rewrite
step is the application of a rewrite rule to an expression. A term
s rewrites toaterm t viar € R, s —, t (or s —g t), if there
exist a position u € Ox(s), 7 = A — p, and a substitution
o such that s, = Ao and ¢t = s[po],. When no confusion
can arise, we will omit any subscript (i.e. s — t). A term s
is a irreducible form (or normal form) w.rt. R, if there is no
term ¢ s.t. s —g t. t is the irreducible form of s w.r.t. R (in
symbols s HIR t) if s =% ¢ and t is irreducible.

We say that a TRS R is terminating, if there exists no
infinite rewrite sequence ¢ty —p t2 —r ... A TRS R is

confluent if, for all terms s,t;,ts, such that s —% t; and
s —' to, there exists a term ¢ s.t. t; —% t and tp —7% t.
When R is terminating and confluent, it is called canonical. In
canonical TRSs, each input term ¢ can be univocally reduced
to a unique irreducible form.

Let s = t be an equation, we say that the equation s = ¢
holds in a canonical TRS R, if there exists an irreducible
form z € 7(,V) w.rt. R such that s —'% 2 and t —' 2. A
condition is a finite set of equations. We say that a condition
C holds in a canonical TRS R, if for each eqn € C, eqn holds
in R. The empty condition () trivially holds in any canonical
TRS R.

III. DENOTATION OF WEB SITES

Let us consider two alphabets 7" and 7ag. We denote the
set T* by Text. An object t € 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 a given term
algebra 7(7extU7ag) (see Figure 1). Note that XML/XHTML
tag attributes can be considered as common tagged elements,
and hence translated in the same way. A Web site is a finite
collection of ground terms {p; ...py}.

In the following, we will also consider terms of the non-
ground term algebra 7(Zext U Tag,V), which may contain
variables. An element s € 7(7Text U Tag,V) is called Web
page template. In our methodology, Web page templates are
used for specifying erroneous/incorrect patterns which may
be recognized in the Web pages. In order to mechanize the
detection of such patterns inside a Web site, we will employ
a tree simulation mechanism which is described in the next
section.

A. The simulation relation

The notion of simulation in our context allows us to analyze
and extract the partial structure of a Web page which is subject
to verification. To keep our framework simple, we do not
consider a semantic change/load for labels; this would require
to introduce ontologies, which are outside the scope of the
work.

Simulations have been used in a number of works dealing
with querying, transformation, and verification of semistruc-
tured data (cf. [14], [15], [16], [17], [18]).

Our notion of simulation, <, is an adaptation of Kruskal’s
embedding (or “syntactically simpler”) relation [19] where we
ignore the usual diving rule' [20].

Definition 3.1 (simulation): The simulation relation

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

on Web page templates is the least relation satisfying the
following rules:

e X <t foreach X € V, t € 7(TextUTay,V);

I'The 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
i.



<book>
<code> GR </code>
<title>
The Art of Gardening
</title>
<author>
<name>
Gino
</name>
<surname>
Rossi
</surname>
</author>
<year> 2006 </year>
</book>

Fig. 1.

o f(ty,...,ty) < g(s1,...8,) iff £ = g and t; <
Sr(i)» for i =1,...m, and some injective function 7 :
{1,...m} — {1,...,n}.

Given two Web pages s1 and so, if 51 < so we say that s;
simulates (or is embedded or recognized into) ss. We also say
that sy embeds s;. Note that, in Definition 3.1, for the case
when m is 0 we have ¢ < c for each constant symbol c.

Let us illustrate this definition by means of a rather intuitive

example.
Example 3.1: Consider the following Web page templates

(called sy and sq, respectively):

hpage (surname, status (X) , name, teaching)

hpage (name (mario) , surname (rossi),
status (professor),
teaching (course (logicl), course (logic2)),
hobbies (hobby (reading) , hobby (gardening)))

We observe that the structure of s; can be recognized inside
the structure of s, hence s; < so, while sy £ s7.
The following definition is auxiliary. Let s,t € 7(7ext U
Tag,V) s.t. s < t. We define the set Embs(t) as the set of
all the positions in t which embed some subterm of s. For in-
stance, consider the terms f(k, g(c)), and f(b, g(c), k). Then,
f(k,g(C)) g f(b,g(C), k)’ and Embf(k,g(c))(f(b7g(c)> k)) =
{A,2,2.1,3}.

