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Query Answering in Inconsistent Databases
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Abstract. In this chapter, we summarize the research on querying inconsistent
databases that we have been conducting during the last five years. The formal
framework that we have used is based on two concepts: repair and consistent query
answer. We describe different approaches to the issue of computing consistent query
answers: query transformation, logic programming, inference in annotated logics,
and specialized algorithms. We also characterize the computational complexity of
this problem. Finally, we discuss related research in artificial intelligence, databases,
and logic programming.

1 Introduction

In this chapter, we address the issue of obtaining consistent information from
inconsistent databases – databases that violate given integrity constraints.
Our basic assumption departs from the everyday practice of database man-
agement systems. Typically, a database management system checks the sat-
isfaction of integrity constraints and backs out those updates that violate
them. However, present-day database applications have to consider a variety
of scenarios in which data is not necessarily consistent:

Integration of autonomous data sources. The sources may separately sat-
isfy the constraints, but when they are integrated the constraints may not
hold. For instance, consider different conflicting addresses for the same per-
son in a taxpayer database and a voter registration database. Each of those
databases separately satisfies the functional dependency that associates a
single address with each person, and yet together they violate this depen-
dency. Moreover, because the sources are autonomous, the violations cannot
be simply fixed by removing one of the conflicting tuples.

Unenforced integrity constraints. Even though integrity constraints cap-
ture an important part of the semantics of a given application, they may still
fail to be enforced for a variety of reasons. A data source may be a legacy
system that does not support the notion of integrity checking altogether, or
integrity checking may be too costly (this is often the reason for dropping
some integrity constraints from a database schema). Finally, the DBMS itself
may support only a limited class of constraints.

Temporary inconsistencies. It may often be the case that the consistency
of a database is only temporarily violated and further updates or transactions
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are expected to restore it. This phenomenon is becoming more and more
common, as databases are increasingly involved in a variety of long-running
activities or workflows.

Conflict resolution. Removing tuples from a database to restore consis-
tency leads to information loss, which may be undesirable. For example, one
may want to keep multiple addresses for a person if it is not clear which is
the correct one. In general, the process of conflict resolution may be complex,
costly, and nondeterministic. In real-time decision-making applications, there
may not be enough time to resolve all conflicts relevant to a query.

To formalize the notion of consistent information obtained from a (possi-
bly inconsistent) database in response to a user query, we propose the notion
of a consistent query answer. A consistent answer is, intuitively, true regard-
less of the way the database is fixed to remove constraint violations. Thus,
answer consistency serves as an indication of its reliability. The different ways
of fixing an inconsistent database are formalized using the notion of a repair.
A repair is another database that is consistent and differs minimally from the
original database.

We summarize the results that we and our collaborators have obtained
so far in this area. We have studied consistent query answers for first-order
and scalar aggregation queries. We have also considered the specification of
repairs using logic-based formalisms. We relate our results to similar work
undertaken in knowledge representation and logic programming, databases,
and philosophical logic. It should be pointed out that we are studying a
very specific instance of the logical inconsistency problem: when the data is
inconsistent with the integrity constraints. We do not address the issue of
how to deal with inconsistent sets of formulas in general. In standard rela-
tional databases negative information is represented implicitly (through the
Closed World Assumption), and inconsistencies appear only in the presence
of integrity constraints.

The trivialization of classical logical inference in the presence of an in-
consistency is less of a problem in the database context because database
systems typically do not support full-fledged first-order inference. It is more
important to be able to distinguish which query answers are affected by the
inconsistency and which are not.

This chapter is structured as follows. In Sect. 2, we define the notions
of repair and consistent query answer (CQA) in the context of first-order
queries. In Sect. 3, we present a corresponding computational methodology
based on query transformation. In Sect. 4, we show how to specify data-
base repairs declaratively using logic programming and annotated logics. In
Sect. 5, we discuss computational complexity issues. In Sect. 6, we show that
in the context of aggregation queries the definition of CQAs has to be slightly
modified, and we discuss the corresponding computational mechanisms. In
Sect. 7, we discuss other related approaches to handling inconsistent infor-
mation. In Sect. 8, we present open problems.
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2 Consistent Query Answers

Our basic assumption is that an inconsistent database is not necessarily going
to be repaired in a way that fully restores its consistency. Therefore, if such a
database is to be queried, we have to distinguish between the information in
the database that participates in the integrity violations, and one that does
not. Typically, only a small part of a database will be inconsistent.

We need to make precise the notion of “consistent” (or “correct”) informa-
tion in an inconsistent database. More specifically, we address the following
issues:

1. giving a precise definition of a consistent answer to a query in an incon-
sistent database,

2. finding computational mechanisms for obtaining consistent information
from an inconsistent database, and

3. studying the computational complexity of this problem.

Example 1. Consider the following relational database instance r:

Employee Name Salary
J .Page 5000
J .Page 8000
V .Smith 3000
M .Stowe 7000

The instance r violates the functional dependency f1 : Name → Salary
through the first two tuples. This is an inconsistent database. Nevertheless,
there is still some “consistent” information in it. For example, only the first
two tuples participate in the integrity violation. To characterize the consistent
information, we notice that there are two possible ways to repair the database
in a minimal way if only deletions and insertions of whole tuples are allowed.
They give rise to two different repairs:

Employee1 Name Salary Employee2 Name Salary
J .Page 5000 J .Page 8000
V .Smith 3000 V .Smith 3000
M .Stowe 7000 M .Stowe 7000

We can see that certain information, for example (M .Stowe, 7000), per-
sists in both repairs because it does not participate in the violation of the FD
f1. On the other hand, some information, for example (J .Page, 8000), does
not persist in all repairs because it participates in the violation of f1 .

There are other pieces of information that can be found in both repairs,
for example we know that there is an employee with the name J. Page.
Such information cannot be obtained if we simply discard the tuples that
participate in the violation.

2
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In the following, we assume that we have a fixed relational database
schema R consisting of a finite set of relations. We also have two fixed, dis-
joint, infinite database domains: D (uninterpreted constants) and N (num-
bers). We assume that elements of the domains with different names are
different. Database instances can be seen as finite, first-order structures over
the given schema that share the domains D and N . Every attribute in every
relation is typed, thus all the instances of R can contain only elements of
either D or N in a single attribute. Because each instance is finite, it has a
finite active domain that is a subset of D∪N . As usual, we allow the standard
built-in predicates over N (=, 6=, <,>,≤,≥) that have infinite, fixed exten-
sions. The domain D has only equality as a built-in predicate. Using all of
these elements we can build a first-order language L.

2.1 Integrity Constraints

Integrity constraints are typed, closed first-order L-formulas. We assume that
we are dealing with a single set of integrity constraints IC which is consistent
as a set of logical formulas. In the sequel, we will denote relation symbols by
P1, . . . , Pm; tuples of variables and constants by x̄1, . . . , x̄m; and a quantifier-
free formula referring only to built-in predicates by φ. We also represent a
ground tuple ā in a relation P as the fact P (ā).

Practically important integrity constraints (called simply dependencies in
[1, Chapt. 10]) can be expressed as L-sentences of the form

∀x̄ ∃ȳ. [

m∨

i=1

Pi(x̄i) ∨

n∨

i=m+1

¬Pi(x̄i) ∨ φ(x̄1, . . . , x̄n)], (1)

where x̄i ⊆ x̄ ∪ ȳ, i = 1, . . . , n.
In this chapter, we discuss the following classes of integrity constraints

that are special cases of (1):

1. Universal integrity constraints: L-sentences

∀x̄1, . . . , x̄n. [

m∨

i=1

Pi(x̄i) ∨

n∨

i=m+1

¬Pi(x̄i) ∨ φ(x̄1, . . . , x̄n)].

2. Denial constraints: L-sentences

∀x̄1, . . . , x̄n. [

n∨

i=1

¬Pi(x̄i) ∨ φ(x̄1, . . . , x̄n)].

They are a special case of universal constraints.
3. Binary constraints: universal constraints with at most two occurrences of

database relations.
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4. Functional dependencies (FDs): L-sentences

∀x̄1x̄2x̄3x̄4x̄5. [¬P (x̄1, x̄2, x̄4) ∨ ¬P (x̄1, x̄3, x̄5) ∨ x̄2 = x̄3].

They are a special case of binary denial constraints. A more familiar
formulation of the above FD is X → Y , where X is the set of attributes
of P corresponding to x̄1 and Y the set of attributes of P corresponding
to x̄2 (and x̄3).

5. Referential integrity constraints, also known as inclusion dependencies
(INDs): L-sentences

∀x̄1 ∃x̄3. [¬Q(x̄1) ∨ P (x̄2, x̄3)],

where the x̄i are sequences of distinct variables, with x̄2 contained in x̄1;
and database relations P,Q. Again, this is often written as Q[Y ] ⊆ P [X]
where X (respectively, Y ) is the set of attributes of P (respectively, Q)
corresponding to x̄2. If P and Q are clear from the context, we omit them
and write the dependency simply as Y ⊆ X. If an IND can be written
without any existential quantifiers, then it is called full.

Denial constraints, in particular FDs, and INDs are the most common in-
tegrity constraints in database practice. In fact, commercial systems typically
restrict FDs to key dependencies and INDs to foreign key constraints.

Given a set of FDs and INDs IC and a relation P with attributes U ,
a key of P is a minimal set of attributes X of P such that IC entails the
FD X → U . In that case, we say that each FD X → Y ∈ IC is a key
dependency and each IND Q[Y ] ⊆ P [X] ∈ IC is a foreign key constraint. If,
additionally, X is the primary key of P , then both kinds of dependencies are
termed primary.

We have seen an FD in Example 1. FDs and INDs are also present in
Example 4. Below, we show some examples of denial constraints.

Example 2. Consider the relation Emp with attributes Name, Salary , and
Manager , where Name is the primary key. The constraint that no employee
can have a salary greater than that of her manager is a denial constraint:

∀n, s,m, s′,m′. [¬Emp(n, s,m) ∨ ¬Emp(m, s′,m′) ∨ s ≤ s′].

Similarly, single-tuple constraints (CHECK constraints in SQL2) are a special
case of denial constraints. For example, the constraint that no employee can
have a salary over $200,000 is expressed as

∀n, s,m.[¬Emp(n, s,m) ∨ s ≤ 200000].

2
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Definition 1. Given a database instance r of R and a set of integrity con-
straints IC , we say that r is consistent if r ² IC in the standard model-
theoretic sense (i.e. IC is true in r); inconsistent otherwise. 2

Reiter [88] characterized relational databases as first-order theories by ax-
iomatizing the Unique Names, Domain Closure, and Closed World Assump-
tions. Each such theory is categorical in the sense that it admits the original
database, seen as a first-order structure, as its only model. In consequence,
satisfaction in a model can be replaced by first-order logical entailment. In
this context, a database is consistent with respect to a set of integrity con-
straints if it entails (as a theory in the sense of Reiter) the set of integrity
constraints. There is an alternative notion of database consistency [91]: a
database is consistent if its union (as a theory consisting of the atoms in
the database) with the set of integrity constraints is consistent in the usual
logical sense. All three notions of a consistent relational database, namely
the two just presented and Definition 1, turn out to be equivalent for rela-
tional databases but may differ for “open” knowledge bases (see [89,90] for a
discussion).

Example 3. Consider a binary relation P (AB) and a functional dependency
A → B. An instance p of P consisting of two tuples (a, b) and (a, c) is
inconsistent according to Definition 1. The following set of formulas,

{P (a, b), P (a, c), b 6= c,∀x, y, z. [¬P (x, y) ∨ ¬P (x, z) ∨ y = z]},

is inconsistent in the standard logic sense. 2

2.2 Repairs

Given a database instance r, the set Σ(r) of facts of r is the set of ground
atomic formulas {P (ā) | r ² P (ā)}, where P is a relation symbol and ā a
ground tuple. The distance ∆(r, r′) between database instances r and r′ is
defined as the symmetric difference of r and r′:

∆(r, r′) = (Σ(r)−Σ(r′) ∪ (Σ(r′)−Σ(r)).

Definition 2. [3] A database instance r′ is a repair of a database instance
r w.r.t. a set of integrity constraints IC if

1. r′ is over the same schema and domain as r,
2. r′ satisfies IC ,
3. the distance ∆(r, r′) is minimal under set containment among the in-

stances satisfying the first two conditions.

2
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We note that for denial constraints all repairs of an instance r are subsets
of r (see Example 1). However, for more general constraints, repairs may
contain tuples that do not belong to r. For instance, removing violations of
referential integrity constraints can be done not only by deleting but also by
inserting tuples.

Example 4. Consider a database with two relations Personnel(SSN,Name)
and Manager(SSN). There are FDs SSN → Name and Name → SSN ,
and an IND Manager[SSN ] ⊆ Personnel[SSN ]. The relations have the
following instances:

Personnel SSN Name
123456789 Smith
555555555 Jones
555555555 Smith

Manager SSN
123456789
555555555

The instances do not violate the IND but violate both FDs. If we consider
only the FDs, there are two repairs: one obtained by removing the third tuple
from Personnel , and the other by removing the first two tuples from the same
relation. However, the second repair violates the IND. This can be fixed by
removing the first tuple fromManager . So if we consider all three constraints,
there are two repairs obtained by deletion:

Personnel SSN Name
123456789 Smith
555555555 Jones

Manager SSN
123456789
555555555

and

Personnel SSN Name
555555555 Smith

Manager SSN
555555555

Additionally, there are infinitely many repairs, obtained by a combination of
deletions and insertions, of the form

Personnel SSN Name
123456789 c
555555555 Smith

Manager SSN
123456789
555555555

where c is an arbitrary element of the database domain D different from
Smith. 2

Definition 2 reflects the assumption that the information in the database
may not only be incorrect but also incomplete. This assumption is warranted
in some information integration approaches [73]. On the other hand, restrict-
ing repairs to subsets of the original database (as in [29]) is based on the
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assumption that the information in the database is complete, although not
necessarily correct. That assumption seems appropriate in the context of data
warehousing where dirty data coming from many sources is cleaned for use
as part of the warehouse itself.

Another variation of the notion of repair assumes a different notion of
minimality: instead of minimizing the symmetric difference, we may minimize
its cardinality. We discuss this issue in Sect. 7. Still another dimension of the
repair concept was recently introduced by Wijsen [96] who proposed repairs
obtained by modifying selected tuple components.

2.3 Queries and Consistent Query Answers

Queries are formulas over the same language L as the integrity constraints.
A query is closed (or a sentence) if it has no free variables. A closed query
without quantifiers is also called ground. Conjunctive queries [1,27] are queries
of the form

∃x̄1, . . . x̄m. [P1(x̄1) ∧ · · · ∧ Pm(x̄m) ∧ φ(x̄1, . . . , x̄m)],

where φ(x̄1, . . . , x̄m) is a conjunction of built-in predicate atoms. If a con-
junctive query has no repeated relation symbols, it is called simple.

The following definition is standard:

Definition 3. A tuple t̄ is an answer to a query Q(x̄) in r iff r |= Q(t̄), i.e.
the formula Q with x̄ replaced by t̄ is true in r. 2

Given a query Q(x̄) to an instance r, we want as consistent answers
those tuples that are unaffected by the violations of the integrity constraints
present in r.

Definition 4. [3] A tuple t̄ is a consistent answer (CQA) to a query Q(x̄)
in a database instance r w.r.t. a set of integrity constraints IC iff t̄ is an
answer to the query Q(x̄) in every repair r′ of r w.r.t. IC . An L-sentence Q
is consistently true in r w.r.t. IC if it is true in every repair of r w.r.t. IC .
In symbols,

r |=IC Q(t̄) ≡ r′ |= Q(t̄) for every repair r′ of r w.r.t. IC .

2

Example 5. Continuing Example 1, we have the following consistently true
formulas:

1. r |={f1} Employee(M.Stowe, 7000)

2. r |={f1} (Employee(J .Page, 5000) ∨ Employee(J .Page, 8000))

Page 2
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3. r |={f1} ∃x. [Employee(J .Page, x)]

2

Notice that through Definition 4 our approach leads to a stronger notion
of inference from inconsistent databases than an approach based on simply
discarding conflicting data. In the latter approach, the last two inferences in
Example 5 would not be possible.

For universal integrity constraints, the number of repairs of a finite da-
tabase is also finite. However, referential integrity constraints may lead to
infinitely many repairs (see Example 4). Having infinitely many repairs is a
problem for those approaches to computing consistent query answers that
construct a representation of all repairs, as do the approaches based on logic
programming (Sect. 4). Therefore, they use a slightly different notion of re-
pair by allowing tuples with nulls to be inserted into the database. This
reflects common SQL2 database practice. But that approach does not always
work, as the entity integrity constraint inherent in the relational data model
prevents null values from appearing in the primary key.

Example 6. Consider Example 4 again. Infinitely many repairs can be re-
placed by a single repair:

Personnel SSN Name
123456789 null
555555555 Smith

Manager SSN
123456789
555555555

only if it is the SSN attribute which is designated the primary key, not the
Name attribute (which still remains a key). 2

One can also avoid dealing with infinitely many repairs by restricting repairs
to subsets of the original instance, as in [29].

If a notion of repair different from than that in Definition 2 is used, the
notion of consistent query answer changes, too. In general, the more restricted
the repairs, the stronger the consistent query answers, as illustrated by the
following example.

Example 7. Consider a database schema consisting of two relations P (AB)
and S(C). The integrity constraints are FD A→ B and IND B ⊆ C. Assume
that the database instance r1 = {P (a, b), P (a, c), S(b)}. Under Definition 2,
there are two repairs: r2 = {P (a, b), S(b)} and r3 = {P (a, c), S(b), S(c)}.
Thus, P (a, b) is not consistently true in the original instance r1 according to
Definition 4. Note that P (a, c) is not consistently true in r1 either. There-
fore, P (a, b) and P (a, c) are treated symmetrically from the point of view
of consistent query answering. However, intuitively there is a difference be-
tween them. Think of A as the person’s name, B her address, and S a list of
valid addresses. The difference between P (a, b) and P (a, c) is captured under
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a more restrictive definition of repair requiring that a repair be a subset of
the original instance. In the latter sense, only r2 is a repair and P (a, b) is
consistently true in r1. 2

In the sequel, we will mostly use the notion of repair from Definition 2,
clearly indicating the cases where a different notion is applied.

2.4 Computing CQAs

What we have so far is a semantic definition of a consistent query answer in
a (possibly inconsistent) database, based on the notion of database repair.
However, retrieving CQAs via the computation of all database repairs is not
feasible. Even for FDs, the number of repairs may be too large.

Example 8. Consider the functional dependency A → B and the following
family of relation instances rn, n > 0, each of which has 2n tuples (represented
as columns) and 2n repairs:

rn
A a1 a1 a2 a2 · · · an an
B b0 b1 b0 b1 · · · b0 b1

2

Therefore, we develop various methods for computing CQAs without ex-
plicitly computing all repairs. Such methods can be split into two categories:

1. Query transformation. Given a query Q and a set of integrity constraints
IC , construct a query Q′ such that for every database instance r, the
set of answers to Q′ in r is equal to the set of consistent answers to
Q in r w.r.t. IC . This approach was first proposed in [3] for first-order
queries. In that case, the transformed query is also first-order, thus af-
ter a straightforward translation to SQL2, it can be evaluated by any
relational database engine. Note that the construction of all repairs is
entirely avoided. In [25], the implementation of an extended version of
the method of [3] was described.

2. Compact representation of repairs. Given a set of integrity constraints
IC and a database instance r, construct a space-efficient representation
of all repairs of r w.r.t. IC , and then, use this representation to answer
queries. Different representations have been considered in this context:

2.1. Repairs are answer sets of a logic program [4,6,14,15]. The compact rep-
resentation is the program, and to obtain consistent answers, one runs
the program.
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2.2. Repairs are some distinguished minimal models of a theory written in
annotated predicate logic [8,14].

2.3. Repairs are maximal independent sets in a hypergraph whose nodes are
database tuples and whose edges are sets of tuples participating in a
violation of a denial constraint. This approach has been applied in [29]
to quantifier-free first-order queries and in [5,7] to aggregation queries.

2.4. The interaction of the database instance and the integrity constraints
is represented as an analytical tableau that becomes closed due to the
mutual inconsistency of the database and the integrity constraints. The
implicit “openings” of the tableau are the repairs [19]. Implementation
issues around consistent query answering based on analytic tableaux for
nonmonotonic reasoning are discussed in [20].

In the next sections, we describe some of these approaches.

3 Query Transformation

Here we consider first-order queries and universal integrity constraints. Given
a query, we rewrite it, preserving the original database instance. The query
is transformed by qualifying it with appropriate information derived from
the interaction between the query and the integrity constraints. This forces
the (local) satisfaction of the integrity constraints and makes it possible to
discriminate between the tuples in the answer set. The technique is inspired
by semantic query optimization [26].

More precisely, given a query ϕ(x̄), a new query T ω(ϕ(x̄)) is computed
by iterating an operator T which transforms the query by conjoining the
corresponding residues to each database literal appearing in the query, until
a fixed point is reached. (If there are no residues, then T (Q) = Q.) The
residues of a database literal force the satisfaction of the integrity constraints
for the tuples satisfying the literal and are obtained by resolving the literal
with the integrity constraints.

Example 9. Consider the following integrity constraints:

IC = {∀x.[R(x) ∨ ¬P (x) ∨ ¬Q(x)], ∀x.[P (x) ∨ ¬Q(x)]}

and the query Q(x). The residue of Q(x) w.r.t. the first constraint is R(x) ∨
¬P (x), because if both Q(x) and the constraint are to be satisfied, then that
residue has to be true. Similarly, the residue of Q(x) w.r.t. the second con-
straint is P (x). In consequence, instead of the query Q(x), one rather asks the
transformed query Q(x)∧ (R(x)∨¬P (x))∧P (x). The literal ¬Q(x) does not
have any residues w.r.t. the given integrity constraints, because the integrity
constraints do not constrain it. 2
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If we want the CQAs to an L-query ϕ(x̄) in r, we rewrite the query into
the new L-query Tω(ϕ(x̄)), and we pose Tω(ϕ(x̄)) to r as an ordinary query.
We expect that for every ground tuple t̄:

r |=IC ϕ(t̄) ≡ r |= Tω(ϕ(t̄)).

We explain later under what conditions this equivalence holds.

Example 10. (Example 1, continued) The FD f1 can be written as the L-
formula

f1 : ∀x, y, z. [¬Employee(x, y) ∨ ¬Employee(x, z) ∨ y = z]. (2)

If we are given the query Q(x, y) : Employee(x, y), we expect to ob-
tain the consistent answers: (V .Smith, 3000), (M .Stowe, 7000), but not
(J .Page, 5000) or (J .Page, 8000).

The residue obtained by resolving the query with the FD f1 is

∀z. [¬Employee(x, z) ∨ y = z].

Note that we get the same residue by resolving the query with the first or
second literal of the constraint. Thus, the rewritten query T (Q(x, y)) is as
follows:

T (Q(x, y)) := Employee(x, y) ∧ ∀z. [¬Employee(x, z) ∨ y = z],

and returns exactly (V .Smith, 3000) and (M .Stowe, 7000) as answers, i.e.
the consistent answers to the original query. 2

In general, T needs to be iterated because we may need to consider the
residues of residues and so on. In consequence, depending on the integrity
constraints and the original query, we may need to iterate T until the infinite
fixed point Tω is obtained. In Example 10, this was not necessary, because
the literal ¬Employee(x, z) in the appended residue does not have a residue
w.r.t. f1 itself. We stop after the first iteration.

Example 11. (Example 9, continued) The following are the sets of residues
for the relevant literals (the other literals have no residues):

Literal Residues

P (x) : {R(x) ∨ ¬Q(x)}
Q(x) : {R(x) ∨ ¬P (x), P (x)}
¬P (x) : {¬Q(x)}
¬R(x) : {¬P (x) ∨ ¬Q(x)}.
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The query is transformed into T (Q(x)) = Q(x)∧ (R(x)∨¬P (x))∧P (x).
Now, we apply T again, to the appended residues, obtaining

T 2(Q(x)) = Q(x) ∧ (T (R(x)) ∨ T (¬P (x))) ∧ T (P (x))

= Q(x) ∧ (R(x) ∨ (¬P (x) ∧ ¬Q(x))) ∧ P (x) ∧ (R(x) ∨ ¬Q(x)).

And once more

T 3(Q(x)) = Q(x) ∧ (R(x) ∨ (¬P (x) ∧ T (¬Q(x)))) ∧

P (x) ∧ (T (R(x)) ∨ T (¬Q(x))).

Because T (¬Q(x)) = ¬Q(x) and T (R(x)) = R(x), we obtain T 2(Q(x)) =
T 3(Q(x)), and we have reached a fixed point. 2

The fundamental properties of the transformation-based approach are:
soundness, completeness, and termination [3]. Soundness means that every
answer to Tω(Q) is a consistent answer to Q. Completeness means that every
consistent answer to Q is an answer to T ω(Q). Termination means that there
is an n such that for all m ≥ n, ∀x̄(T n(Q(x̄)) ≡ Tm(Q(x̄)) is a valid formula.

In [3], some very general sufficient conditions for soundness of the trans-
formation-based approach are defined, encompassing essentially all integrity
constraints that occur in practice. Completeness is much harder to achieve.
In [3], the completeness of the transformation-based approach is proved for
binary, generic integrity constraints and queries that are conjunctions of liter-
als. (A constraint is generic if it does not imply any ground database literal.)
For example, we may have the query R(u, v) ∧ ¬P (u, v), and the binary in-
tegrity constraints

IC = {∀x, y.[¬P (x, y) ∨R(x, y)],∀x, y, z.[¬P (x, y) ∨ ¬P (x, z) ∨ y = z]}.

However, with disjunctive or existential queries, we may lose complete-
ness.

Example 12. In Example 10, if we pose the ground disjunctive query

Q : Employee(J .Page, 5000) ∨ Employee(J .Page, 8000),

the application of the operator T produces the rewritten query T (Q):

(Employee(J .Page, 5000) ∧ ∀z (¬Employee(J .Page, z) ∨ z = 5000)) ∨
(Employee(J .Page, 8000) ∧ ∀z (¬Employee(J .Page, z) ∨ z = 8000)).

that has the answer (truth value) false in the original database instance,
but, according to the definition of consistent answer, is consistently true in
this instance. 2
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Termination can be guaranteed if there is an n such that T n(Q(x̄)) and
Tn+1(Q(x̄)) are syntactically the same. Reference [3] shows that this property
holds for any kind of queries iff the set of integrity constraints IC is acyclic,
where IC is acyclic if there exists a function

f : {P1, . . . , Pn,¬P1, . . . ,¬Pn} −→ N,

such that for every constraint,

∀(
k∨

i=1

li(x̄i) ∨ φ(x̄)) ∈ IC ,

and every 1 ≤ i, j ≤ k, if i 6= j, then f(¬li) > f(lj). Here, f is a level
mapping, similar to the mappings associated with stratified or hierarchical
logic programs, except that complementary literals get values independently
of each other. Any set of denial constraints – thus also FDs – is acyclic.

For example, termination is syntactically guaranteed for any query if

IC = {∀x, y.[¬P (x, y) ∨R(x, y)],∀x, y, z.[¬P (x, y) ∨ ¬P (x, z) ∨ y = z]}.

Reference [3] provides further, nonsyntactic sufficient criteria for termi-
nation of the transformation-based approach. In particular, termination for
multivalued dependencies is obtained.

In [25], an implementation of the operator T ω is presented. The im-
plementation is done on top of the XSB deductive database system [92],
whose tabling techniques make it possible to keep track of previously com-
puted residues and their subsumption. In this way, redundant computation
of residues is avoided, and termination is detected for a wider class of in-
tegrity constraints than those presented in [3]. Using XSB also allows a real
interaction with the IBM DB2 DBMS.

The query transformation approach to CQAs, as presented in [3,25], has
some limitations. First of all, the methodology is designed to handle only
universal integrity constraints, whereas existential quantifiers are necessary
for specifying referential integrity constraints. Furthermore, as we have shown
the transformation-based approach fails (it is sound but not complete) for
disjunctive or existentially quantified queries. This failure can be partially
explained by complexity-theoretic reasons. Except for very restricted classes
of constraints and queries, adding an existential quantifier leads to co-NP-
completeness of CQAs. This issue is discussed in more depth in Sect. 5.

4 Specifying Database Repairs

So far we have presented a model-theoretic definition of CQAs and a compu-
tational methodology to obtain such answers for some classes of queries and
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integrity constraints. Nevertheless, what is still missing is a logical specifi-
cation Specr of all database repairs of an instance r, satisfying the following
property for all queries Q and tuples t̄:

Specr ` Q(t̄) ≡ r |=IC Q(t̄), (3)

where ` is a new, suitable consequence relation. If we had such a specification,
we could consistently answer every query Q(x̄) by asking for those t̄ such that
Specr ` Q(t̄).

As the following example shows, ` has to be nonmonotonic.

Example 13. The database that contains the table

Employee Name Salary
J .Page 5000
V .Smith 3000
M .Stowe 7000

is consistent w.r.t. the FD f1 of Example 1. In consequence, the set of CQAs
to the query Q(x, y) : Employee(x, y) is

{(J .Page, 5000), (V .Smith, 3000), (M .Stowe, 7000)}.

If we add the tuple (J .Page, 8000) to the database, the set of CQAs to the
same query is reduced to

{(V .Smith, 3000), (M .Stowe, 7000)}.

2

A specification Specr may provide new ways of computing CQAs and shed
some light on the computational complexity of this problem.

4.1 Logic Programs

We show here how to specify the database repairs of an inconsistent database
r by means of a logic program Πr [4,6]. To pose and answer a first-order
query Q(x̄), a stratified logic program Π(Q) plus a new goal query atom
G(x̄) is obtained by a standard methodology [81,1], and the query G(x̄) is
evaluated against the program Πr ∪Π(Q). The essential part is the program
Πr.

The first observation is that when a database is repaired, most of the data
persists, except for some tuples. More precisely, by default, all the positive
and implicit negative data (the latter derived through the Closed World As-
sumption) persist from r to the repairs, except for some tuples that have to be
added or removed to restore the consistency of the database. To capture this
idea, we may use logic programs with exceptions [70], in this case containing:
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• default rules capturing the persistence of the data, and
• exception rules stating that certain changes have to be made and the

integrity of the database has to be restored.

The exception rules should have higher priority than the default rules. The
semantics is that of e-answer sets, based on answer set semantics for ex-
tended disjunctive logic programs [49]. A logic program with exceptions can
be eventually translated into an extended disjunctive normal logic program
with answer set semantics [70]. Now, we give an example of this transformed
version, where default rules have been replaced by persistence rules, so that
the whole program has an answer set semantics. (In addition to disjunction,
the program has two kinds of negation: classical negation ¬ and negation-as-
failure not .)

Example 14. Consider the full inclusion dependency ∀x.[¬P (x)∨Q(x)] and
the inconsistent database instance r = {P (a)}. The program Πr that spec-
ifies the repairs of r contains two new predicates, P ′ and Q′, corresponding
to the repaired versions of P,Q, respectively, and the following sets of rules:

1. Persistence rules:

P ′(x) ← P (x),not ¬P ′(x); Q′(x) ← Q(x),not ¬Q′(x)

¬P ′(x) ← not P (x),not P ′(x); ¬Q′(x) ← not Q(x),not Q′(x).

The defaults say that all data persists from the original tables to their
repaired versions.

2. Triggering exception: ¬P ′(x) ∨Q′(x) ← P (x), not Q(x).
This rule is needed as a first step toward the repair of r. It states that to
“locally” repair the constraint, P (x) needs to be deleted or Q(x) inserted.

3. Stabilizing exceptions: Q′(x) ← P ′(x); ¬P ′(x)← ¬Q′(x).
The rules say that eventually the constraint has to be satisfied in the
repairs. This kind of exception rules is important if there are interacting
integrity constraints and local repairs alone are not enough.

4. Database facts: P (a).

If we instantiate the rules in all possible ways in the underlying domain,
we obtain a ground program Πr. A set of ground literalsM is an answer set of
Πr if it is a minimal model of Π, where Π = {A1 ∨ · · · ∨An ← B1, · · · , Bm |
A1 ∨ · · · ∨ An ← B1, · · · , Bm,not C1, · · · ,not Ck ∈ Πr and Ci /∈ M for
1 ≤ i ≤ k}. If M has complementary literals, then M is a trivial answer set
containing all ground literals.

In this example, the answer sets of the program correspond to the ex-
pected database repairs: {¬P ′(a),¬Q′(a), P (a)}; {P ′(a), Q′(a), P (a)}.
The first one indicates through the underlined literal that P (a) has to be
deleted from the database; the second one – that Q(a) has to be inserted in
the database. 2
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In [6], it is proved that for the class of binary integrity constraints (defined
in Sect. 2), there exists a one-to-one correspondence between answer sets and
database repairs. In consequence, in (3) we can take Specr as the appropriate
extended disjunctive logic program and the notion of logical consequence
there as being true w.r.t. all answer sets of the program (i.e. the skeptical
answer set semantics).

¿From the correspondence results just mentioned, we can obtain a method
to compute database repairs by using any implementation of the answer set
semantics for extended disjunctive logic programs. To compute CQAs, one
needs to have a way to obtain atoms true in every answer set of the logic
program. In [6], experiments with the deductive database system DLV [40] are
reported. It is also possible to extend the methodology to include referential
integrity constraints containing existentially quantified variables [4,6].

The logic programming approach is very general because it applies to
arbitrary first-order queries. However, the systems computing answer sets
work typically by grounding the logic program. In the database context, this
may lead to huge ground programs and be impractical.

Logic programs for repairing databases and computing CQAs w.r.t. arbi-
trary universal constraints have been independently introduced in [57]. That
work is further discussed in Sect. 7.

4.2 Annotated Logics

As explained at the beginning of this section, we would like to have a logical
specification of database repairs. Such a specification must contain informa-
tion about the database and the integrity constraints – two pieces of infor-
mation that will be mutually inconsistent if the database does not satisfy
the integrity constraints. So including them in a classical first-order theory
would lead to an inconsistent theory and the trivialization of reasoning. In
consequence, if we want a first-order theory, we have to depart from classical
logic, moving to nonclassical logic, where reasoning in the presence of classi-
cal inconsistencies does not necessarily collapse. Following [8], we show here
how to generate a consistent first-order theory with a nonclassical semantics.
We use Annotated Predicate Calculus (APC) [68].

In APC, database atoms are annotated with truth values taken from a
truth-value lattice. The most common annotations are: true (t), false (f),
contradictory (>), and unknown (⊥). In [8], a lattice was used to capture
the preference for integrity constraints when they conflict with the data: the
integrity constraints cannot be given up but the database can be repaired.
These are the new truth values in the lattice:

• Database values: td and fd, used to annotate the atoms in the original
database, respectively, outside of it.

• Constraint values: tc and fc, used to annotate, depending on their
sign, the database literals appearing in the disjunctive normal form of
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the integrity constraints. The built-in atoms appearing in the integrity
constraints are annotated with the classical annotations t and f .

• Advisory values: ta and fa, used to solve the conflicts between the
database and the integrity constraints, always in favor of the integrity
constraints that are not to be given up, whereas the data is subject to
changes. This is represented in the lattice Latt in Fig. 1. Intuitively, if a
ground atom becomes annotated with both td and fc, then it gets the
value fa (the least upper bound of the first two values in the lattice),
meaning that the advice is to make it false, as suggested by the integrity
constraints, that is, the facts for which the advisory truth values fa and
ta are derived are to be removed from, respectively, inserted into, the
database to satisfy the integrity constraints.

⊥

fc td fd tc

fa f t ta

>

Fig. 1. The truth-value lattice Latt

In this lattice, the top element is >, that is reached as the least upper
bound (lub) of any pair of contradictory annotations. The annotations td
and fc, for example, are not considered definitely contradictory (i.e. with lub
>) if we can still make them compatible by passing to their lub fa. If there
is no conflict between a data and a constraint annotation, then we pass to
their lubs, i.e. t or f .

Now, both the database r and the integrity constraints IC , with the ap-
propriate annotations taken from the lattice, can be embedded into a single
and consistent APC theory Th(r , IC ). We show this embedding using an
example.

Example 15. (Example 1, continued) The integrity constraint

∀x, y, z.[¬Employee(x, y) ∨ ¬Employee(x, z) ∨ y = z]
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is translated into

∀x, y, z.[Employee(x, y) : fc ∨ Employee(x, z) : fc ∨ y = z : t].

Each of the database facts is appropriately annotated. For example, the
fact Employee(J .Page, 5000) is annotated as Employee(J .Page, 5000) : td.
We also introduce annotated axioms representing the Unique Names As-
sumption and the Closed World Assumption [88]. In this way, we generate
the annotated first-order theory Th(r , IC ). 2

As mentioned before, navigation in the lattice and an adequate definition
of APC formula satisfaction help solve the conflicts between the database and
the integrity constraints. The notion of formula satisfaction in a Herbrand
interpretation I (now containing annotated ground atoms) is defined as in
classical first-order logic, except for atomic formulas. By definition, for such
formulas, I |= p :s, with s ∈ Latt , iff for some s′ such that s ≤Latt s

′, p :s′ ∈ I.
In [8], it is shown that for every database r, there is a one-to-one corre-

spondence between the repairs of r w.r.t. IC and the models of Th(r , IC )
that make true a minimal set of atoms annotated with ta or fa (corre-
sponding to the fact that a minimal set of database atoms is changed). In
consequence, the specification Specr, postulated in (3) at the beginning of
this section, is simply Th(r , IC ), and the corresponding (nonmonotonic) no-
tion of consequence is truth in all {ta, fa}-minimal annotated models of the
theory. The approach of [8] produces a set of advisory clauses from Th(r , IC ).
The clauses are then processed by specialized algorithms. The approach is
applicable to queries that are conjunctions or disjunctions of positive literals
and to universal constraints.

4.3 Logic Programs with Annotation Constants

In [15] a method to obtain a disjunctive logic program Πann(r, IC) from
Th(r , IC ) is presented. This program, having a stable model semantics, spec-
ifies the database repairs. The program has annotations as additional predi-
cate arguments; thus it is a standard, not an annotated [69] logic program,
and the standard results and techniques apply to it. We give here an example
only.

Example 16. Consider the same database r and integrity constraints IC as
in example 14. The logic program should have the effect of repairing the
database. Single, local repair steps are obtained, as before, by deriving the
annotations ta or fa. This is done when each constraint is considered in
isolation, but there may be interacting integrity constraints, and the repair
process may take several steps and should stabilize at some point. To achieve
this, we need additional, auxiliary annotations t?, f?, t??, and f?? that are
new special constants in the language.
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The annotation t?, for example, groups together the annotations td and
ta for the same atom (rules 1 and 4 below). This new, derived annotation
can be used to provide feedback to the bodies of the rules that produce the
local, single repair steps, so that a propagation of changes is triggered (rule
2 below). The annotations t?? and f?? are just used to read off the literals
that are inside (respectively, outside) a repair. This is achieved by means of
rules 6 below that are used to interpret the models as database repairs. The
following is the program Πann(r, IC):

1. P (x, f?)← P (x, fa). P (x, t?)← P (x, ta). P (x, t?)← P (x, td).

Q(x, f?)← Q(x, fa). Q(x, t?)← Q(x, ta). Q(x, t?)← Q(x, td).

2. P (x, fa) ∨Q(x, ta) ← P (x, t?), Q(x, f?).
3. P (a, td)←.
4. P (x, f?)← not P (x, td). Q(x, f?)← not Q(x, td).
5. ← P (x̄, ta), P (x̄, fa). ← Q(x̄, ta), Q(x̄, fa).
6. P (x, t??)← P (x, ta). P (x, t??)← P (x, td), not P (x, fa).

P (x, f??)← P (x, fa). P (x, f??)← not P (x, td), not P (x, ta).

Q(x, t??)← Q(x, ta). Q(x, t??)← Q(x, td), not Q(x, fa).

Q(x, f??)← Q(x, fa). Q(x, f??)← not Q(x, td), not Q(x, ta).

Rule 2 is the only rule dependent on the integrity constraints. It says how
to repair the constraint when an inconsistency is detected. If there were other
integrity constraints interacting with this constraint, having passed to the
annotations t? and f? will allow the system to keep repairing the constraint
if it becomes violated due to the repair of a different constraint. Rules 3
contain the database atoms. Rules 4 capture the Closed World Assumption.
Rules 5 are denial constraints for coherence, that is, coherent models do not
contain atoms annotated with both ta and fa.

Stable models are defined exactly as the answer sets in Example 14, but
considering sets of ground atoms only because there is no classical negation
in programs with annotations.

The program in this example has two stable models:

{P (a, td), P (a, t?), Q(a, f?), Q(a, ta), P (a, t??), Q(a, t?), Q(a, t??)}

and

{P (a, td), P (a, t?), P (a, f?), Q(a, f?), P (a, f??), Q(a, f??), P (a, fa)};

the first one says, through its underlined atoms, that Q(a) is to be inserted
into the database; the second one – that P (a) is to be deleted. 2
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In [15], a one-to-one correspondence between the stable models of the
programsΠann(r, IC) and the repairs of r w.r.t. IC is established. Consistent
answers can thus be obtained by “running” a query program together with
the repair program Πann(r, IC), under the skeptical stable model semantics.

The programs with annotations obtained are simpler than those in Sect. 4.1
in the sense that they contain one change-triggering rule per constraint (rule
2 in the example), whereas the natural extension to arbitrary universal con-
straints of the approach in Sect. 4.1 may produce programs with the number
of rules that is exponential in the number of disjuncts in the disjunctive
normal forms of the (universal) integrity constraints [6,57]. The method of
[15] can also capture repairs of referential integrity constraints (under the
notion of repair allowing tuples with nulls, as discussed in Sect. 2). Thus,
the approach in [15] is the most general considered so far, because it applies
to arbitrary first-order queries and arbitrary universal or referential integrity
constraints (with the exception of the cases that may lead to the violations
of the entity integrity constraint; see Example 6).

In some cases, optimizations of the program are possible. For example,
the program we just gave is head-cycle-free [16]. In consequence, it can be
transformed into a nondisjunctive normal program, reducing the complexity
of its evaluation from Πp2 to co-NP [35,75]. Not every repair program with
annotations will be head-cycle-free though.

5 Computational Complexity

We summarize here the results about the computational complexity of consis-
tent query answers [3,7,29,30]. We will adopt the data complexity assumption
[1,66,95] that measures the complexity of the problem as a function of the
number of tuples in a given database instance. The given query and integrity
constraints are considered fixed.

The query transformation approach [3] – when it terminates – provides a
direct way to establish PTIME-computability of consistent query answers. If
the original query is first-order, so is the transformed version. In this way, we
obtain a PTIME (or, more precisely AC0) procedure for computing CQAs:
transform the query and evaluate it in the original database. Note that the
transformation of the query is done independently of the database instance
and therefore, does not affect the data complexity. For example, in Example
8 the query R(x, y) will be transformed (similarly to the query in Example
10) to another first-order query and evaluated in PTIME, despite the pres-
ence of an exponential number of repairs. However, the query transformation
approach is sound, complete and terminating only for restricted classes of
queries and constraints. More specifically, the results of [3] imply that for
binary denial constraints and full inclusion dependencies, consistent answers
can be computed in PTIME for queries that are conjunctions of literals. The
logic programming approaches described in Sect. 4 do not have good asymp-
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totic complexity properties because they are all based on Πp
2 -complete classes

of logic programs [35]. So it was an open question how far the boundary be-
tween tractable and intractable could be pushed in this context.

The paper [29] ([30] is an earlier version containing only some of the
results) shows how the complexity of computing CQAs depends on the type
of the constraints considered, their number, and the size of the query. Several
new classes for which consistent query answers are in PTIME are identified:

• ground queries and arbitrary denial constraints;
• closed simple (without repeated relation symbols) conjunctive queries and

functional dependencies with at most one FD per relation;
• ground or closed simple conjunctive queries together with key functional

dependencies and foreign key constraints with at most one key per rela-
tion.

Additionally, the paper [29] analyzes the data complexity of repair check-
ing, the problem of testing whether one database is a repair of another. (The
paper [29] assumes that repairs are subsets of the original instance.) It is
shown that repair checking is in PTIME for all of the above classes of con-
straints, as well as for arbitrary FDs together with acyclic INDs. The results
obtained are tight in the sense that relaxing any of the above restrictions
leads to co-NP-hard problems. (This, of course, does not preclude the possi-
bility that introducing additional orthogonal restrictions could lead to more
PTIME cases.) To complete the picture, it is shown that for arbitrary sets
of FDs and INDs, repair checking is co-NP-complete, and consistent query
answering is Πp2 -complete.

We outline now the proof of the first result listed above because it is done
by using a technique different from query transformation. We introduce first
the notion of a conflict hypergraph that will serve as a succinct representation
of all repairs of a given instance.

Definition 5. The conflict hypergraph GF,r is a hypergraph whose set of
vertices is the set Σ(r) of facts of an instance r and whose set of edges
consists of all sets

{P1(t̄1), P2(t̄2), . . . Pl(t̄l)}

such that P1(t̄1), P2(t̄2), . . . Pl(t̄l) ∈ Σ(r), and there is a constraint

∀x̄1, x̄2, . . . x̄l. [¬P1(x̄1) ∨ ¬P2(x̄2) ∨ . . . ∨ ¬Pl(x̄l) ∨ φ(x̄1, x̄2, . . . x̄l)]

in F such that P1(t̄1), P2(t̄2), . . . Pl(t̄l) violate together this constraint, which
means that there exists a substitution ρ such that ρ(x̄1) = t̄1, ρ(x̄2) =
t̄2, . . . ρ(x̄l) = t̄l and that φ(t̄1, t̄2, . . . t̄l) is false.

By an independent set in a hypergraph we mean a subset of its set of
vertices that does not contain any edge. Clearly, each repair of r w.r.t. F
corresponds to a maximal independent set in GF,r.

Inconsistent Databases 23

We prove here that for every set F of denial constraints and ground query
Φ, the data complexity of checking whether Φ is consistently true w.r.t. F in
an instance r is in PTIME. We assume that the sentence Φ is in CNF, i.e.
of the form Φ = Φ1 ∧ Φ2 ∧ . . . Φl, where each Φi is a disjunction of ground
literals. Φ is true in every repair of r if and only if each of the clauses Φi is
true in every repair. So it is enough to provide a polynomial algorithm that
will check if a given ground clause is consistently true.

It is easier to think that we are checking if a ground clause is not consis-
tently true. This means that we are checking whether there exists a repair in
which ¬Φi is true for some i. But ¬Φi is of the form

P1(t̄1) ∧ P2(t̄2) ∧ . . . ∧ Pm(t̄m) ∧ ¬Pm+1(t̄m+1) ∧ . . . ∧ ¬Pn(t̄n),

where the t̄j ’s are tuples of constants. (We assume that all facts in the set
{P1(t̄1), . . . , Pn(t̄n)} are mutually distinct.)

The nonderministic algorithm selects an edge Ej ∈ GF,r for every j, such
that m+ 1 ≤ j ≤ n, Pj(t̄j) ∈ Σ(r), and Pj(t̄j) ∈ Ej , and constructs a set of
facts S, such that

S = {P1(t̄1), . . . , Pm(t̄m)} ∪
⋃

m+1≤j≤n,Pj(t̄j)∈Σ(r)

(Ej − {Pj(t̄j)})

and there is no edge E ∈ GF,r such that E ⊆ S. If the construction of S
succeeds, then a repair in which ¬Φi is true can be built by adding to S new
facts from Σ(r) until the set is maximal independent. The algorithm needs
n − m nondeterministic steps, a number that is independent of the size of
the database (but dependent on Φ), and in each of its nondeterministic steps,
selects one possibility from a set whose size is polynomial in the size of the
database. So there is an equivalent PTIME deterministic algorithm.

6 Aggregation Queries

So far we have considered only first-order queries, but in databases, aggrega-
tion queries are also important. In fact, aggregation is essential in scenarios,
like data warehousing, where inconsistencies are likely to occur, and keeping
inconsistent data may be useful. Only some aggregation queries, for example,
computing a maximum or minimum value of an attribute in a relation can
be expressed as first-order queries. Even in this case, due to its syntax, the
resulting first-order query cannot be handled by the query transformation
methodology described earlier.

We will consider here a restricted scenario: the integrity constraints will be
limited to functional dependencies, and the aggregation queries will consist
of single applications of one of the standard SQL-2 aggregation operators
(MIN, MAX, COUNT(*), COUNT(A), SUM, and AVG). Even in this case, it was
shown [5] that computing consistent query answers to aggregation queries is
a challenging problem for both semantic and complexity-theoretic reasons.
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Example 17. Consider again the instance r of Employee from Example 1. It
is inconsistent w.r.t. the FD f1: Name → Salary .

Employee Name Salary
J .Page 5000
J .Page 8000
V .Smith 3000
M .Stowe 7000

The repairs are

Employee1 Name Salary Employee2 Name Salary
J .Page 5000 J .Page 8000
V .Smith 3000 V .Smith 3000
M .Stowe 7000 M .Stowe 7000

If we pose the query

SELECT MIN(Salary) FROM Employee

we should get 3000 as a consistent answer: MIN(Salary) returns 3000 in
each repair. Nevertheless, if we ask

SELECT MAX(Salary) FROM Employee

then the maximum, 8000, comes from a tuple that participates in the vio-
lation of f1. Actually, MAX(Salary) returns a different value in each repair:
7000 or 8000. Thus, there is no consistent answer in the sense of Definition
4. 2

We give a new, slightly weakened definition of a consistent answer to an
aggregation query that addresses the above difficulty.

Definition 6. [5] (a) A consistent answer to an aggregation query Q in a
database instance r w.r.t. a set of integrity constraints F is the minimal in-
terval I = [a, b] such that for every repair r′ of r w.r.t. F , the scalar value
Q(r′) of query Q in r′ belongs to I.
(b) The left and right end-points of the interval I are the greatest lower bound
(glb) and least upper bound (lub), respectively, answers to Q in r. 2

According to this definition, in Example 17, the interval [7000, 8000] is
the consistent answer to the query

SELECT MAX(Salary) FROM Employee

and 7000 and 8000 are the glb-answer and lub-answer, respectively. Notice
that the consistent query answer interval represents in a succinct form a
superset of the values that the aggregation query can take in all possible
repairs of the database r w.r.t. a set of FDs. The representation of the interval
is always polynomially sized because the numeric values of the end-points can
be represented in binary.

Page 6



Inconsistent Databases 25

Example 18. Along the lines of Example 8, consider the functional depen-
dency A→ B and the following family of relation instances Sn, n > 0:

rn
A a1 a1 a2 a2 a3 a3 · · · an an
B 0 1 0 2 0 4 · · · 0 2n

The aggregation query SUM(B) takes all of the exponentially many values
between 0 and 2n+1 − 1 in the (exponentially many) repairs of the database
[5]. An explicit representation of the possible values of the aggregation func-
tion would then be exponentially large. Moreover, it would violate the 1NF
assumption. On the other hand, the interval representation is of polynomial
size. 2

Next, we consider the complexity of the problem of computing the glb-
and lub-answers. The complexity results are given in terms of data complex-
ity [1,66,95]. To classify the problems of consistent answering to different
aggregation queries in terms of complexity and to find polynomial time algo-
rithms in tractable cases, it is useful to use a graph representation of the set
of all repairs. Because we are dealing with functional dependencies, we can
specialize the notion of conflict hypergraph (Definition 5) to that of a conflict
graph (edges contain two vertices).

Example 19. Consider the schema R(AB), a set F of two functional depen-
dencies A→ B and B → A, and the inconsistent instance

r = {(a1, b1), (a1, b2), (a2, b2), (a2, b1)}

over this schema. The following is the conflict graph GF,r:

(a1, b1) (a1, b2)

(a2, b1) (a2, b2)

In this graph, the two maximal independent sets {(a1, b1), (a2, b2)} and
{(a1, b2), (a2, b1)} correspond to the two possible repairs of the database. 2

The paper [7] contains a complete classification of tractable and intractable
cases of the problem of computing consistent query answers (in the sense of
Definition 6) to aggregation queries. Its results can be summarized as follows:

• For all the aggregate operators except COUNT(A), the problem is in PTIME
if the set of integrity constraints contains at most one nontrivial FD.
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• For COUNT(A), the problem is NP-complete, even for one nontrivial FD
(one can encode the HITTING SET problem [48]).
• For more than one nontrivial FD, even the problem of checking whether

the glb-answer to a query is ≤ k (respectively, the problem of checking
whether the lub-answer to a query is ≥ k) is NP-complete.

For aggregate operators MIN, MAX, COUNT(*), and SUM and a single FD,
the glb- and lub-answers are computed by SQL2 queries (so this is in a
sense an analogue of the query transformation approach for first-order queries
discussed earlier). For AVG, however, the PTIME algorithm is iterative and
cannot be formulated in SQL2.

Example 20. Continuing Example 17, the greatest lower bound answer to the
query

SELECT MAX(Salary) FROM Employee

is computed by the following SQL2 query

SELECT MAX(C) FROM

(SELECT MIN(Salary) AS C

FROM Employee

GROUP BY Name).

2

In [5,7], some special properties of conflict graphs were identified, paving
the way to more tractable cases. For example, for two FDs and the relation
schema in Boyce–Codd Normal Form, the conflict graphs are claw-free and
perfect [22], and computing lub-answers to COUNT(*) queries can be done in
PTIME.

Given the intractability results, it seems appropriate to find approxima-
tions to consistent answers to aggregation queries. Unfortunately, “maximal
independent set” seems to have bad approximation properties [61].

7 Related Work

We discuss here related work on dealing with inconsistency in artificial intel-
ligence, databases and logic programming. We will attempt to characterize
various approaches along several common dimensions, including

• Semantics: What is the underlying notion of inconsistency? Are the no-
tions of repair and consistent query answer supported in any sense?

• Scope: What classes of databases, integrity constraints, and queries can
be handled?

• Computational mechanisms: How is consistent information obtained in
the presence of inconsistency?
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• Computational complexity.

To be able to delineate the scope of different approaches, one has to ob-
serve whether they are first-order or propositional, and if they are first-order
– whether they can be reduced to propositional. The approaches presented
in this chapter so far are first-order. However, they can be reduced to the
propositional case for universal integrity constraints and ground queries be-
cause the constraints themselves can be grounded using the constants in the
database and the query. For more general classes of queries and constraints,
for example, referential integrity constraints, such a reduction does not ap-
ply. Moreover, the approaches which do not require grounding, for example,
query transformation in Sect. 3, are preferable from the efficiency point of
view.

A specific dimension of the computational mechanisms under considera-
tion is support for the locality of inconsistency. Locality in our context means
that the consistency violations that are irrelevant to a given query are ig-
nored in the process of obtaining consistent answers to the query. Clearly,
locality is desirable, but it is supported by only a few approaches. The query
transformation approach (Sect. 3) supports locality because the violations
occurring in the relations not mentioned in the transformed query are irrel-
evant for evaluating this query and are ignored. The approaches based on
some form of specification of all repairs (Section 4) do not support locality
because they require resolving all violations by constructing all answer sets
(or minimal models). The algorithm described in Sect. 5 is based on con-
structing the conflict hypergraph of the given instance and though it does
not resolve all conflicts, it has to detect them all. Other PTIME algorithms
mentioned in that section support locality. It seems possible to refine the
nonlocal approaches mentioned above to obtain locality.

7.1 Belief Revision and Update

Semantically, our approach to inconsistency handling corresponds to some of
the approaches followed by the belief revision/update community [46,47]. Da-
tabase repairs (Definition 2) coincide with revised models defined by Winslett
[97]. Both use the same notion of minimality. Comparing our framework with
that of belief revision, we have an empty domain theory, one model: a data-
base instance, and a revision by a set of integrity constraints. The revision
of a database instance by the integrity constraints produces new database
instances – repairs of the original database. The scenario adopted by most
belief revision papers is thus more general than ours because such papers
typically assume that it is a formula (or, equivalently, the set of its models)
that is undergoing the revision, and that the domain theory is nonempty.
On the other hand, the research on belief revision is typically limited to the
propositional case.

Our implicit notion of revision satisfies the postulates (R1) – (R5),(R7)
and (R8) introduced by Katsuno and Mendelzon [67]. Dalal [33] postulated
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a different notion of revision, based on minimizing the cardinality of the set
of changes, as opposed to minimizing the set of changes under set inclusion
[3,97]. In [6] it is shown how to capture repairs under Dalal’s notion of revision
by logic programs for consistent query answering.

The belief revision community has adopted a notion of inference called
counterfactual inference [46] that corresponds to our notion of a formula being
consistently true. Counterfactual inference is based on the Ramsey test for
conditionals: a formula β > γ is a counterfactual consequence of a set of
beliefs K if for every closest context in which K is revised so that β is true, γ
is also true. In our case, K is a database, β is the set of integrity constraints,
and γ is the query.

Winslett’s approach [97] is mainly propositional, but a preliminary exten-
sion to the first-order ground case can be found in [31]. Those papers concen-
trate on the computation of the models of the revised theory, i.e. the repairs
in our case. Inference or query answering is not addressed. The complexity
of belief revision and counterfactual inference was exhaustively classified by
Eiter and Gottlob [41]. They deal with the propositional case only. We have
outlined above how to reduce – in some cases – consistent query answer-
ing to the propositional case by grounding. However, grounding of integrity
constraints results in an update formula which is unbounded, i.e. whose size
depends on the size of the database. This prevents the transfer of any of
the PTIME upper bounds from [41] into our framework. Similarly, the lower
bounds from [41] require kinds of formulas different from those that we use.
The classic paper on updating logical theories by Fagin et al. [42] focuses on
the semantics of updates but does not address computational issues. More-
over, the proposed framework is also limited to the propositional case. It
is interesting that [42] proposes yet another notion of repair minimality by
giving priority to minimizing deletions over minimizing insertions.

The approaches pursued by the belief revision community are nonlocal in
the sense of having to resolve all inconsistencies in the database, even those
that are irrelevant to the query.

7.2 Reasoning in the Presence of Inconsistency

There are many approaches to handling inconsistency in the literature.1 Many
of them have been proposed by the logic community; the most prominent is
the family of paraconsistent logics [32,62]. Such logics protect reasoning from
triviality (the property that an inconsistent theory entails every formula) in
the presence of classical inconsistencies . Their applicability in the context
of inconsistent databases is, however, limited. First, they typically do not
address the issue of the special role of integrity constraints whose truth cannot
be given up during the inference process. Second, most paraconsistent logic
are monotonic and thus fail to capture the nonmonotonicity inherent in the

1 For recent collections of papers, see [17,37].
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notion of a consistent query answer (Example 13). Third, they are mostly
nonlocal. Below we discuss those paraconsistency-based approaches that are
closest to ours.

Bry [24] was, to our knowledge, the first author to consider the notion
of a consistent query answer in inconsistent databases. He defined consistent
query answers using provability in minimal logic. The proposed inference
method is nonmonotonic but fails to capture minimal change (thus Bry’s no-
tion of a consistent query answer is weaker than ours). Moreover, Bry’s ap-
proach is entirely proof-theoretic and does not provide a computational mech-
anism to obtain consistent answers to first-order queries. Other formalisms,
for example, [79], are also limited to propositional inference. Moreover, they
do not distinguish between integrity constraints and database facts. Thus, if
the data in the database violates an integrity constraint, the constraint itself
can no longer be inferred (which is not acceptable in the database context).

Example 21. Assume that the integrity constraint is (¬p ∨ ¬q) and the da-
tabase contains the facts p and q. In the approach of Lin [79], p ∨ q can be
inferred (minimal change is captured correctly), but p, q and (¬p ∨ ¬q) can
no longer be inferred (they are all involved in an inconsistency). 2

Several papers by Lozinskii, Kifer, Arieli, and Avron [9,68,82] studied
the problem of making inferences from a possibly inconsistent, propositional,
or first-order knowledge base. The basic idea is to infer the classical conse-
quences of all maximal consistent subsets of the knowledge base [82] or all
most consistent models of the knowledge base [9,68] (where the order on mod-
els is defined on the basis of atom annotations drawing values from a lattice
or a bilattice). This provides a nonmonotonic consequence relation but the
special role of integrity constraints (whose truth cannot be given up) is not
captured. Also, no computational mechanisms for answering first-order (or
aggregation) queries are proposed, nor are computational complexity issues
addressed. In section 4, we described how the approach of Kifer and Lozinskii
[68] can be adapted to the task of computing consistent query answers.

In [36], a logical framework based on a three-valued logic is used to dis-
tinguish between consistent and inconsistent (controversial) information. A
database instance is a finite set of tuples, each tuple associated with the value
1 (safe), 0 (false, does not need to be stored) or 1

2 (controversial). Integrity
constraints are expressed in a first-order language and have three-valued se-
mantics. A repair J of I is an instance satisfying a set of integrity constraints
IC , which is ≤I -minimal among all the instances satisfying IC , where ≤I is
defined as follows. The distance between I and J is the sum over all tuples
u of |I(u) − J(u)|, where I(u) and J(u) are the values associated with u
in I and J , respectively. Then, J ≤I K if the distance between I and J is
less than or equal to the distance between I and K. Furthermore, in [36],
an algorithm for computing repairs is introduced. This algorithm is based on
the tableau proof system for the three-valued logic used in the framework.
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A related approach of Arieli et al. [10] introduces executable specifications
of repairs using abductive logic programming [65]. In both approaches, how-
ever, no notion analogous to consistent query answers is proposed, and no
complexity analysis is provided.

Pradhan [86,87] introduced a logic for reasoning in the presence of con-
testations that are conflicts of different kinds: logical, semantical, domain de-
pendent, etc. They are declared together with a domain specification which
is, for example, a logical theory or a normal logic program. The logic has a
non-classical, four-valued semantics that allows inferring conflict-free sets of
consequences. For example, if conflicts have been declared as classical logical
conflicts, no logical contradiction will be found in the set of consequences.
A deductive evaluation mechanism is developed for ground queries that are
strong consequences of the specification, i.e. that hold in all conflict-free mod-
els. Furthermore, it is also shown how to represent – as a set of conflicts – the
inconsistency of a deductive database w.r.t. a set of integrity constraints. An
interesting approach to integrity constraints in databases is taken: the con-
straints should restrict the possible answers one can get from the database,
rather than capture the semantics of the domain or restrict the states of the
database. This view is quite compatible with the approach in [3] and could
be used as another motivation for it. However, the general deductive system
for strong consequences is not explicitly applied nor specialized to consis-
tent (conflict-free) query answering in databases. Complexity issues are not
addressed.

Further related treatments of inconsistency have been developed in the
areas of knowledge representation [44] and formal specifications in software
engineering [12,85].

7.3 Databases

The approaches discussed here and in the next subsection are applicable to
relational databases and to first-order queries and integrity constraints.

Asirelli et al. [11] treat integrity constraints as views over a deductive
database. In that way, queries can be answered “through the views,” so
that the resulting answers satisfy the integrity constraints and answers that
do not satisfy them are filtered out. This approach is the closest to the
transformation-based approach presented in Sect. 3 and also supports local-
ity. However, the approach [11] is a deductive, resolution-based, direct query
answering method, similar to the approaches to query answering in deductive
databases in the presence of integrity constraints [71,91]. Moreover, queries
are restricted to be conjunctions of literals. No computational complexity
issues are addressed.

Wijsen [96] studies the problem of consistent query answering in the con-
text of universal constraints. In contrast to Definition 2, he considers repairs
obtained by modifying individual tuple components. Notice that a modifi-
cation of a tuple component cannot necessarily be simulated as a deletion
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followed by an insertion, because this might not be minimal under set in-
clusion. Wijsen proposes to represent all repairs of an instance by a single
trustable tableau. From this tableau, answers to conjunctive queries can be
efficiently obtained. It is not clear, however, what is the computational com-
plexity of constructing the tableau, or even whether the tableau is always of
polynomial size.

Franconi et al. [43] also discuss repairs based on updating individual values
in the context of a data cleaning application. The aim is to compute all
possible repairs, in this case of a particular kind of databases storing census
data, rather than consistent query answering. The issues addressed consist
of detecting and solving conflicts inside the database and conflicts between
answers to questionnaires and the intended declarative semantics of the latter,
as opposed to conflicts between data and integrity constraints. This work is
a specific case of data cleaning [45].

It has been widely recognized that in database integration, the integrated
data may be inconsistent with the integrity constraints. A typical (theoret-
ical) solution to the problem of database inconsistency in this context is
augmenting the data model to represent disjunctive information. Different
disjuncts correspond to different ways of resolving an inconsistency. The fol-
lowing example explains the need for a solution of this kind.

Example 22. Consider the functional dependency “every person has a single
salary” in Example 1. It is violated by the first two tuples. Each of those tuples
may be coming from a different data source that satisfies the dependency.
Thus, both tuples are replaced by their disjunction

Employee(J .Page, 5000) ∨ Employee(J .Page, 8000)

in the integrated database. Now, the functional dependency is no longer vi-
olated. 2

To solve this kind of problem, Agarwal et al. [2] introduced the notion of
flexible relation, a non-1NF relation that contains tuples with sets of nonkey
values (where such a set stands for one of its elements). This approach is
limited to primary key functional dependencies and was subsequently gener-
alized to other key functional dependencies by Dung [38]. In the same context,
Baral et al. [13,54] proposed to use disjunctive Datalog, and Lin and Mendel-
zon [80] tables with OR-objects [63,64]. Agarwal et al. [2] introduced flexible
relational algebra to query flexible relations, and Dung [38] introduced flex-
ible relational calculus (a proper subset of the calculus can be translated to
flexible relational algebra). The remaining papers did not discuss query lan-
guage issues, relying on the existing approaches to query disjunctive Datalog
or tables with OR-objects.

There are several important differences between the above approaches
and ours. First, they rely on the construction of a single (disjunctive) in-
stance and the deletion of conflicting tuples. The integrity constraints are
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used solely for conflict resolution. However, all conflicts need to be resolved,
and thus the above approaches are nonlocal. In our transformation-based ap-
proach, the underlying databases are incorporated into the integrated one in
toto, without any changes. There is no need for introducing disjunctive in-
formation. The integrity constraints are used only during querying. Second,
the above approaches do not generalize to arbitrary functional dependencies
and other kinds of integrity constraints. Imielinski et al. [64] provide a com-
prehensive characterization of the computational complexity of evaluating
conjunctive queries in databases with OR-objects. Those results carry over
into our framework only in very limited cases, as discussed in [7,29].

Motro [84] addressed the issue of integrating data from possibly mutually
inconsistent sources in a fashion different from the above and closer to our
approach. He proposed, among others, the notion of sound query answers
– the answers present in the query result in every source. For functional
dependencies and single-literal queries, every sound answer (in Motro’s sense)
is a consistent answer (in our sense). However, the converse is not true, since
a tuple that appears only in a single source will not be a sound answer,
although it is a consistent answer if it does not conflict with any other tuple.
Also, for general denial constraints, there may be sound answers that are not
consistent. The computational mechanism proposed in [84] consists of simply
taking the intersection of the query answers in individual sources, and thus
it is local. No complexity analysis is provided.

Gertz [50,51] described techniques based on model-based diagnosis for
detecting causes of inconsistencies in databases and computing the corre-
sponding repairs. However, he did not address the issue of query answering
in the presence of an inconsistency.

Cholvy [28] introduced a deductive approach based on modal logic that
allows limiting the impact of inconsistent information that is related to a
query. The logic distinguishes sure and doubtful information. From the origi-
nal inconsistent deductive database that includes integrity constraints, a new
database consisting of modal formulas is constructed. There are modalities
S and D for the sure and doubtful formulas. Then, the idea is to derive
the sure answers from the deductive system, so query processing consists of
constructing a proof in an appropriate modal logic. Integrity constraints are
considered at the same level of reliability as data, and in consequence, they
could be considered “doubtful.” No complexity analysis is provided.

7.4 Logic Programming

Greco et al. [57,59] independently developed a logic-programming-based ap-
proach to inconsistency handling in databases, alternative to those presented
in Sect. 4.1 and 4.2. In that approach, disjunctive logic programs with stable
model semantics are used to specify the sets of changes that lead to database
repairs in the sense of [3]. The authors present a general solution based on a
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compact schema for generating repair programs for universal integrity con-
straints. The application of such a schema leads to rules whose heads involve
essentially all possible disjunctions of database literals that occur together
in a constraint. Thus, a single constraint can produce exponentially many
clauses. The approach of [4,6] can be generalized to nonbinary constraints
along the same lines. (In contrast to [4,6,57,59], the approach of [15] does not
lead to an exponential blowup.) The approach of [57] is concentrated mainly
on producing the sets of changes, rather than the repaired databases explic-
itly. In particular, there are no persistence rules in the generated program. In
consequence, the program cannot be directly used to obtain consistent query
answers. An additional contribution of [57] is the notion of repair constraints
that specify preferences for certain kinds of repairs (for example, deletion
over insertion).

Another approach to database repairs based on logic programming se-
mantics consists of revision programs proposed by Marek and Truszczynski
[83]. The rules in those programs explicitly declare how to enforce the satis-
faction of an integrity constraint, rather than explicitly stating the integrity
constraints, for example,

in(a)← in(a1) . . . , in(ak), out(b1), . . . , out(bm)

has the intended procedural meaning of inserting the database atom a when-
ever a1, . . . , ak but not b1, . . . , bm are in the database. Also a declarative,
stable model semantics is given to revision programs (thus also providing
a computational mechanism). Preferences for certain kinds of repair actions
can be captured by including the corresponding rules in the revision program
and omitting the rules that could lead to other forms of repairs. No notion
analogous to consistent query answers is proposed.

There are several proposals for language constructs specifying nondeter-
ministic queries that are related to our approach: witness [1] and choice
[52,53,58]. Essentially, the idea is to construct a maximal subset of a given
relation that satisfies a given set of functional dependencies. Because there
is usually more than one such subset, the approach yields nondeterministic
queries in a natural way. Clearly, maximal consistent subsets (choice models
[52]) correspond to repairs of Definition 2. Stratified Datalog with choice [52]
combines enforcing functional dependencies with inference using stratified
Datalog programs. Answering queries in all choice models (∀G-queries [58])
corresponds to our notion of computation of consistent query answers for first-
order queries (Definition 4). However, in [58], the former problem is shown
co-NP-complete and no tractable cases are identified. One of the sources of
complexity in this case is the presence of intensional relations defined by
Datalog rules. Such relations are absent from our approach. Moreover, the
procedure proposed in [58] runs in exponential time if there are exponentially
many repairs, as in Example 8. Also, only conjunctions of literals are con-
sidered as queries in [58]. Arbitrary first-order or aggregation queries are not
studied. Neither is the approach generalized beyond functional dependencies.
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Blair and Subrahmanian [21] introduced paraconsistent logic program-
ming. Paraconsistent logic programs have nonclassical semantics, inspired by
paraconsistent first-order semantics. Kifer and Subrahmanian [69] discussed
annotated logic programs with lattice-based, nonclassical semantics. Atoms in
clauses have annotations, as in [68], but now they may also contain variables
and functions, providing a stronger representation formalism. The implemen-
tation of annotated logic programs and query answering mechanisms are dis-
cussed in [72]. Subrahmanian [93] further generalized annotated programs to
use them for amalgamating databases by resolving potential conflicts between
integrated data. For this purpose, the product of the lattices underlying each
database is constructed as the semantic basis for the integrated database.
Conflict resolutions and preferences are captured by means of function-based
annotations. Other approaches to paraconsistent logic programming are dis-
cussed in [34]. These works do not define notions analogous to repairs and
consistent query answers.

8 Open Problems and Ongoing Work

8.1 Flexible Repairs

The existing notions of a consistent query answer [3–5,57,59,73] are based on
the notion of database repair from [3]. Database repairs of an inconsistent
database instance are new instances that satisfy the integrity constraints but
differ from the original instance by a minimal set of whole database tuples,
where minimality is understood under set inclusion. In Sect. 2, we mentioned
some alternative notions of repair. In particular, in some situations, it may
be more natural to consider more flexible repairs that allow modifications of
individual tuple components [96].

Other alternatives, independently of how repairs are defined, should con-
sider more flexibility w.r.t. the class of all repairs, for example, considering
an answer consistent if it is true in the majority of the database repairs, or
true in some preferred repairs, under some predefined notion of preference.
Majority-based approaches to consistency have been studied in [80] and [82]
in the context of data integration. The whole issue of preferences for cer-
tain changes and repairs still remains to be investigated. Some work in this
direction is presented in [57].

8.2 Data Integration

Assume that we have a collection of (materialized) data sources S1, . . . , Sn,
and a global, virtual database G that integrates data from S1, . . . , Sn. Ac-
cording to the local-as-view approach [76,84,94], we can look at the data
sources, Si, as views of the global schema G. Now, given a query Q to G,
one can generate a query plan that extracts the information from the sources
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[55,76–78]. In the global-as-view approach [74], the global database is defined
as a view over the data sources.

Sometimes one assumes that certain integrity constraints hold in the
global system, and those integrity constraints are used in generating the
query plan; actually, there are situations where without integrity constraints,
no query plan can be generated [39,56,60]. The problem is that we cannot
be sure that such global integrity constraints hold. Even in the presence of
consistent data sources, a global system that integrates them may become
inconsistent. The global integrity constraints are not maintained and could
easily be violated. In consequence, data integration is a natural scenario to
apply the methodologies presented before. What we have to do is to retrieve
consistent information from the global system.

Several new interesting issues appear, among them are (a) What is a
consistent answer in this context? (b) If we are going to base this notion
on a notion of repair, what is a repair? Notice that we do not have global
instances to repair. (c) How can the consistent answers be retrieved from
the global systems? What kind of query plans do we need? These and other
issues are addressed in [18,23] for the local-as-view approach and in [73] for
the global-as-view approach.

8.3 Other Problems

An important achievement of this line of research would be integrating the
mechanisms for retrieving consistent query answers with a full-fledged DBMS.
In such a system, it should be possible to specify, in SQL, soft integrity
constraints (constraints that are not explicitly maintained) and pose the usual
SQL queries. The consistent answers to those queries would be obtained by an
enhanced SQL engine. Note that different users, having different perceptions,
could specify different soft constraints.

So far, we have developed our notions of consistent answer and repair in
the context of relational databases. Nevertheless, it would be interesting to
extend these notions and the corresponding computational mechanisms to
other kinds of databases: semistructured, deductive, spatiotemporal, etc.
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63. T. Imieliński, S. Naqvi, and K. Vadaparty. Incomplete Objects - A Data Model

for Design and Planning Applications. In ACM SIGMOD International Con-
ference on Management of Data, pp. 288–297, Denver, Colorado, May 1991.
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Abstract

In this paper we consider the problem of the logical char-
acterization of the notion of consistent answer in a relational
database that may violate given integrity constraints. This
notion is captured in terms of the possible repaired versions
of the database. A method for computing consistent an-
swers is given and its soundness and completeness (for some
classes of constraints and queries) proved. The method is
based on an iterative procedure whose termination for sev-
eral classes of constraints is proved as well.

1 Introduction

Integrity constraints capture an important normative aspect
of every database application. However, it is often the case
that their satisfaction cannot be guaranteed, allowing for the
existence of inconsistent database instances. In that case,
it is important to know which query answers are consistent
with the integrity constraints and which are not. In this pa-
per, we provide a logical characterization of consistent query
answers in relational databases that may be inconsistent with
the given integrity constraints. Intuitively, an answer to a
query posed to a database that violates the integrity con-
straints will be consistent in a precise sense: It should be the
same as the answer obtained from any minimally repaired
version of the original database. We also provide a method
for computing such answers and prove its properties. On the
basis of a query Q, the method computes, using an iterative
procedure, a new query Tω(Q) whose evaluation in an arbi-
trary, consistent or inconsistent, database returns the set of

consistent answers to the original query Q. We envision the
application of our results in a number of areas:

Data warehousing. A data warehouse contains data com-
ing from many different sources. Some of it typically does
not satisfy the given integrity constraints. The usual ap-
proach is thus to clean the data by removing inconsistencies
before the data is stored in the warehouse [6]. Our results
make it possible to determine which data is already clean
and proceed to safely remove unclean data. Moreover, a dif-
ferent scenario becomes possible, in which the inconsisten-
cies are not removed but rather query answers are marked as
“consistent” or “inconsistent”. In this way, information loss
due to data cleaning may be prevented.

Database integration. Often many different databases
are integrated together to provide a single unified view for
the users. Database integration is difficult since it requires
the resolution of many different kinds of discrepancies of
the integrated databases. One possible discrepancy is due
to different sets of integrity constraints. Moreover, even if
every integrated database locally satisfies the same integrity
constraint, the constraint may be globally violated. For ex-
ample, different databases may assign different addresses to
the same student. Such conflicts may fail to be resolved at all
and inconsistent data cannot be “cleaned” because of the au-
tonomy of different databases. Therefore, it is important to
be able to find out, given a set of local integrity constraints,
which query answers returned from the integrated database
are consistent with the constraints and which are not.

Active and reactive databases. A violation of integrity
constraints may be acceptable under the provision that it will
be repaired in the near future. For example, the stock level in
a warehouse may be allowed to fall below the required min-
imum if the necessary replenishments have been ordered.
During this temporary inconsistency, however, query answers
should give an indication whether they are consistent with
the constraints or not. This problem is particularly acute in

active databases that allow such consistency lapses. The re-
sult of evaluating a trigger condition that is consistent with
the integrity constraints should be treated differently from
the one that isn’t.

The following example presents the basic intuitions be-
hind the notion of consistent query answer.

Example 1. Consider a database subject to the following IC:

∀x(P(x)⊃ Q(x)).

The instance

{P(a),P(b),Q(a),Q(c)}

violates this constraint. Now if the query asks for all x such
that Q(x), only a is returned as an answer consistent with the
integrity constraint.

The plan of this paper is as follows. In section 2 we in-
troduce the basic notions of our approach, including those of
repair and consistent query answer. In section 3 we show a
method how to compute the query Tω(Q) for a given first-
order query Q. In subsequent sections, the properties of this
method are analyzed: soundness in section 4, completeness
in section 5, and termination in section 6. In section 7 we
discuss related work. In section 8 we conclude and outline
some of the prospects for future work in this area. The proofs
are given in the appendix.

2 Basic Notions

In this paper we assume we have a fixed database schema
and a fixed infinite database domain D. We also have a first
order language based on this schema with names for the ele-
ments of D. We assume that elements of the domain with dif-
ferent names are different. The instances of the schema are
finite structures for interpreting the first order language. As
such they all share the given domain D, nevertheless, since
relations are finite, every instance has a finite active domain
which is a subset of D. As usual, we allow built-in predi-
cates that have infinite extensions, identical for all database
instances. There is also a set of integrity constraints IC, ex-
pressed in that language, which the database instances are
expected to satisfy. We will assume that IC is consistent in
the sense that there is a database instance that makes it true.

Definition 1. (Consistency) A database instance r is consis-
tent if r satisfies IC in the standard model-theoretic sense,
that is, r � IC; r is inconsistent otherwise.

This paper addresses the issue of obtaining meaningful
and useful query answers in any, consistent or inconsistent,
database. It is well known how to obtain query answers in
consistent databases. Therefore, the challenging part is how
to deal with the inconsistent ones.

2.1 Repairs

Given a database instance r, we denote by Σ(r) the set of
formulas {P( ā)|r � P( ā)}, where the Ps are relation names
and ā is ground tuple.

Definition 2. (Distance) The distance ∆(r,r′) between data-
base instances r and r′ is the symmetric difference:

∆(r,r′) = (Σ(r)�Σ(r′))∪ (Σ(r′)�Σ(r)).

Definition 3. For the instances r,r′,r′′, r′ �r r′′ if ∆(r,r′) �
∆(r,r′′), i.e., if the distance between r and r′ is less than or
equal to the distance between r and r′′.

Notice that built-in predicates do not contribute to the
∆s because they have fixed extensions, identical in every
database instance.

Definition 4. (Repair) Given database instances r and r′, we
say that r′ is a repair of r if r′ � IC and r′ is �r-minimal in
the class of database instances that satisfy the ICs.

Clearly, what constitutes a repair depends on the given
set of integrity constraints. In the following we assume that
this set is fixed.

Example 2. Let us consider a database schema with two
unary relations P and Q and domain D = {a,b,c}. Assume
that for an instance r, Σ(r) = {P(a),P(b),Q(a),Q(c)}, and
let IC = {∀x(P(x) ⊃ Q(x))}. Clearly, r does not satisfy IC
because r � P(b)∧¬Q(b).

In this case we have two possibles repairs for r. First,
we can falsify P(b), obtaining an instance r′ with Σ(r′) =
{P(a),Q(a),Q(c)}. As a second alternative, we can make
Q(b) true, obtaining an instance r′′ with Σ(r′′)= {P(a),P(b),
Q(a),Q(b),Q(c)}.

The definition of a repair satisfies certain desirable and
expected properties. Firstly, a consistent database does not
need to be repaired, because if r satisfies IC, then, by the
minimality condition wrt the relation �r, r is the only repair
of itself (since ∆(r,r) is empty). Secondly, any database r
can always be repaired because there is a database r′ that
satisfies IC, and ∆(r,r′) is finite.

Example 3. (motivated by [19]) Consider the IC saying that
C is the only supplier of items of class T4:

∀(x,y,z)(Supply(x,y,z)∧Class(z,T4)⊃ x =C). (1)

The following database instance r1 violates the IC:

Supply Class
C D1 I1 I1 T4

D D2 I2 I2 T4

The only repairs of this database are

Supply Class
C D1 I1 I1 T4

I2 T4

and

Supply Class
C D1 I1 I1 T4

D D2 I2

Example 4. (motivated by [19]) Consider the IC:

∀(x,y)(Supply(x,y, I1) ⊃ Supply(x,y, I2)), (2)

saying that item I2 is supplied whenever item I1 is supplied;
and the following inconsistent instance, r2, of the database

Supply
C D1 I1

C D1 I3

This instance has two repairs:

Supply
C D1 I1

C D1 I2

C D1 I3

and

Supply
C D1 I3

Example 5. Consider a student database. Student(x,y,z)
means that x is the student number, y is the student’s name,
and z is the student’s address. The two following ICs state
that the first argument is a key of the relation

∀(x,y,z,u,v)(Student(x,y,z)∧Student(x,u,v)⊃ y = u),

∀(x,y,z,u,v)(Student(x,y,z)∧Student(x,u,v)⊃ z = v).

The inconsistent database instance r3

Student Course
S1 N1 D1 S1 C1 G1

S1 N2 D1 S1 C2 G2

has two repairs:

Student Course
S1 N1 D1 S1 C1 G1

S1 C2 G2

and

Student Course
S1 N2 D1 S1 C1 G1

S1 C2 G2

2.2 Consistent query answers

We assume all queries are in prefix disjunctive normal form.

Definition 5. A formula Q is a query if it has the following
syntactical form:

Q̄
s

_

i=1

(
mî

j=1

Pi, j( ūi, j)∧
nî

j=1

¬Qi, j( v̄i, j)∧ψi),

where Q̄ is a sequence of quantifiers and every ψi contains
only built-in predicates. If Q̄ contains only universal quanti-
fiers, then we say that Q is a universal query. IfQ̄ contains
existential (and possibly universal) quantifiers, we say that
Q is non-universal query.

Definition 6. (Query answer) A (ground) tuple t̄ is an an-
swer to a query Q( x̄) in a database instance r if r |= Q(̄t). A
(ground) tuple t̄ is an answer to a set of queries {Q1, . . . ,Qn}
if r |= Q1 ∧ �� �∧Qn.

Definition 7. (Consistent answer) Given a set of integrity
constraints, we say that a (ground) tuple t̄ is a consistent
answer to a query Q( x̄) in a database instance r, and we
write r |=c Q(t̄) (or r |=c Q( x̄)[̄t]), if for every repair r′ of
r, r′ � Q(t̄). If Q is a sentence, then true (false) is a consis-
tent answer to Q in r, and we write r |=c Q (r 6|=c Q), if for
every repair r′ of r, r′ � Q (r′ 2 Q).

Example 6. (example 3 continued) The only consistent an-
swer to the query Class(z,T4), posed to the database instance
r1, is I1 because r1 |=c Class(z,T4)[I1].

Example 7. (example 4 continued) The only consistent an-
swer to the query Supply(C,D1,z), posed to the database in-
stance r2, is I3 because r2 |=c Supply(C,D1,z)[I3].

Example 8. (example 5 continued) By considering all the re-
pairs of the database instance r3, we obtain C1 and C2 as the
consistent answers to the query ∃zCourse(S1,y,z), posed to
r3. For the query ∃(u,v)(Student(u,N1,v)∧Course(u,x,y)),
we obtain no (consistent) answers.

3 The General Approach

We present here a method to compute consistent answers to
queries. Given a query Q, the query Tω(Q) is defined based
on the notion of residue developed in the context of seman-
tic query optimization (SQO) [5]. In the context of deductive
databases, SQO is used to optimize the process of answering
queries using the semantic knowledge about the domain that
is contained in the ICs. In this case, the basic assumption is
that the ICs are satisfied by the database. In our case, since
we allow inconsistent databases, we do not assume the sat-
isfaction of the ICs while answering queries. A first attempt
to obtain consistent answers to a query Q( x̄) may be to use
query modification, i.e., ask the query Q( x̄)∧ IC. However,

this does not work, as we obtain false as the answer if the
DB is inconsistent. Instead, we iteratively modify the query
Q using the residues. As a result, we obtain the query Tω(Q)
with the property that the set of all answers to Tω(Q) is the
same as as the set of consistent answers to Q. (As shown
later, the property holds only for restricted classes of queries
and constraints.)

3.1 Generating residues in relational DBs

We consider only universal constraints. We begin by trans-
forming every integrity constraint to the standard format (ex-
pansion step).

Definition 8. An integrity constraint is in standard format if
it has the form

∀(
m

_

i=1

Pi( x̄i)∨
n

_

i=1

¬Qi( ȳi)∨ψ),

where ∀ represents the universal closure of the formula, x̄i,
ȳi are tuples of variables and ψ is a formula that mentions

only built–in predicates, in particular, equality.
Notice that in such an IC there are no constants in the

Pi,Qi; if they are needed they can be pushed into ψ.
Many usual ICs that appear in DBs can be transformed to

the standard format, e.g. functional dependencies, set inclu-
sion dependencies of the form ∀ x̄(P( x̄) ⊃ Q( x̄)), transitiv-
ity constraints of the form ∀x,y,z(P(x,y)∧P(y,z)⊃ P(x,z)).
The usual ICs that appear in SQO in deductive databases
as rules [5] can be also accommodated in this format, in-
cluding rules with disjunction and logical negation in their
heads. An inclusion dependency of the form ∀ x̄(P( x̄) ⊃
∃y Q( x̄,y)) cannot be transformed to the standard format.

After the expansion of IC, rules associated with the database
schema are generated. This could be seen as considering
an instance of the database as an extensional database ex-
panded with new rules, and so obtaining an associated de-
ductive database where semantical query optimization can
be used.

For each predicate, its negative and positive occurrences
in the ICs (in standard format) will be treated separately with
the purpose of generating corresponding residues and rules.
First, a motivating example.

Example 9. Consider the IC ∀x (¬P(x)∨Q(x)). If Q(x) is
false, then ¬P(x) must be true. Then, when asking about
¬Q(x), we make sure that ¬P(x) becomes true. That is,
we generate the query ¬Q(x)∧¬P(x) where ¬P(x) is the
residue attached to the query.

For each IC in standard format

∀(
m

_

i=1

Pi( x̄i)∨
n

_

i=1

¬Qi( ȳi)∨ψ), (3)

and each positive occurrence of a predicate Pj( x̄j) in it, the
following residue for ¬Pj( x̄j) is generated

Q̄(
j−1
_

i=1

Pi( x̄i)∨
m

_

i= j+1

Pi( x̄i)∨
n

_

i=1

¬Qi( ȳi)∨ψ), (4)

where Q̄ is a sequence of universal quantifiers over all the
variables in the formula not appearing in x̄j.

If R1, . . . ,Rr are all the residues for ¬Pj, then the follow-
ing rule is generated:

¬Pj( w̄) 7�→ ¬Pj( w̄){R1( w̄), . . . ,Rr( w̄)},

where w̄ are new variables. If there are no residues for ¬Pj,
then the rule ¬Pj( w̄) 7�→ ¬Pj( w̄) is generated.

For each negative occurrence of a predicate Q j( ȳj) in (3),
the following residue for Q j( ȳj) is generated

Q̄(
m

_

i=1

Pi( x̄i)∨
j−1
_

i=1

¬Qi( ȳi)∨
n

_

i= j+1

¬Qi( ȳi)∨ψ),

where Q̄ is a sequence of universal quantifiers over all the
variables in the formula not appearing in ȳj.

If R′
1, . . . ,R

′
s are all the residues for Q j( ȳj), the following

rule is generated:

Q j( ū) 7�→ Qj( ū){R′1( ū), . . . ,R′s( ū)}.

If there are no residues for Q j( ȳj), then the rule Q j( ū) 7�→
Q j( ū) is generated. Notice that there is exactly one new rule
for each positive predicate, and exactly one rule for each
negative predicate.

If there are more than one positive (negative) occurrences
of a predicate, say P, in an IC, then more then one residue
is computed for ¬P. In some cases, e.g., for functional de-
pendencies, the subsequent residues will be redundant. In
other cases cases, e.g., for transitivity constraints, multiple
residues are not redundant.

Example 10. If we have the following ICs in standard for-
mat

IC = {∀x(R(x)∨¬P(x)∨¬Q(x)),∀x(P(x)∨¬Q(x))},

the following rules are generated:

P(x) 7�→ P(x){R(x)∨¬Q(x)}

Q(x) 7�→ Q(x){R(x)∨¬P(x),P(x)}

R(x) 7�→ R(x)

¬P(x) 7�→ ¬P(x){¬Q(x)}

¬Q(x) 7�→ ¬Q(x)

¬R(x) 7�→ ¬R(x){¬P(x)∨¬Q(x)}.

Notice that no rules are generated for built-in predicates,
but such predicates may appear in the residues. They have
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fixed extensions and thus cannot contribute to the violation
of an IC or be modified to make an IC true. For example, if
we have the IC ∀x,y,z(¬P(x,y)∨¬P(x,z)∨ y = z), and the
database satisfies P(1,2),P(1,3), the IC cannot be made
true by making 2 = 3.

Once the rules have been generated, it is possible to sim-
plify the associated residues. In every new rule of the form
P( ū) 7�→P( ū){R1( ū), . . . ,Rr( ū)} the auxiliary quantifications
introduced in the expansion step are eliminated (both the
quantifier and the associated variable in the formula) from
the residues by the process inverse to the one applied in
the expansion. The same is done with rules of the form
¬P 7�→ ¬P{� � �}.

3.2 Computing Tω(Q)

In order to determine consistent answers to queries in arbi-
trary databases, we will make use of a family of operators
consisting of Tn, n � 0, and Tω.

Definition 9. The application of an operator Tn to a query is
defined inductively by means of the following rules

1. Tn(2) := 2, Tn(¬2) := ¬2, for every n � 0 (2 is the
empty clause).

2. T0(ϕ) := ϕ.

3. For each predicate P( ū), if there is a rule P( ū) 7�→
P( ū){R1( ū), . . . ,Rr( ū)}, then

Tn+1(P( ū)) := P( ū)∧
r̂

i=1

Tn(Ri( ū)).

If P( ū) does not have residues, then Tn+1(P( ū)) :=
P( ū).

4. For each negated predicate ¬Q( v̄), if there is a rule
¬Q( v̄) 7�→ ¬Q( v̄){R′1( v̄), . . . ,R′s( v̄)}, then

Tn+1(¬Q( v̄)) := ¬Q( v̄)∧
ŝ

i=1

Tn(R
′
i( v̄)).

If¬Q( v̄) does not have any residues, then Tn+1(¬Q( ū)) :=
¬Q( ū).

5. If ϕ is a formula in prenex disjunctive normal form,
that is,

ϕ = Q̄
s

_

i=1

(
mî

j=1

Pi, j( ūi, j)∧
nî

j=1

¬Qi, j( v̄i, j)∧ψi),

where Q̄ is a sequence of quantifiers and ψi is a formula
that includes only built–in predicates, then for every
n � 0:

Tn(ϕ) := Q̄
s

_

i=1

(
mî

j=1

Tn(Pi, j( ūi, j))∧

nî

j=1

Tn(¬Qi, j( v̄i, j))∧ψi).

Definition 10. The application of operator Tω on a query is
defined as Tω(ϕ) =

[

n<ω
{Tn(ϕ)}.

Example 11. (example 10 continued) For the query ¬R(x)
we have T1(¬R(x)) =¬R(x)∧ (¬P(x)∨¬Q(x)), T2(¬R(x))
=¬R(x)∧((¬P(x)∧¬Q(x))∨¬Q(x)) and finally T3(¬R(x))
= T2(¬R(x)). We have reached a fixed point and then

Tω(¬R(x)) = {¬R(x),¬R(x)∧ (¬P(x)∨¬Q(x)),

¬R(x)∧ ((¬P(x)∧¬Q(x))∨¬Q(x))}.

We show first that the operator Tω conservatively extends
standard query evaluation on consistent databases.

Proposition 1. Given a database instance r and a set of in-
tegrity constraints IC, such that r � IC, then for every query
Q( x̄) and every natural number n: r � ∀ x̄(Q( x̄)� Tn(Q( x̄))).

Corollary 1. Given a database instance r and a set of in-
tegrity constraints IC, such that r � IC, then for every query
Q( x̄) and every tuplēt: r � Q(t̄) if and only if r � Tω(Q(t̄)).

4 Soundness

Now we will show the relationship between consistent an-
swers to a query Q in a database instance r (definition 7) and
answers to the query Tω(Q) (definition 6). We show that
Tω(Q) returns only consistent answers to Q.

Theorem 1. (Soundness) Let r be a database instance, IC a
set of integrity constraints and Q( x̄) a query (see definition 5)
such that r � Tω(Q( x̄))[̄t]. If Q is universal or non-universal
and domain independent[20], then t̄ is a consistent answer to
Q in r (in the sense of definition 7), that is, r |=c Q(t̄) .

The second condition in the theorem excludes non-universal,
but domain dependent queries like ∃x¬P(x).

Example 12. (example 6 continued) The IC (1) transformed
into the standard format becomes

∀(x,y,z,w)(¬Supply(x,y,z)∨

¬Class(z,w)∨w 6= T4 ∨ x =C).

The following rule is generated:

Class(z,w) 7�→ Class(z,w)

{∀(x,y)(¬Supply(x,y,z)∨w 6= T4 ∨ x =C)}.

Given the database instance r1 that violates the IC as before,
if we pose the query Class(z,T4), asking for the items of
class T4, directly to r1, we obtain I1 and I2. Nevertheless, if
we pose the query Tω(Class(z,T4)), that is

{Class(z,T4),

Class(z,T4)∧∀(x,y)(¬Supply(x,y,z)∨ x =C)}

we obtain only I1, eliminating I2. I1 is the only consistent
answer.

Example 13. (example 8 continued) In the standard format,
the ICs take the form

∀(x,y,z,u,v)(¬Student(x,y,z)∨

¬Student(x,u,v)∨ y = u),

∀(x,y,z,u,v)(¬Student(x,y,z)∨

¬Student(x,u,v)∨ z = v).

The following rule is generated

Student(x,y,z) 7�→ Student(x,y,z)

{∀(u,v)(¬Student(x,u,v)∨ y = u),

∀(u,v)(¬Student(x,u,v)∨ z = v)}.

Given the inconsistent database instance r3, if we pose the
query ∃zCourse(S1,y,z), asking for the names of the courses
of the student with number S1, we obtain C1 and C2. If we
pose the query

Tω(∃zCourse(S1,y,z)) = {∃zCourse(S1,y,z)}

we obviously obtain the same answers which, in this case,
are the consistent answers. Intuitively, in this case the Tω
operator helps us to establish that even when the name of the
student with number S1 is undetermined, it is still possible
to obtain the list of courses in which he/she is registered. On
the other hand, if we pose the query

∃(u,v)(Student(u,N1,v)∧Course(u,x,y))

about the courses and grades for a student with name N1, to
r3, we obtain (C1,G1) and (C2,G2). Nevertheless, if we ask

Tω(∃(u,v)(Student(u,N1,v)∧Course(u,x,y)))

we obtain, in conjunction with the original query, the for-
mula:

∃(u,v)(Student(u,N1,v)∧

∀(y′,z′)(¬Student(u,y′,z′)∨ y′ = N1)∧

∀(y′,z′)(¬Student(u,y′,z′)∨ z′ = v)∧Course(u,x,y)),

from this we obtain the empty set of tuples. This answer
is intuitively consistent, because the number of the student
with name N1 is uncertain, and in consequence it is not pos-
sible to find out in which courses he/she is registered. The
set of answers obtained with the Tω operator coincides with
the set of consistent answers which is empty.

5 Completeness

5.1 Binary ICs

Definition 11. A binary integrity constraint (BIC) is a sen-
tence of the form

∀(l1( x̄1)∨ l2( x̄2)∨ψ( x̄)),

where l1 and l2 are literals, and ψ is a formula that only
contains built-in predicates.

Examples of BICs include: functional dependencies, sym-
metry constraints, set inclusions dependencies of the form
∀ x̄(P( x̄)⊃ Q( x̄)).

Definition 12. Given a set of sentences Σ in the language
of the database schema DB, and a sentence ϕ, we denote by
Σ �DB ϕ the fact that, for every instance r of the database, if
r � Σ, then r � ϕ.

Theorem 2. (Completeness for BICs) Given a set IC of bi-
nary integrity constraints, if for every literal l ′( ā), IC 2DB

l′( ā), then the operator Tω is complete, that is, for every
ground literal l(t̄), if r �c l(t̄) then r � Tω(l(t̄)).

The theorem says that every consistent answer to a query
of the form l( x̄) is captured by the Tω operator. Actually,
proposition 2 in the appendix and the completeness theorem
can be easily extended to the case of queries that are con-
junctions of literals. Notice that the finiteness Tω(l( x̄)) is
not a part of the hypothesis in this theorem. The hypoth-
esis of the theorem requires that the ICs are not enough to
answer a literal query by themselves; they do not contain
definite knowledge about the literals.

Example 14. We can see in the example 12 where BICs and
queries which are conjunctions of literals appear, that the
operator Tω gave us all the consistent answers, as implied
by the theorem.

Corollary 2. If IC is a set of functional dependencies (FDs)

IC = {∀(¬P1( x̄1,y1)∨¬P1( x̄1,z1)∨ y1 = z1), (5)

. . . ,

∀(¬Pn( x̄n,yn)∨¬Pn( x̄n,zn)∨ yn = zn)},

then the operator Tω is complete for consistent answers to
queries that are conjunctions of literals.

Example 15. In example 13 we had FDs that are also BICs.
Thus the operator Tω found all the consistent answers, even
for some queries that are not conjunctions of literals, show-
ing that this is not a necessary condition.

Example 16. Here we will show that in general complete-
ness is not obtained for queries that are not conjunctions of
literals. Consider the IC: ∀x,y,z(P(x,y)∧P(x,z) ⊃ y = z)
and the inconsistent instance r with Σ(r)= {P(a,b),P(a,c)}.
This database has two repairs: r′ with Σ(r′) = {P(a,b)}; and
r′′ with Σ(r′′) = {P(a,c)}. We have that r |=c ∃xP(a,x), be-
cause the query is true in the two repairs.

Now, it is easy to see that Tω(∃uP(a,u)) is logically equiv-
alent to ∃u(P(a,u)∧∀z(¬P(a,z)∨ z = u)). So, we have r 6|=
Tω(∃xP(a,x)). Thus, the consistent answer true is not cap-
tured by the operator Tω.

5.2 Other Constraints

The following theorem applies to arbitrary ICs and general-
izes Theorem 2.

Theorem 3. (Completeness) Let IC be a set of integrity con-
straints, l( x̄) a literal, and Tn(l( x̄)) of the form

l( x̄)∧
m̂

i=1

∀( x̄i, ȳi)(Ci( x̄, x̄i)∨ψi( x̄, ȳi)).

If for every n � 0, there is S � {1, . . . ,m} such that

1. for every j ∈ S and every tuple ā: IC 6|=DB C j( ā), and

2. {∀( x̄i, ȳi)(Ci( x̄, x̄i)∨ψi( x̄, ȳi))|i ∈ S} implies

{∀( x̄i, ȳi)(Ci( x̄, x̄i)∨ψi( x̄, ȳi))|1 � i � m}

then r �c l(t̄) implies r � Tω(l(t̄)).
This theorem can be extended to conjunctions of literals.

Notice that the theorem requires a condition for every n∈ N.
Its application is obviously simplified if we know that the
iteration terminates. This is an issue to be analyzed in the
next section.

6 Termination

Termination means that the operator Tω returns a finite set
of formulas. It is clearly important because then the set of
consistent answers can be computed by evaluating a single,
finite query. We distinguish between three different notions
of termination.

Definition 13. Given a set of ICs and a query Q( x̄), we say
that Tω(Q( x̄)) is

1. syntactically finite if there is an an n such that Tn(Q( x̄))
and Tn+1(Q( x̄)) are syntactically the same.

2. semantically finite if there is an n such that for all m �
n, ∀ x̄(Tn(Q( x̄)� Tm(Q( x̄)) is valid.

3. semantically finite in an instance r, if there is an n such
that for all m � n, r |= ∀ x̄ (Tn(Q( x̄)� Tm(Q( x̄)).

The number n in cases 2 and 3 is called a point of finite-
ness. It is clear that 1 implies 2 and 2 implies 3. In the full
version we will show that all these implications are proper.
In all these cases, evaluating Tω(Q( x̄) gives the same result
as evaluating Tn(Q( x̄) for some n (in the instance r in case
3). If Tω(Q( x̄) is semantically finite, sound and complete,
then the set of consistent answers to Q is first-order defin-
able.

6.1 Syntactical finiteness

The notion of syntactical finiteness is important because then
for some n and all m> n, Tm(Q( x̄)) will be exactly the same.
In consequence, Tω(Q) will be a finite set of formulas. In
addition, a point of finiteness n can be detected (if it exists)
by syntactically comparing every two consecutive steps in
the iteration. No simplification rules need to be considered,
because the iterative procedure is fully deterministic.

Here we introduce a necessary and sufficient condition
for syntactical finiteness.

Definition 14. A set of integrity constraints IC is acyclic if
there exists a function f from predicate names plus negations
of predicate names in the database to the natural numbers,
that is, f : {p1, . . . , pn,¬p1, . . . ,¬pn} �→ N, such that for
every integrity constraint ∀(

Wk
i=1 li( x̄i)∨ψ( x̄))∈ IC as in (3),

and every i and j (1 � i, j � k), if i 6= j, then f (¬li)> f (l j).
(Here ¬li is the literal complementary to li.)

Example 17. The set of ICs

IC = {∀x(¬P(x)∨¬Q(x)∨S(x)),

∀(x,y)(¬Q(x)∨¬S(y)∨T (x,y))}.

is acyclic, because the function f defined by
f (P) = 2 f (Q) = 2 f (¬P) = 0 f (¬Q) = 0
f (S) = 1 f (T ) = 0 f (¬S) = 1 f (¬T ) = 2,

sat-

isfies the condition of definition 14.

Example 18. The set of ICs

IC = {∀x(¬P(x)∨¬Q(x)∨S(x)),

∀(x,y)(Q(x)∨¬S(y)∨T (x,y))}.

is not acyclic, because for any function f that we may at-
tempt to use to satisfy the condition in definition 14, from
the first integrity constraint we obtain f (Q)> f (S), and from
the second, we would obtain f (S)> f (Q); a contradiction.

Theorem 4. A set of integrity constraints IC is acyclic iff
for every literal name l in the database schema, Tω(l( x̄)) is
syntactically finite.

The theorem can be extended to any class of queries sat-
isfying Definition 5.

Example 19. The set of integrity constraints in example 18
is not acyclic. In that case Tω(Q(x)) is infinite.

Example 20. The ICs in example 17 are acyclic. There we

have

Tω(P(u)) =

{P(u),

P(u)∧ (¬Q(u)∨S(u)),

P(u)∧ (¬Q(u)∨S(u)∧∀v(¬Q(v)∨T(v,u)))}

Tω(Q(u)) =

{Q(u),

Q(u)∧ (¬P(u)∨S(u))∧∀v(¬S(v)∨T(u,v)),

Q(u)∧ (¬P(u)∨S(u)∧∀w(¬Q(w)∨T(w,u)))∧

∀v(¬S(v)∧ (¬P(v)∨¬Q(v))∨T (u,v))}

Tω(S(u)) = {S(u),S(u)∧∀(¬Q(v)∨T(v,u))}

Tω(T (u,v)) = {T (u,v)}

Tω(¬P(u)) = {¬P(u)}

Tω(¬Q(u)) = {¬Q(u)}

Tω(¬S(u)) = {¬S(u),¬S(u)∧ (¬P(u)∨¬Q(u))}

Tω(¬T (u,v)) =

{¬T (u,v),

¬T (u,v)∧ (¬Q(u)∨¬S(v)),

¬T (u,v)∧ (¬Q(u)∨¬S(v)∧ (¬P(v)∨¬Q(v)))}.

Corollary 3. For functional dependencies and a query Q( x̄),
Tω(Q( x̄)) is always syntactically finite.

6.2 Semantical finiteness

Definition 15. A constraint C in clausal form is uniform if
for every literal l( x̄) in it, the set of variables in l( x̄) is the
same as the set of variables in C� l( x̄). A set of constraints
is uniform if all the constraints in it are uniform.

Examples of uniform constraints include set inclusion
dependencies of the form ∀ x̄(P( x̄) ⊃ Q( x̄)), e.g., Example
4.

Theorem 5. If a set of integrity constraints IC is uniform,
then for every literal name l in the database schema, Tω(l( x̄))
is semantically finite. Furthermore, a point of finiteness n
can be bounded from above by a function of the number of
variables in the query, and the number of predicates (and
their arities) in the query and IC.

Theorem 6. Let l be a literal name. If for some n,

∀ x̄(Tn(l( x̄))⊃ Tn+1(l( x̄)))

is valid, then for all m � n,

∀ x̄(Tn(l( x̄))� Tm(l( x̄)))

is valid.
According to Theorem 6, we can detect a point of finite-

ness by comparing every two consecutive steps wrt logical
implication. Although this is undecidable in general, we
might try to apply semidecision procedures, for example,
automated theorem proving. We have successfully made use
of OTTER [17] in some cases that involve sets of constraints
that are neither acyclic nor uniform. Examples include mul-
tivalued dependencies, and functional dependencies together
with set inclusion dependencies. For multivalued dependen-
cies, Theorem 6 together with Theorem 3 gives complete-
ness of Tω(l( x̄)) where l( x̄) is a negative literal. The cri-
terion from Theorem 6 is also applicable to uniform con-
straints by providing potentially faster termination detection
than the proof of Theorem 5.

6.3 Instance based semantical finiteness

Theorem 7. If Q( x̄) is a domain independent query, then
for every database instance r there is an n, such that for all
m � n, r |= ∀ x̄(Tn(Q( x̄))� Tm(Q( x̄))).

Notice that this theorem does not include the case of neg-
ative literals, as in the case of theorem 5.

7 Related work

Bry [4] was, to our knowledge, the first author to consider
the notion of consistent query answer in inconsistent data-
bases. He defined consistent query answers based on prov-
ability in minimal logic, without giving, however, a proof
procedure or any other computational mechanism for obtain-
ing such answers. He didn’t address the issues of of seman-
tics, soundness or completeness.

It has been widely recognized that in database integra-
tion the integrated data may be inconsistent with the integrity
constraints. A typical (theoretical) solution is to augment the
data model to represent disjunctive information. The follow-
ing example explains the need for a solution of this kind.

Example 21. Consider the functional dependency

∀(x,y,z)(P(x,y)∧P(x,z) ⊃ y = z.

If the integrated database contains both P(a,b) and P(a,c),
then the functional dependency is violated. Each of P(a,b)
and P(a,c) may be coming from a different database that
satisfies the dependency. Thus, both facts are replaced by
their disjunction P(a,b)∨P(a,c) in the integrated database.
Now the functional dependency is no longer violated.
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To solve this kind of problems [1] introduced the notion
of flexible relation, a non-1NF relation that contains tuples
with sets of non-key values (with such a set standing for one
of its elements). This approach is limited to primary key
functional dependencies and was subsequently generalized
to other key functional dependencies [9]. In the same con-
text, [3, 12] proposed to use disjunctive Datalog and [16]
tables with OR-objects. [1] introduced flexible relational al-
gebra to query flexible relations, and [9] - flexible relational
calculus (whose subset can be translated to flexible relational
algebra). The remaining papers did not discuss query lan-
guage issues, relying on the existing approaches to query
disjunctive Datalog or tables with OR-objects. There are
several important differences between the above approaches
and ours. First, they rely on the construction of a single (dis-
junctive) instance and the deletion of conflicting tuples. In
our approach, the underlying databases are incorporated into
the integrated one in toto, without any changes. There is no
need for introducing disjunctive information. It would be
interesting to compare the scope and the computational re-
quirements of both approaches. For instance, one should
note that the single-instance approach is not incremental:
Any changes in the underlying databases require the recom-
putation of the entire instance. Second, our approach seems
to be unique, in the context of database integration, in con-
sidering tuple insertions as possible repairs for integrity vi-
olations. Therefore, in some cases consistent query answers
may be different from query answers obtained from the cor-
responding single instance.

Example 22. Consider the integrity constraint p ⊃ q and a
fact p. The instance consisting of p alone does not satisfy
the integrity constraint. The common solution for remov-
ing this violation is to delete p. However, in our approach
inserting q is also a possible repair. This has consequences
for the inferences about ¬p and ¬q. Our approach returns
false in both cases, as p (resp. q) is true in a possible repair.
Other approaches return true (under CWA) or undefined (un-
der OWA).

Our work has connections with research done on belief
revision [10]. In our case, we have an implicit notion of re-
vision that is determined by the set of repairs of the database,
and corresponds to revising the database (or a suitable cat-
egorical theory describing it) by the set of integrity con-
straints. Thus, querying the inconsistent database expect-
ing only correct answers corresponds to querying the revised
theory without restrictions.

It is easy to see that our notion of repair of a relational
database is a particular case of the local semantics intro-
duced in [8], restricted to revision performed starting from
a single model (the database). From this we obtain that our
revision operator satisfies the postulates (R1) – (R5),(R7),
(R8) in [13]. For each given database r, the relation �r in-
troduced in definition 3 provides the partial order between
models that determines the (models of the) revised database
as described in [13]. [8] concentrates on the computation

of the models of the revised theory, i.e. the repairs in our
case, whereas we do not compute the repairs, but keep query-
ing the original, non-revised database and pose a modified
query. Therefore, we can view our methodology as a way
of representing and querying simultaneously all the repairs
of the database by means of a new query. Nevertheless, our
motivation and starting point is quite different from belief
revision. We attempt to take direct advantage of the seman-
tic information contained in the integrity constraints in order
to answer queries, rather than revising the database. Revis-
ing the database means repairing all the inconsistencies in it,
instead we are interested in the information related to par-
ticular queries. For instance, a query referring only to the
consistent portion of the database can be answered without
repairing the database.

Reasoning in the presence of inconsistency has been an
important research problem in the area of knowledge repre-
sentation. The goal is to design logical formalisms that limit
what can be inferred from an inconsistent set of formulas.
One does not want to infer all formulas (as required by the
classical two-valued logic). Also, one prefers not to infer a
formula together with its negation. The formalisms satisfy-
ing the above properties, e.g., [15], are usually propositional.
Moreover, they do not distinguish between integrity con-
straints and database facts. Thus, if the data in the database
violates an integrity constraint, the constraint itself can no
longer be inferred (which is not acceptable in the database
context).