IV. ERRORS AND REPAIR ACTIONS

In our previous work [8], we defined a specification lan-
guage along with a verification technique for the definition
and the validation of formal properties over Web sites. Among
the features our framework provides, it allows one to detect
erroneous/forbidden information in a Web site yielding as
outcome a set of correctness error evidences which basically
represent pieces of faulty information (i.e. correctness errors).
More formally, a correctness error evidence (also called error
evidence) is a quintuple (p,w, [, o, C) such that

1) lo is a ground instance of a faulty term [ which is

embedded in a subterm pj,, of a given Web page p (in
symbols, lo < p|,,);

book (
code (GR) ,
title(
The Art of Gardening
)y
author (
name (
Gino
)I
surname (
Rossi,
)
)I
year (2006)
)

An XML document and its corresponding encoding as a ground term

2) C is a condition such that Var(C) C Var(l) and Co
holds in a given canonical TRS R.

In other words, lo represents the erroneous information which
is contained in some subterm of the Web page p, whenever
(an instance of) the associated condition holds; in this case,
we say that (p,w,l, 0, C) represents a correctness error in p.

We denote the set of all the correctness error evidences
which are detected in a Web page p by En(p).

In [9], we proposed a novel framework for fixing erroneous
as well as incomplete information in a Web site. For this pur-
pose, in correspondence with error evidences, we introduced
a catalogue of repair actions which can be applied to the
faulty Web site. The methodology infers a set of suitable repair
actions that are (semi)automatically generated and executed in
order to remove inconsistencies and wrong data from the Web
site. The primitive repair actions we consider for repairing
correctness errors are the following.

o delete(p, w,t) deletes the occurrence of the term ¢ in
the subterm py,, from the Web page p and returns the
modified Web page.

« change(p, w,t) replaces the subterm Pl in p with the
term ¢ and returns the modified Web page.

The former repair action gets rid of a piece of wrong infor-
mation included in a Web page by deleting it, whereas the
latter allows us to replace the data that are responsible for
the error. While performing a delete(p, w, t) action is always
safe, since it does not introduce any new bug; the execution of
a change(p, w,t) might generate brand new correctness error
evidences, if we admit the insertion of arbitrary, unchecked
information ¢. To this respect, in [9] we established conditions
to guarantee a safe behaviour of any change action; global
as well as local properties have been formalized in order to
ensure that, after having run a change action, the number of
correctness errors evidences decreases. More formally,
Definition 4.1: Let p € 7(7ext U Tag) be a Web page.
Then, the repair action p’ = change(p,w,t) is safe, iff
En(t) =0 and |Ex(p')| < |En(p)|, where | S| is the function



returning the cardinality of a given set S.

Throughout this paper, we assume that change actions are
always safe. We say that a Web page p is repaired, if Ey (p) =
0.

Example 4.1: Let us consider the (piece of) Web page of
Figure 2(a). Such a document models some features regarding
a book. Let us suppose that the code of every book must be
computed by concatenating the surname of the author together
with the publication year. Let R be a canonical TRS modeling
the usual concatenation function +4-. Thus, p contains an error
which can be easily recognized by running our verification
system [10], which generates the following error correctness
evidence:

(p, A, book(code(X), author(surname(Y)), year(Z)),
{X/GR,Y/Rossi, Z/ 2006}, {X =Y ++Z}).

A possible repair for such an error can be obtained by running
the safe repair action change(p, 1, code(Rossi2006)). The
result of this operation is shown in Figure 2(b).

V. CORRECTNESS ERROR DEPENDENCIES

Typically, a given Web page can contain several correctness
errors which may be somehow connected. Since the execution
of a repair action might fix more related errors simultaneously,
it is crucial to discover whether an error depends on other
errors. In this section, we analyze the dependencies among
error correctness evidences. Later on, we will exploit this
information in order to develop two correction strategies with
the aim of minimizing the amount of information the user need
to change or delete.

First of all, let us consider the simple position ordering
among error correctness evidences, which can be induced from
the positions of the errors in the considered Web page. Such
an ordering is formalized by means of the following definition.

Definition 5.1: Let e; = (p,wi,l1,01,C1) and eq =
(p,wa,la,02,C2) be two correctness error evidences in
EN(p). Then, €1 =< €2 iff w1 < wa.

We say that e; and e, are not comparable (w.r.t. <) iff e; A e
and €9 ﬁ €e1.

By exploiting the ordering of Definition 5.1, we are able to
prove the following result.

Proposition 5.1: Let p € 7(7ext U Tag) be a Web page,
and e; = (p,w;,l;,04,C;) € En(p), i = 1,...,n, such that
e1 X ez X ... =2 e,. The following results hold:

o If p' = change(p,wy,t) is a safe repair action, then

piwl =t is repaired.

o If p’ = delete(p,wy,t) is a repair action, then p?wl is

repaired.
In other words, Proposition 5.1 states that repairing a given
correctness error evidence e; = (p,wsy,l1,01,Cq) allows us
to automatically fix any error which is included in the term
Plw, - But, what happens when errors are not comparable w.r.t.
=, or we decide to fix an error which is not the smallest in
the ordering? Is it still possible to fix more than one error at

a time? In the following, we deepen our analysis about the
relation among correctness error evidences in order to answer
these questions. Let us start giving an auxiliary definition.

Definition 5.2: Let e; = (p,wi,l1,01,C1) and eq =
(p, wa,la,09,C5) be two correctness error evidences in
Exn(p). We say that ey overlaps e; in w (in symbols,
es W4 e€1), iff (1) eg = eo, and (ii) there exists w =
min(Emby, (pjw, ) N Emby, (pw,)), where min(X) = w s.t.
w < w; for all w; € X. When position w is not relevant
or clear from the context, we simply write ex overlaps e or
ey QO €.
By notation e A e;, we denote that e does not overlap e;.
Given two correctness errors evidences e; and ey of a Web
page p, we can distinguish three possible scenarios:

1) ey and ey are not comparable w.r.t. < (see Figure 3(a));

2) e1 = eg and ey does not overlap e; (see Figure 3(b));

3) eo overlaps e; (see Figure 3(c)).
©

Distinct kinds of error dependencies.

(a)

Fig. 3.

In Scenario 1, correctness error evidences e; and es are com-
pletely independent, and hence the repair of one of them does
not affect the correction of the other one. This fact together
with Proposition 5.1 lead us to an obvious optimization of the
correction framework which is formalized by the M-strategy
described in Section VI

Let us consider now Scenario 2. In this case, still by
Proposition 5.1, we are able to automatically fix e; by just
repairing e;. Vice versa, fixing ex will not help in fixing e,
as stated in the next proposition.

Proposition 5.2: Let p € 7(7ext U Tag) be a Web page.
Let e1 = (p, wy,ly, 01, Cl) and ey = (p, wa, lo, 09, 02)
be two correctness error evidences in Epy(p) such that
e1 =< e and eo L e. If p = action(p,wa,t),
action € {delete,change}, then (i) pfwg is repaired, (ii)
(p',w1,l1,0',C1) € En(p’) for some substitution o”.

Example 5.1: Consider the Web page p = f(g(a), k(b))
and the following correctness error evidences e; =
(0, A, f(X) AX/h(D)},0}), 2 = (p,2,h(Y), {Y/b},0).
Thus, e; < es and ey does not overlap e;. Now observe that
we can fix ey by either removing subterm h(b) or changing
subterm h(b) with a suitable repaired term ¢. In both cases,
such a repair will not fix e;.

In Scenario 3, e; and ey are “connected”, since e; =< eg
and e overlaps e;. Roughly speaking, this fact tells us that
the correctness error evidence ey is partly “contained” in e
and thus fixing e; might also yield a fix for e;. Anyway, this
is not always the case as the next example shows.
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Fig. 2.
change(p, 1, code(Rossi2006)).

Example 5.2: Consider the Web page p = f(g(a), (D))

and the following correctness error evidences e; =
(p. A, F(h(X)).{X/b},0), e2 = (p,2, h(X), {X/b},0). Thus,
e1 = eg and ey overlaps e;. We can fix ey by changing, for
instance, h(b) with h(a). As you can observe such a fix would
not repair e; automatically, while by removing h(b) or by
replacing h(b) with term [(c) we would fix both es and e;
just by executing a single repair action.
As Example 5.2 illustrates, some conditions are necessary in
order to automatically achieve a fix for e; by simply correcting
eo2. The next proposition clarifies the ingredients we need to
this purpose.

Proposition 5.3: Let p € 7(7ext U Tag) be a Web page.
Let e = (p,w1,l1,01,C1) and es = (p,wa,ls,09,Cs) be
two correctness error evidences in Ey(p) such that e; < eg
and e overlaps e; in w. The following results hold:

o If p’ = delete(p,ws,t), then (i) p?w is repaired,

(i) (p',w1,l1,0") € En(p’), with o’ substitution;

o If p’ = change(p,w»,t) and ly),, 4 t, then (i) pTwQ is
repaired,

(i) (p',w1,l1,0") € En(p’), with ¢’ substitution;

o If p' = change(p,ws,t), ly,0’ < t for some substi-
tution ¢’, and C1(01/0’) does not hold, then (i) p{,, is
repaired, (ii) (p',w1,l1,01/0’,C1) € En(p').