Example 23. Assume the integrity constraint is ¬(p ∧ q)
and the database contains the facts p and q. In the approach
of [15], p∨ q can be inferred (minimal change is captured
correctly) but p, q and ¬(p∧ q) can no longer be inferred
(they are all involved in an inconsistency).
Because of the above-mentioned limitations, such methods
are not directly applicable to the problem of computing con-
sistent query answers.

Deontic logic [18, 14], a modal logic with operators cap-
turing permission and obligation, has been used for the spec-
ification of integrity constraints. [14] used the obligation op-
erator O to distinguish integrity constraints that have to hold
always from database facts that just happen to hold. [18]
used deontic operators to describe policies whose violations
can then be caught and handled. The issues of possible re-
pairs of constraint violations, their minimality and consistent
query answers are not addressed.

Gertz [11] described techniques and algorithms for com-
puting repairs of constraint violations. The issue of query
answering in the presence of an inconsistency is not addressed
in his work.

8 Conclusions and Further Work

This paper represents a first step in the development of a
new research area dealing with the theory and applications

of consistent query answers in arbitrary, consistent or incon-
sistent, databases.

The theoretical results presented here are preliminary. We
have proved a general soundness result but the results about
completeness and termination are still partial. Also, one
needs to look beyond purely universal constraints to include
general inclusion dependencies. In a forthcoming paper we
will also describe our methodology for using automated the-
orem proving, in particular, OTTER, for proving termina-
tion.

It appears that in order to obtain completeness for dis-
junctive and existentially quantified queries one needs to move
beyond the Tω operator on queries. Also, the upper bounds
on the size of Tω and the lower bounds on the complexity of
computing consistent answers for different classes of queries
and constraints need to be studied. In [2] it is shown that in
the propositional case, SAT is reducible in polynomial time
to the problem of deciding if an arbitrary formula evaluated
in the propositional database does not give true as a correct
answer, that is it becomes false in some repair. From this it
follows that this problem is NP-complete.

There is an interesting connection to modal logic. Con-
sider the definition 7. We could write r |= 2Q(̄t), meaning
that Q(t̄) is true in all repairs of r, the database instances
that are “accessible” from r. This is even more evident from
example 16, where, in essence, it is shown that 2∃xQ( x̄) is
not logically equivalent to ∃x2Q( x̄), which is what usually
happens in modal logic.
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Appendix: Proofs of Results

Some technical lemmas are stated without proof. Full proofs
can be found in the file proofspods99.ps in
http://dcc.ing.puc.cl/∼bertossi/.

Lemma 1. If r � Tω(l( ā)), where l( ā) is a ground literal,
then for every repair r′ of r, it holds r′ � l( ā).

Lemma 2. If r � Tω(
Vn

i=1 li( āi)), where li( āi) is a ground
literal, then for every repair r′ of r, it holds r′ �

Vn
i=1 li( āi).

Lemma 3. If r � Tω(
Wn

i=1 Ci( āi)), with Ci( āi) a conjunction
of literals, then for every repair r′ of r, r′ �

Wn
i=1 Ci( āi).

Lemma 4. Let Q( x̄) a universal query. If r � Tω(Q(t̄)), for
a ground tuple t̄, then for every repair r′ of r, r′ � Q(t̄).

Lemma 5. Let Q( x̄) a domain independent query. If r �
Tω(Q(t̄)), for a ground tuple t̄, then for every repair r′ of r,
r′ � Q(t̄).

Proof of Theorem 1: Lemmas 4 and 5.

Proposition 2. Given a set IC of integrity constraints, a
ground clause

Wm
i=1 li(t̄i), if IC 2DB

Wm
i=1 li(t̄i) and, for every

repair r′ of r, r′ �
Wm

i=1 li(t̄i), then r �
Wm

i=1 li(t̄i).

Proof of Proposition 2: Assume that r � ¬
Wm

i=1 li(t̄i). By
hypothesis IC 2DB

Wm
i=1 li(t̄i), thus there exists an instance

of the database r′ such that r′ � IC∪{¬
Wm

i=1 li(t̄i)}. Let us
consider the set of database instances

R = {r∗|r∗ � IC and ∆(r,r∗)� ∆(r,r′)}.

We know that ∆(r,r′) is finite, therefore there exists r0 ∈ R
such that ∆(r,r0) is minimal. Then, r0 is a repair of r.

For every 1 � i � m, if li(t̄i) is p(t̄) or ¬p(t̄), then p(t̄) /∈
∆(r,r′). Using this fact we conclude that p(t̄) /∈ ∆(r,r0),
Therefore, r �

Wm
i=1 li(t̄i) if and only if r0 �

Wm
i=1 li(t̄i). But

we assumed that r � ¬
Wm

i=1 li(t̄i), then r0 � ¬
Wm

i=1 li(t̄i); a
contradiction.

Proof of Theorem 2: From theorem 3.

Proof of Corollary 2: In this case it holds:

1. For every tuple ā, IC 2DB Pi( ā), because the empty
database instance (which has only empty base rela-
tions) satisfies IC, but not P( ā).

2. For every tuple ā, IC 2DB ¬Pi( ā), since the database
instance ri

ā, where the relation Pi contains only the tu-
ple ā and the other relations are empty, satisfies IC, but
not ¬Pi( ā).

Proof of Theorem 3: Suppose that r �c l(t̄). Let r′ a repair
of r, we have that r′ � l(t̄). By proposition 1 we have that
r′ � Tn(l(t̄)), that is

r′ � l(t̄)∧
m̂

i=1

∀(
mi
_

j=1

li, j(t̄, x̄i, j)∨ψi(t̄, x̄i)), (6)

We want to prove that for every i and for every sequence
of ground tuples ai, ai,1, . . ., ai,mi :

r �
mi
_

j=1

li, j(t̄, āi, j)∨ψi(t̄, āi), (7)

To do this, first we are going to prove that for every i ∈ S
and for every sequence of ground tuples ai, ai,1, . . ., ai,mi :

r �
mi
_

j=1

li, j(t̄, āi, j)∨ψi(t̄, āi), (8)

This is immediately obtained when r � ψi(t̄, āi). As-
sume that r � ¬ψi(t̄, āi). We know that ψi only mentions
built-in predicates, thus for every repair r′ of r we have that
r′ � ¬ψi(t̄, āi). Therefore, by (6) we conclude that for every
repair r′ of r:

r′ �
mi
_

j=1

li, j(t̄, āi, j)∨ψi(t̄, āi),

By proposition 2 we conclude (8). Thus we have that

r � l(t̄)∧
^

i∈S

∀(
mi
_

j=1

li, j(t̄, x̄i, j)∨ψi(t̄, x̄i)),

but by the second condition in the hypothesis of the theorem
we conclude that:

r � l(t̄)∧
m̂

i=1

∀(
mi
_

j=1

li, j(t̄, x̄i, j)∨ψi(t̄, x̄i)).

Proof of Theorem 4: (=⇒) Suppose that IC is acyclic, then
there exists f as in the definition 14. We are going to prove
by induction on k that for every literal name l, if f (l) = k,
then Tk+1(l( x̄)) = Tk+2(l( x̄))
(I) If k = 0. We know that that for every literal name l ′,
f (l′)� 0. Therefore, every integrity constraint containing¬l
is of the form ∀(¬l( x̄)∨ψ( ȳ)), where ψ only mentions built-
in predicates. This is because if there were any other literal
l′ in the integrity constraint, we would have f (l ′)< f (l) = 0.
Then T1(l( x̄)) = T2(l( x̄)).
(II) Suppose that the property is true for every m < k. We
know that Tk+2(l( x̄)) is of the form:

l( x̄)∧
m̂

i=1

Q̄i(
mi
_

j=1

Tk+1(li, j( x̄i, j))∨ψi( x̄i)),

where Q̄i is a sequence of quantifiers over all the variables
x̄i,1, . . ., x̄i,mi , x̄i not appearing in x̄, and Tk+1(l( x̄)) is of the

form:

l( x̄)∧
m̂

i=1

Q̄i(
mi
_

j=1

Tk(li, j( x̄i, j))∨ψi( x̄i)).

By definition of f , we know that for every literal name li, j

in the previous formulas, f (li, j) < k. Then by induction
hypothesis Tk(l( x̄i, j)) = Tk+1(li, j( x̄i, j)) (since if Tm(l′( x̄)) =
Tm+1(l′( x̄)), then for every n � m, Tn(l′( x̄)) = Tn+1(l′( x̄))).
(⇐=) Suppose that for every literal name l, Tω(l( x̄)) is fi-
nite. The for every literal name l there exists a first natu-
ral number k such that Tk(l( x̄)) = Tk+1(l( x̄)). Let us de-
fine a function f , from the literal names into the natural
number, by f (l) = k (k as before). We can show that this
is a well defined function that behaves as in definition 14:
since if ∀(

Wm
i=1 li( x̄i)∨ψ( ȳ)) ∈ IC, then for every 1 � s � m,

T f (¬ls)(¬ls( x̄s)) is of the form

¬ls( x̄s)∧ Q̄(
s−1
_

i=1

T f (¬ls)−1(li( x̄i))∨

m
_

i=s+1

T f (¬ls)−1(li( x̄i))∨ψ( ȳ))∧θ( x̄s), (9)

where Q̄ is a sequence of quantifiers over all the variables
x̄1, . . ., x̄m, ȳ, not appearing in x̄s, and T f (¬ls)+1(¬ls( x̄s)) is

of the form

¬ls( x̄s)∧ Q̄(
s−1
_

i=1

T f (¬ls)(li( x̄i))∨

m
_

i=s+1

T f (¬ls)(li( x̄i))∨ψ( ȳ))∧θ′( x̄s). (10)

By definition of f , Tf (¬ls)(¬ls( x̄s))= Tf (¬ls)+1(¬ls( x̄s)). Then,
by the form of (9) and (10), we conclude that for every i 6= s,
Tf (¬ls)−1(li( x̄i)) = T¬ f (ls)(li( x̄i)), and then, again by defini-
tion of f , f (li)< f (¬ls).

Proof of Corollary 3: The following stratification function
from literals to N can be defined: f (¬Pi) = 0 and f (Pj) = 1,
where Pi,Pj are relation names.

Proof of Theorem 5: For uniform constraints the residues
do not contain quantifiers. Therefore Tn(l( x̄)) for every n �
0 is quantifier-free and contains only the variables that occur
in x̄. There are only finitely many inequivalent formulas with
this property, and thus Tω(l( x̄)) is finite.

Lemma 6. If Tn(l( x̄)) is of the form:

l( x̄)∧
m̂

i=1

∀( x̄i, ȳi)(Ci( x̄, x̄i)∨ψi( x̄, ȳi)),

then Tn+1(l( x̄)) is of the form:

l( x̄)∧
m̂

i=1

∀( x̄i, ȳi)(T1(Ci( x̄, x̄i))∨ψi( x̄, ȳi)),

Lemma 7. If for a ground tuple ā, Tn(l( ā))� ∀(
Wk

j=1 l′j( ā, z̄j)),

then Tn+1(l( ā)) � ∀(
Wk

j=1 T1(l′j( ā, z̄j))).

Proof of Theorem 6: Suppose that for a natural number n,
∀ x̄(Tn(l( x̄))⊃ Tn+1(l( x̄))) is a valid sentence. We are going
to prove that for every m � n, ∀ x̄(Tm(l( x̄))⊃ Tm+1(l( x̄))) is
a valid sentence, by induction on m.
(I) If m = n, by hypothesis.
(II) Suppose that ∀ x̄(Tm(l( x̄)) ⊃ Tm+1(l( x̄))) is a valid sen-
tence. For every clause

Wk
j=1 l′j( x̄, z̄j)∨ψ( x̄, z̄) in Tm+1(l( x̄))

and for every ground tuple ā we have that

Tm(l( ā)) � ∀(
k

_

j=1

l′j( ā, z̄j)∨ψ( ā, z̄)).

By lemma 7 and considering that ψ only mentions built-in
predicates we have that Tm+1(l( ā)) � ∀(

Wk
j=1 T1(l′j( ā, z̄j))∨

ψ( ā, z̄)), and from this and lemma 6 we can conclude that
∀ x̄(Tm+1(l( x̄))⊃ Tm+2(l( x̄))) is a valid sentence.

Proof of Theorem 7: Let Q( x̄) be a domain independent
query and r a database instance. Define An = {t̄ | r �Tn(Q(t̄))}.
We know that for every n: An+1 �An, therefore A= {Ai | i<
ω} is a family of subsets of A0. But A0 is finite because Q( x̄)
is a domain independent query. Thus, there exists a minimal
element Am in A. For this element, it holds that for every
k � m: Am = Ak, since Ak � Am.
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¿�À�Á«Â<ÃAÄ Å ÃAÂÆÃAÇ�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä"ÊAÂ�É Ë�ÁZÌ"Ä ÃÊÍ&Î<ÁZÌ ÏÐ�ÃAÉ ÁZÑÒÄ Ã�ÊAÂÒÅ Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ë�ÊAÉ�Ñ�Á Ô�Â<ÁZÑÅ ÂÖÕ ×vÌ ÁZÂ<ÊAÉ�ÁZÄ¤ÊAØ Ù Ú�Û0ÜAÜAÜAÝ Þ?×ßÄ Î�Ð<Ø Á"Å É¤ÊhÈZÃAÂ<É Å É Ä ÁZÂ&Ä
ÊAÂ<É Ë�ÁZÌ�Å Ç�Å Ä�Å É�ÊAÂÆÊAÂ<É Ë�ÁZÌZÚ?Å ÂàÄ À�Á¥Î<É Î�ÊAØ�É ÁZÂ�É ÁAÚ*Å ÂÆÁZáAÁZÌ ÏàÐ�ÃAÉ É Å Ó�Ø Á�Ì ÁZÐ<ÊAÅ Ì
ÃAÇ?Ä À�Á�Å Â�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁAÙ�×âÌ ÁZÐ<ÊAÅ Ì�Å É�Ê¥Â�ÁZË½Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ<ÈZÁ�Ä À<ÊAÄ
É ÊAÄ Å É Ô�ÁZÉ�Ä À�Á¤Å Â&Ä ÁZãAÌ Å Ä Ï«ÈZÃAÂ�É Ä Ì ÊAÅ Â-Ä É�ÊAÂ�ÑNÑ�Å ä�ÁZÌ É�Ç Ì ÃAå�Ä À�Á¤ÃAÌ Å ãAÅ Â<ÊAØ�Å Â�É Ä ÊAÂ�ÈZÁ
Ó-Ï«Ê¥å�Å Â�Å å¥ÊAØ�É ÁZÄ�ÃAÇ?È À�ÊAÂ�ãAÁZÉ�Ë�Ì Ä�É ÁZÄ�Å Â<ÈZØ Î�É Å ÃAÂ�Ù
×æÈZÃAå¥Ð<Î�Ä ÊAÄ Å ÃAÂ�ÊAØ�å�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏçÄ ÃÖÃAÓ<Ä ÊAÅ Â½É Î�È À½ÈZÃAÂ<É Å É Ä ÁZÂ&ÄNÊAÂ<É Ë�ÁZÌ É

Ë�ÊAÉ�ÊAØ É ÃNÐ<Ì ÁZÉ ÁZÂ&Ä ÁZÑàÅ ÂÖÕ ×vÌ ÁZÂ�ÊAÉ¤ÁZÄ�ÊAØ Ù Ú?Û0ÜAÜAÜAÝ Ù*èvÁZáAÁZÌ Ä À<ÁZØ ÁZÉ É0Ú*Å Ä¤À<ÊAÉ�É ÃAå¥Á
Ø Å å�Å Ä ÊAÄ Å ÃAÂ<ÉNÅ Â½Ä ÁZÌ å¥ÉhÃAÇ�Ä À�ÁÉ Ï&Â&Ä ÊAÈZÄ Å ÈZÊAØ"Ç ÃAÌ åéÃAÇ�Å Â-Ä ÁZãAÌ Å Ä ÏçÈZÃAÂ�É Ä Ì ÊAÅ Â-Ä É
ÊAÂ<ÑêÍ-Î�ÁZÌ Å ÁZÉ«Å Ä«ÈZÊAÂêÀ�ÊAÂ<Ñ�Ø ÁAÙ�ë ÂêÐ<ÊAÌ Ä Å ÈZÎ<Ø ÊAÌZÚ�Å Ä«Ñ<Ã&ÁZÉ«Â�ÃAÄNÈZÃ0áAÁZÌhÄ À<ÁÈZÊAÉ Á
ÃAÇ*Á ì<Å É Ä ÁZÂ&Ä Å ÊAØ�Í&Î�ÁZÌ Å ÁZÉ�ÊAÂ�ÑNÈZÃAÂ�É Ä Ì ÊAÅ Â-Ä É0Ù
ë Â"ÈZØ ÊAÉ É Å ÈZÊAØ&Ø ÃAãAÅ ÈAÚ/ÊAÂ�ÊAØ Ï&Ä Å È�Ä ÊAÓ<Ø ÁZÊAÎ&ìNÕ í�ÁZÄ À*Ú<Û0ÜAîAÜAÝ?ÊAÌ Á�Î�É ÁZÑ�ÊAÉ�ÊvÇ ÃAÌ å¥ÊAØ

Ñ<ÁZÑ�Î<ÈZÄ Å áAÁ�É Ï-É Ä ÁZå�Ç ÃAÌ�Ð�Ì ÃAÐ�ÃAÉ Å Ä Å ÃAÂ�ÊAØ&ÊAÂ�Ñ¥Ð<Ì ÁZÑ<Å ÈZÊAÄ Á�Ø ÃAãAÅ ÈAÙ&ï&Å å¥Å Ø ÊAÌ?Å Â�É Ð<Å Ì Å Ä
Ä ÃhÌ ÁZÉ ÃAØ Î<Ä Å ÃAÂ�Ú*Ó�Î<Ä�Ë�Å Ä ÀàÉ ÃAå�Á«Å å¥Ð�ÃAÌ Ä ÊAÂ&Ä�å�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÅ ÈZÊAØ�ÊAÂ<ÑÆÐ<Ì ÊAÈZÄ Å ÈZÊAØ
Ñ<Å ä�ÁZÌ ÁZÂ�ÈZÁZÉ�Õ ð?Å Ä Ä Å Â�ã<Ú*Û0ÜAñAñAÝ Ú�Ä À�ÁZÏNÊAÌ Á"å�ÊAÅ Â<Ø Ï«Î�É ÁZÑhÇ ÃAÌvÐ�Ì Ã&Ñ�Î<ÈZÅ Â<ã¥Ç ÃAÌ å¥ÊAØ
Ì ÁZÇ Î�Ä ÊAÄ Å ÃAÂ�É�Ç Ì ÃAåßÊ"ÈZÃAÂ&Ä Ì ÊAÑ<Å ÈZÄ ÃAÌ Ï¥É ÁZÄ�ÃAÇ*Ç ÃAÌ å"Î�Ø ÊAÉ0Ù<ï&Ä ÊAÌ Ä Å Â<ã"Ç Ì ÃAå�Ê"É ÁZÄ�ÃAÇ
Ç ÃAÌ å"Î<Ø ÊAÉ0Ú0Ä À<Á�É Ï&É Ä ÁZåâÐ�Ì Ã&Ñ�Î<ÈZÁZÉ?ÊvÄ Ì ÁZÁ�Ë�Å Ä À"Ç ÃAÌ å�Î�Ø ÊAÉ*Å Â�Å Ä É?Â<Ã&Ñ�ÁZÉZÙ0¿�À�Á�É ÁZÄ
ÃAÇ�Ç ÃAÌ å"Î<Ø ÊAÉ�Å É�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ-Ä�Ë�À�ÁZÂ<ÁZáAÁZÌ�ÊAØ Ø<Ä À�Á�Ó<Ì ÊAÂ<È À<ÁZÉ�Å Â�Ä À�Á�Ä ÊAÓ�Ø ÁZÊAÎ¥ÈZÊAÂ
Ó�Á�ÈZØ ÃAÉ ÁZÑ�Ù&×êÓ<Ì ÊAÂ<È À¥ÈZØ ÃAÉ ÁZÉ�Ë�À�ÁZÂ¥Å Ä�ÈZÃAÂ&Ä ÊAÅ Â<É�Ê"Ç ÃAÌ å"Î�Ø Ê�ÊAÂ�Ñ¥Å Ä É�Â<ÁZãAÊAÄ Å ÃAÂ�Ù
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ë ÂàÄ À�Å É"Ð<ÊAÐ�ÁZÌ�Ë�Á¥Á ì<Ä ÁZÂ�ÑÆÄ À<Á¥Ä ÊAÓ�Ø ÁZÊAÎ&ìàå¥ÁZÄ À<Ã&Ñ�ÃAØ ÃAãAÏÄ Ã�Ñ�ÁZÊAØ�Ë�Å Ä ÀàÊ

Ì ÁZØ ÊAÄ Å ÃAÂ�ÊAØ�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á¤Å Â�É Ä ÊAÂ�ÈZÁvÐ�Ø Î<É�Ê"É ÁZÄ�ÃAÇ?Å Â&Ä ÁZãAÌ Å Ä Ï«ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä É�Ä À<ÊAÄ�Ä À�Á
Ô�Ì É Ä�Ç ÊAÅ Ø É�Ä Ã�É ÊAÄ Å É Ç ÏAÙ�'�ÃAÂ<É ÁZÍ&Î<ÁZÂ&Ä Ø ÏAÚ<Ó�ÃAÄ ÀNÅ Â<Ð�Î<Ä É�Ä ÃAãAÁZÄ À<ÁZÌvÈZÊAÂhÓ�Á¤ÈZÃAÂ�É Å Ñ�(
ÁZÌ ÁZÑÊAÉ¤Ó<Î�Å Ø Ñ�Å Â�ã�ÊAÂ�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�É ÁZÄvÃAÇ�É ÁZÂ&Ä ÁZÂ�ÈZÁZÉZÙ�ë ÂÄ À<Å ÉvÉ Å Ä Î<ÊAÄ Å ÃAÂ�Ú�Ë�Á
ãAÅ áAÁ�ÈZÌ Å Ä ÁZÌ Å Ê�Ç ÃAÌvÈZØ ÃAÉ Å Â�ã"Ó�Ì ÊAÂ<È À�ÁZÉ�Å ÂNÊ¥Ä ÊAÓ<Ø ÁZÊAÎhÇ ÃAÌ�Ê�Ì ÁZØ ÊAÄ Å ÃAÂ�ÊAØ�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á
Å Â�É Ä ÊAÂ�ÈZÁAÙ
¿�À<Á«Ä ÁZÈ À<Â�Å Í-Î�Á«ÃAÇ*) ÃAÐ�ÁZÂ<Å Â�ãhÄ ÊAÓ<Ø ÁZÊAÎ<ì�+�Ë�ÊAÉ"Å Â&Ä Ì Ã&Ñ�Î<ÈZÁZÑÆÅ ÂçÕ ,*ÊAÇ ÃAÂÆÁZÄ

ÊAØ Ù Ú*Û0ÜAñAñAÝvÇ ÃAÌ�Ê«É ÃAØ Î<Ä Å ÃAÂhÄ Ã«Ä À�Á�Ç Ì ÊAå¥Á�Ð�Ì ÃAÓ�Ø ÁZåhÚ�ÊAÂ<ÑhÅ ÂÆÕ ï<È À&Ë�Å Â�Ñ�Ú*Û0ÜAÜ.-�/
ï&È À&Ë�Å Â�Ñ"ÁZÄ�ÊAØ Ù Ú<Û0ÜAÜ.0-Ý�Ç ÃAÌ�ÊAÐ<Ð�Ø Ï&Å Â<ãvÄ ÊAÓ�Ø ÁZÊAÎ<ì�å�ÁZÄ À�Ã&Ñ<É�Ä Ã�Ñ�ÁZÇ ÊAÎ�Ø Ä?Ø ÃAãAÅ ÈAÙAë Â
Ä À<Å ÉvÐ<ÊAÐ�ÁZÌvË�Á"É À<Ã/ËâÀ�Ã0Ë�Ä Ã«ÃAÐ�ÁZÂ�Ä ÊAÓ�Ø ÁZÊAÎ<ì�Ç ÃAÌvÑ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â<É Ä ÊAÂ<ÈZÁZÉ¤Ð<Ø Î�É
Ä À<ÁZÅ Ì�ÈZÃAÂ�É Ä Ì ÊAÅ Â&Ä ÉZÚ�ÊAÂ<Ñ�Ä À<Å É�Â�ÃAÄ Å ÃAÂhÃAÇ?ÃAÐ�ÁZÂ<Å Â<ã�Å É�ÊAÐ<Ð�Ø Å ÁZÑNÄ Ã¥È À�ÊAÌ ÊAÈZÄ ÁZÌ Å 1ZÁ
ÊAÂ<Ñ�Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä�Ó&Ï�å¥ÁZÊAÂ�É�ÃAÇ�Ê¤Ä Ì ÁZÁ�É Ä Ì Î�ÈZÄ Î<Ì Á�ÊAØ Ø&Ä À�Á�Ì ÁZÐ<ÊAÅ Ì É�ÃAÇ�Ä À<Á�ÃAÌ Å ãAÅ Â�ÊAØ
Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁAÙ�ð?Å Â<ÊAØ Ø ÏAÚ�Ë�Á�É 2AÁZÄ È ÀàÀ�Ã0ËâÄ À�Å É¤Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä ÊAÄ Å ÃAÂÈZÃAÎ<Ø Ñ�Ó�Á"Î<É ÁZÑ�Ä Ã
Ì ÁZÄ Ì Å ÁZáAÁ�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Í&Î<ÁZÌ Ï«ÊAÂ<É Ë�ÁZÌ É0Ù<×�Ä�Ø ÁZÊAÉ Ä�ÊAÄ�Ä À�Á�Ä À<ÁZÃAÌ ÁZÄ Å ÈZÊAØ?Ø ÁZáAÁZØ Ú<Ä À�Á
å�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏ«Å Â&Ä Ì Ã&Ñ�Î<ÈZÁZÑhÅ ÂhÄ À�Å É�Ð<ÊAÐ�ÁZÌ�ÈZÃAÎ�Ø ÑhÓ�Á¤ÊAÐ�Ð<Ø Å ÁZÑNÄ Ã¥ÊAÂ&Ï32-Å Â�ÑNÃAÇ
Ô�Ì É Ä�ÃAÌ Ñ�ÁZÌ"Õ ð54�Ý�Í&Î<ÁZÌ Å ÁZÉ�ÊAÂ<ÑhÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä É0Ù
¿�À<Å É�Ð�ÊAÐ�ÁZÌ�Å É�ÃAÌ ãAÊAÂ<Å 1ZÁZÑ¥ÊAÉ�Ç ÃAØ Ø Ã/Ë�É0ÙAë Â�É ÁZÈZÄ Å ÃAÂ3�&Ú-Ë�Á�Ñ�Á Ô�Â�Á�ÃAÎ�Ì�Â<ÃAÄ Å ÃAÂ

ÃAÇ�Ì ÁZÐ�ÊAÅ Ì"ÃAÇ�ÊAÂÒÅ Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁAÙ�ï<ÁZÈZÄ Å ÃAÂ76�Ì ÁZÈZÊAØ Ø É�Ä À<ÁNÑ<Á Ô�Â<Å Ä Å ÃAÂ
ÃAÇ�ÊAÂ�ÊAØ Ï-Ä Å È«Ä ÊAÓ�Ø ÁZÊAÎ&ìÒÊAÂ�ÑÒÉ À<Ã/Ë�É¥À<Ã/Ë�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁZÉ¥ÊAÂ<ÑÖÄ À<ÁZÅ Ì�Ì ÁZÐ<ÊAÅ Ì É�ÈZÊAÂ
Ó�Á�È À�ÊAÌ ÊAÈZÄ ÁZÌ Å 1ZÁZÑÊAÉ¤ÃAÐ�ÁZÂ<Å Â�ãAÉ�ÃAÇ�ÈZØ ÃAÉ ÁZÑÄ ÊAÓ<Ø ÁZÊAÎ&ì�Ù�ë ÂÉ ÁZÈZÄ Å ÃAÂ80NË�Á"É À<Ã0Ë
Ä À<ÁàÌ ÁZØ ÊAÄ Å ÃAÂ<É À<Å ÐçÓ�ÁZÄ Ë�ÁZÁZÂâÈZÃAÂ<É Å É Ä ÁZÂ&ÄNÍ&Î�ÁZÌ ÏçÊAÂ�É Ë�ÁZÌ Å Â�ãÒÊAÂ�Ñ:9çÅ Â�É Ø ÁZÄ Ä�; É
ÊAÐ<Ð�Ì ÃAÊAÈ À½Ä Ã72&Â<Ã/Ë�Ø ÁZÑ<ãAÁàÓ�ÊAÉ ÁàÎ<Ð�Ñ<ÊAÄ Á</�Ä À�Å ÉhÊAØ Ø Ã0Ë�ÉhÎ�ÉNÄ ÃÖÃAÓ�Ä ÊAÅ Â½É ÃAå¥Á
ÈZÃAå�Ð�Ø Á ì<Å Ä Ï�Ì ÁZÉ Î<Ø Ä É?Ç ÃAÌ�ÃAÎ�Ì?å¥ÁZÄ À<Ã&Ñ�ÃAØ ÃAãAÏAÙ-ï<ÁZÈZÄ Å ÃAÂ¥î�É À<Ã0Ë�É�À�Ã0ËÒÈZÃAÂ<É Å É Ä ÁZÂ&Ä
ÊAÂ<É Ë�ÁZÌ É¤Ä Ã«Í&Î<ÁZÌ Å ÁZÉ�Ð�ÃAÉ ÁZÑÄ Ã«ÊAÂÅ Â�ÈZÃAÂ<É Å É Ä ÁZÂ&ÄvÑ<ÊAÄ ÊAÓ�ÊAÉ Á"ÈZÊAÂÓ�Á"ÃAÓ�Ä ÊAÅ Â�ÁZÑ
Î<É Å Â�ãNÄ À�Á¥ÊAÂ�ÊAØ Ï-Ä Å È¥Ä ÊAÓ<Ø ÁZÊAÎ&ì�Ù?ë ÂàÉ ÁZÈZÄ Å ÃAÂ7=NË�Á¥É À�Ã0ËßÄ À<Á¥Ì ÁZØ ÊAÄ Å ÃAÂ�É À�Å ÐÃAÇ
ÈZÃAÂ<É Å É Ä ÁZÂ&Ä�Í-Î�ÁZÌ Ï�ÊAÂ<É Ë�ÁZÌ Å Â<ã�Ë�Å Ä À«å¥Å Â�Å å¥ÊAØ�ÁZÂ-Ä ÊAÅ Ø å�ÁZÂ&ÄZÚ&å�ÃAÌ ÁvÉ Ð�ÁZÈZÅ Ô�ÈZÊAØ Ø ÏAÚ
Å Â¥É ÁZÈZÄ Å ÃAÂ>=&Ù ÛAÚ&Ë�Å Ä À¥ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å áAÁ�Ì ÁZÊAÉ ÃAÂ<Å Â�ã<ÙA¿�À<Å É�Ï-Å ÁZØ Ñ<É�Ê¤å¥ÁZÄ À�Ã-Ñ«Ç ÃAÌ
Å å¥Ð<Ø ÁZå¥ÁZÂ-Ä Å Â�ã�Ä À<Á�ÊAÐ�Ð�Ì ÃAÊAÈ À*Ú/Ë�À�Å È À�Å É*É Ä Î�Ñ�Å ÁZÑ�Å Â�É ÁZÈZÄ Å ÃAÂ*=&Ù �&Ù<?�Ì ÁZØ Å å�Å Â<ÊAÌ Ï
áAÁZÌ É Å ÃAÂ�É�ÃAÇ�Ä À�Å É�Ð�ÊAÐ�ÁZÌ�ÊAÐ�Ð�ÁZÊAÌ ÁZÑ¥Å ÂhÕ í�ÁZÌ Ä ÃAÉ É Å�ÁZÄ�ÊAØ Ù Ú��.-<-<Û</&í�ÁZÌ Ä ÃAÉ É Å�ÁZÄ�ÊAØ Ù Ú
�.-<-@�AÝ Ù
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ë ÂhÄ À�Å É�Ð�ÊAÐ�ÁZÌ�Ê¥Ñ�ÊAÄ ÊAÓ<ÊAÉ Á"Å Â�É Ä ÊAÂ<ÈZÁ�Å É�ãAÅ áAÁZÂhÓ&ÏNÊ�Ô�Â�Å Ä Á¤É ÁZÄ�ÃAÇ?Ô�Â<Å Ä Á¤Ì ÁZØ Ê.(
Ä Å ÃAÂ�É�ÃAÂhÊ�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�É È À<ÁZå¥Ê<Ù�×âÑ�ÊAÄ ÊAÓ<ÊAÉ Á¤É È À�ÁZå�Ê¥ÈZÊAÂhÓ�Á¤Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä ÁZÑNÅ Â
Ø ÃAãAÅ È�Ó&Ï"Ê¤Ä Ï&Ð�ÁZÑ�Ô�Ì É Ä ( ÃAÌ Ñ�ÁZÌ�Ø ÊAÂ�ãAÎ�ÊAãAÁAÚ<F�ÚAÈZÃAÂ&Ä ÊAÅ Â<Å Â�ãvÊ¤Ô�Â�Å Ä Á�É ÁZÄ�ÃAÇ�É ÃAÌ Ä ÁZÑ
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á«Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ�ÊAÂ�ÑÆÊhÔ�ì<ÁZÑàÅ Â<Ô�Â�Å Ä Á�É ÁZÄ"ÃAÇ�ÈZÃAÂ�É Ä ÊAÂ-Ä É*G�Ù*¿�À�Á¥Ø ÊAÂ�(
ãAÎ<ÊAãAÁ�ÈZÃAÂ&Ä ÊAÅ Â<É�Ê¤Ð<Ì ÁZÑ�Å ÈZÊAÄ Á�Ç ÃAÌ�ÁZÊAÈ À¥Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Ì ÁZØ ÊAÄ Å ÃAÂ�ÊAÂ<Ñ�Ä À�Á�ÈZÃAÂ<É Ä ÊAÂ&Ä É
Å ÂHG ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ�ÑhÄ Ã«Ä À<Á�ÁZØ ÁZå¥ÁZÂ-Ä ÉvÅ ÂhÄ À�Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ñ�ÃAå¥ÊAÅ Â*Ú�Ä À�ÊAÄ�Ë�Å Ø Ø�Ó�Á
ÊAØ É ÃÆÑ<ÁZÂ�ÃAÄ ÁZÑêÓ&ÏIG�Ù�¿�À�ÊAÄ¥Å É«ÁZáAÁZÌ ÏçÑ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â<É Ä ÊAÂ<ÈZÁ�À�ÊAÉNÊAÂçÅ Â&Ô�Â�Å Ä Á
Ñ<ÃAå¥ÊAÅ Â3G�Ù�9Á�ÊAØ É Ã¥À<Ê/áAÁ�Ê¥É ÁZÄ�ÃAÇ�Å Â&Ä ÁZãAÌ Å Ä ÏNÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä ÉKJ<LâÁ ì&Ð�Ì ÁZÉ É ÁZÑNÅ Â
Ø ÊAÂ�ãAÎ<ÊAãAÁMF�Ù/¿�À�ÁZÉ Á�ÊAÌ Á�Ô�Ì É Ä ( ÃAÌ Ñ�ÁZÌ*Ç ÃAÌ å�Î�Ø ÊAÉ*Ë�À�Å È À"Ä À<Á�Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Å Â<É Ä ÊAÂ<ÈZÁZÉ
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ÊAÌ ÁNÁ ì&Ð�ÁZÈZÄ ÁZÑÒÄ ÃàÉ ÊAÄ Å É Ç ÏAÙ?ë ÂÒÉ Ð�Å Ä Á«ÃAÇvÄ À<Å É0Ú*Ä À�ÁZÌ ÁNÊAÌ ÁNÌ ÁZÊAØ Å É Ä Å È«É Å Ä Î�ÊAÄ Å ÃAÂ�É
Ë�À�ÁZÌ Á�ÊhÑ�ÊAÄ ÊAÓ<ÊAÉ Á¥å¥Ê0ÏÂ<ÃAÄ�É ÊAÄ Å É Ç ÏhÅ Ä É�Å Â&Ä ÁZãAÌ Å Ä ÏÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä É«Õ ×vÌ ÁZÂ<ÊAÉ�ÁZÄ
ÊAØ Ù Ú-Û0ÜAÜAÜAÝ ÙAë Ç<ÊvÑ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â<É Ä ÊAÂ�ÈZÁ�É ÊAÄ Å É Ô�ÁZÉRJ<L�Ú/Ë�Á�É Ê0Ï�Ä À�ÊAÄ?Å Ä*Å É?ÈZÃAÂ<É Å É Ä ÁZÂ&Ä
Õ Ë�Ì Ä5J<L¤Ý Ú0ÃAÄ À�ÁZÌ Ë�Å É Á�Ë�Á�É Ê0Ï�Å Ä�Å É*Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ-ÄZÙ0ë Â�ÊAÂ&Ï¤ÈZÊAÉ ÁAÚ/Ë�Á�Ë�Å Ø ØAÊAÉ É Î<å¥Á
Ç Ì ÃAå�Â�Ã0Ë½ÃAÂhÄ À<ÊAÄKJ<L½Å É�Ê�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�É ÁZÄ�ÃAÇ*Ô�Ì É Ä�ÃAÌ Ñ<ÁZÌ�É ÁZÂ&Ä ÁZÂ�ÈZÁZÉZÙ
×�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ�ÈZÁ�S�ÈZÊAÂÓ�Á"Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä ÁZÑ�Ó&ÏhÊ¥Ô�Â<Å Ä Á"É ÁZÄ¤ÃAÇ�ãAÌ ÃAÎ<Â�Ñ

ÊAÄ ÃAå�É�Å ÂNÄ À�Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ø ÊAÂ�ãAÎ<ÊAãAÁAÚ�ÃAÌ�ÊAØ Ä ÁZÌ Â<ÊAÄ Å áAÁZØ ÏAÚ<ÊAÉ�Ê*TvÁZÌ Ó�Ì ÊAÂ<ÑNÉ Ä Ì Î�È (
Ä Î<Ì ÁNÃ0áAÁZÌ«Ä À�Å É�Ø ÊAÂ�ãAÎ<ÊAãAÁAÚ�Ë�Å Ä ÀITvÁZÌ Ó<Ì ÊAÂ�ÑÒÑ<ÃAå¥ÊAÅ Â7G Õ ,?Ø Ã0Ï&Ñ*Ú�Û0ÜAñ<UAÝ Ù�ë Â
ÈZÃAÂ<É ÁZÍ&Î<ÁZÂ�ÈZÁAÚ�Ë�Á�ÈZÊAÂÉ Ê0ÏhÄ À�ÊAÄ¤Ê«Ñ�ÊAÄ ÊAÓ<ÊAÉ Á"Å Â<É Ä ÊAÂ�ÈZÁ�S¥Å ÉvÈZÃAÂ�É Å É Ä ÁZÂ-ÄZÚ�Ë�Ì Ä
J<L¤Ú�Ë�À�ÁZÂhÅ Ä É�ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�Å Â�ã*TvÁZÌ Ó�Ì ÊAÂ<ÑhÉ Ä Ì Î<ÈZÄ Î�Ì Á�Å É�Ê«å�Ã&Ñ�ÁZØ*ÃAÇVJ<L�Ú�ÊAÂ�Ñ
Ë�Á¤Ë�Ì Å Ä ÁWS�X YZJ<L�Ù
¿�À<Á¥ÊAÈZÄ Å áAÁ«Ñ�ÃAå�ÊAÅ ÂàÃAÇ�ÊhÑ�ÊAÄ ÊAÓ<ÊAÉ Á«Å Â�É Ä ÊAÂ<ÈZÁ�SNÅ É"Ä À<Á«É ÁZÄ�ÃAÇ�Ä À�ÃAÉ Á¥ÁZØ (

ÁZå�ÁZÂ&Ä É¤ÃAÇVG Ä À<ÊAÄ¤Á ì<Ð<Ø Å ÈZÅ Ä Ø Ï«ÊAÐ�Ð�ÁZÊAÌ�Õ Å Â�Ä À�Á"Á ì<Ä ÁZÂ�É Å ÃAÂ�ÉvÃAÇ�Ä À<Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á
Ð<Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ Ý?Å Â�S&Ù-¿�À�Á�ÊAÈZÄ Å áAÁ�Ñ<ÃAå¥ÊAÅ Â�Å É�ÊAØ Ë�Ê0Ï&É�Ô�Â<Å Ä Á�ÊAÂ<Ñ¥Ë�Á�Ñ�ÁZÂ�ÃAÄ Á�Å Ä�Ó&Ï
[�\�] Õ S-Ý Ù.9Á�å�Ê0Ï"ÊAØ É ÃvÀ�Ê0áAÁ�Ê¤É ÁZÄ�ÃAÇ�Ó�Î<Å Ø Ä ( Å Â«Õ ÃAÌ�ÁZá0ÊAØ Î�ÊAÓ<Ø Á0Ý�Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ0Ú/Ø Å 2AÁ
ÁZÍ-Î�ÊAØ Å Ä ÏAÚ0ÊAÌ Å Ä À�å�ÁZÄ Å ÈZÊAØ-Ì ÁZØ ÊAÄ Å ÃAÂ�É0ÚZÁZÄ ÈAÙ0ë Â�Ä À�Å É�ÈZÊAÉ ÁAÚ0Ë�Á�À�Ê0áAÁ�Ä À�Á�Ø ÊAÂ�ãAÎ�ÊAãAÁRF
Ð�ÃAÉ É Å Ó<Ø Ï�Á ì<Ä ÁZÂ�Ñ<ÁZÑNË�Å Ä À¥Ä À�ÁZÉ ÁvÐ�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ0Ù&ë Â¥ÊAØ Ø�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁvÅ Â�É Ä ÊAÂ�ÈZÁZÉ�ÁZÊAÈ À
ÃAÇ&Ä À�ÁZÉ Á�Ð�Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ*À�ÊAÉ*Ê�Ô�ì&ÁZÑ"ÊAÂ<Ñ�Ð�ÃAÉ É Å Ó<Ø Ï�Å Â<Ô�Â�Å Ä Á�Á ì<Ä ÁZÂ<É Å ÃAÂ*Ù.4¤Ç&ÈZÃAÎ�Ì É ÁAÚ
É Å Â<ÈZÁË�ÁàÑ<Á Ô�Â�ÁZÑêÑ<ÊAÄ ÊAÓ�ÊAÉ ÁÆÅ Â�É Ä ÊAÂ�ÈZÁZÉhÊAÉNÔ�Â�Å Ä ÁÉ ÁZÄ ÉhÃAÇ�ãAÌ ÃAÎ�Â�ÑêÊAÄ ÃAå¥ÉZÚ
Ë�ÁNÊAÌ ÁNÂ�ÃAÄ�ÈZÃAÂ<É Å Ñ�ÁZÌ Å Â�ã�Ä À<ÁZÉ ÁNÓ<Î�Å Ø Ä ( Å ÂÆÊAÄ ÃAå�É¥ÊAÉ�å¥ÁZå"Ó�ÁZÌ É�ÃAÇvÑ<ÊAÄ ÊAÓ�ÊAÉ Á
Å Â�É Ä ÊAÂ�ÈZÁZÉ0Ù
ë ÂhÑ�ÊAÄ ÊAÓ<ÊAÉ Á"ÊAÐ<Ð�Ø Å ÈZÊAÄ Å ÃAÂ<É0Ú<Å Ä�Å ÉvÎ<É Î<ÊAØ Ø Ï¥Ä À<Á"ÈZÊAÉ Á"Ä À<ÊAÄ�ÊAÂ�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä

Ñ<ÊAÄ ÊAÓ�ÊAÉ Á.^�À<ÊAÉ3) å¥ÃAÉ Ä +NÃAÇ�Å Ä ÉvÑ�ÊAÄ ÊNÈZÃAÂ&Ä ÁZÂ&Ä É�É Ä Å Ø Ø*ÈZÃAÂ�É Å É Ä ÁZÂ&Ä¤Ë�Ì ÄWJ<L�ÊAÂ�Ñ
ÈZÊAÂ�É Ä Å Ø Ø&Ð�Ì Ã/á-Å Ñ�Á_) ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�ÊAÂ<É Ë�ÁZÌ É +¤Ä Ã¤Í&Î<ÁZÌ Å ÁZÉ�Ð�ÃAÉ ÁZÑ"Ä Ã¤Å ÄZÙ/¿�À<Á�Â<ÃAÄ Å ÃAÂ
ÃAÇ�ÈZÃAÂ�É Å É Ä ÁZÂ-Ä�ÊAÂ�É Ë�ÁZÌ�Ë�ÊAÉ�Ñ<Á Ô�Â�ÁZÑ¥ÊAÂ�Ñ«ÊAÂ<ÊAØ Ï�1ZÁZÑ«Å ÂÕ ×�Ì ÁZÂ�ÊAÉ�ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜAÝ Ù
¿�À�Å É�Ë�ÊAÉvÑ�ÃAÂ<Á�ÃAÂ�Ä À<Á�Ó<ÊAÉ Å É�ÃAÇ?ÈZÃAÂ�É Å Ñ�ÁZÌ Å Â<ã�ÊAØ Ø*Ð�ÃAÉ É Å Ó<Ø ÁvÈ À<ÊAÂ�ãAÁZÉvÄ Ã�S<Ú<Å Â
É Î�È À"Ê¤Ë�Ê0Ï"Ä À<ÊAÄ�Å Ä?Ó�ÁZÈZÃAå¥ÁZÉ�ÊvÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ<ÈZÁAÙA×ÖÈZÃAÂ<É Å É Ä ÁZÂ&Ä
ÊAÂ<É Ë�ÁZÌ¤Å É¤ÊAÂÊAÂ�É Ë�ÁZÌ�Ä À�ÊAÄ¤ÈZÊAÂàÓ�Á�Ì ÁZÄ Ì Å ÁZáAÁZÑàÇ Ì ÃAå ÊAØ Ø�Ä À�ÃAÉ Á¥Ì ÁZÐ<ÊAÅ Ì É¤Ä À<ÊAÄ
Ñ<Å ä�ÁZÌ�Ç Ì ÃAå Ä À<Á¤ÃAÌ Å ãAÅ Â�ÊAØ�Å Â�É Ä ÊAÂ�ÈZÁ¤Å ÂNÊ�å¥Å Â�Å å�ÊAØ�Ë�Ê0ÏAÙ
¿�À<Á¥Â�ÃAÄ Å ÃAÂàÃAÇ�å¥Å Â<Å å�ÊAØ�È À�ÊAÂ<ãAÁAÚ?Ñ�Á Ô�Â�ÁZÑàÅ ÂÖÕ ×vÌ ÁZÂ<ÊAÉ"ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜAÝ Ú?Å É

Ó<ÊAÉ ÁZÑÆÃAÂÆÄ À�Á¥Â�ÃAÄ Å ÃAÂàÃAÇ�å¥Å Â�Å å¥ÊAØ�Ñ<Å É Ä ÊAÂ�ÈZÁ«Ó�ÁZÄ Ë�ÁZÁZÂÒå�Ã&Ñ�ÁZØ É"Î�É Å Â<ãhÉ Ï-å*(
å�ÁZÄ Ì Å È¤É ÁZÄ�Ñ<Å ä�ÁZÌ ÁZÂ�ÈZÁa`ßÃAÇ?É ÁZÄ É�ÃAÇ?Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Ä Î<Ð�Ø ÁZÉZÙ

BN$@b�l?2 ./2 %�l º�»_c ×vÌ ÁZÂ<ÊAÉ"ÁZÄ"ÊAØ Ù Ú�Û0ÜAÜAÜ�dfe#g h.i�j7k<l ] l<m l�n�i�n>g j�n ] l<j \ i�n o�S@pMS.q
l.j�k*S q q pMrVi*n�l.s ] t l ] S q g n \�u v n�i�w ] v S ] t l<jHS q q g x:S<`*S q7y S<`*S q q z�{ t g n
g n�k<i�j v<] i k3m�s_S<q |#} S<q q z ~

ë Ä�Å É�ÁZÊAÉ ÏvÄ Ã�É ÁZÁ�Ä À�ÊAÄR|�}?Å É*ÊAÂ¤ÃAÌ Ñ�ÁZÌ�Ì ÁZØ ÊAÄ Å ÃAÂ*Ù�4vÂ�Ø ÏvÑ<ÊAÄ ÊAÓ�ÊAÉ Á�Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ
ÊAÌ Á�Ä Ê<2AÁZÂ«Å Â&Ä Ã�ÊAÈZÈZÃAÎ<Â&Ä�Ç ÃAÌ�Ä À<Á�Â�ÃAÄ Å ÃAÂ¥ÃAÇ�Ñ<Å É Ä ÊAÂ<ÈZÁAÙ-¿�À�Å É�Å É�Ó�ÁZÈZÊAÎ�É Á�Ó<Î�Å Ø Ä (
Å Â�Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉvÊAÌ Á"Â�ÃAÄvÉ Î<Ó�� ÁZÈZÄvÄ Ã«È À�ÊAÂ<ãAÁ</�ÊAÂ<ÑÄ À<ÁZÂÄ À<ÁZÏ�À<Ê0áAÁ�Ä À<Á�É ÊAå¥Á
�W� � ��� � � ��� �����?�*� � �&� � ��¢/� ��� � �>� £/� � � �/� � � ��� �/� � � � £v� �V� £/� � � �/� � ��� �/� � � �0� � �0¨
� ª���� � ��� � �  0��� �/¦��0� � �?� �/£v� § � � �Z�*�/� � �*� ��� �/�?¢/� ¢A� ��� �/� �*� � �-£/� � � �0� � ��� �/� � � �/� � �

�0� § �?� �/�?� � ���?¢0� � £/� � � � � �?� �/£v£/� ��� � �-¨
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Á ì&Ä ÁZÂ�É Å ÃAÂ«Å Â¥ÊAØ Ø�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁvÅ Â�É Ä ÊAÂ�ÈZÁZÉZÙ&è�Ã/ËêË�ÁvÈZÊAÂNÑ<Á Ô�Â<ÁvÄ À<Á>) Ì ÁZÐ<ÊAÅ Ì É +�ÃAÇ
ÊAÂNÅ Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â<É Ä ÊAÂ<ÈZÁAÙ
BN$@b�l?2 ./2 %�l A*»Mc ×vÌ ÁZÂ<ÊAÉ�ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜ�d
c l dHe#g h.i�j8k@l ] l@m l.n�i�g j�n ] l.j \ i n�SHl<j�k_S<q p�S<q�g n_l�Ì ÁZÐ�ÊAÅ Ì v � S�pRg � S.q�X YZ���
l.j�k_S<qRg n�l>��g j�g ��l u i u i��*i�j ] g j ] t i_n�i ]#v � g j�n ] l<j \ i�n_rRw ]#] t i v w k<i�w_|#} z
c m d�e#g h.i�jHl*k@l ] l@m l.n�i_g j�n ] l<j \ i#S@pRl_n�i ] ����l<j�k�lM�Rw n ]Vv w k<i�wK����i�w sW�¥Õ �� Ý p
rVi�n�l.s ] t l ] l��<w v ��j�k ] ��� u i �� g n�l \ v j�n�g n ] i�j ] l<j�n�rVi�w ] v ��g j3S�rRw ] ���
g x�S q X YZ��� �� � ��v w�i�h.i�w s>w i ��l<g w�S q v � S c rRw ] ���Kd z ~
�K� e�f '�( $ º�» '�ÃAÂ�É Å Ñ<ÁZÌ�Ä À<Á�Å Â-Ä ÁZãAÌ Å Ä Ï«ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä

����Þ*� �5� ���   Õ ¡�¢@£<£�¤ � Õ �5� ���   Ý�¥¦�_¤ §�¨.¨-Õ  �� ©�ª Ý7« � Y:��Ý �
É Ä ÊAÄ Å Â<ãvÄ À�ÊAÄR�çÅ É?Ä À�Á�ÃAÂ�Ø Ï¤Ð<Ì Ã0á&Å Ñ�ÁZÌ?ÃAÇ<Å Ä ÁZå¥É*ÃAÇ�ÈZØ ÊAÉ É © ª //ÊAÂ�Ñ"Ä À�Á�Å Â�ÈZÃAÂ<É Å É (
Ä ÁZÂ-Ä¤Ñ�ÊAÄ ÊAÓ�ÊAÉ Á*S�Y¬.¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý � ¡R¢<£@£�¤ � Õ G � G*® � � � ®0Ý � �W¤ §�¨.¨&Õ � � ^ �
© ª Ý � �W¤ §�¨.¨&Õ � � ® ��© ª Ý ¯-Ù.9Á�À<Ê/áAÁ�ÃAÂ�Ø ÏvÄ Ë�ÃvÐ�ÃAÉ É Å Ó<Ø Á�Õ å¥Å Â�Å å�ÊAØ Ý�Ì ÁZÐ�ÊAÅ Ì É*ÃAÇ<Ä À�Á
ÃAÌ Å ãAÅ Â�ÊAØ/Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ<ÈZÁAÚZÂ�ÊAå�ÁZØ ÏfS ^ Y°¬.¡R¢<£<£�¤ � Õ � � G ^ � � � ^ Ý � �W¤ §�¨.¨&Õ � � ^ �
©�ª Ý � �W¤ §�¨.¨&Õ � � ® � ©�ª Ý ¯�ÊAÂ<Ñ�S ® YE¬.¡R¢<£<£�¤ � Õ � � G ^ � � � ^ Ý � ¡�¢@£<£�¤ � Õ G � G ® � � � ® Ý ��W¤ §�¨.¨&Õ � � ^ � ©�ª Ý ¯-Ù± Å áAÁZÂ«Ä À�ÁvÍ-Î�ÁZÌ Ï�¥Õ �5� ���   Ý�Þ*¡�¢<£@£�¤ � Õ �5� ���   Ý ²-Ú&Ä À�Á�Ä Î�Ð�Ø Á"Õ � � G ^ � � � ^ ÝÅ É"ÊÈZÃAÂ�É Å É Ä ÁZÂ&Ä�ÊAÂ<É Ë�ÁZÌ�Ó�ÁZÈZÊAÎ�É ÁNÅ Ä"ÈZÊAÂÒÓ�ÁNÃAÓ<Ä ÊAÅ Â�ÁZÑÆÇ Ì ÃAå ÁZáAÁZÌ ÏÆÌ ÁZÐ<ÊAÅ Ì0Ú
Ó<Î�Ä¤Õ G � G ® � � � ® Ý�Å É�Â�ÃAÄZÚ<Ó�ÁZÈZÊAÎ<É Á�Å Ä�ÈZÊAÂ<Â�ÃAÄ�Ó�Á¤Ì ÁZÄ Ì Å ÁZáAÁZÑNÇ Ì ÃAå�S ^ Ù ~

ë Ä�Å É�Ð�ÃAÉ É Å Ó<Ø ÁvÄ Ã¥Ð�Ì Ã0áAÁ«Õ ×vÌ ÁZÂ�ÊAÉvÁZÄ�ÊAØ Ù Ú*Û0ÜAÜAÜAÝ�Ä À�ÊAÄ�Ç ÃAÌ�ÁZáAÁZÌ ÏNÑ<ÊAÄ ÊAÓ�ÊAÉ Á
Å Â�É Ä ÊAÂ�ÈZÁ_S"ÊAÂ�ÑhÉ ÁZÄK����ÃAÇ�Å Â&Ä ÁZãAÌ Å Ä ÏNÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä É0Ú�Ä À<ÁZÌ Á�Å É�ÊAØ Ë�Ê0Ï&É�Ê¥Ì ÁZÐ<ÊAÅ Ì
S.q Ù*ë Ç#SNÅ É�ÊAØ Ì ÁZÊAÑ�ÏÈZÃAÂ<É Å É Ä ÁZÂ&ÄZÚ*Ä À�ÁZÂfSNÅ É�Ä À�Á¥ÃAÂ�Ø ÏÌ ÁZÐ�ÊAÅ ÌZÙ*¿�À�Á¥Ç ÃAØ Ø Ã0Ë�Å Â<ã
Ø ÁZå¥å�Ê<Ú<Ë�À�Å È ÀNÅ É�ÁZÊAÉ Ï«Ä Ã¥Ð<Ì Ã0áAÁAÚ�Ë�Å Ø Ø�Ó�ÁvÎ�É ÁZÇ Î�Ø Ù
#�$ fÆfàe º�» »
³ z J � S.q |#} S.q q p ] t i�j¦S�´>S<q q y S�´>S.q z
µ z J � S.q y S�p ] t i�j¦S@`�S<q�YZS#¶MS<q z ~
9Á¤À<Ê0áAÁ¤ãAÅ áAÁZÂ«Ê"É ÁZå�ÊAÂ&Ä Å ÈvÑ�Á Ô�Â�Å Ä Å ÃAÂ¥ÃAÇ*ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�ÊAÂ<É Ë�ÁZÌ�Ä Ã"Ê�Í&Î<ÁZÌ Ï