Roughly speaking, Proposition 5.3 states that

o when a delete action is chosen to fix a correctness
error evidence eg, which overlaps a smaller (w.r.t. <)
correctness error evidence e, such an action will always
fix e; as well.

o Instead, when a repair action p’ = change(p, ws,t) is
taken in order to fix e, some extra conditions which
constrains the term ¢ to be inserted must be fulfilled to
automatically fix e;. Basically, these conditions establish
that either (an instance of) the faulty term [; is not
recognized in p’ or, if such an instance is detected,
the associated condition does not hold. This suffices to
guarantee that (p’,wy,ly,01/0’,C1) € En(p').

VI. CORRECTION STRATEGIES

As we explained in Section IV, a given correctness error
evidence e in a Web page p can be fixed by executing a suitable
repair action a. By (e, a) we denote a pair containing a repair

Author

Rossi2006

Art of Gardening l Name l lSumamel l 2006 l

(b)

(a) A Web page p which embeds an error correctness evidence. (b) The Web page p’ generated by the execution of the repair action
pag pag g y p

action a that fixes e. Moreover, by notation p’ = a(p) we
intend the execution of the repair action a on the Web page p
which returns the Web page p’.

Definition 6.1: Let p € 7(7ext U7 ag) be a Web page, and
E(p) = {ex,...,en} be the set of correctness error evidences
of p. A correction strategy for p is a sequence

((e1,a1),...(e2,an)),
where aq, . ..a, are repair actions such that

D po=p;

2) pi=ai(pi-1), 0<i<n.
and p,, is repaired.

Roughly speaking, given a faulty Web page p, a correction
strategy for p allows one to fix all the bugs in p by running
all the repair actions occurring in the strategy.

As we shown in Section V, fixing a correctness error evi-
dence may automatically repair others bugs. This fact suggests
us that a correctness strategy does not necessary contain a pair
(e,a) for any correctness error evidence e which appears in a
faulty Web page. In the following, we describe two possible
correction strategies which exploit the results of Section V:
the former aims at minimizing the number of actions which
are needed to repair a Web page; instead, the purpose of
the latter one is to reduce the amount of information to be
removed/changed while correcting a Web site. In both cases,
we assume that for any e € Ex(p), we have an error/action
pair (e, a) at hand, and we call the set containing such pairs
EA(p). In other words, we associate a repair action a with
every correctness error evidence e.

A. The minimal strategy.

First of all we provide a partial ordering over EA(p) which
is directly induced by the ordering < over correctness error
evidences.

Let p € 7(7Text U Tag) be a Web page. Given (e1,aq),
(e2,a2) € EA(p),

(61,&1) ET (62,&2) iff €1 j €9.

We say that (e, a) € EA(p) is minimal w.r.t. Cr iff there does
no exist (¢/,a’) € EA(p) such that (¢/,a’) Cr (e, a).
Now, let us observe the following facts.
o Fact 1: By Proposition 5.1, we note that for any
(e,a),(e',a’) € EA(p) such that (e,a) Cr (€¢/,a’), the



execution of the repair action a will fix both e and €’
Therefore fixing a correctness error evidence e which
corresponds to a minimal (e,a) € EA(p) w.r.t. Cp will
fix all the correctness error evidences e’ which are greater
than e without running any other repair action.

o Fact 2: Given (e1,a1), (e2,a2) € EA(p) both minimal

w.r.t. Cp, e; and e, are not comparable w.r.t. <.
In the light of these facts, it should be rather clear that it suf-
fices to fix those errors corresponding to minimal error/action
pairs to fix the whole Web page.

Definition 6.2 (Minimal strategy): Letp € 7(7extU7ag)
be a Web page, and E(p) be the set of correctness error
evidences of p. A minimal strategy (or M-strategy) for p
is a sequence ((e1,a1),...(em,am)), (e, a;) € EA(p), i =
1,...m, such that each (e;, a;) is minimal w.r.t. Cr.
Roughly speaking, only the repair actions associated with
errors evidences rooted at minimal positions are executed to
make the Web page correct.

Proposition 6.1: Let p € 7(7Text U Tag) be a Web page.
Then the M-strategy for p is a correction strategy for p.

Moreover, since minimal error/action pairs only refer to not
comparable (w.r.t. <), and thus independent, correctness error
evidences, we may run each repair action of the M-strategy in
parallel, whenever a parallel architecture is available, speeding
up the correction process.

Example 6.1: Consider the Web page

p = f(9(10), h(d),20)
together with the following error/action pairs:

((p, A, f(9(X),20), {X/10}, {X < 20}),
change(p, A, f(g(20), 10))

and ((p,2,h(Y),{Y/d},0),delete(p, 2, h(d)). In this case,
the M-strategy corresponds to the unary sequence

(((p, A, f(9(X),20),{X/10}, {X < 20}),

change(p, A, f(¢(20),10))).
Taking into consideration only minimal error/action pairs

allows us to define a correction strategy which minimizes the
number of actions we need to perform for repairing a Web
page as the next result states.

Proposition 6.2: Letp € 7(7extUTag) be a Web page and
T be the M-strategy for p. Then, for every correction strategy
S for p, length(T) < length(S), where length(-) computes
the number of error/action pairs of a given correction strategy.

B. Minimal non-overlapping strategy.

The M-strategy typically forces the user to mod-
ify/introduce a lot of information in a Web page p, even if only
minor changes are required to fix p. Let us see an example.

Example 6.2: Let us consider the Web page

p = f(g(a), k(m(c)), h(a))

and the set Ex(p) = {(p, A, f(9(X),h(Y)),{X/a,Y/a},
{X=Y})},(p,1,9(a),e,0)}. The M-strategy would only fix
the “minimal” error at the root position. This fact might force

the user to provide a quite big amount of information in case
a change action is taken, even when a close variant of p was
enough to fix the bug.

For instance, if the chosen change action was
change(p, A, f(g(b), k(m(c)),h(a))), the wuser should
re-enter the whole Web page p with just a small change at
position 1.1.

Instead, if we repaired (p,1,g(a),e,d) by means of the
following action change(p, 1, g(b)), the user would correct
both errors by introducing a smaller amount of information.
The idea behind the minimal non-overlapping strategy is thus
to “push” the corrections towards the leaves of the Web page
as much as possible and to automatically propagate them up
to the root position.

Obviously, given two error evidences e and ¢’ sucht that
e’ < e, correcting e does not guarantee to automatically fix e’
(see, for instance, Example 5.1). Indeed, by Proposition 5.2,
whenever an error evidence ¢’ does not overlap a given error
evidence e, there is no possibility to automatically spread a
correction for e up to €¢’. On the other hand, under suitable
conditions, overlapping error evidences allow one to infer a
repair on ¢’ by just fixing e (see Proposition 5.3).

Therefore, the strategy works as follows. First of all, given
a Web page p, we partition Ey (p) into the two following sets:

e« NOVL(p) = {e € En(p) | Pe', ¢ T e}

« OVL(p) = En(p) \ NOVL(p).

Clearly, Ex(p) = NOVL(p) U OVL(p). We call error ev-
idences in NOVL(p) (resp., in @VL(p)) non-overlapping
(resp., overlapping) error evidences. Note that a non-
overlapping error evidence e cannot be automatically fixed
by executing a repair action on an error evidence e’ such
that e < ¢/, since correction effects cannot be propagated up.
However, this is the case of the overlapping error evidences
which may be implicitly affected by other repairs. Indeed, the
following facts hold.

Fact 1.Given an overlapping error evidence e, there must
exist a non-overlapping error evidence ¢’ such that
e=<eée.

Fact 2.Let e,eg,e1,...€,, n > 0, be correctness error
evidences. If e is an overlapping error evidence such
that ey overlaps e and e < e, X e,_1,... = g, then
e; overlaps e, 1 = 1,...n.

These facts along with Proposition 5.1 hint us that fixing
only non-overlapping error evidences suffices to get a repaired
Web page; since (i) all the error evidences which are greater
w.r.t. = than the considered non-overlapping error evidences
will be repaired as stated by Proposition 5.1; (ii) for each
overlapping error evidence e, there is always ¢’ € NOVL(p)
which overlaps e, hence repairing ¢’ will also fix e whenever
the following safeness property is fulfilled:

Definition 6.3: Let p € 7(TextU7ag) be a Web page. Let
e = (p,w,l,0,C) € NOVL(p), and (e, change(p,w,t)) €
EA(p). Then, the safeness property for (e, change(p, w,t)) €
EA(p) states that for each
e = (p,w',l',o',C") € OVL(p) such that ¢/ < e, one of the
following conditions must hold:



Ok

ov

/ |

ok no no ok
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. l’ ﬂt or
. l’ o’ <t for some substitution ¢/, and C’'(c/c’) does
not hold.