Å Â�ÊAÂÅ Â<ÈZÃAÂ�É Å É Ä ÁZÂ-ÄvÑ�ÊAÄ ÊAÓ<ÊAÉ ÁAÙ59Á�Ë�ÃAÎ�Ø Ñ�Ø Å 2AÁ"Ä ÃNÈZÃAå¥Ð<Î�Ä Á"ÈZÃAÂ�É Å É Ä ÁZÂ-Ä¤ÊAÂ�(
É Ë�ÁZÌ ÉZÚ-Ó<Î�Ä�l�%�.�á&Å Ê�ÈZÃAå�Ð�Î�Ä Å Â�ã¤ÊAØ Ø�Ð�ÃAÉ É Å Ó<Ø Á�Ì ÁZÐ�ÊAÅ Ì É�ÊAÂ<Ñ«È À<ÁZÈ 2-Å Â�ã�ÊAÂ<É Ë�ÁZÌ É
Å Â�ÈZÃAå�å¥ÃAÂ�Å Â e ( (¥ÃAÇ¥Ä À�ÁZåhÙv×vÈZÄ Î<ÊAØ Ø Ï½Ä À<ÁZÌ ÁÆå¥Ê0ÏâÓ�ÁÒÊAÂ�Á ì<Ð�ÃAÂ�ÁZÂ-Ä Å ÊAØ
Â-Î�å"Ó�ÁZÌ�ÃAÇ?Ì ÁZÐ<ÊAÅ Ì É�Å ÂNÄ À�Á¤É Å 1ZÁ¤ÃAÇ�Ä À<Á¤Ñ�ÊAÄ ÊAÓ�ÊAÉ Á«Õ ×vÌ ÁZÂ�ÊAÉ�ÁZÄ�ÊAØ Ù Ú��.-<-<Û0Ý Ù
ë Â½Õ ×vÌ ÁZÂ�ÊAÉ¥ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜ�/M'�ÁZØ Ø Á«ÁZÄ¥ÊAØ Ù ÚV�.-<-<--Ý¥Êå¥ÁZÈ À�ÊAÂ<Å É å Ç ÃAÌ¥ÈZÃAå�(

Ð<Î�Ä Å Â�ã¥ÊAÂ<ÑÈ À<ÁZÈ 2-Å Â�ãNÈZÃAÂ<É Å É Ä ÁZÂ&ÄvÍ-Î�ÁZÌ ÏNÊAÂ�É Ë�ÁZÌ ÉvË�ÊAÉ¤ÈZÃAÂ�É Å Ñ<ÁZÌ ÁZÑ*Ù�ë ÄvÑ�Ã-ÁZÉ
Â<ÃAÄ�Ð�Ì Ã-Ñ�Î�ÈZÁ�·/Î<É Á�Ä À�Á�Ì ÁZÐ�ÊAÅ Ì ÉZÚ-Ó�Î<Ä�Å Ä�Í&Î�ÁZÌ Å ÁZÉ�Ä À�Á�ÃAÂ�Ø Ï�Á ì&Ð�Ø Å ÈZÅ Ä Ø Ï"Ê0á/ÊAÅ Ø ÊAÓ�Ø Á
Å Â�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä«Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â<É Ä ÊAÂ<ÈZÁAÙ ± Å áAÁZÂêÊÆð�4 Í-Î�ÁZÌ Ï7��Ú�Ä ÃÆÃAÓ�Ä ÊAÅ ÂêÄ À�Á
ÈZÃAÂ<É Å É Ä ÁZÂ&Ä�ÊAÂ�É Ë�ÁZÌ É�Ë�Ì Ä�ÊNÔ�Â�Å Ä Á�É ÁZÄ�ÃAÇ�ð�4�ë '�É�J<L�Ú�� Å É"Í-Î�ÊAØ Å Ô�ÁZÑË�Å Ä À
ÊAÐ<Ð�Ì ÃAÐ�Ì Å ÊAÄ Á¥Å Â�Ç ÃAÌ å¥ÊAÄ Å ÃAÂàÑ�ÁZÌ Å áAÁZÑàÇ Ì ÃAåæÄ À�Á«Å Â&Ä ÁZÌ ÊAÈZÄ Å ÃAÂÒÓ�ÁZÄ Ë�ÁZÁZÂI�ÊAÂ�Ñ
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J<L¤Ù���ÃAÌ Á�Ð<Ì ÁZÈZÅ É ÁZØ ÏAÚ/Å Ç<Ë�Á�Ë�ÊAÂ&Ä�Ä À<Á�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�ÊAÂ<É Ë�ÁZÌ É�Ä Ã:�¥Õ �� Ý?Å Â S&Ú/Ä À�Á
Í-Î�ÁZÌ Ï�Å É�Ì ÁZË�Ì Å Ä Ä ÁZÂ«Å Â&Ä Ã"Ê�Â<ÁZËêÍ-Î�ÁZÌ Ï��«Õ �¥Õ �� Ý Ý /<ÊAÂ<ÑNÄ À<ÁZÂNÄ À<Á¥Õ ÃAÌ Ñ�Å Â<ÊAÌ Ï<Ý
ÊAÂ<É Ë�ÁZÌ É�Ä Ã��NÕ �¥Õ �� Ý Ý�ÊAÌ Á¤Ì ÁZÄ Ì Å ÁZáAÁZÑhÇ Ì ÃAå S&Ù

�K� e�f '�( $ A�» Õ Á ì&ÊAå¥Ð�Ø Á¤Û�ÈZÃAÂ-Ä Å Â&Î<ÁZÑ�Ý�'�ÃAÂ�É Å Ñ<ÁZÌ�Ä À<Á�Í&Î<ÁZÌ Ï:��Þ_¡�¢<£@£�¤ � Õ �5�
���   Ý ²hÊAÓ�ÃAÎ<Ä¥Ä À�ÁhÅ Ä ÁZå¥É¥É Î�Ð<Ð�Ø Å ÁZÑÒÄ ÃAãAÁZÄ À<ÁZÌNË�Å Ä ÀÒÄ À<ÁZÅ Ì¥ÊAÉ É Ã&ÈZÅ ÊAÄ ÁZÑÖÅ Â<Ç ÃAÌ (
å�ÊAÄ Å ÃAÂ�Ù�ë ÂàÃAÌ Ñ�ÁZÌ¤Ä ÃhÃAÓ�Ä ÊAÅ ÂÄ À�Á¥ÈZÃAÂ<É Å É Ä ÁZÂ&Ä¤ÊAÂ�É Ë�ÁZÌ É0Ú�Ä À<Á¥Í&Î<ÁZÌ Ï��«Õ �"Ý�Þ
¡�¢<£@£�¤ � Õ �5� ���   Ý.¥"Õ �_¤ §�¨.¨-Õ  �� ©�ª ÝV« � YZ�"Ý*Å É?ãAÁZÂ�ÁZÌ ÊAÄ ÁZÑ¥ÊAÂ�Ñ"Ð�ÃAÉ ÁZÑ�Ä Ã¤Ä À�Á
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Å ÇiF¥Õ S0Ý�uKfS&Ú�Ä À�ÁZÂ = F«Õ SZÝvÀ�ÃAØ Ñ�ÉvÇ ÃAÌ_S&Ú�å�ÃAÌ Á�Ð<Ì ÁZÈZÅ É ÁZØ ÏAÚ�Å å¥Ð�Ø Å ÈZÅ Ä Ø Ï = F«Õ SZÝ
Ó�ÁZØ ÃAÂ<ãAÉ�Ä Ã�S&Ù
ë ÂÆÈZÃAÂ�É ÁZÍ-Î�ÁZÂ�ÈZÁAÚ�Å Ç�Ë�ÁNÉ ÁZÁ«Ä À�ÁNÌ ÁZØ ÊAÄ Å ÃAÂ<ÊAØ�Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁNÊAÉ¥Ä À�Á«É ÁZÄ�ÃAÇ�Å Ä É

Á ì&Ð�Ø Å ÈZÅ Ä¤ÊAÄ ÃAå�É�Ð�Ø Î<É�Å Ä É"Å å�Ð�Ø Å ÈZÅ Ä¤Â<ÁZãAÊAÄ Å áAÁ«ÊAÄ ÃAå¥É0Ú*Ë�Á«ÈZÊAÂÆÊAØ Ë�Ê0Ï&É"Ì ÁZÐ<ÊAÅ Ì
Ä À<Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Ó-ÏNÌ ÁZå¥Ã0á&Å Â<ã�ãAÌ ÃAÎ<Â�ÑNÑ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ø Å Ä ÁZÌ ÊAØ ÉZÙ
9çÀ�ÁZÂ�ÈZÃAå¥Ð<Î�Ä Å Â<ã¤Ê�Ä ÊAÓ<Ø ÁZÊAÎ¥Ç ÃAÌ�Ê¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â<É Ä ÊAÂ�ÈZÁ#S&Ú-Ë�Á�Ñ�Ã¤Â�ÃAÄ�ÊAÑ�Ñ

Á ì&Ð�Ø Å ÈZÅ Ä Ø ÏàÄ À�ÁNÇ ÃAÌ å"Î<Ø ÊAÉ¥ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�Å Â<ã�Ä ÃàÄ À<Á�hvè�× ÊAÂ<Ñ7'#9�×"Ú�Ì ÊAÄ À<ÁZÌ
Ë�Á_2AÁZÁZÐhÄ À�ÁZå�Å å¥Ð<Ø Å ÈZÅ ÄZÚ&Ó<Î�Ä�Ä Ê<2&Å Â�ã�Ä À�ÁZå Å Â&Ä Ã�ÊAÈZÈZÃAÎ�Â&Ä�Ë�À�ÁZÂhÈZÃAå�Ð�Î<Ä Å Â�ã
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) J<LM( Ð�ÊAÌ Ä +�ÃAÇ�Ä À<Á¤Ó�Ì ÊAÂ�È À*Ù
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Å Â½Ä À<ÁàÑ�ÊAÄ ÊAÓ<ÊAÉ ÁêÕ ÊAØ Ä ÁZÌ Â<ÊAÄ Å áAÁZØ ÏAÚ�Ó�ÁZÈZÊAÎ�É ÁfG uY � Å ÉhÅ å¥Ð<Ø Å ÈZÅ Ä Ø ÏÒÅ ÂêÄ À�Á
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= L u l.n n&Õ � � ^ � ©�ª Ý�ÊAÂ�Ñ��aYa��Ù�ë ÂÄ À<Á"Ô�ãAÎ�Ì ÁAÚ�Ë�Á"Å Â�Ñ<Å ÈZÊAÄ Á"Ä À<Å ÉvÉ Î<Ó�Ä Ì ÁZÁ�Ó&Ï)ZÙZÙZÙ +<Ù�9Á�Ë�Å Ø ØAÉ ÁZÁ�Ø ÊAÄ ÁZÌ�Õ É ÁZÁ�É ÁZÈZÄ Å ÃAÂ�6&Ù 6AÝ*Ä À�ÊAÄZÚ0Å Â¤É ÃAå�Á�ÈZÊAÉ ÁZÉ0Ú/Ë�Á�ÈZÊAÂ�ÃAå�Å Ä
Ä À<Á�Ñ<ÁZáAÁZØ ÃAÐ<å¥ÁZÂ&ÄvÃAÇ�É Î�Ó<Ä Ì ÁZÁZÉvÄ À�ÊAÄ¤É À�ÃAÎ�Ø Ñ�Ñ�ÁZáAÁZØ ÃAÐÎ�Â<Ñ�ÁZÌvÓ<Ì ÊAÂ�È À<ÁZÉ¤Ä À<ÊAÄ
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Ì Î�Ø ÁZÉ�Ç ÃAÌ�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ä ÊAÓ<Ø ÁZÊAÎ<ì�Ú<Å Ç*Ë�Á¤É 2AÃAØ ÁZå¥Å 1ZÁ¤Á ì&Å É Ä ÁZÂ-Ä Å ÊAØ�Ç ÃAÌ å"Î<Ø ÊAÉ�Ó�ÁZÇ ÃAÌ Á
Ñ<ÁZáAÁZØ ÃAÐ<Å Â�ã«Ä À�Á�Ä ÊAÓ�Ø ÁZÊAÎçÕ ð?Å Ä Ä Å Â<ã<Ú�Û0ÜAñAñAÝ Ù�9Á¥ÊAÉ É Î�å�Á�Ç Ì ÃAå Â�Ã0Ë�ÃAÂàÄ À<ÊAÄ
ÊAØ Ø�Å Â&Ä ÁZãAÌ Å Ä ÏÆÈZÃAÂ�É Ä Ì ÊAÅ Â&Ä É¥ÊAÌ ÁhÉ 2AÃAØ ÁZå¥Å 1ZÁZÑÖÓ&ÏÆå¥ÁZÊAÂ<É«ÃAÇvÊàÉ ÁZÄ¥ÃAÇ¤ï�2AÃAØ ÁZå
ÈZÃAÂ<É Ä ÊAÂ&Ä É"Õ Ä À<Á�Ð�ÊAÌ ÊAå¥ÁZÄ ÁZÌ ÉvÅ Â
F"Ý�ÊAÂ<ÑhÂ�ÁZËêÇ Î�Â<ÈZÄ Å ÃAÂNÉ Ï&å"Ó�ÃAØ É0Ù
�K� e�f '�( $"` » '�ÃAÂ�É Å Ñ�ÁZÌ¤Ä À<Á¥Ì ÁZÇ ÁZÌ ÁZÂ&Ä Å ÊAØV��� Þf� � Õ F«Õ � ÝW«  � �¥Õ ��� � Ý Ý Ú
ÊAÂ<Ñ�Ä À<Á�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä*Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Å Â<É Ä ÊAÂ�ÈZÁ�S_Y:¬(F«Õ §<Ý � �¥Õ t � � Ý ¯-Ú-Ç ÃAÌR§ � t � S�K
GhÙ�9çÅ Ä À�ÊAÂ�Å Â<Å Ä Å ÊAØ/É 2AÃAØ ÁZå¥Å 1ZÊAÄ Å ÃAÂ*ÚZË�Á�ÈZÊAÂ�Ñ<ÁZáAÁZØ ÃAÐ�Ä À�Á�Ä ÊAÓ�Ø ÁZÊAÎ {�� Õ J<L��VSAÝ
Å Â"Ô�ãAÎ<Ì Á#�&Ù&ë Â�Ä À�Å É�Ä ÊAÓ�Ø ÁZÊAÎ*ÚAÄ À�Á�É ÁZÈZÃAÂ<Ñ¥Ó�Ì ÊAÂ�È À¥ÈZØ ÃAÉ ÁZÉ�Ó�ÁZÈZÊAÎ�É Á��¥Õ § � 8 Õ §&Ý Ý
Ñ<Ã&ÁZÉ«Â<ÃAÄNÓ�ÁZØ ÃAÂ<ãÆÄ ÃàÄ À�Á�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁÅ Â�É Ä ÊAÂ�ÈZÁAÙ�¿�À�ÁZÌ ÁhÅ É«Â�Ã � Å ÂçÄ À�ÁhÊAÈ (
Ä Å áAÁ"Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Ñ<ÃAå¥ÊAÅ Â�Ú�É Î�È À�Ä À�ÊAÄKS¥ÈZÃAÂ&Ä ÊAÅ Â<É_�¥Õ § � � Ý Ù�ë å�Ð�Ø Å ÈZÅ Ä Ø ÏAÚ�Ó&ÏNÄ À�Á
'M9�×"Ú<S¤ÈZÃAÂ&Ä ÊAÅ Â�É�Ä À�ÁZÂ = �¥Õ § � � Ý�Ç ÃAÌ�ÊAÂ&Ï � Ù@TvÁZÂ<ÈZÁvÄ À<Á�Ó�Ì ÊAÂ�È À¥ÈZÃAÂ&Ä ÊAÅ Â�Å Â�ã�¥Õ § � 8 Õ §&Ý Ý�ÈZØ ÃAÉ ÁZÉ�ÊAÂ<ÑHS"Å É�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ-Ä�Ç ÃAÌ�����Ù
�K� e�f '�( $� » '�ÃAÂ<É Å Ñ<ÁZÌ�Ä À<Á�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä?Ñ�ÊAÄ ÊAÓ<ÊAÉ Á#S ^ Y°¬.�¥Õ §<Ý � �¥Õ tZÝ ¯vË�Ì ÄÄ À<Á#���¥Þ- � F«Õ � Ý Ù-×vÇ Ä ÁZÌ�À�Ê0á&Å Â�ã¤É 2AÃAØ ÁZå¥Å 1ZÁZÑ: � F¥Õ � Ý?Å Â&Ä Ã�F«Õ £�Ý ÚAÊ¤Ä ÊAÓ�Ø ÁZÊAÎ
Ð<Ì Ã&ÃAÇ*Ç ÃAÌ�Ä À�Á¤Å Â�ÈZÃAÂ<É Å É Ä ÁZÂ�ÈZÏ¥Å É�Ä À�Á�Ç ÃAØ Ø Ã0Ë�Å Â�ã
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¿�À<Å ÉvÓ�Ì ÊAÂ<È ÀàÈZØ ÃAÉ ÁZÉ�Ó�ÁZÈZÊAÎ<É Á�Ä À�ÁZÌ Á¥Å É�Â�Ã � Å Â�G É Î�È ÀàÄ À<ÊAÄ$F«Õ � Ý$KIS
ÊAÂ<ÑhÄ À�ÁZÌ ÁZÇ ÃAÌ Á = F«Õ � Ý�Ó�ÁZØ ÃAÂ�ãAÉ�Ä Ã>S�Ç ÃAÌvÊAÂ&Ï � Å ÂHG�Ù_F«Õ £�Ý�ÈZÊAÂ�Â<ÃAÄvÓ�ÁZØ ÃAÂ�ã
Ä Ã�Ä À�Å É�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁAÙ ~
�K� e�f '�( $�� » ,*ÁZÄ�Î<É�Â<Ã/ËÖÈ À<ÊAÂ�ãAÁvÄ À�ÁvÑ<ÊAÄ ÊAÓ�ÊAÉ Á¤Å Â�É Ä ÊAÂ<ÈZÁ�Å Â«Á ì<ÊAå�Ð�Ø Á¤î¤Ä Ã
S�®�Y:¬(F«Õ §<Ý � F¥Õ tZÝ ¯-Ú�2AÁZÁZÐ<Å Â�ã"Ä À�ÁvÅ Â-Ä ÁZãAÌ Å Ä Ï�ÈZÃAÂ�É Ä Ì ÊAÅ Â&ÄZÙ&èvÃ0Ë�Ú<Ä À<Á¤Ñ<ÊAÄ ÊAÓ�ÊAÉ Á
Å É�ÈZÃAÂ�É Å É Ä ÁZÂ-ÄZÚ�ÊAÂ�ÑNË�Á�À<Ê0áAÁ�Ä À�Á¤Ç ÃAØ Ø Ã0Ë�Å Â<ã�Ä ÊAÓ<Ø ÁZÊAÎ {�� Õ J<LC�>S�®0Ý Þ

F«Õ £�Ý
F«Õ §&Ý � F«Õ t Ý

¿�À<Å É�Ä Å å¥Á�Ë�Á�Ñ�Ã�Â<ÃAÄ�Ë�ÊAÂ&Ä�Ä À�Á�Ä ÊAÓ�Ø ÁZÊAÎ«Ä Ã�ÈZØ ÃAÉ ÁAÚ&ÊAÂ<Ñ¥Ä À&Î�É�É ÊAÂ<ÈZÄ Å ÃAÂ<Å Â�ã
Ä À<Á¤Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ<ÈZÏ¥ÃAÇ?Ä À�Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁAÙ<¿�À�Á¤Ì ÁZÊAÉ ÃAÂNÅ É�Ä À�ÊAÄ�Ë�Á¤ÈZÃAÎ�Ø ÑNå¥Ê<2AÁM£
Ä Ê<2AÁ�ÊAÂ&Ï�ÃAÇ*Ä À<Ává0ÊAØ Î�ÁZÉ�Å Â«Ä À<Á�ÊAÈZÄ Å áAÁvÑ<ÃAå¥ÊAÅ Â3¬�§ � t�¯ y GßÃAÇ*Ä À<ÁvÑ<ÊAÄ ÊAÓ�ÊAÉ ÁAÙ
~
×êÉ Å å¥Å Ø ÊAÌ�É Å Ä Î�ÊAÄ Å ÃAÂ¥ÈZÊAÂ«Ó�Á�Ç ÃAÎ�Â<Ñ¥Å Â«Ê�å�Ã&Ñ�Å Ô�ÁZÑ¥áAÁZÌ É Å ÃAÂ«ÃAÇ�Á ì<ÊAå¥Ð<Ø Á#0<Ù

�K� e�f '�( $�� » '�À�ÊAÂ�ãAÁ�Ä À<Á�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â�É Ä ÊAÂ�ÈZÁ�Å Â�Á ì<ÊAå¥Ð<Ø ÁV0vÄ Ã_¬(F«Õ §<Ý � �¥Õ § �
� Ý ¯-Ù<èvÃ0ËâÅ Ä�Å É�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä�Ë�Ì Ä�Ä À<Á�É ÊAå�Á�ë 'vÙ�9Á�ÃAÓ<Ä ÊAÅ Â
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èvÃ0ËêË�ÁvÑ<Ã"Â�ÃAÄ�ÈZØ ÃAÉ ÁvÄ À�ÁvÌ Å ãAÀ&Ä å�ÃAÉ Ä�Ó<Ì ÊAÂ<È À«Ó�ÁZÈZÊAÎ�É Á�Ë�Á¤å�Ê0Ï¥Ñ�Á Ô�Â�Á 8
ÊAÉ�Ê¥Ç Î<Â�ÈZÄ Å ÃAÂNÇ Ì ÃAå�Ä À�Á�ÊAÈZÄ Å áAÁ�Ñ<ÃAå¥ÊAÅ ÂhÅ Â&Ä Ã¥Å Ä É ÁZØ Ç*Ä À�ÊAÄ�å¥Ê<2AÁZÉW�¥Õ § � 8 Õ §&Ý Ý
Ó�ÁZÈZÃAå¥Á¤Ê�å¥ÁZå"Ó�ÁZÌ�ÃAÇ*Ä À�Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁAÚ�ÊAÈZÄ Î�ÊAØ Ø Ï«Ó-ÏNÑ<Á Ô�Â�Å Â�ã 8 Õ §&ÝRY � Ù ~
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Å Â�É Ä ÊAÂ�ÈZÁ�SHY ¬(F«Õ §<Ý ¯-Ù?¿�À<Á¥Ä ÊAÓ<Ø ÁZÊAÎ {�� Õ J<L��8S-Ý¤ÊAÇ Ä ÁZÌ�É 2AÃAØ ÁZå�Å 1ZÊAÄ Å ÃAÂÆÃAÇ
���âÅ É0Þ

= F«Õ £�Ý
F«Õ §&Ý

¿�À<Å É�Ä ÊAÓ�Ø ÁZÊAÎNÈZÊAÂ<Â�ÃAÄ�Ó�ÁvÈZØ ÃAÉ ÁZÑ*Ú&Ó�ÁZÈZÊAÎ�É ÁV£Nå"Î<É Ä�Ó�Á�Ê�Â<ÁZËçÐ�ÊAÌ ÊAå¥ÁZÄ ÁZÌZÚ
Â<ÃAÄ�Ã&ÈZÈZÎ<Ì Ì Å Â�ã�Å ÂhÄ À<Á�É ÊAå�Á�Ó�Ì ÊAÂ<È ÀhÃAÇ�Ä À�Á¤Ä ÊAÓ�Ø ÁZÊAÎ�ÊAÂ<ÑhÅ Ä�Å É�Â<ÃAÄvÄ À<Á�ÈZÊAÉ Á
Ä À<ÊAÄ F¥Õ £�Ý�KHSNÕ ÊAØ Ä ÁZÌ Â�ÊAÄ Å áAÁZØ ÏAÚ�Ë�Á�å�Ê0ÏNÄ À<Å Â�2¥ÃAÇ�£hÊAÉ�Ê¥ÈZÃAÂ�É Ä ÊAÂ&Ä�Ä À�ÊAÄ�ÈZÊAÂ
Ó�ÁvÑ<Á Ô�Â�ÁZÑ«ÊAÉ�ÊAÂ-Ï«ÁZØ ÁZå¥ÁZÂ&Ä�Å Â3G:¶#¬�§�¯-Ú<Ä À<ÊAÄ�Å É�Å Â«Ä À�ÁvÈZÃAå¥Ð<Ø ÁZå�ÁZÂ&Ä�ÃAÇ*Ä À�Á
ÊAÈZÄ Å áAÁ�Ñ<ÃAå¥ÊAÅ ÂNÃAÇ?Ä À�Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á0Ý Ù ~

ë ÂãAÁZÂ�ÁZÌ ÊAØ Ú�ÊNÄ ÊAÓ�Ø ÁZÊAÎàÓ�Ì ÊAÂ�È ÀÈZØ ÃAÉ ÁZÉ�Ë�À�ÁZÂ�ÁZáAÁZÌ¤Å Ä¤ÈZÃAÂ-Ä ÊAÅ Â�É¤ÊNÇ ÃAÌ å�Î�Ø Ê
ÊAÂ<ÑêÅ Ä ÉNÂ�ÁZãAÊAÄ Å ÃAÂ*Ù#TvÃ0Ë�ÁZáAÁZÌZÚvÅ ÂêÃAÎ<ÌNÈZÊAÉ ÁAÚ�Å ÄNÅ ÉNÂ<ÁZÈZÁZÉ É ÊAÌ ÏçÄ ÃÒÄ Ê<2AÁàÅ Â&Ä Ã
ÊAÈZÈZÃAÎ<Â&Ä"Ä À<ÊAÄZÚ?Ñ�Î<Á¥Ä Ã�Ä À<Á:h�èv×�ÊAÂ�ÑI'M9�×"Ú*Â�ÃAÄ�ÊAØ Ø�Ø Å Ä ÁZÌ ÊAØ É�ÊAÌ Á«Á ì<Ð<Ø Å ÈZÅ Ä
ÃAÂ¥Ä À�ÁvÓ<Ì ÊAÂ�È À<ÁZÉ0Ù&¿�À�Á�Ç ÃAØ Ø Ã0Ë�Å Â<ã�Ñ�Á Ô�Â<Å Ä Å ÃAÂ¥ÃAÇ*ÈZØ ÃAÉ ÁZÑ«Ó�Ì ÊAÂ�È À«å¥Ã-Ñ�Å Ô�ÁZÉ�Ä À�Á
É Ä ÊAÂ�Ñ<ÊAÌ ÑNÑ�Á Ô�Â�Å Ä Å ÃAÂ*Ú-ÊAÂ�ÑhÈZÃAÂ<É Å Ñ�ÁZÌ É�Ä À<ÃAÉ Á¤ÊAÉ É Î<å¥Ð<Ä Å ÃAÂ�ÉZÙ
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µ z l d<F«Õ �S0Ý�K3�>l.j�k�F«Õ �SZÝ�uK3S�p ��v w#l#�<w v ��j�k ] ��� u i#�S \ v j ] l<g j�g j��_i u i��*i�j ] n

v � G v j u s z
m d<F«Õ �S0Ý�K3��l<j�k ] t i�w i_g nWj v n ��m n ] g ] � ] g v j�� ��v w ] t i���l<w l.��i ] i�w n�g j8�S
n � \ t3] t l ] F¥Õ �S0Ý ��KHS z �

P z = F«Õ �SZÝ�K��fl<j�k<F«Õ �S0Ý�K�S � v w�l��<w v ��j�k ] ��� u i��S \ v j ] l.g j�g j��8i u i��*i�j ] nv � G v j u s z
Q z B"K�I�l<j�k = BCK
I>p � v w�l.j�l.w�m�g ] w l.w s � v w ��� u l<B z
T z = � Y � K
I ��v w�l<j�s ] i�w � � z ~
'�ÃAÂ<Ñ�Å Ä Å ÃAÂêÛAÙ�Ä Ê<2AÁZÉ�hvèv×Å Â&Ä ÃÊAÈZÈZÃAÎ�Â&ÄZÙ�èvÃAÄ Å ÈZÁNÄ À�ÊAÄ�Å Ä"Å É�Ì ÁZÉ Ä Ì Å ÈZÄ ÁZÑ

Ä ÃNÑ<ÊAÄ ÊAÓ�ÊAÉ Á¥ÈZÃAÂ�É Ä ÊAÂ&Ä É0Ú*É ÃNÄ À�ÊAÄ�Å Ä¤Ñ�Ã&ÁZÉ¤Â<ÃAÄ�ÊAÐ<Ð�Ø ÏhÄ ÃNÂ<ÁZË�Ð�ÊAÌ ÊAå¥ÁZÄ ÁZÌ É �AÙ
'�ÃAÂ�Ñ<Å Ä Å ÃAÂE�<Õ Ê-Ý«Ä Ê<2AÁZÉH'#9�× Å Â&Ä ÃÆÊAÈZÈZÃAÎ�Â&ÄZÙ�×�Ø Ä ÁZÌ Â<ÊAÄ Å áAÁ�ÈZÃAÂ<Ñ�Å Ä Å ÃAÂZ�<Õ Ó�Ý
Õ ÊAÈZÄ Î<ÊAØ Ø Ï�Å Ä�É Î�Ó<É Î�å�ÁZÉM�<Õ Ê-Ý Ý�ãAÅ áAÁZÉ�ÊAÂ¥ÊAÈZÈZÃAÎ<Â&Ä�ÃAÇ�Á ì<ÊAå�Ð�Ø ÁZÉV0<Ú<î&Ú�=&Ú&ÊAÂ<Ñ>U&Ù
� ¸Æ�  0�/� � � �  0� � � ��� ��¦ � §Z� ��� ����¢/� � ���� \y !#" $ � �A�*�/� � �%!�� �?�v§ � � � � �0� �ly ¢/� � � ��� � � � �

� �/£&$�� ����� � � �v¨-¹��/��� � �  /� ��� ��� ¢/¢/� �/� �/¦'��� �v� � � �� /� �'(��&�/� � � £)(%�<�&� �?� �/��� � � �� /� �
� �0� � � �0� £v� ��� � ¢/� � � � �/¦�� § � � �v�Z� �  0� � � �/� ��� �*!¤� �+(� �,$ ¨
- ¹��/� �<� � � � � � ��� �Z� �&� �*.¥� � �<� � � � � � £�� �<�Z /� � § � �  /� �<� �iz*� � � � � / �&� � ¦ � � � �Z� � � � �/� � �  /� � � � �

� �<� � � � � � � �/� �&£/� � � �/� � � �iy z*� � � � � �-{ | } ~E� ¨
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ë ÂhÈZÃAÂ�Ñ<Å Ä Å ÃAÂ86&Ù�ÃAÂ<Á�å¥Å ãAÀ-Ävå�Å É ÉvÊ¥É ÁZÈZÃAÂ�Ñ�ÊAØ Ä ÁZÌ Â<ÊAÄ Å áAÁ�ÊAÉvÅ ÂhÈZÃAÂ<Ñ�Å Ä Å ÃAÂ

�&Ù Ú?É ÃAå�ÁZÄ À�Å Â�ã�Ø Å 2AÁ�) = F«Õ �S0Ý:KZ�Ç ÃAÌ�Ê�ãAÌ ÃAÎ�Â<ÑÒÄ Î<Ð�Ø Á«ÈZÃAÂ&Ä ÊAÅ Â<Å Â<ãï�2AÃAØ ÁZå
É Ï&å"Ó�ÃAØ ÉZÚ<Ë�À�ÁZÂhÄ À�ÁZÌ Á�Å ÉvÂ<Ã¥Ë�Ê0ÏhÄ Ã«Ñ<Á Ô�Â�Á¤Ä À�ÁZåÈZÃAÂ<É Å Ñ�ÁZÌ Å Â�ã�ÁZØ ÁZå¥ÁZÂ&Ä ÉvÃAÇ
G ¶ [�\�] Õ SAÝ�Å ÂhÉ Î�È À�Ê¥Ë�Ê0ÏhÄ À<ÊAÄlF«Õ �SZÝ$uK8S<+<Ù�¿�À<Å É�ÈZÃAÂ�Ñ�Å Ä Å ÃAÂNÈZÊAÂ�Ó�Á�Â<ÁZáAÁZÌ
É ÊAÄ Å É Ô�ÁZÑ�Ó�ÁZÈZÊAÎ<É Á�Ë�Á�À<Ê/áAÁ�ÊAÂÅ Â&Ô�Â�Å Ä Á�Ñ�ÊAÄ ÊAÓ�ÊAÉ Á�Ñ�ÃAå�ÊAÅ Â�G�Ú�Ó�Î<Ä¤Ê«Ô�Â�Å Ä Á
ÊAÈZÄ Å áAÁhÑ<ÃAå¥ÊAÅ Â [K\�] Õ S-Ý Ù�ï&Ã<Ú�Å Ä"Ë�Å Ø Ø�Â�ÁZáAÁZÌ¥ÊAÐ<Ð�Ø ÏAÙ?¿�À<Å É"ãAÅ áAÁZÉ�ÊAÂÖÊAÈZÈZÃAÎ�Â-Ä
ÃAÇ�Á ì<ÊAå¥Ð<Ø Áhñ&ÙM'�ÃAÂ�Ñ<Å Ä Å ÃAÂ<É*0<Ù�ÊAÂ�ÑÖî&Ù�ÊAÌ ÁNÄ À�ÁNÎ�É Î<ÊAØ�ÈZØ ÃAÉ Î<Ì ÁNÈZÃAÂ�Ñ<Å Ä Å ÃAÂ�É0Ù
'�ÃAÂ�Ñ<Å Ä Å ÃAÂ<É��<Õ Ê-Ý�ÊAÂ<ÑH6&Ù�ÊAÌ Á¤É Ð�ÁZÈZÅ ÊAØ�ÈZÊAÉ ÁZÉvÃAÇ�0<Ù
èvÃ0Ë Ë�ÁÆÈZÊAÂâÉ Ä ÊAÄ ÁàÄ À�ÁÆå�ÊAÅ Â½Ð�Ì ÃAÐ�ÁZÌ Ä Å ÁZÉhÃAÇ�Ä ÊAÓ�Ø ÁZÊAÎ<ì½Ç ÃAÌ�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á

Å Â�É Ä ÊAÂ�ÈZÁZÉ�ÊAÂ�ÑNÄ À�ÁZÅ Ì�Å Â-Ä ÁZãAÌ Å Ä Ï«ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä ÉZÙ

�¤,/%�'�%�1/2 ./2 %�l º�»�� v w8lIk<l ] l@m l�n�i�g j�n ] l<j \ i3SEl<j�kfg j ] i �<w g ] s \ v j�n ] w l<g j ] n
����pVg ]Rt�v.u k.n��
³ z S�g n�g j \ v j�n�g n ] i�j ] rRw ]�] v ��� g x ] t i ] l@m u i l.� {�� Õ J<Ls�HS-Ý*g n \�u v n�i k
c g z i z i l \ tHv � g ] n�m�w l<j \�t i n�g n \�u v n�i k d z

µ zW{�� Õ J<L\�>SAÝ_g n \�u v n�i k>g x SHk v i�n_j v.] n�l ] g n � s*J<L c g z i z S:uX Y:J<L#d z ~

6&Ù 6&Ù��dn	0_#�* #�qs)-%�._&-0_%+2�3

¿�À�Á�Å Â�ÈZÃAÂ<É Å É Ä ÁZÂ�ÈZÏvÃAÇ<Ê�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�SÆË�Ì Ä�J<L Å É*È À�ÊAÌ ÊAÈZÄ ÁZÌ Å 1ZÁZÑ"Ó&Ï¤Ê�Ä ÊAÓ�Ø ÁZÊAÎ
{�� Õ J<L���SAÝ�Ë�À�Å È À¥À�ÊAÉ�ÃAÂ�Ø Ï"ÈZØ ÃAÉ ÁZÑ¥Ó�Ì ÊAÂ<È À�ÁZÉ0Ù-ë Â¥ÃAÌ Ñ�ÁZÌ�Ä Ã"ÃAÓ<Ä ÊAÅ Â¥Ê�Ì ÁZÐ<ÊAÅ Ì
ÃAÇ�S<Ú0Ë�Á�å¥Ê0Ï�Ì ÁZå¥Ã0áAÁ�Ä À�Á�Ø Å Ä ÁZÌ ÊAØ É*Å Â"Ä À<Á�Ó�Ì ÊAÂ�È À�ÁZÉ*Ë�À�Å È À"ÊAÌ Á�) Ì ÁZÉ Ð�ÃAÂ�É Å Ó�Ø Á�+
Ç ÃAÌ?Ä À�Á�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ<ÈZÅ ÁZÉZÚ0ÁZáAÁZÂ"Å å¥Ð<Ø Å ÈZÅ Ä�Ø Å Ä ÁZÌ ÊAØ É*ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ�Ñ<Å Â�ã�Ä Ã�Ä À�Á#'M9�×"Ù
H�áAÁZÌ ÏÆÓ<Ì ÊAÂ<È ÀÒË�À�Å È ÀàÈZÊAÂÖÓ�Áf) ÃAÐ�ÁZÂ<ÁZÑ�+Å ÂÒÄ À<Å É"Ë�Ê0ÏÆË�Å Ø Ø�Ð�ÃAÉ É Å Ó�Ø ÏÏ-Å ÁZØ Ñ
ÊÌ ÁZÐ�ÊAÅ Ì0ÙR9ÁhÈZÊAÂÖÃAÂ<Ø ÏàÌ ÁZÐ<ÊAÅ Ì�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ<ÈZÅ ÁZÉ�Ñ<Î�Á«Ä ÃàØ Å Ä ÁZÌ ÊAØ É�Å ÂIS&ÙR9Á
ÈZÊAÂ<Â�ÃAÄ�Ì ÁZå¥Ã0áAÁ�Ø Å Ä ÁZÌ ÊAØ É�Å ÂW��Ó�ÁZÈZÊAÎ<É ÁAÚZÊAÈZÈZÃAÌ Ñ�Å Â�ã�Ä Ã�ÃAÎ�Ì�ÊAÐ�Ð<Ì ÃAÊAÈ À*ÚZÅ Â&Ä ÁZãAÌ Å Ä Ï
ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä É�ÊAÌ ÁvÌ Å ãAÅ Ñ*Ú-Ë�ÁvÊAÌ ÁvÂ<ÃAÄ�Ë�Å Ø Ø Å Â<ã¤Ä Ã"ãAÅ áAÁvÄ À�ÁZåßÎ�Ð�/&Ë�ÁvÃAÂ<Ø Ï¥ÊAØ Ø Ã0Ë
È À<ÊAÂ�ãAÁZÉ�Å Â¥Ä À�Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ�ÈZÁZÉZÙ@9ÁvÈZÊAÂ<Â�ÃAÄ�É Î<Ð�Ð�Ì ÁZÉ É�ÁZÍ&Î�ÊAØ Å Ä Å ÁZÉR§*Yat
Â<ÁZÅ Ä À<ÁZÌ�Ó�Î�Å Ø Ä ( Å Â«Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉZÙ
D¥$ fàe ,(f A�» ×vÈZÈZÃAÌ Ñ<Å Â<ã�Ä Ã��vÁ Ô�Â<Å Ä Å ÃAÂÒî&Ú?Ë�Á«ÈZÊAÂÒÌ ÁZÐ<ÊAÅ Ì"Å Â�ÈZÃAÂ�É Å É Ä ÁZÂ�ÈZÅ ÁZÉ
Ñ<Î�Á¤ÃAÂ<Ø Ï«Ä Ã«ÈZÊAÉ ÁZÉW�&Ù�ÊAÂ�Ñ86&Ù_��ÃAÌ Á�Ð<Ì ÁZÈZÅ É ÁZØ ÏAÚ<ãAÅ áAÁZÂhÊ¥ÈZØ ÃAÉ ÁZÑhÓ<Ì ÊAÂ�È À�IßÅ Â
{�� Õ J<LC�3SAÝ Þ
ÛAÙ*ë ÇlI Å É�ÈZØ ÃAÉ ÁZÑçÓ�ÁZÈZÊAÎ�É ÁhÃAÇ¤Ä À<Á8'#9h×"Ú�Å Ä¥ÈZÊAÂÖÓ�ÁhÃAÐ�ÁZÂ�ÁZÑÖÓ&ÏÆÅ Â<É ÁZÌ Ä (
Å Â�ã:F¥Õ �S0Ý �ÒÅ Â&Ä Ã>S&Ú�ÃAÌZÚ�ÁZÍ&Î<Å á/ÊAØ ÁZÂ&Ä Ø ÏAÚ�Ó&ÏhÌ ÁZå¥Ã0á&Å Â<ãNÄ À<Á�Å å¥Ð<Ø Å ÈZÅ Ä�Ø Å Ä ÁZÌ ÊAØ
= F«Õ �SZÝ �ÆÇ Ì ÃAå S�Ç ÃAÌ�ÊAÂ&ÏNÉ Î�Ó<É Ä Å Ä Î<Ä Å ÃAÂ �ÆÇ Ì ÃAå Ä À�Á�Ð�ÊAÌ ÊAå¥ÁZÄ ÁZÌ ÉvÅ Â&Ä Ã*G
Õ ÈZÊAÉ Á*�<Õ Ó�Ý�Å ÂNÑ�Á Ô�Â<Å Ä Å ÃAÂhîAÝ Ù

�&Ù*ë Ç<I�Å ÉhÈZØ ÃAÉ ÁZÑ½Ó�ÁZÈZÊAÎ<É ÁàÃAÇ¥ÈZÃAÂ&Ä Ì ÊAÑ�Å ÈZÄ ÃAÌ Ï½Ø Å Ä ÁZÌ ÊAØ É = F«Õ �SZÝ�K �êÊAÂ�Ñ
F¥Õ �S0Ý:K:S&Ú�Ä À<ÁZÂÒÅ Ä"ÈZÊAÂÖÓ�ÁNÃAÐ�ÁZÂ�ÁZÑÆÓ&ÏàÌ ÁZå�Ã/á-Å Â�ã�F¥Õ �S0Ý"Ç Ì ÃAå SÒÕ ÈZÊAÉ Á
6"Å ÂNÑ�Á Ô�Â�Å Ä Å ÃAÂNîAÝ¤Ù ~
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Û�0 ��� � � � � � ���  �!#" $ % &��  !
�K� e�f '�( $�� » Õ Á ì&ÊAå¥Ð�Ø Á�6vÈZÃAÂ&Ä Å Â-Î�ÁZÑ�Ý?¿�À�Á�Ä ÊAÓ�Ø ÁZÊAÎ�À�ÊAÉ�ÜvÈZØ ÃAÉ ÁZÑ�Ó<Ì ÊAÂ�È À<ÁZÉ0Þ
Õ Ë�Á�Ñ�Å É Ð<Ø Ê0Ï¥Ä À<Á�Ø Å Ä ÁZÌ ÊAØ É�Ë�Å Ä À<Å Â«Ä À<Á�Ó<Ì ÊAÂ�È À<ÁZÉ�ÃAÂ�Ø Ï<Ý

I ^ I ® I
	
¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý¡R¢<£@£�¤ � Õ G � G ® � � � ® Ý ¡R¢<£@£�¤ � Õ G � G ® � � � ® Ý ¡�¢<£@£�¤ � Õ G � G ® � � � ® Ý
�W¤ §�¨.¨&Õ � � ^ � © ª Ý �W¤ §�¨.¨&Õ � � ^ � © ª Ý �W¤ §�¨.¨&Õ � � ^ � © ª Ý�W¤ §�¨.¨&Õ � � ® � © ª Ý �W¤ §�¨.¨&Õ � � ® � © ª Ý �W¤ §�¨.¨&Õ � � ® � © ª Ý
= ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý = ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý = ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý
= ¡�¢@£<£�¤ � Õ G � G ® � � � ® Ý = �W¤ §�¨.¨&Õ � � ® � ©�ª Ý G�YZ�

I ª I�� I �¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý¡R¢<£@£�¤ � Õ G � G ® � � � ® Ý ¡R¢<£@£�¤ � Õ G � G ® � � � ® Ý ¡�¢<£@£�¤ � Õ G � G ® � � � ® Ý
�W¤ §�¨.¨&Õ � � ^ � ©�ª Ý �W¤ §�¨.¨&Õ � � ^ � ©�ª Ý �W¤ §�¨.¨&Õ � � ^ � ©�ª Ý�W¤ §�¨.¨&Õ � � ® � © ª Ý �W¤ §�¨.¨&Õ � � ® � © ª Ý �W¤ §�¨.¨&Õ � � ® � © ª Ý
= �W¤ §�¨�¨&Õ � � ^ � ©�ª Ý = �W¤ §�¨.¨&Õ � � ^ � ©�ª Ý = �W¤ §�¨.¨&Õ � � ^ � ©�ª Ý
= ¡�¢@£<£�¤ � Õ G � G*® � � � ®0Ý = �W¤ §�¨.¨&Õ � � ® � © ª Ý G�YZ�

I
� I� I
�
¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý¡R¢<£@£�¤ � Õ G � G*® � � � ®0Ý ¡R¢<£@£�¤ � Õ G � G*® � � � ®0Ý ¡�¢<£@£�¤ � Õ G � G*® � � � ®0Ý
�W¤ §�¨.¨&Õ � � ^ � © ª Ý �W¤ §�¨.¨&Õ � � ^ � © ª Ý �W¤ §�¨.¨&Õ � � ^ � © ª Ý�W¤ §�¨.¨&Õ � � ® � ©�ª Ý �W¤ §�¨.¨&Õ � � ® � ©�ª Ý �W¤ §�¨.¨&Õ � � ® � ©�ª Ý
�:Y:� �:Y:� �:YZ�

= ¡�¢@£<£�¤ � Õ G � G ® � � � ® Ý = �W¤ §�¨.¨&Õ � � ® � ©�ª Ý G�YZ�

¿�À<Á¥Ô�Ì É Ä"Ç ÃAÎ<Ì�Ä Î�Ð<Ø ÁZÉ"Å ÂÒÁZáAÁZÌ ÏÆÓ�Ì ÊAÂ�È ÀÒÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<ÑÒÄ ÃÄ À<ÁNÅ Â�Å Ä Å ÊAØ�Å Â�(
É Ä ÊAÂ�ÈZÁ8S<Ù�H�ÊAÈ À½Ó�Ì ÊAÂ�È À�I
��ÈZÃAÂ�É Å É Ä ÉNÃAÇ�ÊAÂZ�<( Ð�ÊAÌ ÄNÊAÂ<ÑêÄ À<Á�S�( Ð�ÊAÌ ÄZÚ�É Ê/Ï
I � YES �>� � Ù<×vÂ�ÑNË�Á¤À�Ê0áAÁ

� ^ � ® ��	
= ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý = ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý = ¡�¢@£<£�¤ � Õ � � G ^ � � � ^ Ý
= ¡�¢@£<£�¤ � Õ G � G*® � � � ®0Ý = �W¤ §�¨�¨&Õ � � ® � © ª Ý G�Y:�

� ª � � � �
= �W¤ §�¨�¨&Õ � � ^ � © ª Ý = �_¤ §�¨.¨-Õ � � ^ � © ª Ý = �W¤ §�¨.¨&Õ � � ^ � © ª Ý
= ¡�¢@£<£�¤ � Õ G � G*® � � � ®0Ý = �_¤ §�¨.¨-Õ � � ® � © ª Ý GY:�

� � �  � �
�:Y:� �ZY:� �:YZ�

= ¡�¢@£<£�¤ � Õ G � G*® � � � ®0Ý = �W¤ §�¨.¨&Õ � � ® � © ª Ý G�YZ�

ë ÂÃAÌ Ñ<ÁZÌ¤Ä ÃhÃAÐ�ÁZÂÄ À�Å É¤ÈZØ ÃAÉ ÁZÑÄ ÊAÓ�Ø ÁZÊAÎ*Ú�Ë�Á�ÈZÊAÂàÌ ÁZå�Ã0áAÁ¥Ø Å Ä ÁZÌ ÊAØ É¤Å ÂÄ À�Á
ÈZØ ÃAÉ ÁZÑâÓ�Ì ÊAÂ�È À�ÁZÉZÙ�ï&Å Â�ÈZÁàÊêÄ ÊAÓ<Ø ÁZÊAÎ�Å É�ÃAÐ�ÁZÂ�Ë�À�ÁZÂ�ÁZáAÁZÌÅ Ä�À�ÊAÉÊAÂ�ÃAÐ�ÁZÂ
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Ó<Ì ÊAÂ<È À�Ú�ÁZÊAÈ ÀÆÃAÐ�ÁZÂ<ÁZÑàÓ<Ì ÊAÂ�È ÀÃAÇ�Ä À<Á¥ÈZØ ÃAÉ ÁZÑàÄ ÊAÓ<Ø ÁZÊAÎàå¥Å ãAÀ&Ä¤Ð�Ì Ã&Ñ�Î<ÈZÁ�ÃAÂ�Á
Ð�ÃAÉ É Å Ó<Ø Á*Ä Ì ÊAÂ<É Ç ÃAÌ å¥ÁZÑ�ÃAÐ�ÁZÂ¤Ä ÊAÓ�Ø ÁZÊAÎ*Ù0ï<Å Â<ÈZÁ�Ë�Á�Ë�ÊAÂ&Ä�Ä Ã�å�Ã&Ñ�Å Ç Ï�Ä À<Á�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á
S&Ú-Ë�À<Å È À«É À<ÃAÎ�Ø Ñ«Ó�ÁZÈZÃAå�ÁvÈZÃAÂ�É Å É Ä ÁZÂ&ÄZÚ<Ë�ÁvÉ À<ÃAÎ�Ø Ñ¥Ä Ì Ï¥Ä Ã"Ì ÁZå�Ã0áAÁ¤Ê"å¥Å Â�Å å�ÊAØ
É ÁZÄ�ÃAÇ�Ø Å Ä ÁZÌ ÊAØ É�Å Â"Ä À�Á�S�( Ð�ÊAÌ Ä�ÃAÇ�Ä À�Á�Ó<Ì ÊAÂ<È À<ÁZÉ�Å Â�ÃAÌ Ñ�ÁZÌ�Ä Ã¤ÃAÐ�ÁZÂ¥Ä À<Á�Ä ÊAÓ�Ø ÁZÊAÎ*Ù
¿�À�Å É�ÊAÎ�Ä ÃAå¥ÊAÄ Å ÈZÊAØ Ø ÏvÁ ì<ÈZØ Î<Ñ�ÁZÉ�Ó�Ì ÊAÂ<È À�ÁZÉ�I 	 � I � ÊAÂ�Ñ$I
�/Ú0Ó�ÁZÈZÊAÎ�É Á�Ä À<ÁZÏ¤ÈZØ ÃAÉ ÁÑ<Î�Á�Ä Ã¤Ä À<Á�Ø Å Ä ÁZÌ ÊAØ É�G�YZ��ÚAË�À�Å È À"Ñ�ÃvÂ�ÃAÄ?ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ�Ñ"Ä Ã¤Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ø Å Ä ÁZÌ ÊAØ É0Ú
Ó<Î�Ä�ÈZÃAå¥Á�Ç Ì ÃAå�Ä À�Á�ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä ÉZÙ
ë Â½Ä À�Å É�Á ì&ÊAå¥Ð�Ø ÁàË�ÁàÃAÓ�É ÁZÌ áAÁàÄ À�ÊAÄ�Ä À<ÁÆÉ ÁZÄ ÉÃAÇ�Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁÆØ Å Ä ÁZÌ ÊAØ ÉNÃAÇ

É ÃAå¥ÁÃAÇ"Ä À<Á�� �ÊAÌ ÁÅ Â�ÈZØ Î�Ñ<ÁZÑçÅ ÂçÃAÄ À�ÁZÌ É0Ù#,*ÁZÄNÎ�ÉNÑ�ÁZÂ�ÃAÄ ÁÓ-ÏE� q� Ä À<ÁÉ ÁZÄ
ÃAÇ*Ø Å Ä ÁZÌ ÊAØ É�Å Â>� �¤Ä À<ÊAÄ�ÊAÌ Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ø Å Ä ÁZÌ ÊAØ É�Õ Å Ù ÁAÙ<Â<ÃAÄ�Ó�Î�Å Ø Ä ( Å Â«Ø Å Ä ÁZÌ ÊAØ É Ý Ú-ÁAÙ ã<Ù
�@q^ Y� ^ � �@q� Y ¬ = �����@� u s*Õ G � G ® � � � ® Ý ¯-Ù�9Á�À�Ê0áAÁ¥Ä À�ÁZÂ���q^�� �@q� Ú��@q® � �@q Ú�@q	 � �@q� Ú��@qª � �@q� Ú5��q� � �@q Ú5�@q��� �@q� Ù?¿�À<Å É�É À<Ã/Ë�É0Ú*Ç ÃAÌ"Á ì<ÊAå¥Ð<Ø ÁAÚ*Ä À�ÊAÄ�Å ÂÃAÌ Ñ�ÁZÌ�Ä ÃhÃAÐ�ÁZÂ"I ^ Ú*Ë�Á¥À<Ê/áAÁ¥Ä Ã�Ì ÁZå�Ã/áAÁ¥Ç Ì ÃAå�SNÊhÉ Î<Ð�ÁZÌ É ÁZÄ�ÃAÇ�Ä À<Á¥É ÁZÄ�ÃAÇØ Å Ä ÁZÌ ÊAØ É�Ä À<ÊAÄ�À�Ê0áAÁ¤Ä Ã�Ó�ÁvÌ ÁZå�Ã/áAÁZÑNÇ Ì ÃAå�S�Ç ÃAÌ�ÃAÐ�ÁZÂ�Å Â�ãdI
�/Ù�T�ÁZÂ�ÈZÁAÚ�Ë�Á¤ÈZÊAÂ
Ñ<ÁZÈZÅ Ñ<Á«Ä À�ÊAÄ"Ä À�Á«Ó�Ì ÊAÂ�È À�ÁZÉ"Ë�À<ÃAÉ Á«Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁNÐ<ÊAÌ Ä"ÈZÃAÂ-Ä ÊAÅ Â�É�Ä À<ÁNÑ<ÊAÄ ÊAÓ�ÊAÉ Á
Ð<ÊAÌ ÄvÃAÇ�ÊAÂ�ÃAÄ À<ÁZÌ�Ó�Ì ÊAÂ<È ÀÈZÊAÂàÓ�Á�Å ãAÂ�ÃAÌ ÁZÑÓ�ÁZÈZÊAÎ<É Á�Ä À<ÁZÏ�Ë�Å Ø Ø?Â<ÃAÄ¤Ð�Ì Ã-Ñ�Î�ÈZÁ
ÊAÂ-ÏÒÕ å¥Å Â�Å å�ÊAØ Ý�Ì ÁZÐ<ÊAÅ Ì ÉZÙ�¿�À�Å É¤ÊAØ Ø Ã0Ë�É�Î�É¤Â�ÃAÄ¤Ä ÃhÈZÃAÂ�É Å Ñ<ÁZÌ�I ^ Ä À<Ì ÃAÎ�ãAÀ�I �Å Â«ÃAÎ�Ì�Á ì&ÊAå¥Ð�Ø ÁAÚ<ÊAÂ<Ñ
I � ÊAÂ�Ñ
I  ÊAÌ Á¤Ä À<Á¤ÃAÂ<Ø Ï¥Ó<Ì ÊAÂ<È À<ÁZÉ�Ä À�ÊAÄ�ÈZÊAÂNØ ÁZÊAÑNÎ�É
Ä Ã�Ì ÁZÐ<ÊAÅ Ì ÉZÙ ~