Note that the safeness property directly comes from Proposi-
tion 5.3 which guarantees the automatic propagation of the
repairs. Moreover, observe that such property only affects
change actions, since delete actions always enable the cor-
rection propagation.

Let us consider the following partial ordering over the
elements in NOVL(p). Let p € 7(7Text UTag) be a Web page.
Given (e1,a1), (e2,a2) € NOVL(p),

(61,0,1) EB (62,0,2) lff el j €.

We say that (e,a) € NOVL(p) is minimal w.r.t. Cp iff there
does no exist (¢’,a’) € NOVL(p) such that (¢/,a’) Cp (e, a).

Now, we are ready to provide the minimal non-overlapping
strategy.

Definition 6.4 (Minimal non-overlapping strategy): Let
p € 7(Text U Tag) be a Web page, and NOVL(p) be the
set of non-overlapping correctness error evidences of p. A
minimal non-overlapping strategy (or MN O-strategy) for
p is a sequence ((e1,a1),...(em,am)), (ei,a;) € EA(p),
i =1,...m, such that

o cach (e;,a;) is minimal w.r.t. Cp and e; € NOVL(p);

o if a; is a change action, then the safeness property for

(e4,a;) must hold.

Proposition 6.3: Let p € 7(7ext U Tag) be a Web page.
Then the MN O-strategy for p is a correction strategy for p.
In Figure 4, we show how the MN O-strategy works. For the
sake of simplicity we just label each node of the given Web
page with

e 0k, if no error evidence is rooted at the considered node;

e ov, if an overlapping error evidence is rooted at the

considered node;

¢ no, if a non-overlapping error evidence is rooted at the

considered node.

The Web page contains 9 errors, but we just need to fix 3 errors
to get a repaired Web page. Precisely, these errors correspond
to the minimal non-overlapping error evidences occurring in
the Web page.

Example 6.3: Consider the Web page

p = f(g1(ha(ar,a2), ha(b1,b2)), g2(hs(c1), ha))

]EN(p) = {(IL 1791757®>a
(p7 1.1,}7/1(0;2) E7®)a (p71 1.2 , a2, &, Q))
(1,2, 92(h3(X)), {X/c1},0), (p, 2.1, hs(cr), €, 0),
(p,2.1.1,¢1,¢,0)}

Hence,

NOVL(p) = {(p, 1, ¢ ,5 0), (p,1.1.2,as,¢,0),
(p72 70178 @)}

{(pal 1 hl(a2)7€7®) (pa2 92(h3(
(p,2.1,h3(01),5,®)}

The MN O-strategy only corrects minimal non-overlapping
error evidences. A possible MN O-strategy for p might be:

<((pa 1) 91,¢, (Z))a delete(p7 1a g1 (hl(a/la a2)7 hQ(bla b2))7
((p,2.1.1,¢1,¢,0), change(p, 2.1.1, ¢4))).

Note that the safeness property for
((pa 2117 1€, Q)a Change(pa 2117 04))

@VL( ) ))a{X/Cl}7®)v

is fulfilled. The execution of the correction strategy yields the
following repaired Web page f(g2(hs(ca), ha)).

Finally, observe that we needed to fix only two errors out of
six, and just minor fixes were necessary to make the original
Web page correct.

VII. CONCLUSIONS

Maintaining contents of Web sites is an open and urgent
problem since outdated, incorrect/forbidden information is
becoming very frequent in the World Wide Web. In this paper,
we presented a significant extension of our previous work
about Web site correction [9], which improved several aspects
of the repair methodology: (i) we provided a detailed analysis
of errors which clarified the relation among correctness errors
in a Web site; (ii) by exploiting the results of the analysis, we
formulated two correction strategies which reduce the number
of repair actions and the amount of information needed to
fix a given Web site; (iii) the considered correction strategies
increase the level of automation of the repair method, since
the user just has to fix a small number of correctness errors to
make the whole Web site correct. As a further work, we intend
to integrate both the M-strategy and the MN O-strategy into
our repair system GVERDI [10], which is publicly available
at www.dsic.upv.es/users/elp/GVerdiR/.
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