¿�À<ÁÆÇ ÃAØ Ø Ã0Ë�Å Â�ãÖØ ÁZå¥å¥ÊÖÄ ÁZØ Ø É�Î<ÉÄ À<ÊAÄ�Ë�ÁÆÈZÊAÂ�Å ãAÂ�ÃAÌ ÁàÓ�Ì ÊAÂ<È À�ÁZÉ�Ë�Å Ä À
É Î�Ó<É Î�å�ÁZÑ3�<( Ð<ÊAÌ Ä É0Ú<Ó�ÁZÈZÊAÎ�É Á�Ä À<ÃAÉ Á�Ó<Ì ÊAÂ<È À<ÁZÉ�ÈZÊAÂ<Â�ÃAÄ�Ó�ÁZÈZÃAå¥Á¤Ì ÁZÐ�ÊAÅ Ì É0Ù
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��ÃAÌ ÁZÃ0áAÁZÌZÚvÊAÉhÅ Ø Ø Î�É Ä Ì ÊAÄ ÁZÑçÅ ÂêÁ ì<ÊAå�Ð�Ø Á�6&Ú�Ë�À�ÁZÌ ÁÄ À<ÁàÄ ÊAÓ<Ø ÁZÊAÎ½Ä Ì ÁZÁÅ É
É À�Ã0Ë�Â�Ú<É ÃAå¥ÁZÄ Å å¥ÁZÉ�Ë�Á�ÈZÊAÂhÑ<ÁZÄ ÁZÈZÄ�Ð�ÃAÉ É Å Ó<Ø Á�É Î<Ó�É Î�å¥Å Â�ã�Ó�Ì ÊAÂ�È À�ÁZÉ�Ë�Å Ä À�ÃAÎ�Ä
Ç Î�Ø Ø ÏàÑ�ÁZáAÁZØ ÃAÐ<Å Â<ãàÄ À�ÁhÄ ÊAÓ<Ø ÁZÊAÎ*Ù�¿�À<ÁZÌ ÁAÚ�Ä À�ÁNÔ�Ì É Ä�Ç ÃAÌ å"Î<Ø ÊÀ<ÊAÉ«Ó�ÁZÁZÂÖÉ Ð�Ø Å Ä
Ó-ÏNÊNÄ ÊAÓ<Ø ÁZÊAÎ�Ì Î�Ø Á�ÊAÂ<Ñ�Ë�Á"À�Ê0áAÁ�ÊAØ Ì ÁZÊAÑ<ÏNÈZØ ÃAÉ ÁZÑ�Ä Ë�Ã«Ó�Ì ÊAÂ<È À�ÁZÉ0Ù�9çÀ�ÁZÂ�Ë�Á
ÊAÐ<Ð�Ø ÏÊAÂ<ÃAÄ À�ÁZÌ"Ì Î�Ø ÁAÚ�Ë�Á>2&Â<Ã0Ë�Ä À<ÁZÂ*Ú*Ä À�ÊAÄ"Ä À<Á¥Ó�Ì ÊAÂ<È ÀI� Y ��Ú*Ë�À<Å È ÀàÅ É
Â<ÃAÄ¤ÈZØ ÃAÉ ÁZÑàÏAÁZÄZÚ*Ë�Å Ø Ø?Â<ÃAÄ¤Ó�Á�ÈZØ ÃAÉ ÁZÑàÃAÌ¤Ë�Å Ø Ø?Ó�Á"ÈZØ ÃAÉ ÁZÑàÓ&Ï�ÊNÉ Î<Ó�É ÁZÄvÃAÇ�Ä À�Á
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ø Å Ä ÁZÌ ÊAØ É�ÊAÐ�Ð�ÁZÊAÌ Å Â<ã�Å ÂNÄ À�ÁvÔ�Ì É Ä�Ä Ë�Ã¥Ó<Ì ÊAÂ�È À<ÁZÉ0Ù
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\�u v n�i k3m�w l<j \�t I¦g j {�� Õ J<LC�>S-Ý z ~
ë Ç¤Ä À�ÁhÓ�Ì ÊAÂ<È À I Å É«ÈZØ ÁZÊAÌNÇ Ì ÃAå�Ä À<Á�ÈZÃAÂ&Ä Á ì<ÄZÚ�Ë�ÁÉ Å å¥Ð<Ø ÏÆË�Ì Å Ä Á8S q Y

Õ SR¶���Ý_���ÒÙ-ë Ç�Â�Ã�Ð�ÊAÌ ÊAå¥ÁZÄ ÁZÌ É�À<Ê0áAÁ¤Ó�ÁZÁZÂ«Å Â-Ä Ì Ã&Ñ<Î�ÈZÁZÑ¥Å Â«Ä À<ÁvÓ�Ì ÊAÂ�È À*Ú-Ä À<ÁZÂ
Ë�ÁvÑ�Ã�Â�ÃAÄ�Â�ÁZÁZÑ«Ä Ã"ÈZÃAÂ�É Å Ñ�ÁZÌ�Ä À�ÁvÉ Î�Ó�É Ä Å Ä Î<Ä Å ÃAÂ�É�ÊAÓ�Ã0áAÁAÙ&ë Â«Ä À<Å É�ÈZÊAÉ ÁAÚ<Ç ÃAÌ�ÊAÂ
ÃAÐ�ÁZÂ�Å Â�ã��l�3S.q�ÃAÇ�Ê�Ó�Ì ÊAÂ�È ÀH�l�3S"Å Ä�À<ÃAØ Ñ<É0Þ�Õ Ê-Ý�ë Ç/F«Õ �SZÝ�K3�«ÊAÂ�Ñ
F«Õ �SZÝ�uKHS&Ú
Ä À<ÁZÂJF«Õ �S0Ý K�S.q Ù?Õ Ó�Ý�ë Ç = F«Õ �S0Ý K��NÊAÂ<ÑJF«Õ �S0Ý K�S&Ú�Ä À<ÁZÂ�F¥Õ �S0ÝduK8S.q Ù�èvÃAÄ Å ÈZÁ
Ä À<ÊAÄNË�ÁÃAÂ<Ø ÏÖÃAÐ�ÁZÂçÓ�Ì ÊAÂ<È À�ÁZÉ«Ë�À�Å È ÀêÊAÌ ÁÈZØ ÃAÉ ÁZÑçÓ�ÁZÈZÊAÎ<É Á�ÃAÇ"ÈZÃAÂ���Å ÈZÄ Å Â�ã
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ø Å Ä ÁZÌ ÊAØ É0Ù
9çÀ�ÁZÂ_S*X Y:J<L�ÚZÄ À�ÁZÂ {�� Õ J<L��VSAÝ�Ë�Å Ø ØAÀ�Ê0áAÁvÕ Ô�Â<Å É À<ÁZÑ�Ý�ÃAÐ�ÁZÂ�Ó<Ì ÊAÂ�È À<ÁZÉ/I«Ù

ð<ÃAÌ�ÊAÂ&Ï�ÃAÇ�Ä À<ÃAÉ Á�Ó�Ì ÊAÂ�È À�ÁZÉ v ��Õ I¥Ý�ÈZÊAÂ¥Ó�Á�Ñ�Á Ô�Â�ÁZÑ¥Á ì<ÊAÈZÄ Ø Ï�ÊAÉ�Å Â¥Ñ<Á Ô�Â<Å Ä Å ÃAÂ
=&ÙAë Ä�Å É�ÁZÊAÉ Ï�Ä Ã�áAÁZÌ Å Ç Ï�Ä À<ÊAÄ�Å Â¥Ä À<Å É�ÈZÊAÉ Á v ��Õ I�Ý�ÈZÃAÅ Â�ÈZÅ Ñ�ÁZÉ�Ë�Å Ä À�Ä À�Á�ÃAÌ Å ãAÅ Â�ÊAØ
Å Â�É Ä ÊAÂ�ÈZÁWS&Ù
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¿�À�Á�Ô�Ì É ÄvÓ�Ì ÊAÂ<È À*Ú+I ^ Ú�Å É¤ÈZØ ÃAÉ ÁZÑÊAÂ�Ñ v ��Õ I ^ ÝKY�¬.�¥Õ §<Ý � ! Õ t Ý ¯NÄ À<ÊAÄ¤É ÊAÄ Å É (Ô�ÁZÉ�J<L�Ù?¿�À�Á¥É ÁZÈZÃAÂ�ÑÒÓ<Ì ÊAÂ<È À�ÚGIK®/Ú�Å É�ÃAÐ�ÁZÂÒÊAÂ�Ñ v ��Õ IK®ZÝ*Y¦S&Ù?¿�À<ÁNÄ À<Å Ì Ñ
Ó<Ì ÊAÂ<È À�Ú+I 	 Ú�Å É¤ÈZØ ÃAÉ ÁZÑ�ÊAÂ�Ñ v ��Õ I 	 Ý�Y¬(F«Õ §&Ý � �«Õ §&Ý � �«Õ t Ý � ! Õ t Ý ¯hÄ À<ÊAÄ¤É ÊAÄ (
Å É Ô�ÁZÉ3J<L¤Ù�èvÃAÄ Å ÈZÁhÄ À�ÊAÄ«Ë�ÁhÈZÃAÎ�Ø ÑÖÇ Î�Ì Ä À�ÁZÌ¥Ñ�ÁZáAÁZØ ÃAÐêÄ À<Á�Ø ÊAÉ Ä«Â<Ã&Ñ�ÁhÄ À<ÁZÌ ÁAÚ
ÃAÓ<Ä ÊAÅ Â<Å Â�ã"Ä À�Á¤É ÊAå�Á�Ä Ì ÁZÁ¤Ä À�ÊAÄ�Å É�À<ÊAÂ�ãAÅ Â�ã�Ç Ì ÃAå = F¥Õ tZÝ�Å ÂNÄ À<Á�Ä Ì ÁZÁ¤ÃAÂhÄ À�Á
,5T¤ï�Ù�ë Ç�Ë�Á�Ñ<ÃNÄ À<Å É0Ú�Ë�Á"ÃAÓ�Ä ÊAÅ ÂÈZØ ÃAÉ ÁZÑÓ<Ì ÊAÂ<È À<ÁZÉ�I ª<� I � Ú�Ë�Å Ä À v ��Õ I ª Ý�Y
¬.�¥Õ §<Ý � �¥Õ t Ý � ! Õ tZÝ ¯-Ú<ÊAÂ�Ñ v ��Õ I � ÝRY:¬(F«Õ §<Ý � �¥Õ §<Ý � �¥Õ t Ý � ! Õ tZÝ ¯-Ù�9ÖÅ Ä À«Ä À<ÁZÉ Á
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Ø ÊAÉ Ä�Ä Ë�Ã�ÃAÐ�ÁZÂ�Å Â<ãAÉ�Ë�Á¤Ñ<Ã�Â�ÃAÄ�ãAÁZÄ�ÊAÂ&Ï�ÈZØ ÃAÉ ÁZÌ�Ä Ã�S�Ä À<ÊAÂNË�Å Ä À v ��Õ I�	0Ý Ú&Ä À<ÊAÄ
Å É�É Ä Å Ø Ø�Â<ÃAÄ�ÊAÉ�ÈZØ ÃAÉ ÁvÄ Ã*S�ÊAÉ�Ä À<Á¤ÃAÂ<Ø Ï¥Ì ÁZÐ�ÊAÅ Ì0Ú�S&Ú&ÃAÓ�Ä ÊAÅ Â�ÁZÑ«Ë�Å Ä À«Ó�Ì ÊAÂ�È À
IK®AÙ
~
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ð<ÃAÌ¤Ä À�Á"Ô�Ì É Ä�Ó�Ì ÊAÂ<È À�I ^ Ú�Ë�Á�ÃAÓ�Ä ÊAÅ Â v ��Õ I ^ Ý�Y¬ ! Õ tZÝ ¯-Ú�Ä À�ÊAÄvÅ ÉvÊNÌ ÁZÐ<ÊAÅ Ì0Ùí�Ì ÊAÂ<È À�I ® ãAÅ áAÁZÉ v ��Õ I ® ÝVY°¬(F¥Õ §<Ý � ! Õ t Ý � �«Õ §&Ý ¯-Ú�Ä À<Á¤ÃAÄ À�ÁZÌ�Ì ÁZÐ<ÊAÅ Ì0Ù
ð�ÃAÌhÄ À�ÁÈZØ ÃAÉ ÁZÑ½Ó�Ì ÊAÂ�È ÀaI�	�Ë�ÁàÀ<Ê/áAÁ v ��Õ I
	ZÝ�Y ¬(F«Õ §<Ý � �¥Õ t Ý � ! Õ tZÝ ¯-Ù

¿�À�Å ÉvÅ É¤Â<ÃAÄ¤ÊNå¥Ã&Ñ<ÁZØ�ÃAÇ#J<L�Ú�ÊAÐ�Ð<ÊAÌ ÁZÂ&Ä Ø ÏhÈZÃAÂ&Ä Ì ÊAÑ<Å ÈZÄ Å Â<ãNÐ�Ì ÃAÐ�ÃAÉ Å Ä Å ÃAÂ8�&Ú�Å Â
Ð<ÊAÌ Ä Å ÈZÎ�Ø ÊAÌZÚ<Å Ä�Å É�Â�ÃAÄ�Ê«Ì ÁZÐ<ÊAÅ Ì�ÃAÇVS&Ù�ë Ç�Ë�Á_2AÁZÁZÐ�Ñ�ÁZáAÁZØ ÃAÐ<Å Â<ã«Â<Ã&Ñ�Á��¥Õ t Ý�Á ì@(
ÊAÈZÄ Ø Ï"ÊAÉ = F¥Õ tZÝ?ÃAÂ¥Ä À�Á#,5T¤ï�ÚAË�Á�ÃAÓ�Ä ÊAÅ Â¥Á ì<Ä ÁZÂ<Ñ�ÁZÑ�Õ ÈZØ ÃAÉ ÁZÑ�Ý�Ó<Ì ÊAÂ<È À<ÁZÉ0ÚAË�Å Ä À
ÊAÉ É Ã&ÈZÅ ÊAÄ ÁZÑ�Å Â<É Ä ÊAÂ�ÈZÁZÉV¬.�¥Õ tZÝ � ! Õ t Ý ¯�ÊAÂ�Ñ�¬(F«Õ §&Ý � �«Õ §&Ý � �«Õ t Ý � ! Õ t Ý ¯-Ù<í�ÃAÄ À�ÃAÇ
Ä À<ÁZåßÉ ÊAÄ Å É Ç Ï*J<L�Ú&Ó<Î�Ä�ÊAÌ Á�Â�ÃAÂ«å�Å Â<Å å¥ÊAØ /AÊAÂ<Ñ«Ä À�ÁZÂ¥Ä À<ÁZÏ¥ÊAÌ Á�Â<ÃAÄ�Ì ÁZÐ�ÊAÅ Ì É�ÃAÇ
S&Ù�¿�À�Å ÉvÁ ì<ÊAå�Ð�Ø Á"É À<Ã0Ë�É¤Ä À�Á�Å å¥Ð�ÃAÌ Ä ÊAÂ<ÈZÁ�ÃAÇ�À�Ê0á&Å Â�ã«Ä À�Á�ÃAÐ�ÁZÂÊAÂ<ÑÈZØ ÃAÉ ÁZÑ
Ó<Ì ÊAÂ<È À<ÁZÉ"Õ å�Ê/Ï-Ó�Á¤Â<ÃAÄ�Á ì<Ð<Ø Å ÈZÅ Ä Ø Ï<Ý�É ÊAÄ Î�Ì ÊAÄ ÁZÑÆÕ É ÁZÁ�Ñ<Á Ô�Â<Å Ä Å ÃAÂ36AÝ Ù ~

9Á�ÈZÊAÂNÉ ÁZÁ¤Ä À�ÊAÄ�ÁZáAÁZÌ Ï«ÃAÐ�ÁZÂ<Å Â<ã"Å É�Ì ÁZØ ÊAÄ ÁZÑhÄ Ã�Ê�Ð�ÃAÉ É Å Ó�Ø Ï�Â<ÃAÂNå¥Å Â�Å å�ÊAØ
Ì ÁZÐ�ÊAÅ Ì¤ÃAÇ�Ä À<Á¥ÃAÌ Å ãAÅ Â<ÊAØ�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Å Â�É Ä ÊAÂ�ÈZÁ � Ù�ð�ÃAÌ�Ì ÁZÐ<ÊAÅ Ì ÉZÚ�Ë�Á¥ÊAÌ Á�ÃAÂ�Ø ÏhÅ Â�(
Ä ÁZÌ ÁZÉ Ä ÁZÑÅ ÂE) å¥Å Â�Å å�ÊAØ Ø Ï�+¥ÃAÐ�ÁZÂ�ÁZÑ�Ó�Ì ÊAÂ�È À�ÁZÉZÚ�Å Ù ÁAÙ�Å Â�ÃAÐ�ÁZÂ�Ó�Ì ÊAÂ�È À�ÁZÉvË�À<Å È À
ÊAÌ Á¤ÊAÉ�ÈZØ ÃAÉ Á¤ÊAÉ�Ð�ÃAÉ É Å Ó�Ø Á�Ä Ã�S&Ù<ë ÂhÈZÃAÂ<É ÁZÍ&Î<ÁZÂ�ÈZÁAÚ�Ë�Á�å¥Ê0Ï«Ñ�Á Ô�Â�ÁvÊH��g j�g �*l u
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ë ÄvÅ ÉvÄ À�ÁZÂ�ÁZÊAÉ ÏhÄ Ã«É ÁZÁ"Ä À<ÊAÄ¤Ä À<Á"Ç ÃAØ Ø Ã0Ë�Å Â�ã¥Ì ÁZØ ÊAÄ Å ÃAÂ�É À<Å ÐNÀ�ÃAØ Ñ<É�Ó�ÁZÄ Ë�ÁZÁZÂ

Î<Ð�Ñ<ÊAÄ ÁhÊAÂ�ÑêÌ ÁZÐ<ÊAÅ Ì É«ÊAÂ�ÑZ' �v×"Ù�ë Ä«Ç ÃAØ Ø Ã0Ë�É«É Ä Ì ÊAÅ ãAÀ&Ä Ç ÃAÌ Ë�ÊAÌ Ñ<Ø ÏÖÇ Ì ÃAå Ä À�Á
Ñ<Á Ô�Â<Å Ä Å ÃAÂ<É�ÃAÇ?Ì ÁZÐ�ÊAÅ Ì É�ÊAÂ<ÑhÎ�Ð�Ñ�ÊAÄ ÁAÙ
��j $&%�,/$ f ��» e#g h.i�jIl8k@l ] l@m l.n�i3g j�n ] l.j \ i�Sfl.j�k8lHn�i ]Wv � g j ] i �<w g ] s \ v j �
n ] w l.g j ] nKJ<L�rRg ] t3] t i�g wM��w v � v n�g ] g v j�l u k@l ] l@m l.n�i*w i ��w i�n�i�j ] l ] g v j�g \ �
c l d_S<qRg n�l�w i ��l.g w v � SHrRw ] J<L�g x�S<q+K j� � Õ S��Wg \ Ý z
c m d�J � �g nKl�����i�w s�p �� g n�l \ v j�n g n ] i�j ] l<j�n rVi�w ] v �arRw ] J<L°g xZi�h<i�w sW� v k@i u
v � S��Kg \ g n�l>� v k<i uRv � �¥Õ �� Ý pVg z i z j� � Õ S��Wg \ Ý y j� � Õ �¥Õ �� Ý Ý z ~

ë Â�ÈZÃAÂ�É ÁZÍ&Î�ÁZÂ<ÈZÁAÚ/Ä À�Á�Ì ÁZÉ Î�Ø Ä É?ãAÅ áAÁZÂ"Ó&Ï�H�Å Ä ÁZÌ*ÊAÂ�Ñ ± ÃAÄ Ä Ø ÃAÓ�ÊAÐ<Ð�Ø Ï�Ñ�Å Ì ÁZÈZÄ Ø Ï
Ä Ã�' �v×"Ù
¿�À<Á�Â&Î<å"Ó�ÁZÌ*ÃAÇ<Ó�Ì ÊAÂ<È À�ÁZÉ*ÃAÇ�Ê�Ç Î<Ø Ø Ï�Ñ�ÁZáAÁZØ ÃAÐ�ÁZÑ"Ä ÊAÓ<Ø ÁZÊAÎ<ì�Å É*áAÁZÌ Ï¤À�Å ãAÀ*ÞZÅ Â

Ä À<ÁvË�ÃAÌ É Ä�ÈZÊAÉ ÁAÚ<Å Ä�ÈZÃAÂ&Ä ÊAÅ Â�É  Õ �JI<Ý�Ó<Ì ÊAÂ<È À<ÁZÉ0Ú&Ë�À�ÁZÌ Á # Å É�Ä À<Á¤Ø ÁZÂ�ãAÄ À«ÃAÇ*Ä À�Á
Ç ÃAÌ å"Î<Ø Ê<Ù-�hÃAÌ ÁZÃ0áAÁZÌ0Ú<Ë�Á�À<Ê/áAÁ�Ä Ã�Ô�Â<Ñ«å�Å Â<Å å¥ÊAØ<ÁZØ ÁZå¥ÁZÂ&Ä É�Ë�Å Ä À<Å Â�Ä À�Å É�Á ì<Ð�Ã.(
Â<ÁZÂ&Ä Å ÊAØAÉ ÁZÄZÚ0Ë�À�ÊAÄ�Å Â�ÈZÌ ÁZÊAÉ ÁZÉ*Ä À<Á�ÈZÃAå�Ð�Ø Á ì&Å Ä ÏAÙ0¿�À�ÁZÃAÌ ÁZå:6�Ä ÁZØ Ø É*Î<É*Ä À<ÊAÄ*Ë�Á�Ñ�Ã
Â<ÃAÄ*Â�ÁZÁZÑ"Ä ÃvÈZÃAå¥Ð<ÊAÌ Á�Ä À<Á�ÁZÂ&Ä Å Ì Á�Ó�Ì ÊAÂ<È À�ÁZÉ?Ó<Î�Ä*ÃAÂ�Ø Ï¤Ð�ÊAÌ Ä É*ÃAÇ�Ä À�ÁZåNÚ/Â�ÊAå�ÁZØ Ï
Ä À<Á�Ø Å Ä ÁZÌ ÊAØ É?Ë�À�Å È À�À�Ê0áAÁ�Ó�ÁZÁZÂ�Ì ÁZå�Ã/áAÁZÑ�Å Â�ÃAÌ Ñ�ÁZÌ�Ä Ã¤ÃAÐ�ÁZÂ�Ä À�Á�Ä ÊAÓ�Ø ÁZÊAÎ*ÙA¿�À�Å É
Ì ÁZÑ�Î<ÈZÁZÉ�Ä À<Á«É Å 1ZÁNÃAÇ�Ä À�Á«É ÁZÄ É�Ë�Á«À�Ê0áAÁ«Ä ÃÈZÃAå�Ð�ÊAÌ ÁAÚ�Ó<Î�Ä�Â�ÃAÄ"Ä À�ÁZÅ Ì�Â-Î�å*(
Ó�ÁZÌ0Ù�,*ÁZÄ�Î�É�Ì ÁZÈZÃAÂ�É Å Ñ�ÁZÌ�Å ÂhÁ ì&ÊAå¥Ð�Ø Á�6�Ä À�Á�Ð�ÃAÅ Â&Ä�� Î�É Ä�Ó�ÁZÇ ÃAÌ Á�ÊAÐ�Ð<Ø Ï&Å Â�ã"Ä À�Á
Ä ÊAÓ<Ø ÁZÊAÎ&ì¤Ì Î<Ø Á�Ë�À<Å È À¤Ñ�ÁZáAÁZØ ÃAÐ�É*Ç ÃAÌ å"Î�Ø Ê�¡R¢<£@£�¤ � Õ G � G ® � � ® Ý�¥H�W¤ §�¨.¨&Õ � ® � ©�ª Ý
« G Y ��Ù*×vÉ"Ë�Á¥Ð�ÃAÅ Â&Ä ÁZÑàÃAÎ<Ä"Å ÂàÄ À�Á¥Ñ<Å É ÈZÎ<É É Å ÃAÂÃAÇ�Á ì&ÊAå¥Ð�Ø Á>6&Ú?Å Ä�Å É
Ð�ÃAÉ É Å Ó<Ø ÁAÚ?Î�Â�Ñ<ÁZÌ¥É ÃAå¥ÁhÈZÃAÂ�Ñ<Å Ä Å ÃAÂ<É0Ú�Ä ÃàÊ0áAÃAÅ ÑçÄ À<ÁhÑ�ÁZáAÁZØ ÃAÐ<å¥ÁZÂ&Ä¥ÃAÇvÈZØ ÃAÉ ÁZÑ
Ó<Ì ÊAÂ<È À<ÁZÉ0Ú&Ó�ÁZÈZÊAÎ<É ÁvË�ÁW2&Â<Ã/ËêÅ ÂNÊAÑ<á/ÊAÂ�ÈZÁAÚ<Ë�Å Ä À<ÃAÎ�Ä�Ñ�ÁZáAÁZØ ÃAÐ<Å Â<ã"Ä À�ÁZåNÚ<Ä À<ÊAÄ
Ä À<ÁZÏ«Ë�Å Ø Ø�Â�ÃAÄ�Ó�Á¤å¥Å Â�Å å�ÊAØ Ù
�K� e�f '�( $ º1��» Õ Á ì<ÊAå�Ð�Ø ÁV6�ÈZÃAÂ&Ä Å Â&Î�ÁZÑ�Ý�ë Â�Ä À<Å É�ÈZÊAÉ ÁAÚ {�� Õ J<L��VSAÝ�Å É�Ä À<Á�Ä Ì ÁZÁ
Å Â�ð�Å ãAÎ�Ì ÁM6&Ù/¿�À�Å É*Ä Ì ÁZÁ�À�ÊAÉ*Ä Ë�Ã¤ÈZØ ÃAÉ ÁZÑ"Ó<Ì ÊAÂ�È À<ÁZÉ0Ú(I ^ ÊAÂ<ÑdIW®/Ú/ÊAÂ<Ñ"ÃAÂ�Á�ÃAÐ�ÁZÂÓ<Ì ÊAÂ<È À�I�	AÙ-H�ÊAÈ ÀNÃAÇ�Ä À<ÁZÉ ÁvÓ<Ì ÊAÂ<È À<ÁZÉ�Ë�Å Ø Ø�Ì ÁZÈZÁZÅ áAÁ�ÊAÂ«Å Ñ<ÁZÂ&Ä Å ÈZÊAØ�É Î�Ó�Ä Ì ÁZÁ�Ñ�Î�Á
Ä Ã¥Ä À<Á"ÊAÐ�Ð<Ø Å ÈZÊAÄ Å ÃAÂhÃAÇ�Ä À<Á"Ä ÊAÓ<Ø ÁZÊAÎ&ìhÌ Î�Ø ÁZÉ�Ä Ã«Ä À�Á�Ç ÃAÌ å"Î�Ø ÊAÉvÂ<ÃAÄvÏAÁZÄvÑ<ÁZáAÁZØ (
ÃAÐ�ÁZÑ�ÃAÂ"Ä À�Á�Ä Ì ÁZÁAÚ/Â�ÊAå�ÁZØ Ï�Õ ¡R¢<£@£�¤ � Õ G � G ® � � � ® ÝR¥��W¤ §�¨.¨&Õ � � ® � ©�ª ÝH« GY
��Ý Ù�9ÁW2-Â�Ã0ËêÊAÄ�Ä À<Å É�É Ä ÊAãAÁ¤ÃAÇ*Ä À�ÁvÑ�ÁZáAÁZØ ÃAÐ�å�ÁZÂ&Ä�Ä À<ÊAÄ�I ^ Å É�ÈZØ ÃAÉ ÁZÑ«Ñ�Î�Á�Ä Ã
= ¡R¢<£@£�¤ � Õ � � G ^ � � � ^ Ý�ÊAÂ�Ñ:I ® Å É�ÈZØ ÃAÉ ÁZÑ«Ñ<Î�Á�Ä Ã = �W¤ §�¨.¨&Õ � � ^ � ©�ª Ý /-I
	�Å É�Â�ÃAÄÈZØ ÃAÉ ÁZÑ�Ù ~

ë Â�Ä À�Å É�Á ì<ÊAå¥Ð<Ø ÁAÚAË�Á�ÈZÊAÂ¥É ÁZÁ�Ä À�ÊAÄ�Å Ç�Ë�Á�Ç Î<Ì Ä À<ÁZÌ�Ñ�ÁZáAÁZØ ÃAÐ�Ä À�Á�Ä Ì ÁZÁAÚ-ÁZáAÁZÌ Ï
I���Ë�Å Ø Ø?À�Ê0áAÁ�Ä À�Á"É ÊAå�Á�É ÁZÄ É¤ÃAÇ�É Î�Ó�( Ó�Ì ÊAÂ�È À�ÁZÉZÚ�É Ê0Ï � ^ Ú � ® Ú�ÙZÙZÙ0Ú�Ë�À�ÁZÌ Á�� �Å É¤ÊhÉ ÁZÄ"ÃAÇ�Ø Å Ä ÁZÌ ÊAØ É0Ù�¿�À�Á"Ô�Â�ÊAØ�Ç Î�Ø Ø ÏhÑ<ÁZáAÁZØ ÃAÐ�ÁZÑàÄ ÊAÓ<Ø ÁZÊAÎàË�Å Ø Ø?Ä À�ÁZÂàÈZÃAÂ<É Å É Ä
ÃAÇ�Ä À<Á�Ó<Ì ÊAÂ�È À<ÁZÉ�I ^ ��� ^ Ú�I ^ � �V®/Ú�ÙZÙZÙZÚ�IW®���� ^ Ú�IK®�� �V®/Ú�ÙZÙZÙ I 	 ��� ^ ÚI 	 � �V®/Ú?Ù0ÙZÙZÚ?ÙZÙZÙ0Ù�ë Ç�Ä À�Á�Ô�Â�ÊAØ?Ä ÊAÓ<Ø ÁZÊAÎ�Å ÉvÈZØ ÃAÉ ÁZÑ*Ú�É Å Â�ÈZÁ$I 	 Å ÉvÂ<ÃAÄvÈZØ ÃAÉ ÁZÑ*Ú
ÁZáAÁZÌ Ï
I�	G� � � Ë�Å Ø Ø�Ó�ÁvÈZØ ÃAÉ ÁZÑNÑ�Î<Á¤Ä Ã¥Ø Å Ä ÁZÌ ÊAØ É�Ë�Å Ä À<Å Â�� � Ú�É Ê0Ï � � Ù
9Á�À�Ê0áAÁ�Ä À�ÁZÂ¥Ä Ë�Ã�ÈZÊAÉ ÁZÉ0Þ-ÁZÅ Ä À�ÁZÌ�Ä À�Á�Ø Å Ä ÁZÌ ÊAØ É�Å Â�� � ÈZØ ÃAÉ Á�Ñ<Î�Á�Ä Ã�Ø Å Ä ÁZÌ ÊAØ É

Å Â�S¥Õ Ë�À�Å È À«Å É�Ä À�Á�ÃAÌ Å ãAÅ Â�ÊAØ�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ-Ä�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁvÅ Â�É Ä ÊAÂ�ÈZÁ0Ý�ÃAÌ�Ä À<ÁZÏ¥ÈZØ ÃAÉ Á
Ñ<Î�Á�Ä Ã"Ø Å Ä ÁZÌ ÊAØ É�Å Â¥Ä À�ÁvÐ<ÊAÌ Ä�ÃAÇ�I
	�Â�ÃAÄ�Å Â�S&Ù&ë Â«Ä À<ÁvÔ�Ì É Ä�ÈZÊAÉ ÁAÚ<Ä À<ÁZÉ ÁvØ Å Ä ÁZÌ ÊAØ É
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Ç Ì ÃAå � � Ë�Å Ø Ø�ÈZØ ÃAÉ Á¤ÁZáAÁZÌ Ï«Ó�Ì ÊAÂ�È ÀNÃAÇ*Ä À<Á¤Ä Ì ÁZÁ¥Õ ÊAØ É ÃdI ^ ÊAÂ<Ñ
I ® Ý Ù�ï&Å Â<ÈZÁlI ^ÊAÂ<Ñ�IK®¤Ë�ÁZÌ Á�ÊAØ Ì ÁZÊAÑ�Ï¥ÈZØ ÃAÉ ÁZÑ�Ú�Ä À�ÁZÏ«Ë�Å Ø Ø�Ó�Á¤ÈZØ ÃAÉ ÁZÑhÑ�Î�Á¤Ä Ã¥Ê¥É ÁZÄ�ÃAÇ�Ø Å Ä ÁZÌ ÊAØ É
Ä À<ÊAÄ�Å É�É Ä Ì Å ÈZÄ Ø Ï¥Ó�Å ãAãAÁZÌ�Ä À<ÊAÂhÓ�ÁZÇ ÃAÌ ÁAÚ&ÊAÂ�ÑNÄ À�ÁZÌ ÁZÇ ÃAÌ Á¤Ä À<ÁZÏ«Ë�Å Ø Ø�Â<ÃAÄ�Ð�Ì Ã-Ñ�Î�ÈZÁ
å�Å Â<Å å¥ÊAØ Ø ÏàÈZØ ÃAÉ ÁZÑêÓ<Ì ÊAÂ<È À<ÁZÉàÕ ÊAÂ<ÑêÂ<ÃÒÌ ÁZÐ�ÊAÅ Ì É Ý Ù�ë ÂçÄ À�Å É«É Å Ä Î�ÊAÄ Å ÃAÂ*Ú�Ä À<ÃAÉ Á
Ó<Ì ÊAÂ<È À<ÁZÉ�ÈZÊAÂ�Å å�å¥ÁZÑ�Å ÊAÄ ÁZØ Ï«Ó�Á�Å ãAÂ�ÃAÌ ÁZÑ�ÊAÂ<ÑhÂ�ÃAÄ�Ç Î�Ì Ä À�ÁZÌ�Ñ�ÁZáAÁZØ ÃAÐ�ÁZÑ*Ù�¿�À�Å É
ÈZÊAÂ¥ÈZÃAÂ�É Å Ñ�ÁZÌ ÊAÓ�Ø Ï"Ì ÁZÑ<Î�ÈZÁ�Ä À�Á�É Å 1ZÁvÃAÇ�Ä À<ÁvÄ ÊAÓ�Ø ÁZÊAÎ*Ù-ë Â«Ä À<Å É�Á ì<ÊAå¥Ð<Ø ÁAÚ&ÊAÄ�Ä À�Á
ÁZÂ<ÑNÃAÇ�Ä À<Á¤Ñ�ÁZáAÁZØ ÃAÐ�å¥ÁZÂ-ÄZÚ�ÃAÂ�Ø Ï:I�	¤Ë�Å Ø Ø�Ð�Ì Ã&Ñ�Î<ÈZÁ¤Ì ÁZÐ<ÊAÅ Ì É�Õ É ÁZÁ�Á ì<ÊAå�Ð�Ø Á_6AÝ Ù
ë Â¥Ä À�ÁvÉ ÁZÈZÃAÂ�Ñ«ÈZÊAÉ ÁAÚ<Ä À<ÁvØ Å Ä ÁZÌ ÊAØ É�Å Â�� � ÈZØ ÃAÉ Á�Ñ�Î�Á�Ä Ã"Ø Å Ä ÁZÌ ÊAØ É�Å Â¥Ä À�Á�Ð<ÊAÌ Ä

ÃAÇ�I 	 Ä À�ÊAÄ�ÊAÌ Á�Â�ÃAÄ�Å Â�S&Ù*ë Ç�Ä À�ÁZÉ Á¥Ø Å Ä ÁZÌ ÊAØ É¤ÊAÌ Á¥Â�ÃAÄ¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¥Ø Å Ä ÁZÌ ÊAØ É¥Õ Ë�Á
À<Ê0áAÁhÈZÊAØ Ø ÁZÑÖÄ À<ÁZå Ó<Î�Å Ø Ä ( Å ÂàÐ�Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ Ý Ú�Ä À�ÁNÓ�Ì ÊAÂ�È ÀÒÈZÊAÂ�Â<ÃAÄ«Ó�ÁNÃAÐ�ÁZÂ�ÁZÑ*Ú
Ó�ÁZÈZÊAÎ�É Á�Ë�Á¤ÈZÊAÂ�Â<ÃAÄvÌ ÁZÐ�ÊAÅ Ì�Å Â<ÈZÃAÂ�É Å É Ä ÁZÂ<ÈZÅ ÁZÉ�Ä À�ÊAÄ�ÊAÌ Á�Â�ÃAÄ�Ñ�Î<Á¤Ä Ã«Ñ<ÊAÄ ÊAÓ�ÊAÉ Á
Å Â�É Ä ÊAÂ�ÈZÁZÉ0Ù<¿�À�ÁZÂ�Ú<Ë�Á�ÃAÂ<Ø Ï«À<Ê/áAÁ�Ä Ã�ÈZÃAÂ�É Å Ñ�ÁZÌ�Ä À�Á�ÈZÊAÉ Á�ÃAÇ?Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Ø Å Ä ÁZÌ ÊAØ É
Ä À<ÊAÄ¤ÊAÌ Á�Â<ÃAÄ¤Å Â8S&Ù�ï<Å Â<ÈZÁdI�	"Å ÉvÃAÐ�ÁZÂ�Ú�Ä À�ÃAÉ Á�Ø Å Ä ÁZÌ ÊAØ É�ÊAÌ Á�Â�ÁZãAÊAÄ Å áAÁ�Ø Å Ä ÁZÌ ÊAØ É
Õ Å ÂÖÄ À�Á�ÃAÄ À�ÁZÌ«ÈZÊAÉ ÁAÚ�I 	 Ë�ÃAÎ<Ø ÑçÂ<ÃAÄ«À�Ê0áAÁ�Ó�ÁZÁZÂçÃAÐ�ÁZÂ*Ú�Ñ�Î�ÁhÄ ÃÆÈZÃAÂ<Ñ�Å Ä Å ÃAÂ
�&Ù*Å ÂÆÑ<Á Ô�Â<Å Ä Å ÃAÂàîAÝ Ù?¿�À<Å É¤Å É"Ä À<Á«ÃAÂ<Ø Ï�É Å Ä Î�ÊAÄ Å ÃAÂàË�À�ÁZÌ Á¥Ä À<Á«É Î�Ó�( Ó�Ì ÊAÂ<È À�ÁZÉ
Ë�À�Å È ÀhÊAÌ Á"ÈZØ ÃAÉ ÁZÑ�ÊAÄvÊ«Ð<Ì ÁZá&Å ÃAÎ�É�Ð�ÃAÅ Â&Ä�ÃAÇ�Ñ�ÁZáAÁZØ ÃAÐ�å¥ÁZÂ-Ävå�Ê0ÏhÉ Ä Å Ø Ø*Ó�ÁZÈZÃAå¥Á
å�Å Â<Å å¥ÊAØ Ù/ë Â�ÈZÃAÂ�É ÁZÍ-Î�ÁZÂ�ÈZÁAÚAÊ�Ì ÁZÊAÉ ÃAÂ�ÊAÓ<Ø Á�À�ÁZÎ�Ì Å É Ä Å ÈZÉ?Ë�Å Ø Ø<Ó�Á�Ä Ã�É Î<É Ð�ÁZÂ�Ñ"Ä À�Á
Á ì&Ð�Ø Å ÈZÅ Ä?Ñ�ÁZáAÁZØ ÃAÐ�å¥ÁZÂ-Ä�ÃAÇ�ÊAØ Ì ÁZÊAÑ�Ï"ÈZØ ÃAÉ ÁZÑ«Ó<Ì ÊAÂ<È À<ÁZÉ�Î<Â�Ø ÁZÉ É�Ë�Á�ÊAÌ Á�É Î<Ì Á�Ä À<ÊAÄ
Ä À<Å É�ÈZÊAÉ Á�Ë�Å Ø Ø�Â�ÃAÄ�Ã&ÈZÈZÎ�ÌZÙ
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ë ÂàÃAÌ Ñ<ÁZÌ�Ä Ã�Ñ<ÁZÄ ÁZÌ å�Å Â�Á�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä�ÊAÂ�É Ë�ÁZÌ É�Ä ÃhÍ&Î<ÁZÌ Å ÁZÉZÚ�Ë�Á¥ÈZÊAÂÆÊAØ É ÃhÎ<É ÁAÚ
ÊAÄ�Ø ÁZÊAÉ ÄvÊAÄ�Ä À�Á�Ä À�ÁZÃAÌ ÁZÄ Å ÈZÊAØ*Ø ÁZáAÁZØ Ú�Ê¥Ä ÊAÓ�Ø ÁZÊAÎ<ìNÄ À<ÁZÃAÌ ÁZåÐ<Ì Ã0áAÁZÌ�Ä Ã¥Ð�Ì Ã-Ñ�Î�ÈZÁ
{�� Õ J<L ��SAÝ�ÊAÂ�ÑÒÅ Ä É�ÃAÐ�ÁZÂ�Å Â�ãAÉZÙ�,*ÁZÄ�Î<É�Ñ<ÁZÂ�ÃAÄ ÁNÓ&Ï v ��Õ {�� Õ J<L���SAÝ Ý�Ä À�Á
Ä ÊAÓ<Ø ÁZÊAÎ {�� Õ J<L ��SAÝ Ú�Ë�Å Ä ÀÖÅ Ä É¥å¥Å Â�Å å¥ÊAØ�ÃAÐ�ÁZÂ�Å Â<ãAÉ0Þ�×vØ Ø�Ó�Ì ÊAÂ�È À�ÁZÉ¥Ë�À<Å È À
ÈZÊAÂ<Â�ÃAÄ�Ó�ÁNÃAÐ�ÁZÂ<ÁZÑÒÃAÌ¥Ë�À�Å È ÀÒÈZÊAÂ<Â�ÃAÄ�Ó�ÁNå¥Å Â<Å å�ÊAØ Ø Ï�ÃAÐ�ÁZÂ�ÁZÑÖÊAÌ ÁNÐ�Ì Î�Â�ÁZÑ
ÊAÂ<Ñ"ÊAØ Ø-Ó<Ì ÊAÂ�È À<ÁZÉ?Ë�À<Å È À"ÈZÊAÂ"Ó�Á�å¥Å Â�Å å¥ÊAØ Ø Ï�ÃAÐ�ÁZÂ<ÁZÑ"ÊAÌ ÁM2AÁZÐ<Ä�Õ ÊAÂ�Ñ�ÃAÐ�ÁZÂ<ÁZÑ�Ý Ù
Õ 9Á¤Ì ÁZÈZÃAÂ<É Å Ñ<ÁZÌ�Ä À<Å É�Ð�Ì Î�Â<Å Â�ã�Ð�Ì Ã-ÈZÁZÉ É�Å ÂNÉ ÁZÈZÄ Å ÃAÂ8=&Ù �&Ù Ý
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Ä À<Á�É ÁZÄ�ÃAÇ�È À<ÊAÂ�ãAÁZÉ�Ä Ã¤Ä À�Á�ÃAÌ Å ãAÅ Â<ÊAØ<Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Ð�ÁZÌ Ç ÃAÌ å�ÁZÑ�Å Â�ÃAÌ Ñ�ÁZÌ�Ä Ã¤É ÊAÄ Å É Ç Ï
Ä À<Á¤ë '�ÉZÙ
,*ÁZÄ$F ^ �EDEDED�� F I Ó�Á�Ä À�Á¥Ñ<ÊAÄ ÊAÓ�ÊAÉ Á¥Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ�Å Â�FvÙ�ë ÂÄ À�Á�ÃAÌ Å ãAÅ Â<ÊAØ�Å Â�(É Ä ÊAÂ�ÈZÁ_S&Ú�ÁZÊAÈ ÀJF���À<ÊAÉvÊ"Ô�Â<Å Ä Á¤Á ì<Ä ÁZÂ<É Å ÃAÂhÄ À<ÊAÄvË�Á"ÊAØ É Ã�Ñ�ÁZÂ�ÃAÄ Á¤Ó&Ï
F�� Ù�,*ÁZÄ

! ^ �EDEDED.� ! I Ó�ÁvÂ�ÁZËçÈZÃAÐ�Å ÁZÉ�ÃAÇ�F ^ �EDEDED�� F�� Ú<É Ä ÊAÂ<Ñ�Å Â�ã"Ç ÃAÌ�Ä À<Á¤ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�Å Â<ãÄ ÊAÓ<Ø ÁZÉ�Å ÂNÄ À�Á¤Ñ<ÊAÄ ÊAÓ�ÊAÉ Á"Ì ÁZÐ�ÊAÅ Ì É0Ù��vÁ Ô�Â�ÁAÚ<Ç ÃAÌ " Y�Û �EDEDED�� # Ú
�M�� � F+* ,� Õ �� Ý.- / 021�« Õ ! � Õ �� Ý5¥ = F � Õ �� Ý Ý � � Õ �AÝ
�V�� � F+3 4 5� Õ �� Ý.- / 061*« Õ F � Õ �� Ý5¥ = ! � Õ �� Ý Ý � D Õ 6AÝ

'�ÃAÂ�É Å Ñ�ÁZÌ�Â<Ã/ËçÄ À�Á�Ä À�ÁZÃAÌ Ï�7ÖÈZÃAÂ<É Å É Ä Å Â<ã�ÃAÇ*Ê/ì<Å ÃAå¥É¤Õ �AÝ Ú*Õ 6AÝ�Ð<Ø Î�ÉVS&Ú&Å Ù ÁAÙ-Ä À�Á
Õ Ô�Â�Å Ä Á0Ý�ÈZÃAÂ.� Î�Â<ÈZÄ Å ÃAÂhÃAÇ�Ä À<Á"ÊAÄ ÃAå¥ÉvÅ ÂhÄ À<Á"Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁAÚ�Ð<Ø Î�ÉKJ<L"Õ F ^ A ! ^ �282828��F I A ! I Ý Ú*Å Ù ÁAÙ*Ä À�Á�É ÁZÄ�ÃAÇ�ë '�ÉZÚ�Ó�Î<Ä¤Ë�Å Ä ÀÄ À<Á�ÃAÌ Å ãAÅ Â�ÊAØ�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á¥Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉÌ ÁZÐ�Ø ÊAÈZÁZÑÆÓ-ÏÄ À�Á¥Â�ÁZËßÐ<Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ�/*ÊAÂ<ÑÆÐ�ÃAÉ É Å Ó<Ø ÏAÚ�Ê/ì<Å ÃAå¥É"Ç ÃAÌ�Ä À�Á¥Ó�Î<Å Ø Ä ( Å Â
Ð<Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ0Ú<ÁAÙ ã<Ù�ÁZÍ&Î<ÊAØ Å Ä ÏAÙ
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N � � � O � � �5P�� Q�� � � � �Aî
ë ÂàÃAÌ Ñ�ÁZÌ¤Ä Ãhå¥Å Â�Å å¥Å 1ZÁ�Ä À�Á¥É ÁZÄ�ÃAÇ�È À�ÊAÂ�ãAÁZÉZÚ*Ë�Á�ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ó�Á"Å ÂàÐ<ÊAÌ ÊAØ (

Ø ÁZØ�Ä À�Á«Ð<Ì ÁZÑ�Å ÈZÊAÄ ÁZÉdF * ,� � F 3 4 5� Å ÂàÄ À<Á«Ä À�ÁZÃAÌ Ï%7¤Ú*Ë�Å Ä Ààá/ÊAÌ Å ÊAÓ�Ø Á¥Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ
! ^ �EDEDED.� ! I Ú�ÊAÂ<ÑàÔ�ì&ÁZÑÒÐ<Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ<F ^ �EDEDED�� F I Õ ,?Å Ç É È À<Å Ä 1AÚ�Û0ÜAñAîAÝ Ú�Ä À�ÊAÄ"Å É0ÚË�Á¤ÈZÃAÂ�É Å Ñ�ÁZÌ�Ä À�Á¤Ç ÃAØ Ø Ã0Ë�Å Â�ã"ÈZÅ Ì ÈZÎ<å¥É ÈZÌ Å Ð<Ä Å ÃAÂ

L�g w \ ����Õ 7W/ F * ,^ �EDEDED F+3 4 5I / ! ^ �EDEDED�� ! I / F ^ �EDEDED�� F I Ý D Õ 0-Ý
¿�À�Á¤É ÁZå¥Å ( ÈZÃAØ ÃAÂ�É�É ÁZÐ<ÊAÌ ÊAÄ Á�Ä À�Á�Ä À<ÁZÃAÌ ÏAÚ�Ä À�Á�Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉvå�Å Â<Å å¥Å 1ZÁZÑNÅ ÂhÐ<ÊAÌ (
ÊAØ Ø ÁZØ Ú<Ä À<Á¤á/ÊAÌ Å ÊAÓ�Ø ÁvÐ�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ�ÊAÂ�ÑNÄ À�ÁvÔ�ì<ÁZÑNÐ�Ì ÁZÑ<Å ÈZÊAÄ ÁAÚ<Å ÂNÄ À�ÊAÄ�ÃAÌ Ñ�ÁZÌZÙ
9Á¤Ë�ÊAÂ&Ä�Ä Ã�å�Å Â<Å å¥Å 1ZÁ�Ä À�ÁvÑ�Å ä�ÁZÌ ÁZÂ<ÈZÁZÉ�Ó�ÁZÄ Ë�ÁZÁZÂNÊ"Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ì ÁZÐ�ÊAÅ Ì�ÊAÂ�Ñ

Ä À<Á¥ÃAÌ Å ãAÅ Â�ÊAØ�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á«Å Â<É Ä ÊAÂ�ÈZÁAÙ*ð<ÃAÌ�Ä À�Å É�Ì ÁZÊAÉ ÃAÂÆË�Á«Â�ÁZÁZÑÆÄ À�Á ! ��Ä Ã�Ó�Á
��Á ì<Å Ó<Ø Á�Å Â�Ä À<Á�å�Å Â<Å å¥Å 1ZÊAÄ Å ÃAÂ"Ð<Ì Ã&ÈZÁZÉ É0ÙA¿�À�Á�ÃAÌ Å ãAÅ Â�ÊAØ&Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉGF � É�ÊAÌ Á�Â�ÃAÄ
É Î�Ó�� ÁZÈZÄ¤Ä ÃhÈ À�ÊAÂ<ãAÁZÉ0Ú*Ó�ÁZÈZÊAÎ�É Á�Ä À�Á�È À<ÊAÂ�ãAÁZÉ�ÈZÊAÂàÓ�Á�Ì ÁZÊAÑàÇ Ì ÃAå Ä À�Á ! � Õ ÃAÌ
Ç Ì ÃAå�Ä À�ÁZÅ Ì�Ñ<Å ä�ÁZÌ ÁZÂ�ÈZÁZÉ�Ë�Å Ä ÀNÄ À<Á�F � Ý Ù
�K� e�f '�( $ º � » '�ÃAÂ<É Å Ñ<ÁZÌ_SHY¦¬(F«Õ §<Ý ¯NÊAÂ�ÑfJ<L�Y¦¬�� � Õ F«Õ � Ý�« �«Õ � Ý Ý ¯-Ù
ë Â�Ä À<Å É�ÈZÊAÉ ÁAÚ 7½ÈZÃAÂ<É Å É Ä ÉvÃAÇ�Ä À<Á"Ç ÃAØ Ø Ã0Ë�Å Â�ã�É ÁZÂ&Ä ÁZÂ<ÈZÁZÉ0Þ�F¥Õ §<Ý � � � Õ ! ) Õ � ÝV«
! � Õ � Ý Ý � � � Õ F � I�Õ � Ý�� ! ) Õ � Ý�¥ = F¥Õ � Ý Ý � � � Õ F � ��� Õ � Ý��NF«Õ � Ý�¥ = ! ) Õ � Ý Ý �� � Õ � � I�Õ � Ý�� ! � Õ � Ý�¥ = �¥Õ � Ý Ý � � � Õ � � ��� Õ � Ý�� �¥Õ � Ý.¥ = ! � Õ � Ý Ý Ù<TvÁZÌ Á�Ä À�Á
Â<ÁZË�Ñ�ÊAÄ ÊAÓ�ÊAÉ Á«Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ"ÊAÌ Á ! ) ÊAÂ�Ñ ! � Ù*¿�À�ÁZÏ�á/ÊAÌ ÏË�À�ÁZÂ"F � I � F � ��� �
� � I � � � ��� ÊAÌ Á¤å¥Å Â�Å å�Å 1ZÁZÑ�Ù
¿�À<Á�å¥Ã&Ñ<ÁZØ É�ÃAÇ�Ä À¥ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ð�Ä Å ÃAÂ"ÊAÌ Á�Ä À�Á�å¥Å Â<Å å�ÊAØ*Õ ÈZØ ÊAÉ É Å ÈZÊAØ Ý?å¥Ã&Ñ<ÁZØ É

ÃAÇ<Ä À<Á�Ä À�ÁZÃAÌ Ï�7¤Ù0×Òå¥Ã-Ñ�ÁZØ	� Y�
 j � Õ F � I<Ý � � Õ F � ��� Ý � � Õ � � I&Ý � � Õ � � ��� Ý � �
! �) � ! �� � F � � � � � § �� Å É�å¥Å Â<Å å�ÊAØ<Å Ç�Ä À<ÁZÌ Á�Å É�Â�Ã¤ÃAÄ À�ÁZÌ�å¥Ã&Ñ<ÁZØ<Ë�Å Ä À�Ä À�Á
É ÊAå¥Á�Ñ�ÃAå�ÊAÅ Â j Ä À�ÊAÄ*Å Â&Ä ÁZÌ Ð�Ì ÁZÄ É/F � � � §¤Å Â�Ä À<Á�É ÊAå¥Á�Ë�Ê0Ï¤ÊAÉ�� ÊAÂ<Ñ"À<ÊAÉ*ÊAÄ
Ø ÁZÊAÉ Ä�ÃAÂ�Á�ÃAÇ�Ä À<Á�Å Â&Ä ÁZÌ Ð<Ì ÁZÄ ÊAÄ Å ÃAÂ<É�ÃAÇ�F � I�Ú-F � ��� Ú�� � I�Ú@� � ��� É Ä Ì Å ÈZÄ Ø Ï"Å Â<ÈZØ Î�Ñ<ÁZÑ
Å ÂçÄ À�ÁÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�Å Â<ãàÅ Â�� ÊAÂ<ÑêÄ À<ÁÃAÄ À�ÁZÌ ÉàÕ Â<ÃAÄNÂ�ÁZÈZÁZÉ É ÊAÌ Å Ø ÏÒÉ Ä Ì Å ÈZÄ Ø Ï<Ý
Å Â�ÈZØ Î�Ñ�ÁZÑ¥Å ÂNÄ À�Á¤ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ�Ñ�Å Â�ã"Å Â&Ä ÁZÌ Ð<Ì ÁZÄ ÊAÄ Å ÃAÂ�É�Å Â���Ù ~

'�Å Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å ÃAÂ½Õ 0-Ý«ÈZÊAÂêÓ�ÁhÉ Ð�ÁZÈZÅ Ô�ÁZÑçÓ&ÏÒå¥ÁZÊAÂ<ÉNÃAÇ�ÊÆÉ ÁZÈZÃAÂ�Ñ�( ÃAÌ Ñ<ÁZÌ
Ê/ì&Å ÃAå

7�Õ F+* ,^ �EDEDED�� F+* ,I � F 3 4 5^ �EDEDED�� F 3 4 5I � ! ^ �EDEDED�� ! I Ý#¥ Õ îAÝ
�_� ^ 8�8 �_� I �+� ^ 8 8 �_� I ��� ^ 8�8 ��� I Õ 7¤Õ � ^ �ED D � � I � � ^ �ED D � � I � � ^ �ED D � � I ÝZ¥� I ^ � �Ry F * ,� ¥ � I ^ � ��y F 3 4 5� * « � I ^ F * ,� y � � ¥ � I ^ F 3 4 5� y � � Ý D

¿�À<Á¤Ô�Ì É Ä�ÈZÃAÂ<� Î<Â�ÈZÄ�ÁZå�Ð�À<ÊAÉ Å 1ZÁZÉ�Ä À<Á"Ç ÊAÈZÄvÄ À�ÊAÄ�Ä À�Á�Ä À<ÁZÃAÌ ÏNÅ É�Á ì<Ð<Ì ÁZÉ É ÁZÑ
Å ÂhÄ ÁZÌ å¥ÉvÃAÇ�Ä À�Á"Ð<Ì ÁZÑ<Å ÈZÊAÄ ÁZÉvÉ À�Ã0Ë�ÂÄ À<ÁZÌ ÁAÙ�¿�À�ÃAÉ Á�Ð�Ì ÁZÑ<Å ÈZÊAÄ ÁZÉvÊAÌ Á"Ì ÁZÐ<Ø ÊAÈZÁZÑ
Ó-Ï�É ÁZÈZÃAÂ<Ñ�( ÃAÌ Ñ�ÁZÌ�á/ÊAÌ Å ÊAÓ�Ø ÁZÉ�Å Â�Ä À<Á 7ÆÅ Â"Ä À�Á�Í&Î<ÊAÂ&Ä Å Ô�ÁZÑ�Ð<ÊAÌ Ä?ÃAÇ�Ä À<Á�Ç ÃAÌ å�Î�Ø Ê<Ù
¿�À�Á�ÈZÅ Ì ÈZÎ<å¥É ÈZÌ Å Ð<Ä Å ÃAÂÊ/ì<Å ÃAåæÉ Ê0Ï&É�Ä À�ÊAÄ"Ä À<Á«È À<ÊAÂ�ãAÁ«Ð<Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ ! * ,� � ! 3 4 5�
À<Ê0áAÁ�Ä À<Á�å�Å Â�Å å¥ÊAØ/Á ì<Ä ÁZÂ�É Å ÃAÂ�Î�Â<Ñ�ÁZÌ�É ÁZÄ*Å Â�ÈZØ Î�É Å ÃAÂ¤ÊAå¥ÃAÂ<ã�Ä À�ÃAÉ Á�Ä À�ÊAÄ*É ÊAÄ Å É Ç Ï
Ä À<Á¤ë '�ÉZÙ<ë Ä�Å É�É Ä Ì ÊAÅ ãAÀ&Ä Ç ÃAÌ Ë�ÊAÌ ÑhÄ Ã�Ð�Ì Ã/áAÁ¤Ä À�ÊAÄ�Ä À�Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ì ÁZÐ�ÊAÅ Ì É�ÊAÌ Á¤Å Â
ÃAÂ<Á¤Ä Ã¥ÃAÂ<Á¤ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�ÁZÂ<ÈZÁ¤Ë�Å Ä ÀNÄ À�Á¤Ì ÁZÉ Ä Ì Å ÈZÄ Å ÃAÂ<É�Ä Ã ! ^ �EDEDED�� ! I ÃAÇ�Ä À<ÃAÉ ÁT�ÁZÌ Ó�Ì ÊAÂ�Ñ�å�Ã&Ñ�ÁZØ ÉvÃAÇ�Ä À�Á"ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ð�Ä Å ÃAÂhÄ À<ÊAÄ¤À<Ê/áAÁ�Ñ<ÃAå¥ÊAÅ Â8G ÊAÂ�Ñ�Ä À�Á
Á ì&Ä ÁZÂ�É Å ÃAÂ�É�ÃAÇ?Ä À�Á¤Ð�Ì ÁZÑ<Å ÈZÊAÄ ÁZÉ�F ^ �EDEDED�� F I ÊAÉvÅ ÂNÄ À�Á¤ÃAÌ Å ãAÅ Â<ÊAØ�Å Â<É Ä ÊAÂ�ÈZÁWS&Ù
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�<= ��� � � � � � ���  �!#" $ % &��  !
×vÂÆÊAØ Ä ÁZÌ Â�ÊAÄ Å áAÁ«Ä Ã�Á ì<Ä ÁZÌ Â<ÊAØ Ø ÏhÔ�ì&Å Â�ãhÄ À<Á«Ñ�ÃAå�ÊAÅ Â�G ÈZÃAÂ<É Å É Ä É"Å Âàå�Å Â�(

Å å¥Å 1ZÅ Â�ãhÄ À<Á«Ô�Â�Å Ä ÁNÊAÈZÄ Å áAÁhÑ<ÃAå¥ÊAÅ Â�Ú�Ä À<ÊAÄ¥Å É�ÊÉ Î�Ó<É ÁZÄ"ÃAÇKG�Ù�¿�À�Å É"ÈZÊAÂÖÓ�Á
ÊAÈ À<Å ÁZáAÁZÑhÓ&Ï«å�ÁZÊAÂ�É�ÃAÇ�Ê�ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ð�Ä Å ÃAÂ¥ÊAÉvË�ÁZØ Ø Ú<ÊAÂ<ÑhÄ À<ÁZÂhÄ À�ÊAÄ�Ñ�ÃAå�ÊAÅ Â
ÈZÊAÂ¥Ó�Á�Á ì<Ä ÁZÂ<Ñ�ÁZÑ«Ä Ã"Ä À�Á�Ë�À<ÃAØ Á�ÃAÇ�G�Ù&è�ÃAÄ Å ÈZÁvÄ À<ÊAÄ�Å Â¥ÃAÌ Ñ<ÁZÌ�Ä Ã"ÈZÊAÐ<Ä Î�Ì Á�Ä À�Á
Î<Â�Å Í&Î�Á¤Â<ÊAå¥ÁZÉ�ÊAÉ É Î�å¥Ð<Ä Å ÃAÂ�Ú�Ä À�Á�ÁZÍ&Î<ÊAØ Å Ä ÏNÐ<Ì ÁZÑ<Å ÈZÊAÄ Á�ÈZÃAÎ<Ø ÑhÓ�Á"å�Å Â<Å å¥Å 1ZÁZÑ*Ù
ð<Î�Ì Ä À�ÁZÌ å�ÃAÌ ÁAÚ�Å ÇvË�ÁNË�ÊAÂ&Ä¥Ä À<ÁNå¥Å Â�Å å�ÊAØ�å�Ã&Ñ�ÁZØ É�Ä ÃÀ�Ê0áAÁhÄ À<ÁhÁ ì<Ä ÁZÂ<É Å ÃAÂ�É
Ç ÃAÌvÄ À<Á$F���ÊAÉ�Å ÂHS&Ú�Ë�Á�ÈZÊAÂ�ÁZÅ Ä À�ÁZÌ�Å Â<ÈZØ Î�Ñ<Á¤Å Â 7çÐ�Ì ÁZÑ<Å ÈZÊAÄ Á�ÈZØ ÃAÉ Î�Ì Á¤Ê/ì<Å ÃAå�É
ÃAÇ�Ä À<ÁNÇ ÃAÌ å �V�� Õ F � Õ �� Ý������ �^ �� � Y �§ � Ý"Å Ç F�� ; É�Á ì<Ä ÁZÂ�É Å ÃAÂÒÅ É�Â<ÃAÂ�( ÁZå�Ð�Ä Ï
ÊAÂ<Ñ��M�� Õ F � Õ �� Ý Ý�� �� uY �� Ý¤Å Ç�Å Ä"Å É"ÁZå�Ð�Ä Ï�/?ÃAÌ"ÊAÐ�Ð<Ø Ï�Ä Ã�Ä À�ÃAÉ Á«Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ
Ä À<Á«ÈZØ ÃAÉ ÁZÑÆË�ÃAÌ Ø ÑÆÊAÉ É Î�å�Ð�Ä Å ÃAÂ*Ú*Ä À<ÊAÄ�ÈZÊAÂÆÊAØ É Ã�Ó�Á«ÈZÊAÐ<Ä Î�Ì ÁZÑÆÓ&Ïàå�ÁZÊAÂ�É"ÃAÇ
ÈZÅ Ì ÈZÎ<å¥É ÈZÌ Å Ð<Ä Å ÃAÂ*Ù*ï&ÁZÁÕ ,*Å Ç É È À�Å Ä 1AÚ�Û0ÜAÜ.0-Ý"Ç ÃAÌ"Ñ�ÁZÄ ÊAÅ Ø ÉZÙ?×vÂ�ÃAÄ À<ÁZÌ�ÊAØ Ä ÁZÌ Â<ÊAÄ Å áAÁ
Å É¥Ä ÃàÔ�ìÒÄ À�Á�Ñ<ÃAå¥ÊAÅ ÂEG�ÊAÂ<ÑçÌ ÁZÐ<Ø ÊAÈZÁhÁZáAÁZÌ Ï-Ë�À�ÁZÌ ÁHSàÅ Â 7 Ó-ÏÒÄ À�ÁNÔ�Ì É Ä (
ÃAÌ Ñ�ÁZÌ"É ÁZÂ&Ä ÁZÂ<ÈZÁAÚ%��Õ S-Ý Ú�ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�Å Â<ãhÄ Ã���ÁZÅ Ä ÁZÌ�; É�Ø ÃAãAÅ ÈZÊAØ�Ì ÁZÈZÃAÂ�É Ä Ì Î�ÈZÄ Å ÃAÂ
ÃAÇ�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ�ÈZÁ�SÕ ��ÁZÅ Ä ÁZÌ0Ú�Û0ÜAñ.0-Ý Ù59Á�Ñ<ÃNÂ�ÃAÄvÉ Ð�ÁZÈZÅ Ç ÏNÊAÂ&Ï�ÃAÇ�Ä À<ÁZÉ Á
ÊAØ Ä ÁZÌ Â<ÊAÄ Å áAÁZÉ�Á ì<Ð�Ø Å ÈZÅ Ä Ø ÏAÚ�Ó�Î<Ä�Ø ÁZÊ/áAÁ¥ÊAØ Ø�Ä À�Å É�ÊAÉ"É ÃAå¥ÁZÄ À�Å Â�ãNÄ Ã�Ó�Á¥ÈZÊAÐ<Ä Î�Ì ÁZÑ
ÊAÄ�Ä À�Á¤Å å¥Ð�Ø ÁZå¥ÁZÂ&Ä ÊAÄ Å ÃAÂNØ ÁZáAÁZØ Ù
�K� e�f '�( $ º � » Õ Á ì<ÊAå�Ð�Ø Á�Û�U"ÈZÃAÂ-Ä Å Â&Î<ÁZÑ�Ý�¿�À<Á¤å�Å Â<Å å¥ÊAØ�å¥Ã&Ñ<ÁZØ É�ÃAÇ?Ä À<Á¤ÈZÅ Ì (
ÈZÎ<å¥É ÈZÌ Å Ð<Ä Å ÃAÂ�ÃAÇ?Ä À<ÁvÄ À�ÁZÃAÌ Ï¥ÊAÌ Á�� G � ��� ¬�§�¯ � ��� ��� ��� ��� ¬�§�¯ � � � ÊAÂ<Ñ!� G � ��� ���
¬�§�¯ � ��� ¬�§�¯ � ¬�§�¯ � ¬�§�¯ � � � Ú<Ä À<ÊAÄ�É À�Ã0ËÒÔ�Ì É Ä�Ä À<Á�Ñ�ÃAå¥ÊAÅ Â¥ÊAÂ�Ñ¥Â�Á ì<Ä�Ä À�Á�Á ì<Ä ÁZÂ�(
É Å ÃAÂ<É*ÃAÇ	F � I � F � ��� � � � I � � � ��� � ! ) � ! � � F � ��Ú0Å Â�Ä À�Å É*ÃAÌ Ñ�ÁZÌ0Ù0¿�À�Á�Ô�Ì É Ä*å¥Ã-Ñ�ÁZØ
ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�É�Ä Ã�Ì ÁZÐ�ÊAÅ Ì Å Â<ã"Ä À<Á¤Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¤Ó&Ï¥Ñ�ÁZØ ÁZÄ Å Â<ãdF«Õ §<Ý /<Ä À<Á¤É ÁZÈZÃAÂ<Ñ*Ú&Ä Ã
Å Â�É ÁZÌ Ä Å Â<ã*�¥Õ §<Ý Ù ~

í�ÏNÐ<Ø Ê0Ï&Å Â�ã¥Ë�Å Ä ÀhÑ�Å ä�ÁZÌ ÁZÂ-Ä�2&Å Â�Ñ�É�ÃAÇ�ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å ÃAÂ*Ú&ÁAÙ ã<Ù�Å Â-Ä Ì Ã&Ñ<Î�ÈZÅ Â<ã
Ð<Ì Å ÃAÌ Å Ä Å ÁZÉ�Õ ,*Å Ç É È À�Å Ä 1AÚ�Û0ÜAñAîAÝ Ú&ÃAÌ�ÈZÃAÂ�É Å Ñ�ÁZÌ Å Â�ãvÃAÂ�Ø Ï"É ÃAå�Á�È À<ÊAÂ�ãAÁ�Ð�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ0Ú
ÁAÙ ã<Ù�ÃAÂ�Ø Ï:F � ���� ; É"Õ ÃAÂ�Ø ÏNÑ<ÁZØ ÁZÄ Å ÃAÂ�É Ý Ú�Ð<Ì ÁZÇ ÁZÌ ÁZÂ�ÈZÁZÉvÇ ÃAÌ�É ÃAå¥Á�Ð<ÊAÌ Ä Å ÈZÎ<Ø ÊAÌ�2&Å Â�Ñ�É
ÃAÇ¤Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁÌ ÁZÐ�ÊAÅ Ì É¥ÈZÃAÎ�Ø ÑÖÓ�ÁhÈZÊAÐ�Ä Î�Ì ÁZÑ*ÙV9Á�Ñ�ÃàÂ�ÃAÄ«Á ì&Ð�Ø ÃAÌ ÁhÀ�ÁZÌ ÁhÄ À<Å É
Ñ<Å Ì ÁZÈZÄ Å ÃAÂNÊAÂ&Ï«Ç Î�Ì Ä À<ÁZÌ0Ù
¿�À<Á�ÃAÌ Å ãAÅ Â<ÊAØ*Ä À�ÁZÃAÌ Ï 7êÈZÊAÂ�Ó�Á¤Ë�Ì Å Ä Ä ÁZÂhÊAÉ 7 q ¥3S<Ú<Ë�À<ÁZÌ Á 7 q Å É�Ç ÃAÌ å¥ÁZÑ

Ó-ÏàÊAØ Ø�Ä À�ÁNÈZÃAÂ.� Î�Â<ÈZÄ Å ÃAÂ<É�Å Â 7¤Ú?Á ì<ÈZÁZÐ�Ä�Ç ÃAÌ*S<Ù?ë Ä"Å É"ÁZÊAÉ ÏÆÄ ÃÉ ÁZÁNÄ À<ÊAÄ�Ä À�Á
ÈZÅ Ì ÈZÎ<å¥É ÈZÌ Å Ð<Ä Å ÃAÂEL�g w \ ����Õ 7W/ ! * ,^ �EDEDED ! 3 4 5I / ! ^ �EDEDED�� ! I / F ^ �EDEDED�� F I Ý�Å ÉvØ ÃAã.(Å ÈZÊAØ Ø Ï¤ÁZÍ&Î<Å á/ÊAØ ÁZÂ&Ä*Ä ÃKS�¥*L�g w \ ����Õ 7Mq / ! * ,^ �EDEDED ! 3 4 5I / ! ^ �EDEDED�� ! I / F ^ �EDEDED�� F I Ý Ùë ÂNÈZÃAÂ�É ÁZÍ-Î�ÁZÂ�ÈZÁAÚ�Ë�Á¤ÈZÊAÂhÌ ÁZÐ�Ø ÊAÈZÁ¥Õ Û0Ý�Ó&Ï
S�¥3L�g w \ ���hÕ 7 q / ! * ,^ �ED D ! 3 4 5I / ! ^ �ED D � ! I / F ^ �ED D � F I Ý#X Y:�¥Õ �� Ý � S*X Y � �«Õ �� Ý D

Õ =AÝ
9ÁvÈZÊAÂNÉ ÁZÁ�Ä À�ÊAÄ�Å Â«Ä À<Å É�ÈZÊAÉ Á¤Ä À�ÁvÂ<ÃAÂ�å¥ÃAÂ<ÃAÄ ÃAÂ�Å ÈvÈZÃAÂ�É ÁZÍ&Î�ÁZÂ<ÈZÁ¤Ì ÁZØ ÊAÄ Å ÃAÂ8X�
ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<Ñ�É�Ä Ã"ÈZØ ÊAÉ É Å ÈZÊAØ�Ø ÃAãAÅ ÈZÊAØ�ÈZÃAÂ<É ÁZÍ&Î<ÁZÂ�ÈZÁAÚ&Ó<Î�Ä�Ë�Å Ä À¥Ä À�ÁvÃAÌ Å ãAÅ Â<ÊAØ�Ñ<ÊAÄ Ê
Ð<Î�Ä�Å ÂNÈZÃAÂ.� Î�Â<ÈZÄ Å ÃAÂhË�Å Ä ÀNÊ�É ÁZÈZÃAÂ�Ñ�( ÃAÌ Ñ<ÁZÌ�Ä À�ÁZÃAÌ ÏAÙ
ï<ÃAå�Á«Ë�ÃAÌ 2àÀ<ÊAÉ"Ó�ÁZÁZÂÆÑ�ÃAÂ<Á«ÃAÂàÑ�ÁZÄ ÁZÈZÄ Å Â<ã�ÈZÃAÂ�Ñ<Å Ä Å ÃAÂ�É�ÊAÂ�ÑÆÑ<ÁZáAÁZØ ÃAÐ<Å Â�ã

ÊAØ ãAÃAÌ Å Ä À�å¥É«Ç ÃAÌNÄ À<ÁÈZÃAØ Ø ÊAÐ�É ÁÃAÇ�Ê½Õ É ÁZÈZÃAÂ�Ñ�( ÃAÌ Ñ�ÁZÌ Ý«ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å ÃAÂçÄ ÃÒÊ
Ô�Ì É Ä ( ÃAÌ Ñ�ÁZÌ�Ä À�ÁZÃAÌ ÏàÕ ,*Å Ç É È À�Å Ä 1AÚ*Û0ÜAñAî�/ �¤ÃAÀ<ÁZÌ Ä ÏNÁZÄ�ÊAØ Ù Ú*Û0ÜAÜ<UAÝ Ù�¿�À<Á�É ÊAå¥Á�Ç ÃAÌ
ÈZÃAØ Ø ÊAÐ<É Å Â<ã�ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ð�Ä Å ÃAÂNÄ Ã¥Ø ÃAãAÅ È�Ð�Ì ÃAãAÌ ÊAå¥É"Õ ± ÁZØ Ç ÃAÂ<Ñ�ÁZÄ�ÊAØ Ù Ú?Û0ÜAñAÜAÝ Ù�ë Â
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N � � � O � � �5P�� Q�� � � � �<U
ÃAÎ<Ì�ÈZÊAÉ ÁAÚ�Ä À�Å É�É À<ÃAÎ�Ø ÑÆÂ�ÃAÄ�Ó�Á«É Î<Ì Ð<Ì Å É Å Â<ã<Ù?ë ÂâÕ ×vÌ ÁZÂ�ÊAÉ¥ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜAÝ Ú�Ç ÃAÌ
É ÃAå¥ÁhÈZØ ÊAÉ É ÁZÉ«ÃAÇ¤Í-Î�ÁZÌ Å ÁZÉ¥ÊAÂ<Ñçë '�É0ÚM'��¤×ÈZÊAÂçÓ�ÁNÌ ÁZÑ<Î�ÈZÁZÑÖÄ ÃàÔ�Ì É Ä ( ÃAÌ Ñ�ÁZÌ
Í-Î�ÁZÌ Ï"ÁZá/ÊAØ Î�ÊAÄ Å ÃAÂ�Ù-ë ÂÕ ×vÌ ÁZÂ�ÊAÉ�ÁZÄ�ÊAØ Ù Ú��.-<-<-�/ ± Ì ÁZÈZÃ�ÁZÄ�ÊAØ Ù Ú��.-<-<Û</&í�ÊAÌ ÈZÁZØ Ã�ÁZÄ
ÊAØ Ù Ú��.-<-@��/<í�ÊAÌ ÈZÁZØ ÃHi ] l u z Ú��.-<-@6AÝ Ú�Ñ�Å Ì ÁZÈZÄ�É Ð�ÁZÈZÅ Ô�ÈZÊAÄ Å ÃAÂ�É�ÃAÇ�Ñ�ÊAÄ ÊAÓ�ÊAÉ Á¤Ì ÁZÐ�ÊAÅ Ì É
Ó-Ï«å¥ÁZÊAÂ<É�ÃAÇ?Ø ÃAãAÅ È¤Ð<Ì ÃAãAÌ ÊAå¥É�ÊAÌ Á�Ð<Ì ÁZÉ ÁZÂ-Ä ÁZÑ*Ù
TvÃ0Ë�ÁZáAÁZÌ0Ú�Ä À�ÁZÌ Á�Å É¤Â<ÃAÄ¤å"Î<È ÀÀ�ÃAÐ�Á"Å Â�À�Ê0á&Å Â�ã«Ä À<Á�ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å ÃAÂhÊAØ (

Ë�Ê/Ï-É�ÈZÃAØ Ø ÊAÐ<É Å Â�ãhÄ ÃÊ�Ô�Ì É Ä ( ÃAÌ Ñ�ÁZÌ"É ÁZÂ-Ä ÁZÂ�ÈZÁAÚ�B#" $ % &ZÙ?ë Ç�Ä À�Å É�Ë�ÁZÌ ÁNÄ À<ÁNÈZÊAÉ ÁAÚ
'��¤×½Ë�ÃAÎ<Ø Ñ«Ó�ÁvÇ ÁZÊAÉ Å Ó�Ø Á¤Å ÂNÐ�ÃAØ Ï&Â<ÃAå¥Å ÊAØ�Ä Å å¥ÁvÅ Â«Ä À�Á¤É Å 1ZÁ¤ÃAÇ?Ä À�Á¤Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁAÚ
Ó�ÁZÈZÊAÎ�É ÁhÄ À<ÁZÂçÇ ÃAÌ«ÊàÍ&Î<ÁZÌ ÏI��Ú�Ä À�ÁNÍ&Î�ÁZÌ Ï½Õ B#" $ % &3« ��Ý�ÈZÃAÎ�Ø ÑÖÓ�ÁhÐ�ÃAÉ ÁZÑ
Ä ÃNÄ À<Á�ÃAÌ Å ãAÅ Â�ÊAØ*Å Â�É Ä ÊAÂ�ÈZÁ�S<Ù�×�É¤É À�Ã0Ë�ÂÅ ÂÒÕ '�À�ÃAå�Å È 2&Å�ÁZÄ¤ÊAØ Ù Ú5�.-<-@�AÝ ÚR'��¤×
ÈZÊAÂ�Ó�Á"ÈZÃAèK?R( ÈZÃAå¥Ð<Ø ÁZÄ ÁAÚ�ÁZáAÁZÂàË�Å Ä À�É Å å�Ð�Ø Á¤Ç Î�Â<ÈZÄ Å ÃAÂ<ÊAØ?Ñ�ÁZÐ�ÁZÂ�Ñ<ÁZÂ�ÈZÅ ÁZÉ�ÊAÂ�Ñ
Õ Á ì&Å É Ä ÁZÂ-Ä Å ÊAØ Ø Ï¥Í&Î�ÊAÂ&Ä Å Ô�ÁZÑ�Ý�ÈZÃAÂ<� Î<Â�ÈZÄ Å áAÁ¤Í-Î�ÁZÌ Å ÁZÉ0Ù
hvÂ�Ñ<ÁZÌ¥Ä À<ÃAÉ ÁhÈZÅ Ì ÈZÎ�å¥É Ä ÊAÂ�ÈZÁZÉZÚ�Å Ä�É ÁZÁZå�É«ÊàÂ<ÊAÄ Î�Ì ÊAØ�Å Ñ�ÁZÊÄ ÃàÁ ì<Ð�Ø ÃAÌ ÁNÄ Ã

Ë�À�ÊAÄ�Á ì<Ä ÁZÂ&Ä�ÃAÎ�Ì�å¥Ã&Ñ<Å Ô�ÁZÑ�É ÁZå�ÊAÂ&Ä Å ÈvÄ ÊAÓ<Ø ÁZÊAÎ&ì¥ÈZÊAÂNÓ�Á�Î<É ÁZÑ«Ç ÃAÌM' �¤×�Ù&×�È (
Ä Î<ÊAØ Ø ÏAÚ/É ÃAå¥Á�Å å¥Ð<Ø ÁZå¥ÁZÂ-Ä ÊAÄ Å ÃAÂ�É*Ä Ã¤Â<ÃAå¥ÃAÂ�ÃAÄ ÃAÂ<Å È�Ì ÁZÊAÉ ÃAÂ<Å Â�ã<Ú0å�ÃAÌ Á�Ð<Ì ÁZÈZÅ É ÁZØ Ï
Ä Ãvå¥Å Â�Å å¥ÊAØ-ÁZÂ&Ä ÊAÅ Ø å¥ÁZÂ&ÄZÚAÓ<ÊAÉ ÁZÑ"ÃAÂ�É ÁZå�ÊAÂ&Ä Å È�Ä ÊAÓ�Ø ÁZÊAÎ<ì"À�Ê0áAÁ�Ó�ÁZÁZÂ�Ð<Ì ÃAÐ�ÃAÉ ÁZÑ
Å ÂÕ 4¤Ø Å áAÁZÄ Ä Å Ú�Û0ÜAÜ<��/�èvÅ ÁZå¥ÁZØ Ê<Ú�Û0ÜAÜ<=/Ê�/<èvÅ ÁZå�ÁZØ Ê<Ú�Û0ÜAÜ<=/Ó�/�4¤Ø Å áAÁZÄ Ä Å Ú�Û0ÜAÜAÜ�/<í�Ì Ï
ÁZÄ�ÊAØ Ù Ú��.-<-<--Ý Ù

=&Ù �&Ù(' $*)l%�o�r/pd* ��n_&-0 � 0	#/)-%_)_* $�#
¿�À�Á�å�ÃAÉ Ä?Å Â&Ä ÁZÌ ÁZÉ Ä Å Â�ãvÐ<Ì ÃAÐ�ÃAÉ ÊAØ&Ç ÃAÌ�Å å¥Ð<Ø ÁZå¥ÁZÂ-Ä Å Â�ã�Ô�Ì É Ä?ÃAÌ Ñ�ÁZÌ?ÈZÅ Ì ÈZÎ<å¥É ÈZÌ Å Ð�(
Ä Å áAÁ�Ì ÁZÊAÉ ÃAÂ�Å Â<ã�Ë�Å Ä À�É ÁZå�ÊAÂ&Ä Å È�Ä ÊAÓ<Ø ÁZÊAÎ&ì�Å É�Ã/ä�ÁZÌ ÁZÑ�Ó&Ïvè�Å ÁZå¥ÁZØ Ê�Å Â¥Õ èvÅ ÁZå�ÁZØ Ê<Ú
Û0ÜAÜ<=/Ó�Ý Ú*Ë�À�ÁZÌ Á�ÃAÐ<Ä Å å�Å 1ZÁZÑÄ ÁZÈ À�Â<Å Í&Î<ÁZÉ¤Ç ÃAÌ�Ñ<ÁZáAÁZØ ÃAÐ�Å Â�ã«Ä ÊAÓ�Ø ÁZÊAÎ<ìÓ<Ì ÊAÂ�È À<ÁZÉ
ÊAÂ<Ñ�È À�ÁZÈ 2&Å Â�ãvÄ À<ÁZÅ Ì�å¥Å Â<Å å�ÊAØ Å Ä Ï�ÊAÌ Á�Å Â&Ä Ì Ã&Ñ<Î�ÈZÁZÑ�ÙZ¿�À�Á�Ä ÁZÈ À�Â�Å Í&Î�ÁZÉ*Ð<Ì ÁZÉ ÁZÂ-Ä ÁZÑ
Ä À<ÁZÌ ÁAÚ�Ä À�ÊAÄ¥ÊAØ Ø Ã0Ëå�Å Â<Å å¥Å 1ZÁZÑ*Ú?á/ÊAÌ Å ÊAÓ�Ø ÁhÊAÂ�ÑÒÔ�ì<ÁZÑÖÐ�Ì ÁZÑ�Å ÈZÊAÄ ÁZÉ0Ú�ÈZÃAÎ�Ø ÑçÓ�Á
ÊAÐ<Ð�Ø Å ÁZÑ�Å Â�ÃAÎ�Ì�ÈZÃAÂ-Ä Á ì<ÄZÚ<ÁZÅ Ä À�ÁZÌ�Ñ�Å Ì ÁZÈZÄ Ø ÏAÚ-ÊAÐ�Ð�ÁZÊAØ Å Â�ã¤Ä Ã�Ä À�Á�ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å áAÁ
È À<ÊAÌ ÊAÈZÄ ÁZÌ Å 1ZÊAÄ Å ÃAÂÆÃAÇ�'��¤×ßË�Á«ãAÊ0áAÁ«Ó�ÁZÇ ÃAÌ ÁAÚ?ÃAÌ�ÊAÑ<ÊAÐ�Ä Å Â<ãhèvÅ ÁZå¥ÁZØ Ê�; É"Ä ÁZÈ À�(
Â<Å Í&Î<ÁZÉ¤Ä ÃNÄ À<Á�Ð�ÊAÌ Ä Å ÈZÎ�Ø ÊAÌW2-Å Â�Ñ�ÃAÇ�Ð<Ì Ã&ÈZÁZÉ É¤Ë�Á�À�Ê0áAÁ¥ÊAÄ¤À�ÊAÂ<Ñ*Ú�Å Â�Ä ÁZÌ å¥É¤ÃAÇ
å�Å Â<Å å¥ÊAØAÃAÐ�ÁZÂ�Å Â�ã�ÃAÇ�Ó�Ì ÊAÂ�È À�ÁZÉ*Å Â"Ä À<Á�Ä ÊAÓ<Ø ÁZÊAÎ {�� Õ J<Ld�MS-Ý Ù  9Á�Ë�Å Ø Ø-Ó�Ì Å Á ��Ï
Á ì&Ð�Ø ÃAÌ Á¤Ä À<Å É�É ÁZÈZÃAÂ�ÑNÊAØ Ä ÁZÌ Â�ÊAÄ Å áAÁAÙ
×vÉ�Å ÂÖÕ èvÅ ÁZå�ÁZØ Ê<Ú�Û0ÜAÜ<=/Ó�Ý Ú?Ë�Á�ÊAÉ É Î<å¥Á�Å ÂÄ À�Å É¤É ÁZÈZÄ Å ÃAÂÄ À�ÊAÄ«Õ Ê-ÝvÄ À�Á�É Á (

å�ÊAÂ&Ä Å È�Ä ÊAÓ<Ø ÁZÊAÎ<ìhÊAÌ Á"ÊAÐ<Ð�Ø Å ÁZÑhÄ Ã«Ç ÃAÌ å"Î�Ø ÊAÉvÅ Â�ÈZØ ÊAÎ<É ÊAØ?Ç ÃAÌ åhÚ�ÊAÂ<ÑÒÕ Ó�Ý�ÃAÂ<Ø Ï
T�ÁZÌ Ó�Ì ÊAÂ�Ñ�å�Ã&Ñ�ÁZØ ÉvÊAÌ Á"ÈZÃAÂ�É Å Ñ<ÁZÌ ÁZÑ*Ú�Ë�À�ÊAÄvÅ Â�ÃAÎ�ÌvÈZÊAÉ Á�Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä ÉvÂ�Ã«Ø Å å¥Å (
Ä ÊAÄ Å ÃAÂ*Ú<Ó�ÁZÈZÊAÎ�É Á¤ÃAÎ�Ì�ÃAÐ�ÁZÂ�Å Â<ãAÉ0Ú&Ì ÁZÐ�ÊAÅ Ì É0Ú&ÁZÄ ÈAÙ�ÊAÌ Á¤ÊAØ Ø�TvÁZÌ Ó�Ì ÊAÂ�Ñ«É Ä Ì Î<ÈZÄ Î�Ì ÁZÉ0Ù
ð<Î�Ì Ä À�ÁZÌ å�ÃAÌ ÁAÚ/Å Ç�J<LÖÈZÃAÂ-Ä ÊAÅ Â�ÉMn�l � i�Ç ÃAÌ å"Î�Ø ÊAÉ�Õ h�Ø Ø å�ÊAÂ*Ú&Û0ÜAñAñAÝ ÚAË�À<ÊAÄ�Å É�ÈZÃAå�(
å�ÃAÂ�Ø Ï¥Ì ÁZÍ-Î�Å Ì ÁZÑNÅ ÂNÑ<ÊAÄ ÊAÓ�ÊAÉ Á�ÊAÐ�Ð<Ø Å ÈZÊAÄ Å ÃAÂ�ÉZÚ&Ë�Á¤ÈZÊAÂNÌ ÁZÉ Ä Ì Å ÈZÄ�Ä À�ÁWTvÁZÌ Ó�Ì ÊAÂ�Ñ
Ñ<ÃAå¥ÊAÅ ÂNÄ Ã¥Ó�Á¤Ä À�ÁvÔ�Â<Å Ä Á¤ÊAÈZÄ Å áAÁ�Ñ�ÃAå�ÊAÅ ÂNÃAÇ?Ä À�Á¤Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁAÙ
×vÉvÉ ÁZÁZÂ�Å ÂhÉ ÁZÈZÄ Å ÃAÂàî&Ú�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä Ø ÏNÊAÂ<É Ë�ÁZÌ Å Â<ã«Í-Î�ÁZÌ ÏH��Ç Ì ÃAåÅ Â�É Ä ÊAÂ�ÈZÁ

ShË�Ì Ä�J<L¤Ú�ÈZÊAÂÖÓ�ÁNÓ�ÊAÉ ÁZÑÖÃAÂÒÄ À�ÁNÈZÃAå"Ó<Å Â�ÊAÄ Å ÃAÂÖÃAÇ v ��Õ {�� Õ J<L ��S-Ý Ý"ÊAÂ�Ñ
{�� Õ = �¥Õ �� Ý Ý Ù*èvÁZáAÁZÌ Ä À<ÁZØ ÁZÉ ÉZÚ*Á ì<Ð�Ø Å ÈZÅ Ä Ø ÏhÀ<Ê/á-Å Â�ãNÄ À�Á"Ô�Ì É ÄZÚ*Ð<Ì Î�Â<ÁZÑ*Ú�Ä ÊAÓ�Ø ÁZÊAÎ
+ =?� � � � ��� �/� ��� �/��� �/¢/ 0�?� �0� � � ��� �¤� �/� ��� � � ��£/� �-� � �*� � � �Ö� �/��� �/� � � �¤� ���*�0� � �¤� �/�

� � � �  /��� � � � ¢0� � � �v� �*� ¢/¢0� � � £v� ��� �/��¢Z� � §Z� �  /��� � � � � � �-¨
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�Añ ��� � � � � � ���  �!#" $ % &��  !
ÊAå�ÃAÎ�Â&Ä É¥Ä ÃÆÀ�Ê0á&Å Â�ãàÊAØ É ÃàÁ ì<Ð<Ø Å ÈZÅ Ä Ø ÏÆÊAØ Ø�Ð�ÃAÉ É Å Ó<Ø ÁNÌ ÁZÐ�ÊAÅ Ì É¥ÃAÇ¤Ä À�ÁhÃAÌ Å ãAÅ Â�ÊAØ
Ñ<ÊAÄ ÊAÓ�ÊAÉ ÁAÙ	��ÃAÌ ÁZÃ0áAÁZÌ0Ú�Ä À<Å É�Ì ÁZÍ&Î<Å Ì ÁZÉ�À�Ê0á&Å Â�ã"áAÁZÌ Å Ô�ÁZÑ«Ä À�Á¤Ð�Ì ÃAÐ�ÁZÌ Ä Ï«ÃAÇ*å�Å Â�Å (
å�ÊAØ Å Ä Ï¥Å ÂNÄ À�Á¤Ñ<ÊAÄ Ê¥ÈZØ ÃAÉ ÁZÑNÓ�Ì ÊAÂ�È À�ÁZÉZÚ<Ð�ÃAÉ É Å Ó<Ø Ï�ÈZÃAå¥Ð�ÊAÌ Å Â<ã�Ñ�Å ä�ÁZÌ ÁZÂ&Ä�Ó<Ì ÊAÂ�(
È À<ÁZÉ¤Ë�Ì Ä�Ä ÃNÅ Â�ÈZØ Î�É Å ÃAÂ*Ù<ë Ä�Å Évå�ÃAÌ Á"ÊAÐ<Ð�ÁZÊAØ Å Â�ã�Ä Ã«È À�ÁZÈ 2�å�Å Â�Å å¥ÊAØ Å Ä Ï«ÊAÉvÄ À�Á
Ä ÊAÓ<Ø ÁZÊAÎ {�� Õ J<LC�>S-Ý�Å É�Ñ�ÁZáAÁZØ ÃAÐ�ÁZÑ�Ù
èvÃAÄ Å ÈZÁNÄ À<ÊAÄ�Å Ç�Ê�Ô�Â�Å É À<ÁZÑÆÓ<Ì ÊAÂ<È À\I�K {�� Õ J<L ��SAÝ Ú�ÃAÐ�ÁZÂ�ÁZÑÒÊAÇ Ä ÁZÌ¥Ê

Ð<Ì ÁZØ Å å¥Å Â�ÊAÌ ÏÑ<ÊAÄ ÊàÈZØ ÃAÉ Î�Ì ÁNË�ÊAÉ�Ì ÁZÊAÈ À�ÁZÑ�Ú�Ì ÁZå¥ÊAÅ Â<É�ÃAÐ�ÁZÂÒÇ ÃAÌ��� Y �� Ë�À�ÁZÂ
ÈZÃAå�Ó�Å Â<ÁZÑË�Å Ä À {�� Õ = �¥Õ �� Ý Ý Ú*Ä À�ÁZÂ v ��Õ I�ÝvÅ É¤ÊNå¥Ã&Ñ<ÁZØ�ÃAÇ#J<L�ÊAÂ�Ñ = �¥Õ �� Ý Ú
ÊAÂ<ÑàÅ ÂàÈZÃAÂ�É ÁZÍ&Î�ÁZÂ<ÈZÁ v ��Õ I�Ý¤Ð�Ì Ã/á-Å Ñ�ÁZÉ�Ê�ÈZÃAÎ<Â&Ä ÁZÌ Á ì&ÊAå¥Ð�Ø Á¥Ä Ã�J<L¦X Y �«Õ �� Ý Ù
T�Ã/Ë�ÁZáAÁZÌ0Ú�Ä À<Å É¥Å É�ÈZØ ÊAÉ É Å ÈZÊAØ�ÁZÂ&Ä ÊAÅ Ø å¥ÁZÂ-ÄZÚ�ÊAÂ<ÑÖË�ÁhÊAÌ ÁhÅ Â&Ä ÁZÌ ÁZÉ Ä ÁZÑÖÅ ÂÖÄ À<ÃAÉ Á
å�Ã&Ñ�ÁZØ É�ÃAÇ�J<LêÄ À<ÊAÄ�å�Å Â�Å å¥ÊAØ Ø Ï"Ñ<Å ä�ÁZÌ�Ç Ì ÃAåS<Ú&Å ÂNÈZÃAÂ<É ÁZÍ&Î<ÁZÂ�ÈZÁAÚ v ��Õ I�Ý�å�Ê/Ï
Â<ÃAÄ�Ó�Á¤Ê�ÈZÃAÎ�Â&Ä ÁZÌ Á ì<ÊAå¥Ð<Ø Á¤Ç ÃAÌ�ÃAÎ�Ì�Ð<Ì ÃAÓ<Ø ÁZå�ÃAÇR' �¤×�Ú<Ó�ÁZÈZÊAÎ<É Á¤Å Ä�å¥Ê0Ï«Â�ÃAÄ
ÈZÃAÌ Ì ÁZÉ Ð�ÃAÂ<ÑêÄ ÃÒÊÒÌ ÁZÐ�ÊAÅ ÌNÃAÇ"Ä À�ÁÃAÌ Å ãAÅ Â�ÊAØvÅ Â�É Ä ÊAÂ�ÈZÁAÙ�ï&Î�È ÀêÓ�Ì ÊAÂ�È À�ÁZÉNÄ À<ÊAÄ
Ë�ÃAÎ�Ø ÑNØ ÁZÊAÑNÄ Ã¥Ê�Â�ÃAÂhå�Å Â<Å å¥ÊAØ�ÃAÐ�ÁZÂ<Å Â�ã"Å Â {�� Õ J<LC�3SAÝ�É À<ÃAÎ�Ø ÑNÓ�Á¤ÈZØ ÃAÉ ÁZÑ*Ú
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Å É�Ä Ì ÁZÊAÄ ÁZÑ�ÊAÉ�Ê«ÈZØ ÃAÉ Î<Ì Á¤ÈZÃAÂ�Ñ<Å Ä Å ÃAÂÆÕ Ó�ÁZÈZÊAÎ�É ÁAÚ�ÊAÉ�Ë�Á#� Î<É Ä�É Ê0Ë�Ú�Ä À<ÁZÏNÑ�Ã�Â�ÃAÄ
Ð<Ì Ã0á&Å Ñ�Á�ÊAÐ<Ð�Ì ÃAÐ�Ì Å ÊAÄ Á�ÈZÃAÎ�Â&Ä ÁZÌ Á ì<ÊAå¥Ð<Ø ÁZÉ Ý Ù�Õ È0Ý�¿�À<Ávå�Å Â<Å å¥ÊAØ Å Ä Ï"ÈZÃAÂ<Ñ�Å Ä Å ÃAÂ¥Å É
È À<ÁZÈ 2AÁZÑ¥Ø Ã&ÈZÊAØ Ø ÏAÚ/Ë�Å Ä À<ÃAÎ�Ä?ÈZÃAå¥Ð<ÊAÌ Å É ÃAÂ¥Ë�Å Ä À�ÃAÄ À�ÁZÌ�Ó�Ì ÊAÂ�È À�ÁZÉZÚ-Ë�À<ÊAÄ�Å É�å"Î<È À
å�ÃAÌ Á¤Á �¥ÈZÅ ÁZÂ&Ä�Å ÂNÄ ÁZÌ å�É�ÃAÇ?É Ð<ÊAÈZÁAÙ
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ÊhÂ�ÁZËßÈZØ ÃAÉ Î�Ì Á¥ÈZÃAÂ�Ñ�Å Ä Å ÃAÂàÅ É�ÊAÑ�Ñ�ÁZÑ�Ú*Ä Ã�ÈZØ ÃAÉ Á«Ó�Ì ÊAÂ�È À�ÁZÉ"Ä À�ÊAÄ"Ñ<Ã�Â�ÃAÄ�Ø ÁZÊAÑ
Ä Ã¥å�Å Â�Å å¥ÊAØ�å¥Ã&Ñ<ÁZØ ÉZÙ<¿�À�Å É�Å É�ÊAÈ À�Å ÁZáAÁZÑ�Ó&Ï«å¥ÁZÊAÂ�É�ÃAÇ�Ê�) Ø Ã&ÈZÊAØ +«å�Å Â<Å å¥ÊAØ Å Ä Ï
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Ë�Å Ä ÀÆÄ À<ÁNÃAÌ Å ãAÅ Â�ÊAØ�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁNÈZÃAÂ&Ä ÁZÂ&Ä É�S&Ù�ð<Ì ÃAå Ä À<ÁNÌ ÁZÉ Î<Ø Ä É"Å ÂêÕ èvÅ ÁZå�ÁZØ Ê<Ú
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Ó�ÁNÎ�É ÁZÑÖÊAÉ«ÊAÂÖÊAÑ<Ñ�Å Ä Å ÃAÂ�ÊAØ�ÈZØ ÃAÉ Î�Ì ÁNÈZÃAÂ�Ñ<Å Ä Å ÃAÂÒÃAÂÖÓ�Ì ÊAÂ<È À�ÁZÉ0Ù�èvÃAÄ Å ÈZÁhÄ À<ÊAÄ
Ä À<ÁNÄ ÁZÉ Ä�Å É"Ø Ã&ÈZÊAØ�Ä ÃÊÓ�Ì ÊAÂ�È ÀÆÊAÂ�ÑÒÈZÊAÂÒÓ�ÁNÊAÐ<Ð�Ø Å ÁZÑÆÊAÄ"ÊAÂ&ÏÆÉ Ä ÊAãAÁNÃAÇ�Ä À�Á
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Å Â�Ä À�Á�Á ì&Ä ÁZÂ�É Å ÃAÂ�ÉZÙ�9Á�ÈZÊAÂÉ Ä ÃAÐÑ�ÁZáAÁZØ ÃAÐ�Å Â�ã«Ó�Ì ÊAÂ<È À�I�	�Ó�ÁZÈZÊAÎ�É Á�Ë�Á�Ë�Å Ø Ø
Â<ÃAÄ�ãAÁZÄ�Ê�å¥Å Â<Å å�ÊAØ�ÃAÐ�ÁZÂ�Å Â�ã<Ù ~
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9Á�À�Ê0áAÁ¥Ð�Ì ÁZÉ ÁZÂ&Ä ÁZÑàÄ À�Á�Ä À�ÁZÃAÌ ÁZÄ Å ÈZÊAØ�Ó�ÊAÉ Å É�Ç ÃAÌ�ÊhÄ Ì ÁZÊAÄ å¥ÁZÂ&Ä�ÃAÇ�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä
Í-Î�ÁZÌ Ï"ÊAÂ�É Ë�ÁZÌ Å Â�ã¤Å Â¥Ì ÁZØ ÊAÄ Å ÃAÂ�ÊAØ�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁZÉ�Ó&Ï�å¥ÁZÊAÂ<É�ÃAÇ�ÊAÂ<ÊAØ Ï&Ä Å È�Ä ÊAÓ�Ø ÁZÊAÎ&ì�Ù
9ÁNÀ�Ê0áAÁhå¥ÊAÅ Â�Ø ÏÈZÃAÂ�ÈZÁZÂ&Ä Ì ÊAÄ ÁZÑçÃAÂÖÄ À<ÁhÅ Â&Ä ÁZÌ ÊAÈZÄ Å ÃAÂÖÃAÇvÄ À<ÁhÑ�ÊAÄ ÊAÓ<ÊAÉ ÁNÅ Â�(
É Ä ÊAÂ�ÈZÁ�ÊAÂ�ÑhÄ À<Á"Å Â&Ä ÁZãAÌ Å Ä ÏNÈZÃAÂ�É Ä Ì ÊAÅ Â&Ä É�/�ÊAÂ�ÑhÃAÂ�Ä À�Á�Ð<Ì ÃAÓ�Ø ÁZå ÃAÇ�Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä (
Å Â�ãNÑ�ÊAÄ ÊAÓ�ÊAÉ Á«Ì ÁZÐ<ÊAÅ Ì É�Ó&Ïå�ÁZÊAÂ�É"ÃAÇ�ÃAÐ�ÁZÂ<ÁZÑÆÄ ÊAÓ<Ø ÁZÊAÎ&ì�Ù5TvÃ0Ë�ÁZáAÁZÌ0Ú�Ë�Á¥ÊAØ É Ã
É À�Ã0Ë�ÁZÑNÀ�Ã0Ë½Ä À<Á¤ÊAÂ�ÊAØ Ï-Ä Å È¤Ä ÊAÓ�Ø ÁZÊAÎ<ìNå�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏ«ÈZÃAÎ<Ø ÑNË�Á¤ÊAØ É Ã�Î�É ÁZÑNÇ ÃAÌ
ÈZÃAÂ<É Å É Ä ÁZÂ&Ä�Í&Î<ÁZÌ Ï«ÊAÂ<É Ë�ÁZÌ Å Â<ã<Ù
9Á¥ÁZÉ Ä ÊAÓ�Ø Å É À�ÁZÑàÄ À<Á¥ÈZÃAÂ<Â�ÁZÈZÄ Å ÃAÂ<É�Ó�ÁZÄ Ë�ÁZÁZÂÆÄ À<Á¥Ð�Ì ÃAÓ<Ø ÁZå ÃAÇ�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä

Í-Î�ÁZÌ Ï�ÊAÂ�É Ë�ÁZÌ Å Â�ã"ÊAÂ�Ñ>2&Â�Ã0Ë�Ø ÁZÑ�ãAÁ¤Ó<ÊAÉ ÁvÎ�Ð�Ñ�ÊAÄ ÁAÚ&ÃAÂNÃAÂ�Á¤É Å Ñ�ÁAÚ&ÊAÂ<ÑNÈZÅ Ì ÈZÎ�å*(
É ÈZÌ Å Ð�Ä Å áAÁ¤Ì ÁZÊAÉ ÃAÂ<Å Â�ã<Ú<ÃAÂhÄ À�Á�ÃAÄ À<ÁZÌ0Ù�¿�À<Á�Ì ÁZØ ÊAÄ Å ÃAÂ<É À<Å Ð«Ó�ÁZÄ Ë�ÁZÁZÂ82-Â�Ã0Ë�Ø ÁZÑ�ãAÁ
Ó<ÊAÉ ÁvÎ<Ð�Ñ<ÊAÄ Á�ÊAÂ�Ñ«ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å ÃAÂ¥À<ÊAÉ�ÊAØ Ì ÁZÊAÑ�Ï�Ó�ÁZÁZÂ«É Ä Î�Ñ<Å ÁZÑ¥Ó&Ï*9çÅ Â<É Ø ÁZÄ Ä
Õ 9ÖÅ Â�É Ø ÁZÄ ÄZÚ�Û0ÜAñAÜ�/�9çÅ Â�É Ø ÁZÄ ÄZÚ�Û0ÜAÜ&Û0Ý"Õ É ÁZÁ¤ÊAØ É ÃhÕ ,?Å Ó�ÁZÌ ÊAÄ ÃAÌ Á¤ÁZÄ�ÊAØ Ù Ú*Û0ÜAÜ<UAÝ Ý Ù
¿�À<Á�ÈZÃAÂ�Â<ÁZÈZÄ Å ÃAÂ«ÃAÇ5'��¤×çÄ Ã"Î�Ð�Ñ�ÊAÄ ÁZÉ�ÊAÂ<Ñ«å�Å Â<Å å¥ÊAØ<ÁZÂ-Ä ÊAÅ Ø å�ÁZÂ&Ä�ÊAØ Ø Ã/Ë�ÁZÑ

Î<É¥Ä ÃÆÊAÐ<Ð�Ø ÏI2&Â<Ã0Ë�ÂÖÈZÃAå¥Ð<Ø Á ì<Å Ä ÏÒÌ ÁZÉ Î<Ø Ä É¥Ä ÃàÃAÎ�Ì¥É ÈZÁZÂ<ÊAÌ Å Ã<Ù�ð<Î�Ì Ä À<ÁZÌ å�ÃAÌ ÁAÚ
Ë�Á"À<Ê0áAÁ�É ÁZÁZÂ�Ä À�ÊAÄvÄ À<Á"Ì ÁZÇ ÃAÌ å"Î<Ø ÊAÄ Å ÃAÂhÃAÇ�Ä À<Á"Ð�Ì ÃAÓ�Ø ÁZå�ÃAÇM'��¤×�ÊAÉvÃAÂ<Á"ÃAÇ
ÈZÃAå�Ð�Î<Ä Å Â�ã�ÈZÅ Ì ÈZÎ�å¥É ÈZÌ Å Ð�Ä Å ÃAÂ¤ÃAÐ�ÁZÂ�É*Ä À<Á�Ð�ÃAÉ É Å Ó�Å Ø Å Ä Ï�ÃAÇ<ÊAÐ�Ð<Ø Ï&Å Â�ã�ÁZÉ Ä ÊAÓ<Ø Å É À�ÁZÑ
É ÁZå¥ÊAÂ&Ä Å È¤Ä ÊAÓ�Ø ÁZÊAÎ<ìNÓ�ÊAÉ ÁZÑNå¥ÁZÄ À<Ã&Ñ�ÃAØ ÃAãAÅ ÁZÉ�Ç ÃAÌ�ÈZÅ Ì ÈZÎ�å�É ÈZÌ Å Ð�Ä Å áAÁvÌ ÁZÊAÉ ÃAÂ�Å Â<ã<Ù
×vÉË�ÁÒÀ<Ê/áAÁÒÉ ÁZÁZÂ*Ú¤Ä À<ÁZÌ ÁÒÊAÌ ÁÆÉ ÁZáAÁZÌ ÊAØ¥É Å å¥Å Ø ÊAÌ Å Ä Å ÁZÉhÓ�ÁZÄ Ë�ÁZÁZÂ�ÃAÎ<ÌÊAÐ�(

Ð<Ì ÃAÊAÈ ÀàÄ ÃhÈZÃAÂ�É Å É Ä ÁZÂ<ÈZÏÀ�ÊAÂ�Ñ<Ø Å Â�ã«ÊAÂ<ÑÆÄ À<ÃAÉ Á¥Ç ÃAØ Ø Ã0Ë�ÁZÑàÓ&Ï�Ä À�Á¥Ó�ÁZØ Å ÁZÇ�Ì ÁZá&Å (
É Å ÃAÂ�·/Î�Ð�Ñ�ÊAÄ Á�ÈZÃAå¥å"Î<Â�Å Ä ÏAÙ �vÊAÄ ÊAÓ�ÊAÉ Á�Ì ÁZÐ�ÊAÅ Ì É�ÈZÃAÅ Â�ÈZÅ Ñ�Á�Ë�Å Ä À"Ì ÁZá&Å É ÁZÑ"å¥Ã&Ñ<ÁZØ É
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Ñ<Á Ô�Â<ÁZÑÓ&Ï�9ÖÅ Â�É Ø ÁZÄ Ä¤Å ÂçÕ 9çÅ Â�É Ø ÁZÄ ÄZÚ�Û0ÜAñAñAÝ Ù?¿�À�Á�Ä Ì ÁZÊAÄ å¥ÁZÂ-Ä"Å ÂçÕ 9çÅ Â�É Ø ÁZÄ ÄZÚ
Û0ÜAñAñAÝ?Å É?å¥ÊAÅ Â�Ø Ï¤Ð<Ì ÃAÐ�ÃAÉ Å Ä Å ÃAÂ�ÊAØ Ú0Ó�Î�Ä*Ê¤Ð�Ì ÁZØ Å å�Å Â�ÊAÌ ÏvÁ ì<Ä ÁZÂ<É Å ÃAÂ�Ä ÃvÔ�Ì É Ä�ÃAÌ Ñ�ÁZÌ
2-Â�Ã0Ë�Ø ÁZÑ�ãAÁhÓ<ÊAÉ ÁZÉ«ÈZÊAÂÖÓ�ÁNÇ ÃAÎ<Â�ÑÖÅ Â½Õ '�À<ÃAÎçÁZÄ¥ÊAØ Ù ÚvÛ0ÜAÜ.0-Ý Ù�¿�À<ÃAÉ ÁNÐ�ÊAÐ�ÁZÌ É
ÈZÃAÂ<ÈZÁZÂ&Ä Ì ÊAÄ ÁNÃAÂÒÄ À<ÁNÈZÃAå�Ð�Î<Ä ÊAÄ Å ÃAÂÒÃAÇ�Ä À<ÁNå�Ã&Ñ�ÁZØ É�ÃAÇ�Ä À<Á«Ì ÁZá&Å É ÁZÑÆÄ À�ÁZÃAÌ ÏAÚ
Å Ù ÁAÙ Ú?Ä À�Á¥Ì ÁZÐ�ÊAÅ Ì É�Å ÂàÃAÎ�Ì"ÈZÊAÉ ÁAÚ�Ó<Î�Ä�Â�ÃAÄ"ÃAÂÆÍ&Î<ÁZÌ ÏÊAÂ�É Ë�ÁZÌ Å Â�ã<Ù�'�ÃAå�Ð�ÊAÌ Å Â�ã
ÃAÎ<ÌvÇ Ì ÊAå¥ÁZË�ÃAÌ 2hË�Å Ä À�Ä À�ÊAÄ�ÃAÇ�Ó�ÁZØ Å ÁZÇ?Ì ÁZá-Å É Å ÃAÂ*Ú�Ë�Á"À<Ê0áAÁ�ÊAÂ�ÁZå¥Ð<Ä ÏNÑ�ÃAå�ÊAÅ Â
Ä À<ÁZÃAÌ ÏAÚ/ÃAÂ�Á�å¥Ã&Ñ<ÁZØ Þ/Ä À<Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�Å Â�É Ä ÊAÂ<ÈZÁAÚAÊAÂ<Ñ�ÊvÌ ÁZá-Å É Å ÃAÂ"Ó&Ï¤Ê¤É ÁZÄ�ÃAÇ�ë '�É0Ù
¿�À�ÁvÌ ÁZá&Å É Å ÃAÂ«ÃAÇ*Ê�Ñ�ÊAÄ ÊAÓ�ÊAÉ Á¤Å Â<É Ä ÊAÂ�ÈZÁvÓ&Ï¥Ä À�Á¤ë '�É�Ð�Ì Ã-Ñ�Î�ÈZÁZÉ�Â�ÁZËêÑ<ÊAÄ ÊAÓ�ÊAÉ Á
Å Â�É Ä ÊAÂ�ÈZÁZÉ0Ú<Ä À<Á¤Ì ÁZÐ<ÊAÅ Ì É�ÃAÇ?Ä À�Á¤ÃAÌ Å ãAÅ Â�ÊAØ�Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁAÙ
èvÁZáAÁZÌ Ä À<ÁZØ ÁZÉ É0Ú*ÃAÎ<Ì�å�ÃAÄ Å á/ÊAÄ Å ÃAÂÆÊAÂ<ÑàÉ Ä ÊAÌ Ä Å Â<ãNÐ�ÃAÅ Â&Ä¤ÊAÌ Á�Í&Î�Å Ä Á�Ñ�Å ä�ÁZÌ ÁZÂ&Ä

Ç Ì ÃAå Ä À<ÃAÉ Á�ÃAÇ�Ó�ÁZØ Å ÁZÇ�Ì ÁZá&Å É Å ÃAÂ�Ù�9Á¥ÊAÌ Á¥Â<ÃAÄ�Å Â-Ä ÁZÌ ÁZÉ Ä ÁZÑÅ ÂÈZÃAå¥Ð�Î<Ä Å Â<ãNÄ À�Á
Ì ÁZÐ�ÊAÅ Ì É_��i�w>n�iZÚ?Ó�Î�Ä�Å ÂÆÊAÂ�É Ë�ÁZÌ Å Â<ã�Í&Î<ÁZÌ Å ÁZÉZÚ?À�ÃAÐ�ÁZÇ Î<Ø Ø Ï�Î�É Å Â<ã�Ä À�Á«ÃAÌ Å ãAÅ Â�ÊAØ
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á¤ÊAÉ�å"Î�È ÀNÊAÉ�Ð�ÃAÉ É Å Ó<Ø ÁAÚ-Ð�ÃAÉ É Å Ó�Ø Ï"Ð�ÃAÉ Å Â<ã"Ê"å¥Ã&Ñ<Å Ô�ÁZÑ¥Í&Î�ÁZÌ ÏAÙ<ë Ç*Ä À<Å É
Å É?Â�ÃAÄ?Ð�ÃAÉ É Å Ó�Ø ÁAÚ0Ë�Á�Ø Ã&Ã<2�Ç ÃAÌ?å¥ÁZÄ À<Ã&Ñ�ÃAØ ÃAãAÅ ÁZÉ?Ç ÃAÌ�Ì ÁZÐ<Ì ÁZÉ ÁZÂ&Ä Å Â<ãvÊAÂ<Ñ�Í-Î�ÁZÌ Ï-Å Â�ã
É Å å"Î<Ø Ä ÊAÂ<ÁZÃAÎ�É Ø Ï¥ÊAÂ�ÑhÅ å�Ð�Ø Å ÈZÅ Ä Ø Ï¥ÊAØ Ø*Ä À<Á"Ì ÁZÐ�ÊAÅ Ì É�ÃAÇ�Ä À<Á�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁAÙ�ð�Î<Ì Ä À<ÁZÌ (
å�ÃAÌ ÁAÚ�Ë�Á¥Ë�ÃAÌ 2�Å ÂÊ�Ç Î�Ø Ø ÏNÔ�Ì É Ä ( ÃAÌ Ñ<ÁZÌ�Ç Ì ÊAå¥ÁZË�ÃAÌ 2�Ù�4¤Ä À�ÁZÌ�ÈZÃAÂ<Â�ÁZÈZÄ Å ÃAÂ<É�Ä Ã
Ó�ÁZØ Å ÁZÇ*Ì ÁZá&Å É Å ÃAÂ�·/Î<Ð�Ñ<ÊAÄ ÁvÈZÊAÂhÓ�Á¤Ç ÃAÎ�Â�ÑNÅ ÂàÕ ×vÌ ÁZÂ<ÊAÉ�ÁZÄ�ÊAØ Ù Ú�Û0ÜAÜAÜAÝ Ù
9Á�É À<ÃAÎ�Ø ÑhÁZå¥Ð�À<ÊAÉ Å 1ZÁ"Ä À�ÊAÄ¤Å Â�Ä À�Å É¤Ð<ÊAÐ�ÁZÌvË�Á"ÊAÌ Á"Â�ÃAÄ¤ÊAÑ�Ñ<Ì ÁZÉ É Å Â<ã¥Ä À�Á

Å É É Î�ÁZÉ¤ÃAÇ�Ñ�ÊAÄ ÊAÓ<ÊAÉ Á¥å¥ÊAÅ Â&Ä ÁZÂ�ÊAÂ<ÈZÁAÚ*Å Â&Ä ÁZãAÌ Å Ä ÏÁZÂ<Ç ÃAÌ ÈZÁZå�ÁZÂ&ÄNÕ ï&È À<ÁZË�Á¥ÁZÄ�ÊAØ Ù Ú
Û0ÜAÜAÜAÝ�ÃAÌvÅ Â&Ä ÁZãAÌ Å Ä ÏNÈ À<ÁZÈ 2-Å Â�ã�Õ èvÅ ÈZÃAØ ÊAÉZÚ?Û0ÜAñ<�AÝ Ù�¿*ÁZÈ À<Â�Å Í&Î�ÁZÉ�Å ÂhÄ À<ÃAÉ Á"Ñ<Å Ì ÁZÈ (
Ä Å ÃAÂ�É�ÊAÌ Á�Å Â&Ä ÁZÂ<Ñ�ÁZÑhÄ Ã�2AÁZÁZÐ�Ä À�Á�Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä�/�Ë�À<ÁZÌ ÁZÊAÉvË�Á�ÊAÈZÈZÁZÐ<Ä
Å Â�ÈZÃAÂ<É Å É Ä ÁZÂ&ÄvÑ<ÊAÄ ÊAÓ�ÊAÉ ÁZÉZÚ�ÊAÂ�Ñ�Ä À�Á"Ñ�ÊAÄ ÊAÓ<ÊAÉ Á�Ì ÁZÐ<ÊAÅ Ì É¤ÊAÌ ÁK� Î<É ÄvÊAÂÊAÎ&ì<Å Ø Å ÊAÌ Ï
ÈZÃAÂ<ÈZÁZÐ�Ä�Î�É ÁZÑ¤Ä Ã�È À�ÊAÌ ÊAÈZÄ ÁZÌ Å 1ZÁ�Ä À<ÃAÉ Á�ÊAÂ�É Ë�ÁZÌ É*Ä Ã�Í&Î�ÁZÌ Å ÁZÉ�Ä À�ÊAÄ*ÊAÌ Á�ÈZÃAÂ<É Å É Ä ÁZÂ&Ä
Ë�Å Ä ÀàÕ Ð�ÃAÉ É Å Ó�Ø Ï�ãAØ ÃAÓ<ÊAØ Ø Ï&Ý�á&Å ÃAØ ÊAÄ ÁZÑhÅ Â-Ä ÁZãAÌ Å Ä Ï«ÈZÃAÂ<É Ä Ì ÊAÅ Â&Ä ÉZÙ
¿?Ã�Ä À<Á�Ó�ÁZÉ Ä�ÃAÇ&ÃAÎ�Ì�2&Â�Ã0Ë�Ø ÁZÑ�ãAÁAÚZÄ À�Á?Ô�Ì É Ä�Ä Ì ÁZÊAÄ å¥ÁZÂ&Ä�ÃAÇ�'��¤×ÆÅ Â¤Ñ�ÊAÄ ÊAÓ<ÊAÉ ÁZÉ

ãAÃ-ÁZÉ¥Ó�ÊAÈ 2ÒÄ ÃÖÕ í�Ì ÏAÚ�Û0ÜAÜ<UAÝ Ù�¿�À<ÁNÊAÐ�Ð�Ì ÃAÊAÈ ÀçÅ É�Ó�ÊAÉ ÁZÑÖÃAÂÖÊÐ�Î<Ì ÁZØ ÏÐ�Ì Ã&ÃAÇ (
Ä À<ÁZÃAÌ ÁZÄ Å È�Â�ÃAÄ Å ÃAÂ�ÃAÇ<ÈZÃAÂ�É Å É Ä ÁZÂ&Ä?Í&Î<ÁZÌ Ï¤ÊAÂ�É Ë�ÁZÌ0Ù/¿�À<Å É*Â�ÃAÄ Å ÃAÂ*Ú/Ñ<ÁZÉ ÈZÌ Å Ó�ÁZÑ"ÃAÂ<Ø Ï
Å Â�Ä À�Á�Ð�Ì ÃAÐ�ÃAÉ Å Ä Å ÃAÂ<ÊAØ-ÈZÊAÉ ÁAÚAÅ É?å¥ÃAÌ Á�Ì ÁZÉ Ä Ì Å ÈZÄ ÁZÑ�Ä À<ÊAÂ�Ä À<Á�ÃAÂ<Á�Ë�Á�Î�É ÁZÑ�Å Â"Ä À<Å É
Ð<ÊAÐ�ÁZÌZÙ*ë Â½Õ '�À�ÃAØ á&ÏAÚ�Û0ÜAÜAñAÝ ÚM'�À�ÃAØ á&ÏÐ�Ì ÁZÉ ÁZÂ&Ä É"ÊãAÁZÂ<ÁZÌ ÊAØ�Ø ÃAãAÅ È«Ç Ì ÊAå¥ÁZË�ÃAÌ 2
Ç ÃAÌ«Ì ÁZÊAÉ ÃAÂ<Å Â�ãàÊAÓ�ÃAÎ�Ä¥ÈZÃAÂ&Ä Ì ÊAÑ�Å ÈZÄ ÃAÌ ÏÒÅ Â<Ç ÃAÌ å�ÊAÄ Å ÃAÂÖË�À<Å È ÀÖÅ É«Ó�ÊAÉ ÁZÑçÃAÂÖÊAÂ
Ê/ì&Å ÃAå¥ÊAÄ Å 1ZÊAÄ Å ÃAÂàÅ Âå�Ã&Ñ�ÊAØ�Ð<Ì ÃAÐ�ÃAÉ Å Ä Å ÃAÂ�ÊAØ?Ø ÃAãAÅ ÈAÙ*ë Â<É Ä ÁZÊAÑ�Ú*ÃAÎ�Ì¤ÊAÐ�Ð<Ì ÃAÊAÈ ÀàÅ É
Ó<ÊAÉ ÁZÑNÃAÂhÈZØ ÊAÉ É Å ÈZÊAØ�Ô�Ì É Ä�ÃAÌ Ñ<ÁZÌ�Ø ÃAãAÅ ÈAÙ
4¤Ä À<ÁZÌ�ÊAÐ�Ð<Ì ÃAÊAÈ À�ÁZÉ�Ä Ã"ÈZÃAÂ�É Å É Ä ÁZÂ-Ä�Í&Î<ÁZÌ Ï�ÊAÂ<É Ë�ÁZÌ Å Â�ã�Ó<ÊAÉ ÁZÑ«ÃAÂNØ ÃAãAÅ ÈvÐ<Ì Ã.(

ãAÌ ÊAå¥É"Ë�Å Ä ÀÆÉ Ä ÊAÓ�Ø Á«å¥Ã&Ñ<ÁZØ�É ÁZå�ÊAÂ&Ä Å ÈZÉ"Ë�ÁZÌ Á«Ð�Ì ÁZÉ ÁZÂ&Ä ÁZÑÆÅ ÂêÕ ×�Ì ÁZÂ�ÊAÉ"ÁZÄ"ÊAØ Ù Ú
�.-<-<-�/-í�ÊAÌ ÈZÁZØ Ã"ÁZÄ�ÊAØ Ù Ú��.-<-@��/ ± Ì ÁZÈZÃ"ÁZÄ�ÊAØ Ù Ú��.-<-<Û0Ý Ù<¿�À�ÁZÏ"ÈZÊAÂNÀ<ÊAÂ�Ñ�Ø Á�ãAÁZÂ�ÁZÌ ÊAØ
Ô�Ì É Ä�ÃAÌ Ñ�ÁZÌ�Í-Î�ÁZÌ Å ÁZÉ�Ë�Å Ä ÀNÎ�Â�Å áAÁZÌ É ÊAØ�ë '�ÉZÙ
¿�À<ÁZÌ Á"ÊAÌ Á�å¥ÊAÂ-Ï�ÃAÐ�ÁZÂÅ É É Î�ÁZÉ0Ù�4¤Â<Á�ÃAÇ�Ä À�ÁZå À<ÊAÉ¤Ä ÃNÑ�ÃNË�Å Ä ÀÄ À�Á"Ð�ÃAÉ (

É Å Ó<Å Ø Å Ä Ï«ÃAÇ�ÃAÓ�Ä ÊAÅ Â�Å Â<ã¥Ç Ì ÃAåÄ À�Á�Ä ÊAÓ�Ø ÁZÊAÎ&ìhÇ ÃAÌvÅ Â�É Ä ÊAÂ�ÈZÁZÉvÊAÂ<Ñ�ë '�ÉvÄ À�Á�Ì Å ãAÀ&Ä
) Ì ÁZÉ Å Ñ�Î�ÁZÉ +Ä À<ÊAÄ�ÈZÊAÂÖÓ�ÁNÎ�É ÁZÑÒÄ ÃàÌ ÁZË�Ì Å Ä ÁNÊÍ&Î<ÁZÌ ÏàÊAÉ¥Å Â½Õ ×vÌ ÁZÂ<ÊAÉ¥ÁZÄ�ÊAØ Ù Ú
Û0ÜAÜAÜAÝ Ù�¿�À�Á¤Ä À�ÁZÃAÌ ÁZÄ Å ÈZÊAØ*Ó�ÊAÉ Å É�ÃAÇV'��¤×âÐ<Ì ÃAÐ�ÃAÉ ÁZÑNÅ ÂÆÕ ×�Ì ÁZÂ�ÊAÉ�ÁZÄvÊAØ Ù Ú*Û0ÜAÜAÜAÝ
Ë�ÁZÌ Á¥Ì Á Ô�Â<ÁZÑÊAÂ�ÑàÅ å¥Ð<Ø ÁZå¥ÁZÂ-Ä ÁZÑÅ ÂçÕ '�ÁZØ Ø Á�ÁZÄ�ÊAØ Ù Ú5�.-<-<--Ý ÙR'�ÃAå�Ð�ÊAÌ Å É ÃAÂ<É¤ÃAÇ
Ä À<ÁhÄ ÊAÓ�Ø ÁZÊAÎ&ìÖÓ<ÊAÉ ÁZÑçå�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏÒÇ ÃAÌ>'��¤× ÊAÂ�ÑÖÄ À<ÁE) Ì ÁZË�Ì Å Ä Å Â<ãÓ�ÊAÉ ÁZÑ
ÊAÐ<Ð�Ì ÃAÊAÈ À�+¥Ð�Ì ÁZÉ ÁZÂ&Ä ÁZÑ�Å Â�Ä À<ÃAÉ Á�Ð�ÊAÐ�ÁZÌ É�Å ÉvÊAÂhÃAÐ�ÁZÂhÅ É É Î�ÁAÙ�TvÃ0Ë�ÁZáAÁZÌ0Ú�Í&Î<ÁZÌ Ï
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Ì ÁZË�Ì Å Ä Å Â<ã<Ú<ÊAÉ¤Ð<Ì ÁZÉ ÁZÂ&Ä ÁZÑÅ ÂÆÕ ×vÌ ÁZÂ<ÊAÉ¤ÁZÄvÊAØ Ù Ú?Û0ÜAÜAÜAÝ Ú�ÈZÊAÂ�Â�ÃAÄvÓ�Á�ÊAÐ�Ð�Ø Å ÁZÑNÄ Ã
Á ì&Å É Ä ÁZÂ-Ä Å ÊAØ�Í-Î�ÁZÌ Å ÁZÉ¥Ø Å 2AÁhÄ À<ÁhÃAÂ<Á�Å ÂÖÁ ì<ÊAå�Ð�Ø ÁÛ0î&Ú�Ë�À<ÁZÌ ÁZÊAÉ¥Ä À�ÁNÄ ÊAÓ�Ø ÁZÊAÎ&ì
å�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏçÈZÊAÂ½Ó�ÁÎ<É ÁZÑ�Ù#?�ÁZÌ À�ÊAÐ�ÉZÚ�ÊAÂ½ÊAÐ<Ð�Ì ÃAÐ<Ì Å ÊAÄ ÁÎ�É ÁÃAÇ�Ä ÊAÓ�Ø ÁZÊAÎ&ì
ÈZÃAÎ<Ø ÑNå�Ê<2AÁ"Ð�ÃAÉ É Å Ó<Ø ÁvÊAÂhÁ ì<Ä ÁZÂ<É Å ÃAÂhÃAÇ?Ä À<Á�Ì ÁZË�Ì Å Ä Å Â<ã�ÊAÐ<Ð�Ì ÃAÊAÈ ÀhÄ Ã¥É Ï&Â-Ä ÊAÈ (
Ä Å ÈZÊAØ Ø Ï«Ì Å È À�ÁZÌ�Í-Î�ÁZÌ Å ÁZÉ�ÊAÂ<ÑNë '�ÉZÙ
×vÂ�ÃAÄ À<ÁZÌ�Å Â&Ä ÁZÌ ÁZÉ Ä Å Â<ã"ÃAÐ�ÁZÂ«Å É É Î<ÁvÀ�ÊAÉ�Ä Ã�Ñ<Ã�Ë�Å Ä À«Ä À<Á¤Ç ÊAÈZÄ�Ä À�ÊAÄ�Ë�Á¤À<Ê0áAÁ

Ä Ì ÁZÊAÄ ÁZÑçï�2AÃAØ ÁZå Ð�ÊAÌ ÊAå¥ÁZÄ ÁZÌ É¥ÊAÉ�Â&Î<Ø Ø�á/ÊAØ Î�ÁZÉZÙ�ë Ä�Ë�ÃAÎ�Ø ÑÆÓ�ÁNÅ Â&Ä ÁZÌ ÁZÉ Ä Å Â�ãhÄ Ã
É Ä Î�Ñ<Ï�Ä À<ÁvÊAÐ�Ð<Ø Å ÈZÊAÓ<Å Ø Å Ä Ï�Å Â¥ÃAÎ�Ì�É ÈZÁZÂ�ÊAÌ Å Ã"ÃAÇ�å�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÅ ÁZÉ�Ç ÃAÌ�Í-Î�ÁZÌ Ï�ÁZá0ÊAØ (
Î<ÊAÄ Å ÃAÂ�Å Â�Ñ�ÊAÄ ÊAÓ�ÊAÉ ÁZÉ�Å Â�Ä À�Á�Ð<Ì ÁZÉ ÁZÂ�ÈZÁ�ÃAÇ�Â&Î�Ø Ø<á/ÊAØ Î�ÁZÉ�Ø Å 2AÁ�Ä À�Á�ÃAÂ�Á�Ð<Ì ÁZÉ ÁZÂ-Ä ÁZÑ
Å ÂàÕ ��ÁZÅ Ä ÁZÌ0Ú�Û0ÜAñ<=AÝ Ù
ë ÂhÄ À�Å É�Ð�ÊAÐ�ÁZÌ�Ë�Á�À�Ê0áAÁ"ÈZÃAÂ<ÈZÁZÂ&Ä Ì ÊAÄ ÁZÑ�å¥ÃAÉ Ä Ø Ï«ÃAÂ�Ä À�Á�Ä À�ÁZÃAÌ ÁZÄ Å ÈZÊAØ?Ç ÃAÎ�Â�(

Ñ<ÊAÄ Å ÃAÂ<ÉhÃAÇ"Êçå�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏçÓ�ÊAÉ ÁZÑ½ÃAÂ½É ÁZå�ÊAÂ&Ä Å ÈàÄ ÊAÓ�Ø ÁZÊAÎ<ìêÇ ÃAÌhÍ-Î�ÁZÌ Ï-Å Â�ã
Å Â�ÈZÃAÂ<É Å É Ä ÁZÂ&ÄhÑ�ÊAÄ ÊAÓ<ÊAÉ ÁZÉ0ÙvèvÁZáAÁZÌ Ä À�ÁZØ ÁZÉ É0ÚvÄ À�ÁÆå�ÁZÄ À�Ã&Ñ<ÃAØ ÃAãAÏêÇ ÃAÌ�'��¤× Ì Á (
Í-Î�Å Ì ÁZÉ�Ç Î�Ì Ä À�ÁZÌ�Å Â&áAÁZÉ Ä Å ãAÊAÄ Å ÃAÂ*Ù<ë ÂhÄ À<Å É�ÈZÃAÂ&Ä Á ì<ÄZÚ�Ä À<Á�å¥ÃAÉ Ä�Å Â&Ä ÁZÌ ÁZÉ Ä Å Â�ã�ÃAÐ�ÁZÂ
Ð<Ì ÃAÓ<Ø ÁZå¥É�À<Ê/áAÁvÄ Ã"Ñ�Ã"Ë�Å Ä À¥Å å�Ð�Ø ÁZå�ÁZÂ&Ä ÊAÄ Å ÃAÂ¥Å É É Î�ÁZÉZÙ1�hÃAÌ ÁvÉ Ð�ÁZÈZÅ Ô�ÈZÊAØ Ø ÏAÚ-Ä À�Á
å�ÊAÅ Â"È À<ÊAØ Ø ÁZÂ<ãAÁ�ÈZÃAÂ<É Å É Ä É?Å Â"Ñ<ÁZáAÁZØ ÃAÐ�Å Â�ãvÀ<ÁZÎ�Ì Å É Ä Å ÈZÉ*ÊAÂ�Ñ"å¥ÁZÈ À�ÊAÂ<Å É å�É�Ç ÃAÌ�Î<É (
Å Â�ã¤Ê�Ä ÊAÓ<Ø ÁZÊAÎ<ì¥Ä À<ÁZÃAÌ ÁZåßÐ�Ì Ã/áAÁZÌ�Ä Ã�ãAÁZÂ�ÁZÌ ÊAÄ Á�·/É Ä ÃAÌ Á�·/Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä {�� Õ J<L���S-Ý
Å ÂêÊÖÈZÃAå¥Ð�ÊAÈZÄhÇ ÃAÌ åéË�Å Ä À½Ä À<ÁàÐ<Î�Ì Ð�ÃAÉ ÁÃAÇ Þ"Õ Ê-ÝNÊAÐ�Ð<Ø Ï&Å Â�ãÆÄ À�ÁàÑ<ÊAÄ ÊAÓ�ÊAÉ Á
ÊAÉ É Î<å¥Ð�Ä Å ÃAÂ�ÉZÚ�Õ Ó�Ý¤Å Â&Ä ÁZÌ ÊAÈZÄ Å Â�ãhË�Å Ä ÀàÊ��ví���ïÆÃAÂÆÌ ÁZÍ&Î<ÁZÉ ÄZÚ?Å ÂàÐ�ÊAÌ Ä Å ÈZÎ<Ø ÊAÌ0Ú
Ë�Å Ä À<ÃAÎ�Ä�Ì ÁZÐ�Ø Å ÈZÊAÄ Å Â<ãNÄ À�Á«Ë�À�ÃAØ Á¥Ñ�ÊAÄ ÊAÓ<ÊAÉ Á«Å Â�É Ä ÊAÂ�ÈZÁ¥ÊAÄ"Ä À�Á¥Ä ÊAÓ<Ø ÁZÊAÎÆØ ÁZáAÁZØ Ú
Õ È0Ý�Ñ�ÁZÄ ÁZÈZÄ Å Â�ãNÊAÂ<ÑÐ<Ì Ã&Ñ<Î�ÈZÅ Â<ã¥Ä À<Á�å�Å Â�Å å¥ÊAØ*ÃAÐ�ÁZÂ�Å Â<ãAÉ�Õ ÃAÂ�Ø Ï<Ý Ú�Õ Ñ�Ý�Î<É Å Â<ã«Ê
Ä À<ÁZÃAÌ ÁZå�Ð�Ì Ã0áAÁZÌ¤Õ Å Â�ÈZÃAå"Ó�Å Â�ÊAÄ Å ÃAÂ¥Ë�Å Ä À¥Ê
�¤í��ï<Ý�Å Â�ÃAÌ Ñ�ÁZÌ�Ä Ã�ÈZÃAÂ�É Å É Ä ÁZÂ&Ä Ø Ï
ÊAÂ<É Ë�ÁZÌ�Í&Î�ÁZÌ Å ÁZÉZÙ
ð�Ì ÃAåæÃAÎ�Ì�Á ì<Ð�ÁZÌ Å ÁZÂ�ÈZÁ�Ë�Å Ä ÀàØ ÃAãAÅ È¥Ð�Ì ÃAãAÌ ÊAå¥å�Å Â<ãNÓ�ÊAÉ ÁZÑf'��¤× Õ ×vÌ ÁZÂ<ÊAÉ

ÁZÄ�ÊAØ Ù Ú��.-<-<-�/�í�ÊAÌ ÈZÁZØ Ã�ÁZÄ�ÊAØ Ù ÚR�.-<-@�AÝ Ú�Ë�Á�2&Â�Ã0ËßÅ Ä"Å É"Ð�ÃAÉ É Å Ó�Ø Á�Ä Ã�ÃAÐ�Ä Å å¥Å 1ZÁ
Ä À<Á¥Ì ÁZÐ�Ì ÁZÉ ÁZÂ&Ä ÊAÄ Å ÃAÂ<É�Å ÂàãAÁZÂ<ÁZÌ ÊAØ Ú*ÃAÓ�Ä ÊAÅ Â�Å Â�ãNÉ Å å¥Ð<Ø ÁZÌ¤Ø ÃAãAÅ È¥Ð<Ì ÃAãAÌ ÊAå�É�Ë�Å Ä À
Ø Ã0Ë�ÁZÌ�ÁZá/ÊAØ Î<ÊAÄ Å ÃAÂÒÈZÃAå�Ð�Ø Á ì&Å Ä ÏçÕ í�ÊAÌ ÈZÁZØ Ã7i ] l u z ÚV�.-<-@6AÝ Ù�ï&Å å�Å Ø ÊAÌ�Å Â&áAÁZÉ Ä Å ãAÊ.(
Ä Å ÃAÂ�É�É À�ÃAÎ�Ø ÑNÓ�ÁvÈZÊAÌ Ì Å ÁZÑNÃAÎ�Ä�Å ÂNÄ À�Á¤Ä ÊAÓ<Ø ÁZÊAÎhÓ<ÊAÉ ÁZÑNÊAÐ�Ð�Ì ÃAÊAÈ À*Ù
×vÂhÅ å�Ð�ÃAÌ Ä ÊAÂ&Ä�Å É É Î<Á¤Å ÂNÑ�ÊAÄ ÊAÓ�ÊAÉ Á"ÊAÐ�Ð<Ø Å ÈZÊAÄ Å ÃAÂ�É�Å É�Ä À�ÊAÄ�Î�É Î�ÊAØ Ø Ï¥Í&Î�ÁZÌ Å ÁZÉ

À<Ê0áAÁÆÇ Ì ÁZÁá/ÊAÌ Å ÊAÓ�Ø ÁZÉhÊAÂ<Ñ½Ä À�ÁZÂêÊAÂ�É Ë�ÁZÌhÉ ÁZÄ ÉhÀ�Ê0áAÁàÄ ÃÖÓ�ÁÌ ÁZÄ Ì Å ÁZáAÁZÑ½ÊAÉhÊ
Ì ÁZÉ Î<Ø Ä�ÃAÇ�Ä À�Á«ÊAÎ<Ä ÃAå¥ÊAÄ ÁZÑÆÌ ÁZÊAÉ ÃAÂ�Å Â<ãhÐ�Ì Ã-ÈZÁZÉ É0Ù*èvÃAÄ Å ÈZÁ«Ä À<ÊAÄ"ÃAÂ�ÈZÁ«Ë�Á«À<Ê0áAÁ
v ��Õ {�� Õ J<L\�3SAÝ Ý Ú�Ë�Á"Â�ÁZÁZÑhÄ Ã«Ó�Á�ÊAÓ�Ø Á�Ä Ã<Þ�Õ Ê-Ý�Î<É Á�Å Ä�Ç ÃAÌ�Ñ�Å ä�ÁZÌ ÁZÂ&Ä�Í&Î�ÁZÌ Å ÁZÉ
��Ú�Õ Ó�Ý�Ð<Ì Ã&ÈZÁZÉ É�Ä À�Á¤ÈZÃAå�Ó�Å Â<ÁZÑNÄ ÊAÓ�Ø ÁZÊAÎ v ��Õ {�� Õ J<LC�>S-Ý Ý c {�� Õ = ��Ý�Å Â«ÊAÂ
) Ì ÁZÊAÉ ÃAÂ<ÊAÓ�Ø Á¥ÊAÂ�ÑÆÐ�Ì ÊAÈZÄ Å ÈZÊAØ +�Ë�Ê0ÏAÙR9ÁNÀ<Ê0áAÁNÉ ÁZÁZÂÒÄ À�ÊAÄ"Á ì<Å É Ä Å Â<ãhå¥ÁZÄ À�Ã-Ñ�(
ÃAØ ÃAãAÅ ÁZÉ�ÊAÂ�ÑâÊAØ ãAÃAÌ Å Ä À�å�É�Ø Å 2AÁàÄ À�ÁÆÃAÂ�ÁÆÐ<Ì ÁZÉ ÁZÂ-Ä ÁZÑ�Å Â�Õ èvÅ ÁZå¥ÁZØ Ê<Ú"Û0ÜAÜ<=/Ó�Ý Ú
ÈZÊAÂÖÓ�ÁhÎ�É ÁZÑÖÅ ÂÖÄ À�Å É«Ñ<Å Ì ÁZÈZÄ Å ÃAÂ*ÙRTvÃ0Ë�ÁZáAÁZÌ0Ú�Ð<Ì Ã&Ñ<Î�ÈZÅ Â�ã�ÊÆË�ÃAÌ 2-Å Â�ãàÅ å¥Ð�Ø Á (
å�ÁZÂ&Ä ÊAÄ Å ÃAÂ�Ú�ÈZÃAÂ<É Å Ñ�ÁZÌ Å Â�ã«ÊAØ ØR2-Å Â�Ñ<ÉvÃAÇ�ÃAÐ�Ä Å å¥Å 1ZÊAÄ Å ÃAÂ�ÉvË�Å Ä ÀÌ ÁZÉ Ð�ÁZÈZÄ¤Ä ÃNÌ ÁZÐ�(
Ì ÁZÉ ÁZÂ&Ä ÊAÄ Å ÃAÂêÊAÂ<ÑêÑ<ÁZáAÁZØ ÃAÐ<å¥ÁZÂ&Ä«ÃAÇ�Ä À�Á�Ä ÊAÓ<Ø ÁZÊAÎ<ì�Ú�ãAÌ ÃAÎ�Â�Ñ<Å Â<ãàÄ ÁZÈ À�Â<Å Í&Î<ÁZÉ0Ú
Ñ<ÊAÄ ÊAÓ�ÊAÉ Á�·/Ä À�ÁZÃAÌ ÁZå�( Ð�Ì Ã/áAÁZÌ�Å Â&Ä ÁZÌ ÊAÈZÄ Å ÃAÂ*ÚAÁZÄ ÈAÙ-Å É�Ê¤å¥Ê.� ÃAÌ�Ä ÊAÉ 2"Ä À�ÊAÄ�Ñ<ÁZÉ ÁZÌ áAÁZÉ
É ÁZÐ�ÊAÌ ÊAÄ Á�Å Â-áAÁZÉ Ä Å ãAÊAÄ Å ÃAÂ*Ù

ø ù ú/û ü0ù ý þ ú/ùZÿ�� �Zü ����� ��	 
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K�o $�$�& $�&MLG0 ����%OP
,*ÁZÄKS<q*Ó�Á"ÊAÂÃAÐ�ÁZÂ<Å Â<ã«ÃAÇVS<Ù�¿�À<ÁZÂ�S<q�YÕ SK¶ ��Ý/���ÒÚ�Ë�À<ÁZÌ Á��:Y¬�¤�Þ�¤�K
S�ÊAÂ�Ñ = ¤�K���¯�ÊAÂ�Ñ � Y¬�¤�Þ�¤�K��NÊAÂ�Ñ�Ä À�ÁZÌ Á�Å É¤Â<Ã«É Î<Ó�É Ä Å Ä Î�Ä Å ÃAÂ �ÆÉ Î<È À
Ä À<ÊAÄ�¤ �"K3S�¯���Ù�,?ÁZÄ�Î�É�Ô�Ì É Ä�ÃAÓ�É ÁZÌ áAÁ�Ä À<ÊAÄ �8´ ��Y � É Å Â�ÈZÁ
� y S"ÊAÂ�ÑhÇ ÃAÌ
¤/K��ÆÚ�¤�uKHS&Ù�9Á"É À�Ã0Ë½Ä À<ÊAÄ�S<`*S.q�Y �J� �ÆÙ�,*ÁZÄ�Ó�Á � K3S@`�S<q Ù
ÛAÙ�'�ÊAÉ Á � KHS�ÊAÂ�Ñ � uKHS q Ù�¿�À�ÁZÂ � uK�� ÊAÂ�Ñ � uKÆÕ S�¶ ��Ý Ù�í�Î�Ä�Ç Ì ÃAå Ä À<Å É0Ú
Ë�Á¤ãAÁZÄ � K �vÚ<À<ÁZÂ�ÈZÁ � K �J� �
�&Ù�'�ÊAÉ Á � uK8S�ÊAÂ�Ñ � K8S.q Ú�Å ä � uK�S�ÊAÂ<ÑÒÕ Õ � K8S�ÊAÂ�Ñ � uK ��Ý�ÃAÌ � K��Ý Ú
Å ä � uK3S�ÃAÌ � K �æÇ Ì ÃAå�Ë�À�Å È ÀNÅ Ä�Ç ÃAØ Ø Ã0Ë�É � K ������Ù
4¤Â«Ä À�ÁvÃAÄ À�ÁZÌ�À�ÊAÂ�Ñ�Ú&Ø ÁZÄ�Ó�Á � K��
���ÒÙ&×vãAÊAÅ Â�Ú<Ë�Á¤ÈZÃAÂ<É Å Ñ<ÁZÌ�Ä Ë�Ã�ÈZÊAÉ ÁZÉZÞ

ÛAÙ�'�ÊAÉ Á � K���Ú�Ä À�ÁZÂ�Ó&ÏhÑ<Á Ô�Â<Å Ä Å ÃAÂ�Ú = � K���Ù�¿�À<ÁZÂ*Ú � uK�S�¶ �êÊAÂ<Ñ*Ú�É Å Â�ÈZÁ
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6<= ��� � � � � � ���  �!#" $ % &��  !
�¥Å É�ÃAÐ�ÁZÂ*Ú � uKH��Ù�ð�Ì ÃAåÄ À<Å ÉZÚ�Ë�Á�ãAÁZÄ � uK�� ÊAÂ<Ñ*Ú�É Å Â<ÈZÁ_S.q�YßÕ S#¶���Ý�� �ÆÚ
� uK3S q Ú�Ç Ì ÃAå Ë�À�Å È ÀNÅ Ä�Ç ÃAØ Ø Ã0Ë�É�Ä À�ÊAÄ � K3S<`*S q Ù
�&Ù5'�ÊAÉ Á � K �ÆÚ�Ä À�ÁZÂ � Kf�hÊAÂ�Ñ � uKfS<Ù�í�Î<Ä¤Ä À�ÁZÂ � KfS.q*ÊAÂ�ÑÄ À�ÁZÌ ÁZÇ ÃAÌ Á
� K3S@`�S q Ù

K�o $�$�& $�&MK�o $�n"$/pE* )_* $�#ON

í�Ï�,*ÁZå�å¥ÊH0<Ú�Ë�Á«À�Ê0áAÁ>S@`�S ^ Y � ^ � � ^ ÊAÂ�ÑfS<`*S�®�Y �V® � ��®AÙ?ð<Ì ÃAå
S ^ | } S�®�Ë�Á"ãAÁZÄvÄ À�ÁZÂ � ^ � � ^ y �V®�� �>®AÙ�ï<Å Â<ÈZÁ � � ´ � � Y � Ú�Ë�Á�À<Ê0áAÁ
� ^ y � ® ÊAÂ�Ñ � ^ y � ® Ù

K�o $�$�& $�&!' !�0 $�o�0"�RQ

,*ÁZÄVS.q<Ó�Á�Ê�Ì ÁZÐ<ÊAÅ Ì�ÃAÇ�S<Ù-¿�À<ÁZÂ�S.q5X YE���½ÊAÂ�Ñ�S.q+K j�" #�S T U V Õ " SZÝ Ù<ï<Å Â�ÈZÁ#S<q&Å É�Ê
å�Ã&Ñ�ÁZØ-ÃAÇ�����Ú/Ó&Ï�¿�À�ÁZÃAÌ ÁZå�ÛAÚ.S<qAÈZÃAÂ&Ä ÊAÅ Â<É�ÊAÂ"ÃAÐ�ÁZÂ�Ó<Ì ÊAÂ�È À��¤ÃAÇ�Ä À<Á�Ä ÊAÓ�Ø ÁZÊAÎ
{�� Õ J<LvÝ�Ç ÃAÌWJ<L�Ù�9Á"À<Ê0áAÁ�S.q�Y�Õ S�¶���Ý�� � ÊAÂ�ÑhÉ Å Â<ÈZÁ_S.q�Å É�å¥Å Â<Å å�ÊAØ�Ë�Ì Ä
| } Ú<Ä À�ÁZÌ Á¤Å É�Â�Ã*S q q ÈZØ ÃAÉ ÁZÌ�Ä Ã*S"Ä À�ÊAÂ3S q Ú<Å Ù ÁAÙ<Ä À�ÁZÌ Á¤Å É�Â<Ã*S q q Y�Õ SM¶ � q Ý���� q
É Î�È ÀàÄ À<ÊAÄ �Vq�W �âÊAÂ<Ñ���q�W �ÒÙ�TvÁZÂ<ÈZÁ�S<q-�8�hÅ É¤ÊNå¥Å Â�Å å�ÊAØ�ÃAÐ�ÁZÂ�Å Â�ã«ÃAÇ
S��3��Ù
4¤ÂçÄ À�ÁÃAÄ À<ÁZÌNÀ�ÊAÂ�Ñ�Ú�Ø ÁZÄ3���fS<q�Ó�ÁÊÆå¥Å Â�Å å¥ÊAØvÃAÐ�ÁZÂ�Å Â�ãÆÃAÇ_�:�fSàÅ Â

{�� Õ J<LJ��SAÝ�Ë�À�ÁZÌ ÁK�"Å É�ÊAÂ«ÃAÐ�ÁZÂ¥Ó<Ì ÊAÂ�È À«ÃAÇ {�� Õ J<LvÝ Ù-¿�À�ÁZÂ�Ú-Ó&Ï �¤Á Ô�Â�Å Ä Å ÃAÂ
=&Ú�S q Y�Õ S�¶ ��Ý�� � Ë�À<ÁZÌ Á
�7Y ¬�¤�Þ@¤iKHS�ÊAÂ<Ñ = ¤iK8�¥ÊAÂ�Ñ�� Y ¬�¤�Þ@¤iK8�
ÊAÂ<Ñ¥Ä À<ÁZÌ Á�Å É�Â�Ã�É Î<Ó�É Ä Å Ä Î�Ä Å ÃAÂ��hÉ Î<È À«Ä À<ÊAÄV¤ ��K3S�¯-Ù-í�Ï*,*ÁZå¥å�Ê_0<Ú&Ë�ÁvÀ<Ê0áAÁ
S<`*S.q�Y ��� �ÒÙ�ï<Å Â<ÈZÁ_�$�3S¥Å ÉvÊ¥å¥Å Â<Å å�ÊAØ*ÃAÐ�ÁZÂ�Å Â<ã¥ÃAÇR�$�HS.q Ú�Ë�Á"À�Ê0áAÁ"Ó&Ï
¿�À�ÁZÃAÌ ÁZå 6&Ú�Ä À<ÊAÄ�Ä À<ÁZÌ Á�Å É�Â�Ã*S.q q Ú �Vq q�ÊAÂ�Ñ ��q q�É Î�È ÀhÄ À<ÊAÄ�S.q q�Å É�ÊAÂNÃAÐ�ÁZÂ<Å Â�ã
ÃAÇ#ShÊAÂ�ÑfS.q qMYæÕ S_¶��Vq q ÝG����q q�ÊAÂ<Ñ �Vq q�W ��ÊAÂ�Ñ ��q q�W �ÆÙ?í�Ïf,*ÁZå�å¥Ê
0<Ú�Ä À<Å É¤å�ÁZÊAÂ�É�Ä À�ÊAÄ¤Ä À<ÁZÌ Á¥Å É¤Â�Ã3S q q É Î�È ÀÄ À�ÊAÄ_S<`*S q q W S<`*S q Ú�Å Ù�ÁAÙ�S q Å É�Ê
å�Å Â<Å å¥ÊAØ�ÁZØ ÁZå¥ÁZÂ-Ä�ÃAÇ j� � Õ J<L¤Ý�Ë�Ì Ä�Ä À�Á�ÃAÌ Ñ�ÁZÌW| } Ù
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��� � � � � � � ��� ����� � � ��� � �!� ��� ��� � ��� � � �   ����� ¡�� ������� �T��� ��� � � � � ¡ ¢���£ � ¤�� ��� � ��� ¡�� ��� � £ � � � ¢�¥ � ��� � � � � ��� � ¦
§ � ¤ � � � ¨�� � � � � ©�� ��� �%� � ª�� � ¢5� ¨�� �%«�� � �%� ¡U� ¨������ � ��� �G� �%� �%¥ � ��� � � � � � �%¬�� � ¨5� ¨���¥ � ��� � � � � ��� � ¦� �� ¨�� �!®�� ®�� �#¬#�%� ®�®�� ¢¯� � £ � ¥�®�� � £ � � «�«�� ��£���� � � �5� �¯� ��� ¬#� ��� � � �!� ��� ¨���®�� � ��� � «°� ¡�� � � � � � ¤�� ��£
¥ � ��� � � � � ���!� ��¡ � � «�� � � � ��¡ � � «±��®�� � � � ��� ¢�� ��¥ � ��� � � � � � �#��� � � ��� � � ¦�²�� ��¥ �#¥ � ��� � � � � ���!� ��¡ � � «�� � � � �
®�� � � � � � ��¡ � � «;� ¨��U� � � £ � ��� ����� � � ��� � �U� �%� ¤ � � ¢�� ¡�� � ��«�� ��� «�� � � � ®�� � � � © � ¨��U� ®�®�� � � ¥ ¨�� ����� � � ��� �
��� ®�� ¥ � ³�¥ � � � � �5� ¡���� � � ��� � ��� � ®�� � � �#´�� � ��£5µ � � ¶ ·���� � � ¸  �¹ � º � ��»�¼ � º ¼ ½ ¾��%¿U� � À8  Á �   »�� � � ��� ©�¬�¨�� � �
� ��� ¬#� ��� � �#� � «�� � � � ¥ �#¥ � ������� � ®�� � � � ��� � �¯� ���5¥ � «�®�´�� � ��� ¢¯� ¢�� � � «��U� ¨�� �#� «�®�� � «�� � �#� � � ��� �
«������ ��� � «�� ��� � ¥ � ¦�Â#¨�� � ��®�� � £ � � «���� � � � ¬Ã´��#� ����� ¥ � � � ��®�� � � � � � � ��¥ ��� ¢5��� ¡ � ´�� �%� ¡U��� � ��¡ � � «
� ¨���� � � £ � ��� ��� ��� � � ��¥ ��� ��� ¨��#� � ®�� � � � Ä�� ����¥ ¨�� ��£ � �U� ��� � � � � � �%¥ � ��� � � � � ��¥ ¢�©�� ¢¯� Å�¥ � ®�� � � ��� ¦�Æ��
¥ � ��¥ � ��� � � � ��«�� � ��� ¢C� �C� � £ � ¥¯®�� � £ � � «���¡ � ����� ��� � ¢�� � � � £ � � � ¢C¥ � ��� � � � � ��� � ©�� «�� ��£¯¬�¨�� ¥ ¨�¬#�
³����¯«�� � ��� ¡�� ¨��%� � � � £ � � � ¢5¥ � ��� � � � � ��� �#¡ � ´����5� �8®�� � ¥ � � ¥ � ¦
Ç�È�É ÆEÊ%Ë%Ì�²�Í���� � � ��� � � � ©�� ��� ¬!� ��� � ��®�� � £ � � «�«�� ��£�©�� ��� � £ � � � ¢5¥ � ��� � � � � � � � ©�¥ � ��� � � � � ��¥ ¢

ÎPÏ Ð � � ÑUÒUÓ!��� Ô Ñ Ð
s Õ�Ö × Ø�Ù Ú Ö Û�L%Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�ß s L�à!á Þ�â�Ö ãTÙ ×%Þ�Õ�Ú ä8âTÜ�Ù Ö Þ�Õ�Ö!ÕTÜ�Ù ä5Þ�Ö Ú å�×#Þ�Ý â�× á Ö!Ü�æT× å�× Ù Û�çTÞ�Ö Þ�è�Þ�Ý ×
Þ�â�âTé Ú á Þ�Ö Ú Ü�ÕUê ë�ìTÜ�Ý ×#Þ�Ú ä°Ú Ý�Ö Ü�Ø�ãTÞ�Ù Þ�Õ�Ö × ×!Ö ìT×#á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�Ü�æ�Ú Ö Ý!çTÞ�Ö ÞTí z�Ü�ë%× å�× Ù ê Ú ÖUÚ Ý!å�× Ù Û
çTÚ î8á ãTé Ö ê�Ú æ�ÕTÜ�Ö#Ú ä5â�Ü�Ý Ý Ú è�é ×�ê Ö Ü�Þ�é ë%Þ�Û�ÝUìTÞ�å�×�Þ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö#ç�Þ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá ×�í�o�Þ�Ö Þ�è�Þ�Ý × Ý
ä8Þ�Û�èT× á Ü�ä5×5Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�ë�Ú Ö ì9Ù × Ý â�× á Ö�Ö ÜGÞGØ�Ú å�× ÕCÝ × Ö�Ü�æ�Ú Õ�Ö × Ø�Ù Ú Ö Û�á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý íTr�ìTÚ Ý
ä8Þ�Û9ìTÞ�â�â�× ÕEçTãT×�ê!Þ�ä5Ü�ÕTØCÜ�Ö ìT× Ù Ý ê�Ö Ü�Ö ìT×8æ Ü�é é Ü�ë�Ú Õ�Ø�æ Þ�á Ö Ü�Ù Ý ï#ß & à�L%× Ù Ö Þ�Ú ÕEs L%Ý¯á Þ�ÕTÕ�Ü�Ö
è�×5× ðTâ�Ù × Ý Ý × ç�ñ�ä5Þ�Ú Õ�Ö Þ�Ú Õ�× çCè�ÛC× ð�Ú Ý Ö Ú Õ�Ø�o�p%I+R�Ý ò#ß ó�à�Ö Ù Þ�Õ�Ý Ú × Õ�Ö�Ú Õ�á Ü�Õ�Ý Ú Ý Ö × ÕTá Ú × Ý�á Þ�ã�Ý × ç

ô%õ�ö ÷ ÷ ø ù ú%û ü ü�÷ ø ý ý þTÿ!ù � � ø ÷ ý � ú ��� ����� ÷ � ù ú � 	�
#ø ��û ÷ ú �ø ù ú�� �#õ�� ���ö ú ø ÷�� � � ø ù � ø 	���� ÷ � ù ú � 	�õ�û ù�û ü û ���� �û � � þ _ ` a b c ` d e k d�h w x a x c w x�h b � j �
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è�ÛCÖ ìT×8Ú ÕTì�× Ù × Õ�Ö¯ÕTÜ�Õ+* Þ�Ö Ü�ä5Ú á Ú Ö Û9Ü�æ�çTÞ�Ö Þ�èTÞ�Ý ×¯Ö Ù Þ�Õ�Ý Þ�á Ö Ú Ü�Õ�Ý ê#ß ,�à�çT× é Þ�Û�× çEã�â�çTÞ�Ö × Ý¯Ü�æ�Þ
çTÞ�Ö Þ�ë%Þ�Ù × ìTÜ�ãTÝ ×�ê�ß -�à�Ú Õ�Ö × Ø�Ù Þ�Ö Ú Ü�ÕCÜ�æ�ìT× Ö × Ù Ü�Ø�× ÕT× Ü�ãTÝ�ç�Þ�Ö Þ�èTÞ�Ý × Ý êTÚ Õ9âTÞ�Ù Ö Ú á ãTé Þ�Ù�ë�Ú Ö ì9çTã+*
âTé Ú á Þ�Ö × ç;Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�ÕUò%ß .�à¯Ú Õ�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û+ë�Ú Ö ìDÙ × Ý â�× á Ö¯Ö Ü�/ 0#1 2�Ú Õ�Ö × Ø�Ù Ú Ö Û+á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý ê
ë�ìT× Ù ×�Ö Ù Þ�Õ�Ý Þ�á Ö Ú Ü�Õ�Ý�Ú Õ9å�Ú Ü�é Þ�Ö Ú Ü�ÕCÜ�æ#Ö ìT× Ú Ù�á Ü�Õ�çTÚ Ö Ú Ü�ÕTÝ�Þ�Ù ×¯ÕTÜ�Ö�âTÙ × å�× Õ�Ö × ç�æ Ù Ü�ä × ðT× á ã�Ö *
Ú ÕTØTò�ß 3�à�é × Ø�Þ�á Û+ç�Þ�Ö Þ9Ü�ÕEë�ìTÚ á ì;Ü�ÕT×8ë%Þ�Õ�Ö Ý�Ö Ü9Ú ä5â�Ü�Ý ×GÝ × ä8Þ�Õ�Ö Ú áGá Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý ò�ß 4�à�Ö ìT×
á Ü�Õ�Ý Ú Ý Ö × ÕTá Û5Ü�æUÖ ìT×�çTÞ�Ö Þ�èTÞ�Ý ×�ë�Ú é é�èT×�Ù × Ý Ö Ü�Ù × çGè�ÛG× ð�× á ã�Ö Ú ÕTØ¯æ ã�Ù Ö ìT× Ù%Ö Ù Þ�ÕTÝ Þ�á Ö Ú Ü�ÕTÝ ò�Þ�Õ�ç
ß 5�à�ãTÝ × Ù�á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý%Ö ì�Þ�Õ�á Þ�ÕTÕTÜ�Ö�è�×�á ìT× á 6�× ç�Ü�Ù�ä5Þ�Ú Õ�Ö Þ�Ú Õ�× çUí
s ÕTç�× âT× Õ�çT× Õ�Ö é Û¯Ü�æTÖ ìT×%á Þ�ãTÝ ×%Ü�æTÚ ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�á Û�ê Ö ìT×%Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö#ç�Þ�Ö Þ�è�Þ�Ý ×%ä5Þ�Û�è�×�Ö ìT×

Ü�Õ�é Û�Ý Ü�ãTÙ á ×�Ü�æ�ç�Þ�Ö Þ�Þ�å�Þ�Ú é Þ�è�é ×�ê Þ�ÕTç¯ë%×%ä5Þ�Û�Ý Ö Ú é é�ë%Þ�Õ�Ö!Ü�ÙUÕT× × ç¯Ö Ü�ãTÝ ×�Ú Ö#æ Ü�Ù!Þ�Õ�ã�ä5èT× Ù#Ü�æ
Ù × Þ�Ý Ü�Õ�Ý í�K�× Ý Ö Ü�Ù Ú ÕTØ�Ö ìT×�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û5Ü�æ�Ö ìT×�çTÞ�Ö Þ�èTÞ�Ý ×�ä8Þ�Û5Õ�Ü�Ö�èT×�Þ�Õ8Ü�â�Ö Ú Ü�Õ8Ý Ú ÕTá ×�Ö ìTÞ�Ö
ä8Þ�Û5Ù × 7�ãTÚ Ù ×�â�× Ù ä5Ú Ý Ý Ú Ü�Õ�Ý%ë�×�çTÜ�Õ�8 Ö%ìTÞ�å�×�ê�é × Þ�ç5Ö Ü�Ö ìT×�é Ü�Ý Ý�Ü�æUã�Ý × æ ãTé�Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�ÕUê�Ü�Ù�è�×
Þ8á Ü�ä8â�é × ð�Þ�ÕTçGÕTÜ�Õ�* ç�× Ö × Ù ä5Ú Õ�Ú Ý Ö Ú á�âTÙ Ü�á × Ý Ý í�9�Õ�çT× Ù�Ý ã�á ì�á Ú Ù á ãTä5Ý Ö Þ�ÕTá × Ý ê�Ü�Õ�×�æ Þ�á × Ý%Ö ìT×
ÕTÞ�Ö ãTÙ Þ�é�â�Ù Ü�èTé × ä Ü�æ�á ìTÞ�Ù Þ�á Ö × Ù Ú : Ú ÕTØ�Þ�ÕTçEÙ × Ö Ù Ú × å�Ú ÕTØ�Ö ìT×<; 0#=�/ > / 2 ? =�2�Ú Õ�æ Ü�Ù ä5Þ�Ö Ú Ü�Õ+æ Ù Ü�ä
Ö ì�×�ç�Þ�Ö Þ�è�Þ�Ý ×�í I9Ü�Ý Ö!é Ú 6�× é Û�ê�ä8Ü�Ý Ö#Ü�æ�Ö ì�×�Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�Õ¯Ú Õ¯Ö ì�×�ç�Þ�Ö Þ�è�Þ�Ý ×%Ú Ý#Ý Ö Ú é é�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö ê
Þ�Õ�ç�Ö ìT×%ç�Þ�Ö Þ�èTÞ�Ý ×#á Þ�Õ�Ý Ö Ú é é�â�Ù Ü�å�Ú çT×#ã�Ý!ë�Ú Ö ì¯á Ü�Ù Ù × á ÖUÞ�ÕTÝ ë%× Ù Ý�Ö Ü�á × Ù Ö Þ�Ú Õ@7�ã�× Ù Ú × Ý ê ä8Þ(6�Ú ÕTØ
Ö ì�×�âTÙ Ü�èTé × äPÜ�æUç�× Ö × Ù ä5Ú Õ�Ú ÕTØ¯ë�ìTÞ�Ö�6�Ú ÕTç�Ý%Ü�æA7�ã�× Ù Ú × Ý%Þ�Õ�ç&7�ãT× Ù Û5Þ�ÕTÝ ë%× Ù Ý�Þ�Ù ×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö
ë�Ú Ö ì�Ö ìT×�Ú Õ�Ö × Ø�Ù Ú Ö Û8á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�Þ8ë%Ü�Ù Ö ì�ë�ìTÚ é ×�× B�Ü�Ù Ö í
r�ìT×�âTÙ Ü�è�é × ä Ü�æ�çT× C�Õ�Ú ÕTØ+Þ�ÕTçDÙ × Ö Ù Ú × å�Ú Õ�Ø+á Ü�ÕTÝ Ú Ý Ö × Õ�Ö8Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�Õ;æ Ù Ü�ä Þ�ÕDÚ ÕTá Ü�Õ�*

Ý Ú Ý Ö × Õ�Ö�Ù × é Þ�Ö Ú Ü�ÕTÞ�é�çTÞ�Ö Þ�èTÞ�Ý ×�ìTÞ�Ý�è�× × ÕCÝ Ö ã�çTÚ × çCÚ ÕGÖ ìT×�á Ü�Õ�Ö × ð�Ö�Ü�æ!Ù × é Þ�Ö Ú Ü�ÕTÞ�é�ç�Þ�Ö Þ�èTÞ�Ý × Ý í
r�ìT×%è�Þ�Ý Ú á%Þ�âTâ�Ù Ü�Þ�á ì�Ú Ý#èTÞ�Ý × ç¯Ü�Õ�Ö ì�×�Ú Õ�Ö ãTÚ Ö Ú Ü�Õ�Ö ì�Þ�Ö#Ö ìT×%Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�Õ�Ö ì�Þ�Ö�Ú Ý#á Ü�ÕTÝ Ú Ý Ö × Õ�Ö ê
çT× Ý âTÚ Ö ×5Ö ì�×GÚ Õ�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û9Ü�æ%Ö ìT×Gç�Þ�Ö Þ�è�Þ�Ý ×8Þ�Ý¯ÞCë�ì�Ü�é ×�êUÚ Ý�Ö ìT×8Ü�ÕT×5Ö ìTÞ�Ö¯Ú Ý¯Ú Õ�å�Þ�Ù Ú Þ�Õ�Ö
ãTÕTç�× Ù�Þ�é éUÝ × Õ�Ý Ú èTé ×�ë%Þ�Û�Ý�Ú Õ9ë�ì�Ú á ì�Ö ìT×�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�Ü�æ!Ö ì�×¯ç�Þ�Ö Þ�èTÞ�Ý ×�Ú Ý�Ù × Ý Ö Ü�Ù × çUí�I9Ü�Ù ×
âTÙ × á Ú Ý × é Û�êUÞ�ÕEÞ�Õ�Ý ë%× Ù�Ö ÜCÞD7�ãT× Ù Û+Ú Ý¯á Ü�ÕTÝ Ú Ý Ö × Õ�Ö5Ú æ�Ú Ö5Ú Ý¯Ü�è�Ö Þ�Ú ÕT× ç;Þ�Ý¯Þ�ÕEÞ�Õ�Ý ë%× Ù¯× å�× Ù Û
Ö Ú ä8×5Ö ì�×&7�ã�× Ù Û+Ú Ý¯â�Ü�Ý × ç+Ö Ü9Þ9ä5Ú Õ�Ú ä8Þ�é é Û+Ù × âTÞ�Ú Ù × ç+å�× Ù Ý Ú Ü�ÕEÜ�æ%Ö ìT×GÜ�Ù Ú Ø�Ú ÕTÞ�é#çTÞ�Ö Þ�è�Þ�Ý ×
ß J�Ù × Õ�Þ�Ý"� '� #E í & F(F+F à í
GIH+ (J�K�E ��L
J�Ý Ý ãTä5×�ë�×�ì�Þ�å�×�Ö ìT×�æ Ü�é é Ü�ë�Ú ÕTØ5ç�Þ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á ×�M� #E  #� N�ï

M� #E  #� N O" (J��P��JQ%#R���'
S"T M�J�U ' )V.(W(W(W
S"T M�J�U ' )X5+W(W(W
Y�T Z�%#��� !X,+W(W(W
�[T M�' %#���\4(W(W(W

Þ�Õ�ç^]`_0Ú ÝGÖ ì�×9æ ã�ÕTá Ö Ú Ü�ÕTÞ�é�ç�× âT× Õ�çT× ÕTá ÛaO" #JQ�cbd��J�%(R���' ê�ä5× Þ�Õ�Ú ÕTØ+Ö ì�Þ�ÖDO" #JQ�
æ ãTÕTá Ö Ú Ü�ÕTÞ�é é Û8çT× Ö × Ù ä8Ú Õ�× Ý���JQ%#R���' ê�Ö ìTÞ�Ö�Ú Ý�å�Ú Ü�é Þ�Ö × ç8è�Û5Ö ì�×�Ö Þ�è�é ×"M� #E  #� N�í�J�á Ö ã�Þ�é é Û5Ö ìT×
Ö ã�âTé × Ý%âTÞ�Ù Ö Ú á Ú â�Þ�Ö Ú Õ�Ø¯Ú Õ8Ö ì�Ú Ý�å�Ú Ü�é Þ�Ö Ú Ü�Õ8Þ�Ù ×�Ö ì�Ü�Ý ×�ë�Ú Ö ì8Ö ìT×�å�Þ�é ã�×�S"T M�J�U ' )�Ú ÕGÞ�Ö Ö Ù Ú è�ã�Ö ×
O� #JQ��í
eÃìT× Õ8ë%×�Þ�Ý 6¯Þ�è�Ü�ã�Ö#Ö ìT×%Ö ãTâTé × Ý#Ö ìTÞ�Ö�Þ�Ù ×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�ë�Ù Ö#Ö ì�×gf!o5ê�ë%×�Ý ì�Ü�ã�é ç8Ù × Ö Ù Ú × å�×

Ü�Õ�é Û�ß Y�T Z�%#��� !(h ,(W+W(W�à#Þ�Õ�ç+ß �[T M�' %(���(h 4(W(W(W�à ê�èT× á Þ�ãTÝ ×�Ö ì�Ü�Ý ×�Ö ã�âTé × Ý%Ý ìTÜ�ãTé çGÝ Ö Þ�Û5Ú ÕGÞ�Õ�Û
Ù × Þ�Ý Ü�Õ�Þ�èTé ×�ë%Þ�Û8Ú Õ�ë�ìTÚ á ìCë%×�Ù × Ý Ö Ü�Ù ×�á Ü�ÕTÝ Ú Ý Ö × Õ�á Û�í
s æ%ë%×¯ë%Þ�Õ�Ö�Ö Ü�á Ü�ÕTÝ Ú ç�× Ù�Ü�ÕTé ÛCÙ × â�Þ�Ú Ù × ç9å�× Ù Ý Ú Ü�ÕTÝ�Ü�æ�Ö ì�×8Ü�Ù Ú Ø�Ú Õ�Þ�é!Ú ÕTÝ Ö Þ�ÕTá ×¯Ö ìTÞ�Ö�ä5Ú Õ+*

Ú ä8Þ�é é ÛDç�Ú B�× Ù8æ Ù Ü�ä)Ö ìT×CÜ�Ù Ú Ø�Ú ÕTÞ�é�Ú ÕTÝ Ö Þ�Õ�á ×�ê#Ú ÕDÖ ìT×CÝ × ÕTÝ ×�Ö ì�Þ�Ö8Ö ì�×9Ý × ÖGÜ�æ�Ú Õ�Ý × Ù Ö × çÃÜ�Ù
çT× é × Ö × ç�Ö ãTâTé × Ý¯ß Ö Ü8Ù × Ý Ö Ü�Ù ×¯Ú Õ�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�à�Ú Ý�ä5Ú ÕTÚ ä5Þ�é!ãTÕ�çT× Ù�Ý × Ö�Ú Õ�á é ãTÝ Ú Ü�Õ�êTÖ ì�×5âTÜ�Ý Ý Ú *
èTé ×�� � K� (U � !±Ü�æ!Ö ì�×�Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�çTÞ�Ö Þ�è�Þ�Ý ×�Þ�Ù ×

����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! ,

M� #E  #� N�m O" #JQ�P��JQ%#R���' M� #E  #� N�n O� #JQ�P��JQ%#R���'
S"T M�J�U ' )o.(W(W(W S�T M�J"U ' )V5(W+W(W
Y�T Z�%#��� !X,+W(W(W Y�T Z�%#��� !X,(W+W(W
�[T M�' %#���\4(W(W(W �[T M�' %(���\4#W+W(W

e+×¯á Þ�ÕCÝ × ×�Ö ì�Þ�Ö�Ü�Õ�é Û�Ö ã�âTé × Ý5ß Y�T Z�%#��� !(h ,(W+W(W�à�Þ�Õ�ç;ß �[T M�' %#���+h 4#W(W(W�à%á Þ�ÕCè�×�æ Ü�ãTÕTç
Ú Õ�è�Ü�Ö ìCÙ × â�Þ�Ú Ù Ý í p

s Õ�Ö ì�Ú Ý�â�Þ�âT× Ù ê�ë%×�Þ�çTçTÙ × Ý Ý%Ö ì�×�âTÙ Ü�è�é × ä.Ü�æ#Ù × Ö Ù Ú × å�Ú ÕTØ5á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�Õ�ë�ì�× Õ
Ø�× Õ�× Ù Þ�éAC�Ù Ý Ö5Ü�Ù ç�× Ù�7�ãT× Ù Ú × Ý¯Þ�Ù ×5â�Ü�Ý × ç9Ö ÜCÞ�Õ+Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö¯Ù × é Þ�Ö Ú Ü�ÕTÞ�é#ç�Þ�Ö Þ�èTÞ�Ý ×�íUR�Ú ÕTá ×
Ö ì�×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Ú Õ�æ Ü�Ù ä8Þ�Ö Ú Ü�Õ5Ú Õ¯Ö ìT×�ç�Þ�Ö Þ�èTÞ�Ý ×%Ú Ý!Ö ìT×�Ü�Õ�×%Ö ì�Þ�Ö�â�× Ù Ý Ú Ý Ö Ý#Þ�á Ù Ü�Ý Ý!Þ�é é�Ù × âTÞ�Ú Ù Ý ê
ë%×�Ý Ü�é å�×#Ö ì�Ú Ý�â�Ù Ü�èTé × äqè�Û�ãTÝ Ú Õ�Ø�é Ü�Ø�Ú á%âTÙ Ü�Ø�Ù Þ�ä5Ý!ë�Ú Ö ì8Þ�ÕTÝ ë�× Ù!Ý × Ö Ý#Ý × ä8Þ�Õ�Ö Ú á Ý!Ö Ü�Ý â�× á Ú æ Û
Ú Õ�Þ8á Ü�ä8â�Þ�á Ö�ä8Þ�Õ�ÕT× Ù%Ö ìT×�á é Þ�Ý Ý%Ü�æ!Ù × âTÞ�Ú Ù Ý%Ü�æ!Ö ìT×�Ú Õ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Ú Õ�Ý Ö Þ�Õ�á ×�í
J�é Ö ìTÜ�ãTØ�ìGÖ ì�×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý�Þ�Ù ×�çT× CTÕT× çCÚ ÕGÖ × Ù ä5Ý�Ü�æ#ä5Ú ÕTÚ ä5Þ�é é ÛGÙ × âTÞ�Ú Ù × çGå�× Ù *

Ý Ú Ü�Õ9Ü�æ#Ö ìT×5çTÞ�Ö Þ�è�Þ�Ý ×�ê�ë%×¯Þ�Ù ×5ÕTÜ�Ö�Ú Õ�Ö × Ù × Ý Ö × ç9Ú Õ+Ù × Ý Ö Ü�Ù Ú Õ�Ø�á Ü�ÕTÝ Ú Ý Ö × ÕTá Û�ê�Ú Õ9âTÞ�Ù Ö Ú á ãTé Þ�Ù ê
Ú Õ9á Ü�ä8â�ã�Ö Ú Õ�ØGÖ ì�×5Ù × âTÞ�Ú Ù Ý�Ü�æ#Ö ìT×¯çTÞ�Ö Þ�èTÞ�Ý ×�ï�K�× â�Þ�Ú Ù Ý�Þ�Ù ×¯ã�Ý × ç9Þ�Ý�Þ�Õ9Þ�ã�ð�Ú é Ú Þ�Ù Û�ÕTÜ�Ö Ú Ü�Õ
Ú ÕÃÜ�Ù çT× Ù8Ö ÜEØ�Ú å�×CÞEä8Ü�çT× é * Ö ì�× Ü�Ù × Ö Ú áCá ìTÞ�Ù Þ�á Ö × Ù Ú : Þ�Ö Ú Ü�ÕDÜ�æ�Ö ìT×9á Ü�ÕTÝ Ú Ý Ö × Õ�ÖGÞ�Õ�Ý ë%× Ù Ý5Ö Ü
7�ã�× Ù Ú × Ý íTJ�á Ö ãTÞ�é é Û�êTÚ Ö�Ú Ý�× Þ�Ý ÛGÖ ÜQC�Õ�çCÝ Ú Ö ãTÞ�Ö Ú Ü�ÕTÝ�ë�ì�× Ù ×¯× ðTâTÜ�Õ�× Õ�Ö Ú Þ�é é ÛGä5Þ�Õ�Û�Ù × â�Þ�Ú Ù Ý�Ü�æ
Þ�ÕGÚ ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�çTÞ�Ö Þ�è�Þ�Ý ×�× ð�Ú Ý Ö�ß J�Ù × Õ�Þ�Ý"� '� #E ��ó#W(W & à í
J=âTÜ�Ý Ý Ú èTé ×5á Ü�ä5âTã�Ö Þ�Ö Ú Ü�Õ�Þ�é#ä5× á ìTÞ�ÕTÚ Ý ä æ Ü�Ù�Ù × Ö Ù Ú × å�Ú Õ�ØGá Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë�× Ù Ý ê�C�Ù Ý Ö¯Ú Õ�*

Ö Ù Ü�ç�ãTá × çGÚ ÕGJ�Ù × ÕTÞ�Ý@� 'I #E í�ß & F(F(F à#Þ�ÕTçGL%× é é ×�Þ�ÕTç8p�× Ù Ö Ü�Ý Ý ÚUß ó#W+W(W�à ê�Ú Ý%Þ�Ý�æ Ü�é é Ü�ë�Ý ï�q�Ú å�× Õ
ÞDCTÙ Ý Ö * Ü�Ù ç�× Ù@7�ã�× Ù Ûcr Þ�ÕTçEÞ�Õ;Ú Õ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö5çTÞ�Ö Þ�è�Þ�Ý ×GÚ Õ�Ý Ö Þ�ÕTá ×&s�ê#Ú Õ�Ý Ö × Þ�çEÜ�æ�× ðTâ�é Ú á *
Ú Ö é ÛEá Ü�ä5âTã�Ö Ú ÕTØ+Þ�é é�Ö ìT×�Ù × â�Þ�Ú Ù Ý¯Ü�æ�s9Þ�Õ�çt7�ãT× Ù Û�Ú Õ�Ø+Þ�é é%Ü�æ�Ö ìT× ä�ê#Þ9ÕT× ëu7�ãT× Ù Û�v¯ß r¯à
Ú Ý�á Ü�ä5âTã�Ö × ç9Þ�ÕTçCâ�Ü�Ý × ç�Ö Ü&s�ê�Ö ì�×5Ü�ÕTé Û�Þ�å Þ�Ú é Þ�èTé ×¯çTÞ�Ö Þ�èTÞ�Ý ×�íTr�ìT×¯Þ�ÕTÝ ë�× Ù Ý�Ö Ü8Ö ì�×¯ÕT× ë
7�ã�× Ù ÛCÞ�Ù ×5× ð�â�× á Ö × ç9Ö Ü�è�×¯Ö ì�×8á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�Õ�Ý ë%× Ù Ý�Ö Ü<r8í�R�ãTá ì9Þ�Õ9Ú Ö × Ù Þ�Ö Ú å�×5Ü�â�× Ù Þ�Ö Ü�Ù
æ Ü�Ùg7�ãT× Ù ÛGÖ Ù Þ�ÕTÝ æ Ü�Ù ä5Þ�Ö Ú Ü�Õ�ë%Þ�Ý�Ú Õ�Ö Ù Ü�ç�ãTá × ç9Þ�ÕTçCÞ�Õ�Þ�é Û�: × ç9ë�Ú Ö ìCÙ × Ý â�× á Ö�Ö ÜGÝ Ü�ã�ÕTçTÕ�× Ý Ý ê
á Ü�ä5âTé × Ö × ÕT× Ý Ý!Þ�ÕTç�Ö × Ù ä8Ú Õ�Þ�Ö Ú Ü�Õ¯Ú Õ¯J�Ù × Õ�Þ�Ýg� '� #E í�ß & F(F(F à�Þ�Õ�ç5L%× é é ×�Þ�Õ�ç5p%× Ù Ö Ü�Ý Ý Ú�ß ó#W(W(W�à í
Q�× å�× Ù Ö ìT× é × Ý Ý ê�Ö ì�×&7�ãT× Ù ÛCÙ × ë�Ù Ú Ö Ú ÕTØCÞ�â�âTÙ Ü�Þ�á ì9ìTÞ�Ý¯Ý Ü�ä5×8é Ú ä5Ú Ö Þ�Ö Ú Ü�Õ�Ý íUr�ì�×8Ú Ö × Ù Þ�Ö Ú å�×

Ü�âT× Ù Þ�Ö Ü�Ù#Ú Õ�Ö Ù Ü�ç�ãTá × ç8Ú Õ8J�Ù × Õ�Þ�Ý�� '` #E í�ß & F(F+F à!Þ�ÕTç8L%× é é ×�Þ�Õ�ç8p�× Ù Ö Ü�Ý Ý Ú�ß ó#W(W(W�à!ë�Ü�Ù 6�Ý!æ Ü�Ù
Ý Ü�ä8×�âTÞ�Ù Ö Ú á ãTé Þ�Ù#á é Þ�Ý Ý × Ý%Ü�æA7�ãT× Ù Ú × Ý�Þ�ÕTç8á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý ê�×�í ØTí�æ Ü�Ù�7�ãT× Ù Ú × Ý#Ö ìTÞ�Ö%Þ�Ù ×�á Ü�Õ#w ã�ÕTá *
Ö Ú Ü�Õ�Ý�Ü�æ�é Ú Ö × Ù Þ�é Ý#Þ�Õ�çGã�ÕTÚ å�× Ù Ý Þ�éTÚ Õ�Ö × Ø�Ù Ú Ö Û¯á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý ê�èTã�Ö%á Ü�ä5âTé × Ö × ÕT× Ý Ý#Ú Ý%é Ü�Ý Ö�ë�ìT× Õ8Ú Ö
Ú Ý%Þ�âTâ�é Ú × ç8Ö Ü¯çTÚ Ý w ã�ÕTá Ö Ú å�×�Ü�Ù%× ðTÚ Ý Ö × Õ�Ö Ú Þ�é�7�ãT× Ù Ú × Ý í�r�ìT×�ä5× Ö ìTÜ�çTÜ�é Ü�Ø�Û5æ Ü�Ù%Ü�è�Ö Þ�Ú Õ�Ú ÕTØ¯á Ü�Õ�*
Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý�Ö ìTÞ�Ö�ë%×¯âTÙ × Ý × Õ�Ö�Ú Õ9Ö ì�Ú Ý�â�Þ�â�× Ù�á Þ�Õ9Þ�âTâ�é Ú × çCÖ Ü�Þ�Õ�Û&C�Ù Ý Ö * Ü�Ù çT× Ùg7�ã�× Ù Û
Ú ÕTÝ Ö × Þ�çUí
fTãTÙ Ö ìT× Ù ä5Ü�Ù ×�ê�Ö ìT×¯Õ�Ü�Ö Ú Ü�Õ�Ü�æ#á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù�Ú Õ�Ö Ù Ü�çTãTá × çCÚ Õ�J�Ù × ÕTÞ�Ý�� '� (E �!ß & F(F(F à

Ú Ý�Þ8ä5Ü�çT× é�Ö ìT× Ü�Ù × Ö Ú á�Õ�Ü�Ö Ú Ü�Õ�ê�Ö ì�Þ�Ö�Ú Ý�á Ü�ä5âTé × ä5× Õ�Ö × çCè�ÛGÞ5á Ü�ä5âTã�Ö Þ�Ö Ú Ü�ÕTÞ�é�ä5× á ì�Þ�ÕTÚ Ý ä�í
Q�× å�× Ù Ö ìT× é × Ý Ý ê Ö ìTÞ�Ö!Þ�â�âTÙ Ü�Þ�á ì�Ú Ý!ÕTÜ�Ö!èTÞ�Ý × ç�Ü�Õ¯Ü�ÙUÞ�á á Ü�ä5âTÞ�ÕTÚ × ç�è�Û�Þ@E % x(U k  #E+! K�� k U y�k  #' U %#�
Ü�æUÖ ì�×¯á é Þ�Ý Ý�Ü�æ!Þ�é éUÖ ì�×¯Ù × âTÞ�Ú Ù Ý�Ü�æ!ÞGØ�Ú å�× Õ�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á ×�Ù × é Þ�Ö Ú å�×�Ö Ü8Þ�C�ðT× çCÝ × Ö�Ü�æ
s L%Ý í R�ãTá ì�Þ�Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ�Ú ÝUÞ�ÕTÜ�Ö ìT× ÙUá Ü�Õ�Ö Ù Ú èTã�Ö Ú Ü�Õ�Ü�æ�Ö ì�Ú ÝUâTÞ�â�× Ù ê ÕTÞ�ä5× é Û�Þ�Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ
× ð�âTÙ × Ý Ý × çCÞ�Ý�Þ8çTÚ Ý w ãTÕTá Ö Ú å�×¯é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä.ë�Ú Ö ìCÞ�ÕTÝ ë%× Ù�Ý × Ö�Ý × ä5Þ�Õ�Ö Ú á Ý íTr�ì�×¯çTÞ�Ö Þ�è�Þ�Ý ×
Ù × âTÞ�Ú Ù Ý%á Ü�Ù Ù × Ý â�Ü�ÕTç8Ö Ü5Ö ì�×�Ú Õ�Ö × ÕTç�× çCä5Ü�ç�× é Ý�Ü�Ù%Þ�Õ�Ý ë%× Ù%Ý × Ö Ý�Ü�æ!Ö ì�×�âTÙ Ü�Ø�Ù Þ�äCí
s Õ8Ö ìTÚ Ý�â�Þ�âT× Ù ê�ë%×�Þ�Ù ×�ä8Ü�Ö Ú å Þ�Ö × çGä8Þ�Ú Õ�é Û8è�Û5Ö ìT×�â�Ü�Ý Ý Ú è�Ú é Ú Ö Û5Ü�æ!Ù × Ö Ù Ú × å�Ú ÕTØ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö

Þ�Õ�Ý ë%× Ù Ý�Ö ÜCØ�× Õ�× Ù Þ�é�CTÙ Ý Ö * Ü�Ù ç�× Ù�7�ãT× Ù Ú × Ý ê�× ð�Ö × Õ�çTÚ Õ�Ø�Ö ì�×Gâ�Ü�Ý Ý Ú èTÚ é Ú Ö Ú × Ý¯ë%×8ç�× å�× é Ü�â�× ç+Ú Õ
J�Ù × Õ�Þ�Ýz� '@ #E ��ß & F+F(F à íUz�Ü�ë%× å�× Ù ê�Ö ìT×Gé Ü�Ø�Ú á Þ�é#Ý â�× á Ú C�á Þ�Ö Ú Ü�ÕEá Ü�ãTé çEè�×GÞ�é Ý ÜCãTÝ × ç+Ö Ü;ß & à
K�× Þ�Ý Ü�Õ¯Þ�è�Ü�ã�Ö#Þ�é é�ç�Þ�Ö Þ�è�Þ�Ý ×%Ù × âTÞ�Ú Ù Ý ê Ú Õ5â�Þ�Ù Ö Ú á ã�é Þ�Ù!Þ�è�Ü�ã�Ö#á Ü�ÕTÝ Ú Ý Ö × Õ�Ö`7�ãT× Ù Û�Þ�Õ�Ý ë%× Ù Ý ê�ß ó�à
çT× Ù Ú å�×�Ý â�× á Ú Þ�é Ú : × ç¯Þ�é Ø�Ü�Ù Ú Ö ìTä5ÝUæ Ü�Ù!á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�7�ãT× Ù Û�Þ�ÕTÝ ë%× Ù Ú ÕTØTê�ß ,�àUÞ�ÕTÞ�é Û+: ×�á Ü�ä8â�é × ðTÚ Ö Û

- ������� � �� !" #��$&%(' )�� � !

Ú Ý Ý ã�× Ý�Ù × é Þ�Ö × çCÖ ÜCá Ü�Õ�Ý Ú Ý Ö × Õ�Ö"7�ã�× Ù Û+Þ�Õ�Ý ë%× Ù Ú Õ�Ø�ê�Þ�ÕTçÃß -�à�Ü�è�Ö Þ�Ú Õ+Ö ìT×GÚ Õ�Ö × ÕTç�× çEä5Ü�çT× é Ý
Ü�æUÖ ìT×�Ý â�× á Ú C�á Þ�Ö Ú Ü�ÕUê�Ú í ×�í�Ö ìT×¯ç�Þ�Ö Þ�è�Þ�Ý ×�Ù × â�Þ�Ú Ù Ý ê�Þ�é é Ü�ë�Ú ÕTØ¯ãTÝ�Ö Ü8Þ�ÕTÞ�é Û+: ×�ç�Ú B�× Ù × Õ�Ö�ë%Þ�Û�Ý
Ö Ü9Ù × Ý Ö Ü�Ù ×GÖ ì�×Cá Ü�ÕTÝ Ú Ý Ö × Õ�á ÛEÜ�æ�Ö ìT×�çTÞ�Ö Þ�è�Þ�Ý ×�í!r�ìTÞ�Ö8Ú Ý ê!ÞEä5× á ìTÞ�ÕTÚ Ý ä æ Ü�Ù5á Ü�ä8â�ã�Ö Ú ÕTØ
çTÞ�Ö Þ�è�Þ�Ý ×�Ù × âTÞ�Ú Ù Ý�á Ü�ãTé çGè�×�ãTÝ × çGæ Ü�Ù�á Ü�Õ+{�Ú á Ö�Ù × Ý Ü�é ã�Ö Ú Ü�Õ�í
Q�Ü�Ö Ú á ×%Ö ì�Þ�Ö�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý�Þ�Ù ×�Õ�Ü�Õ+* ä5Ü�Õ�Ü�Ö Ü�Õ�Ú á�Ú Õ8Ö ì�×�Ý × Õ�Ý ×�Ö ì�Þ�Ö�Þ�çTçTÚ ÕTØ¯Ú Õ�æ Ü�Ù *

ä8Þ�Ö Ú Ü�Õ8Ö Ü�Ö ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�çTÞ�Ö Þ�èTÞ�Ý ×�ê�ä8Þ�Û8á Þ�ãTÝ ×�é Ü�Ü�Ý Ú Õ�Ø5âTÙ × å�Ú Ü�ãTÝ%á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�Õ�Ý ë%× Ù Ý í�s Õ
á Ü�Õ�Ý × 7�ã�× Õ�á ×�ê�Þ5Õ�Ü�Õ�* ä5Ü�ÕTÜ�Ö Ü�Õ�Ú á�Ý × ä8Þ�Õ�Ö Ú á Ý�æ Ü�Ù�Ö ìT×�Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ9ß Ü�Ù%Ú Ö Ý�á Ü�ÕTÝ × 7�ãT× Õ�á × Ý à
Ý ìTÜ�ãTé ç�è�×�× ðTâT× á Ö × çUí
J â�Ù × é Ú ä5Ú ÕTÞ�Ù ÛEå�× Ù Ý Ú Ü�Õ;Ü�æ�Ö ìTÚ ÝGâTÞ�â�× Ù8Þ�âTâT× Þ�Ù × ç;Ú ÕDJ�Ù × ÕTÞ�ÝD� 'Q #E ��ß ó(W(W(W�Þ�à ê!ë�ìT× Ù ×

× ð�Ö × ÕTçT× çGçTÚ Ý w ãTÕ�á Ö Ú å�×�é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�ä5Ý�ë�Ú Ö ì�× ðTá × â�Ö Ú Ü�Õ�Ý%ë�ìT× Ù ×�Ú Õ�Ö Ù Ü�çTã�á × çGÞ�ÕTç8Þ�â�âTé Ú × ç
Ö Ü�Ö ìT×�Ý âT× á Ú CTá Þ�Ö Ú Ü�Õ5Ü�æ�ç�Þ�Ö Þ�è�Þ�Ý ×%Ù × âTÞ�Ú Ù Ý!Þ�ÕTç¯Ö Ü�Ù × Ö Ù Ú × å�×%á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë�× Ù ÝUÖ Ü�Ø�× Õ�× Ù Þ�é
C�Ù Ý Ö * Ü�Ù ç�× Ù�7�ãT× Ù Ú × Ý í�r�ì�Ú Ý#âTÞ�â�× Ù!× ð�Ö × ÕTçTÝ!J�Ù × ÕTÞ�Ý�� '� (E �Tß ó#W+W(W�Þ�à ê Þ�çTçTÙ × Ý Ý Ú ÕTØ�Ý × å�× Ù Þ�é�ÕT× ë
Ú Ý Ý ã�× Ý ê�Þ�ä5Ü�ÕTØ5ë�ì�Ú á ì�ë%×�CTÕTçEß & à%Þ8ç�× Ö Þ�Ú é × çGÞ�Õ�Þ�é Û�Ý Ú Ý�Ü�æ!Ö ìT×�á Ü�Ù Ù × Ý â�Ü�ÕTç�× ÕTá ×�è�× Ö ë%× × Õ
× * Þ�Õ�Ý ë%× Ù%Ý × Ö Ý�Þ�Õ�çCç�Þ�Ö Þ�èTÞ�Ý ×�Ù × âTÞ�Ú Ù Ý%æ Ü�Ù�èTÚ ÕTÞ�Ù ÛGÚ Õ�Ö × Ø�Ù Ú Ö ÛGá Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý ê�ß ó�à%Þ�â�âTé Ú á Þ�Ö Ú Ü�Õ
Ü�æ�Ö ì�×<_�|ISDÝ Û�Ý Ö × ä0ß M�Ú Ö × Ù<� '" #E í & F(F 5�à�Ö Ü+Ü�è�Ö Þ�Ú ÕEçTÞ�Ö Þ�è�Þ�Ý ×GÙ × â�Þ�Ú Ù Ý5Þ�ÕTçEá Ü�Õ�Ý Ú Ý Ö × Õ�Ö
Þ�Õ�Ý ë%× Ù Ý ê!ß ,�à�× ð�Ö × Õ�Ý Ú Ü�ÕTÝ�Ü�æ%Ö ìT×8ä5× Ö ìTÜ�çTÜ�é Ü�Ø�ÛCÖ ÜCä5Ü�Ù ×5Ø�× Õ�× Ù Þ�é#ã�ÕTÚ å�× Ù Ý Þ�é!á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý
Þ�Õ�ç+Ö ÜCÙ × æ × Ù × Õ�Ö Ú Þ�é#Ú Õ�Ö × Ø�Ù Ú Ö Û9á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý ê#ß -�à�Þ�Õ+Þ�Õ�Þ�é Û�Ý Ú Ý�Ü�æ%Ö ìT×GÞ�â�âTé Ú á Þ�èTÚ é Ú Ö Û9Ü�æ%Ö ìT×
çTÚ Ý w ã�ÕTá Ö Ú å�×%ë%× é é * æ Ü�ã�ÕTç�× ç¯Ý × ä8Þ�Õ�Ö Ú á ÝUÖ Ü�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö`7�ãT× Ù Û�Þ�ÕTÝ ë�× Ù Ú ÕTØTê Þ�ÕTçGß .�àUÖ ì�×�ã�Ý ×�Ü�æ
ë%× Þ+6¯á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý#Ö Ü¯á Þ�â�Ö ã�Ù ×�çTÞ�Ö Þ�èTÞ�Ý ×�Ù × âTÞ�Ú Ù Ý�è�Þ�Ý × ç8Ü�ÕGä5Ú ÕTÚ ä5Þ�é`��R�JQ} � �!Ü�æ!á ìTÞ�Õ�Ø�× Ý í
r�ìTÚ ÝGâ�Þ�âT× ÙGÚ ÝGÝ Ö Ù ãTá Ö ãTÙ × çÃÞ�Ý8æ Ü�é é Ü�ë�Ý í�s Õ±Ý × á Ö Ú Ü�Õ±óEë%×9Ú Õ�Ö Ù Ü�çTã�á ×�Ö ìT×9ÕTÜ�Ö Ú Ü�ÕTÝ�Ü�æ

çTÞ�Ö Þ�è�Þ�Ý ×�Ù × âTÞ�Ú Ù�Þ�Õ�ç�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�Õ�Ý ë%× Ù%Ö Ü5Þ�7�ãT× Ù Û�ê�Þ�ÕTçGÖ ìT×@7�ãT× Ù Û8é Þ�Õ�Ø�ãTÞ�Ø�×�í�R�× á Ö Ú Ü�Õ
,EÚ Õ�Ö Ù Ü�çTãTá × Ý8× ð�Ö × ÕTç�× çÃçTÚ Ý w ã�ÕTá Ö Ú å�×Cé Ü�Ø�Ú áCâ�Ù Ü�Ø�Ù Þ�ä8Ý5ë�Ú Ö ìÃ× ð�á × â�Ö Ú Ü�ÕTÝ í#s ÕDÝ × á Ö Ú Ü�Õ�êI-Tê
Ö ì�×¯ä5Þ�Ú ÕCÝ × á Ö Ú Ü�Õ�Ü�æ!Ö ìT×�âTÞ�â�× Ù êTë�×�âTÙ × Ý × Õ�Ö�Ö ì�×¯Ù × â�Þ�Ú Ù�âTÙ Ü�Ø�Ù Þ�ä8Ý%æ Ü�Ù�èTÚ Õ�Þ�Ù ÛGÚ Õ�Ö × Ø�Ù Ú Ö Û
á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý ê�Þ�Õ�çEÝ ì�Ü�ëPìTÜ�ëPÖ ÜCá Ü�ÕTÝ Ú Ý Ö × Õ�Ö é Û9× å Þ�é ãTÞ�Ö ×Q7�ãT× Ù Ú × Ý í�s ÕEÝ × á Ö Ú Ü�Õc.�ë�×8Ý ìTÜ�ë
Ý Ü�ä8×G× ðTÞ�ä5âTé × Ý5ã�Ý Ú Õ�Ø9Ö ìT×<_�|ISDÝ Û�Ý Ö × ä Ö Ü+Ü�è�Ö Þ�Ú Õ;ç�Þ�Ö Þ�èTÞ�Ý ×GÙ × â�Þ�Ú Ù Ý¯Þ�Õ�ç;á Ü�Õ�Ý Ú Ý Ö × Õ�Ö
Þ�Õ�Ý ë%× Ù Ý íTs Õ+Ý × á Ö Ú Ü�ÕD3�ë%×5Ú é é ãTÝ Ö Ù Þ�Ö ×5ìTÜ�ëqÖ Ü�ì�Þ�ÕTçTé ×8Ù × æ × Ù × Õ�Ö Ú Þ�é!Ú Õ�Ö × Ø�Ù Ú Ö ÛCá Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý í
s ÕGÝ × á Ö Ú Ü�Õz4¯ë%×�Þ�ÕTÞ�é Û+: ×�Ö ìT×�ë%× é é * æ Ü�ãTÕ�çT× çGÚ Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�ÕGÞ�Ý%Þ�ÕGÞ�â�âTÙ Ü ð�Ú ä5Þ�Ö Ú Ü�Õ5Ö Ü�Ö ìT×
Ý × Ö�Ü�æ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý ê Þ�ÕTç¯ë%×�Ú çT× Õ�Ö Ú æ Û¯á Þ�Ý × Ý#ë�ì�× Ù ×�Ú Ö�âTÙ Ü�å�Ú çT× ÝUÖ ìT×%× ð�Þ�á Ö�Ý Ü�é ã�Ö Ú Ü�ÕUí
s Õ5Ý × á Ö Ú Ü�Õ"5�ë%×%Ý ì�Ü�ë;ì�Ü�ëDç�Þ�Ö Þ�è�Þ�Ý ×%Ù × â�Þ�Ú Ù Ý!èTÞ�Ý × ç¯Ü�Õ¯ä8Ú Õ�Ú ä5Þ�é�Õ�ãTä¯è�× Ù!Ü�æ�á ì�Þ�ÕTØ�× Ý#á Þ�Õ
è�×5Ý â�× á Ú CT× ç9è�ÛCÚ Õ�Ö Ù Ü�çTã�á Ú ÕTØGë%× Þ(6Cá Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�Ú ÕCÖ ì�×8Ù × â�Þ�Ú Ù�âTÙ Ü�Ø�Ù Þ�ä8Ý í�s ÕCÝ × á Ö Ú Ü�Õ F ê
ë%×%çTÙ Þ�ëEá Ü�Õ�á é ãTÝ Ú Ü�Õ�Ý ê�ë�×%Ý 6�× Ö á ì¯Ý Ü�ä5×%× ð�Ö × ÕTÝ Ú Ü�ÕTÝ ê ×�í ØTí Ö Ü�Ö ìT×%á Þ�Ý ×%Ü�æ�Ø�× Õ�× Ù Þ�é�ãTÕTÚ å�× Ù Ý Þ�é
s L%Ý ê�ë%×�Þ�é Ý Ü8ä5× Õ�Ö Ú Ü�Õ�Ü�â�× Õ�Ú Ý Ý ã�× Ý ê�Þ�ÕTç�ç�Ú Ý á ãTÝ Ý�Ù × é Þ�Ö × çGë%Ü�Ù 6�í

~�� Ñ Ð � Ô � � � Ð ����Ó����#�;� Ð � �@��� �
J;çTÞ�Ö Þ�èTÞ�Ý ×#Ý á ìT× ä5Þ�á Þ�Õ�è�×�Ù × â�Ù × Ý × Õ�Ö × ç�è�Û�Þ%Ö Û�â�× ç�é Þ�ÕTØ�ãTÞ�Ø�×`�9Ü�æ�C�Ù Ý Ö * Ü�Ù çT× Ù�âTÙ × ç�Ú á Þ�Ö ×
é Ü�Ø�Ú á�ê�Ö ìTÞ�Ö�á Ü�Õ�Ö Þ�Ú Õ�Ý%Þ@C�Õ�Ú Ö ×�Ý × Ö�Ü�æUâTÙ × ç�Ú á Þ�Ö × Ý%Þ�ÕTç8Þ"CTð�× çGÚ Õ+C�Õ�Ú Ö ×�Ý × Ö%Ü�æ!á Ü�ÕTÝ Ö Þ�Õ�Ö ÝI�Cí
J=Ù × é Þ�Ö Ú Ü�ÕTÞ�é#ç�Þ�Ö Þ�èTÞ�Ý ×¯Ú ÕTÝ Ö Þ�ÕTá ×�s�á Þ�Õ+è�×8Ý × × Õ+Þ�Ý�Þ�Õ+Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�Õ+Ü�Ù�ÞzC�Ù Ý Ö¯Ü�Ù ç�× Ù
Ý Ö Ù ãTá Ö ãTÙ ×Gæ Ü�ÙQ��ê�ë�ìTÜ�Ý ×Cç�Ü�ä8Þ�Ú ÕDÚ ÝGÞ�é Ý Ü��7ß Ö ìT×9Ú Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�ÕDÜ�æ�× Þ�á ìDá Ü�ÕTÝ Ö Þ�Õ�ÖGÚ Ý
Ö ì�×Gá Ü�ÕTÝ Ö Þ�Õ�Ö¯Ú Ö Ý × é æ à ê!Þ�ÕTç+Ö ì�×GâTÙ × ç�Ú á Þ�Ö × Ý�ìTÞ�å�×�C�Õ�Ú Ö ×�× ð�Ö × Õ�Ý Ú Ü�ÕTÝ íUs ÕEë�ìTÞ�Ö�æ Ü�é é Ü�ë�Ý êUÞ
çTÞ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�ÕTá ×@s5ë�Ú é éUèT×¯Ù × âTÙ × Ý × Õ�Ö × çUêTÚ ÕCÞ8ÕTÞ�Ö ãTÙ Þ�éUë�Þ�Û�ê�Þ�Ý�Þ�C�ÕTÚ Ö ×�Ý × Ö�Ü�æ#Ø�Ù Ü�ãTÕ�ç
Þ�Ö Ü�ä5Ý�ß Ö ì�×�Þ�Ö Ü�ä5Ý%Ö Ù ãT×�Ú Õ<s�à í
r�ìT×�Þ�á Ö Ú å�×�çTÜ�ä5Þ�Ú Õ8Ü�æUÞ�çTÞ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�Õ�á ×�s�Ú Ý�Ö ìT×�Ý × Ö�Ü�æ�Ö ì�Ü�Ý ×�× é × ä8× Õ�Ö Ý�Ü�æ��3Ö ìTÞ�Ö

× ð�âTé Ú á Ú Ö é Û�Þ�â�â�× Þ�ÙUÚ Õ"s�í�r�ìT×�Þ�á Ö Ú å�×�ç�Ü�ä5Þ�Ú Õ¯Ú Ý!Þ�é ë%Þ�Û�Ý�C�Õ�Ú Ö ×%Þ�ÕTç¯ë%×�çT× Õ�Ü�Ö ×�Ú Ö#è�Û@��k ' ß s�à í
e+×Gä8Þ�Û+Þ�é Ý Ü9ì�Þ�å�×�Þ9Ý × Ö5Ü�æ�èTã�Ú é Ö * Ú Õ±ß Ü�Ù5× å�Þ�é ã�Þ�è�é × à�âTÙ × çTÚ á Þ�Ö × Ý ê!é Ú 6�×G× 7�ãTÞ�é Ú Ö Û�ê!Ü�Ù ç�× Ù
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Ù × é Þ�Ö Ú Ü�Õ�Ý ê�Þ�Ù Ú Ö ìTä5× Ö Ú á Þ�é�Ù × é Þ�Ö Ú Ü�ÕTÝ ê�× Ö á�íTs ÕGÖ ìTÚ Ý�á Þ�Ý ×�ê�ë%×�ìTÞ�å�×�Ö ìT×�é Þ�ÕTØ�ã�Þ�Ø�×��ÃâTÜ�Ý Ý Ú èTé Û
× ð�Ö × ÕTçT× çGë�Ú Ö ìGÖ ìTÜ�Ý ×�âTÙ × çTÚ á Þ�Ö × Ý í�s Õ�Þ�é é�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á × Ý ê�æ Ü�Ù%Þ5Ø�Ú å�× ÕGÝ á ì�× ä8ÞTê�× Þ�á ì
Ü�æ�Ö ìT× Ý ×Câ�Ù × çTÚ á Þ�Ö × Ý8ìTÞ�Ý8Þ�C�ðT× çDÞ�ÕTçDâ�Ü�Ý Ý Ú è�é Û;Ú Õ+C�Õ�Ú Ö ×9× ð�Ö × ÕTÝ Ú Ü�ÕUí�R�Ú ÕTá ×Cë%×�çT× C�Õ�× ç
çTÞ�Ö Þ�è�Þ�Ý ×CÚ ÕTÝ Ö Þ�ÕTá × ÝGÞ�ÝQCTÕTÚ Ö ×9Ý × Ö ÝGÜ�æ�Ø�Ù Ü�ã�ÕTçDÞ�Ö Ü�ä5Ý ê�ë�×CÞ�Ù ×CÕTÜ�ÖGá Ü�Õ�Ý Ú ç�× Ù Ú ÕTØ+Ö ìTÜ�Ý ×
èTãTÚ é Ö * Ú Õ�Þ�Ö Ü�ä5Ý�Þ�Ý�ä5× ä¯è�× Ù Ý�Ü�æ#ç�Þ�Ö Þ�è�Þ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá × Ý í
s ÕCÞ�ç�çTÚ Ö Ú Ü�ÕGÖ Ü5Ö ìT×�ç�Þ�Ö Þ�èTÞ�Ý ×�Ý á ì�× ä5Þ5Þ�Õ�çCÚ ÕTÝ Ö Þ�ÕTá × Ý ê�ë%×�ä5Þ�ÛGÞ�é Ý Ü5ìTÞ�å�×�Þ8Ý × Ö�Ü�æ#Ú Õ�*

Ö × Ø�Ù Ú Ö Û�á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý����D× ð�âTÙ × Ý Ý × ç�Ú Õ5é Þ�Õ�Ø�ã�Þ�Ø�×`��í�r�ìT× Ý ×�Þ�Ù ×IC�Ù Ý Ö * Ü�Ù çT× Ù�æ Ü�Ù ä¯ãTé Þ�Ý!ë�ì�Ú á ì
Ö ì�×�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á × Ý%Þ�Ù ×�× ð�â�× á Ö × ç8Ö Ü5Ý Þ�Ö Ú Ý æ Û�í�s æ!Þ5ç�Þ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�ÕTá ×�s�Ý Þ�Ö Ú Ý C�× Ý����
Ú Õ+Ö ì�×GÝ Ö Þ�ÕTç�Þ�Ù ç+ä8Ü�çT× é * Ö ì�× Ü�Ù × Ö Ú á8Ý × Õ�Ý ×�êUë�ì�Þ�Ö¯Ú Ý¯çT× Õ�Ü�Ö × çEè�Û s���	���¯êUë%×8Ý Þ�ÛCÖ ìTÞ�Ö
Ú Ö¯Ú Ý�á Ü�ÕTÝ Ú Ý Ö × Õ�ÖGß ë�Ù Ö
����à ê�Ü�Ö ì�× Ù ë�Ú Ý ×5ë%×5Ý Þ�ÛCÚ Ö¯Ú Ý�Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö í�s ÕEÞ�Õ�ÛCá Þ�Ý ×�ê�ë�×8ë�Ú é é
Þ�Ý Ý ãTä5×�æ Ù Ü�ä.ÕTÜ�ë±Ü�ÕGÖ ìTÞ�Ö����qÚ Ý�é Ü�Ø�Ú á Þ�é é Û8á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Ý × Ö�Ü�æ�C�Ù Ý Ö * Ü�Ù çT× Ù%Ý × Õ�Ö × ÕTá × Ý í
r�ìT×�Ü�Ù Ú Ø�Ú Õ�Þ�é�ä8Ü�Ö Ú å Þ�Ö Ú Ü�Õ�Ú ÕCJ�Ù × ÕTÞ�Ý�� '� #E �Uß & F(F(F à%ë%Þ�Ý%Ö Ü8á Ü�ÕTÝ Ú Ý Ö × Õ�Ö é ÛGÞ�ÕTÝ ë�× Ù�CTÙ Ý Ö *

Ü�Ù çT× Ù�7�ãT× Ù Ú × Ý í�e+×�Ý ìTÞ�é é�á Þ�é é�Ö ìT× ä }  #! U k�l R�� � U � !%Þ�ÕTç�çT× C�Õ�×�Ö ì�× ä.è�Û5Ö ì�×�Ø�Ù Þ�ä8ä5Þ�Ù
� ï ï ���� �����������	�����	�������&T

O�ÕT×¯ë�Þ�Û�Ü�æ�× ð�âTé Ú á Ú Ö é ÛCÞ�Ý 6�Ú Õ�Ø8Þ�Ö�Ö ìT×¯Ü�è�w × á Ö�é × å�× éUÞ�èTÜ�ã�Ö�Ö ìT×¯á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý%Ö Ü�Þ
C�Ù Ý Ö * Ü�Ù ç�× Ù@7�ãT× Ù Û+á Ü�ÕTÝ Ú Ý Ö Ý¯Ú ÕEÚ Õ�Ö Ù Ü�çTã�á Ú ÕTØCÞ9Õ�× ë3é Ü�Ø�Ú á Þ�é#Ü�â�× Ù Þ�Ö Ü�Ù��5ê!Ú ÕEÝ ã�á ìEÞCë%Þ�Û
Ö ì�Þ�Ö��� �ß !��à ê�ë�ì�× Ù ×� �ß !��à#Ú Ý�Þ�èTÞ�Ý Ú ág7�ãT× Ù Û�ê�Þ�Ý 6�Ý#æ Ü�Ù#Ö ìT×�å Þ�é ãT× Ý�Ü�æ�!�8Ö ìTÞ�Ö�Þ�Ù ×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö
Þ�Õ�Ý ë%× Ù Ý%Ö Ü� �ß !��à�ß Ü�Ù�ë�ì�× Ö ì�× Ù� DÚ Ý�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö é Û8Ö Ù ãT×�ê�Ú í ×�í�Ö Ù ã�×5Ú ÕCÞ�é é!Ù × âTÞ�Ú Ù Ý ê�ë�ìT× Õ� 
Ú Ý�Þ8Ý × Õ�Ö × ÕTá × à í�r�ìT×��
" l R�� � U � !%Þ�Ù ×�Ý Ú ä8Ú é Þ�Ù é ÛGç�× C�ÕT× ç�ï

7ï ï �����	��#�$%����&������T'"T
s ÕCÖ ìTÚ Ý�âTÞ�â�× Ù ê�ë�×5á Ü�ÕTá × Õ�Ö Ù Þ�Ö ×�ä5Ü�Ý Ö é ÛCÜ�ÕCÞ�Õ�Ý ë%× Ù Ú Õ�ØD}  ! U k��
" l R�� � U � !PÜ�æ#Ö ìT×�æ Ü�Ù ä

���GêTë�ì�× Ù ×��=Ú Ý�Þ8è�Þ�Ý Ú á@7�ãT× Ù Û�í
_�� yI��U ' U %#��L
ß Þ�à8ß J�Ù × ÕTÞ�Ý<� '" #E í & F(F+F à@q�Ú å�× Õ;Þ9çTÞ�Ö Þ�èTÞ�Ý ×8Ú ÕTÝ Ö Þ�ÕTá ×zsCÞ�Õ�ç;Þ+Ý × Ö5Ü�æ�Ú Õ�Ö × Ø�Ù Ú Ö Û+á Ü�Õ�*
Ý Ö Ù Þ�Ú Õ�Ö Ý ê����¯ê�Þz� � K� #U �DÜ�æ�s�ë�Ù Ö����°Ú Ý�Þ5çTÞ�Ö Þ�èTÞ�Ý ×�Ú ÕTÝ Ö Þ�Õ�á ×�s ( ê�Ü�å�× Ù#Ö ì�×�Ý Þ�ä5×�Ý á ì�× ä8ÞTê
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f#Ú ÕTÞ�é é Û�ê�ë%×¯Ö Þ+6�×5Þ�ç�å�Þ�Õ�Ö Þ�Ø�×5Ü�æ�Ö ìT×8× ðTÚ Ý Ö × Õ�á ×5Ü�æ�Þ�Ü�ÕT×¯Ö ÜCÜ�ÕT×5á Ü�Ù Ù × Ý â�Ü�ÕTç�× ÕTá ×¯è�× *

Ö ë%× × Õ8Ö ìT×�× * Þ�Õ�Ý ë%× Ù%Ý × Ö Ý�Ü�æ#Þ5o�NUn�MÃÞ�Õ�çGÖ ìT×�Þ�Õ�Ý ë%× Ù%Ý × Ö Ý�Ü�æ!Þ�Õ�× ð�Ö × ÕTç�× ç�çTÚ Ý w ãTÕTá Ö Ú å�×
é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä ß q�× é æ Ü�ÕTç�Þ�Õ�ç�NUÚ æ Ý á ì�Ú Ö : & F(FT& ß Ý × ×�Ý × á Ö Ú Ü�Õz-Tí & ê�K�× ä5Þ�Ù 6 & à í

k@H ÑJI�Ô �:KU��ÑJIT���'L;�
l Ñ�� �
m �
e+×�Ý ì�Þ�é éTãTÝ ×�o�NUn�M�Ý#æ Ü�Ù�Ý â�× á Ú æ Û�Ú ÕTØ¯ç�Þ�Ö Þ�è�Þ�Ý ×�Ù × âTÞ�Ú Ù Ý#Þ�Õ�çGÞ�ÕTÝ ë%× Ù Ú ÕTØ�èTÞ�Ý Ú á��g* 7�ã�× Ù Ú × Ý í
q�Ú å�× ÕCÞ�Ý × Ö�Ü�æ%s L%Ý�Þ�Õ�ç9Þ�Õ9Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�çTÞ�Ö Þ�èTÞ�Ý ×¯Ú Õ�Ý Ö Þ�Õ�á ×�s�ê�Ö ìT×"CTÙ Ý Ö�Ý Ö × â9á Ü�Õ�Ý Ú Ý Ö Ý
Ü�æ�ë�Ù Ú Ö Ú Õ�Ø9Þc� � K� #U �"K�� % x(�  #J5ê�O¯ß s�à ê#ìTÞ�å�Ú Õ�ØCÞ�Ý�Ö ìT×G× * Þ�Õ�Ý ë%× Ù�Ý × Ö Ý¯Ö ìT×GÙ × âTÞ�Ú Ù Ý¯Ü�æ�Ö ìT×
Ü�Ù Ú Ø�Ú ÕTÞ�é�ç�Þ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá ×�í'O¯ß s�à%á Þ�â�Ö ã�Ù × Ý%Ö ìT×�æ Þ�á Ö�Ö ìTÞ�Ö�ë�ì�× Õ�Þ5çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á ×@s
Ú Ý#Ù × â�Þ�Ú Ù × ç¯ä5Ü�Ý Ö#Ü�æTÖ ì�×%çTÞ�Ö Þ�â�× Ù Ý Ú Ý Ö Ý ê × ð�á × â�Ö!æ Ü�ÙUÝ Ü�ä8×�Ö ã�âTé × Ý í�s Õ5á Ü�ÕTÝ × 7�ãT× Õ�á ×�ê ç�× æ Þ�ã�é Ö
Ù ãTé × Ý�Þ�Ù ×GÚ Õ�Ö Ù Ü�ç�ãTá × çUïU× å�× Ù Û�Ö ìTÚ ÕTØCâ�× Ù Ý Ú Ý Ö Ý¯æ Ù Ü�ä Ö ì�×GÚ ÕTÝ Ö Þ�ÕTá ×Qs�Ö Ü�Ö ìT×GÙ × âTÞ�Ú Ù Ý íUs Ö5Ú Ý
Þ�é Ý ÜCÕT× á × Ý Ý Þ�Ù ÛCÖ Ü+Ú Õ�Ö Ù Ü�çTã�á ×8× ðTá × â�Ö Ú Ü�ÕEÙ ã�é × Ý ïU× å�× Ù Û�Ö ìTÚ Õ�Ø9â�× Ù Ý Ú Ý Ö Ý êUÞ�Ý¯Ý Ö Þ�Ö × ç;è�Û9Ö ìT×
çT× æ Þ�ãTé Ö Ý ê�ã�ÕTé × Ý Ý%Ö ì�×�s L%Ý�Þ�Ù ×�å�Ú Ü�é Þ�Ö × ç�Þ�ÕTç�ì�Þ�å�×�Ö Ü8èT×�Ý Þ�Ö Ú Ý C�× çUí
Q�× ð�Ö ê�Ú æ�Þ�C�Ù Ý Ö * Ü�Ù çT× ÙA7�ã�× Ù Û�Ú Ý!â�Ü�Ý × ç¯ë�Ú Ö ì�Ö ì�×%Ú Õ�Ö × Õ�Ö Ú Ü�Õ¯Ü�æTÙ × Ö Ù Ú × å�Ú Õ�Ø�Þ�é é�Þ�Õ�ç¯Ü�Õ�é Û�Ú Ö Ý

á Ü�Õ�Ý Ú Ý Ö × Õ�Ö%Þ�ÕTÝ ë%× Ù Ý ê�Ö ìT× Õ�Þ<l R�� � NgK�� % x(�  #J5ê�Ö ìTÞ�Ö�× ðTâ�Ù × Ý Ý × Ý�Ö ìT×g7�ã�× Ù Û�ê�Ú Ý%Ù ãTÕ8Ö Ü�Ø�× Ö ìT× Ù
ë�Ú Ö ì�Ö ìT×�Ù × â�Þ�Ú Ù�â�Ù Ü�Ø�Ù Þ�äCí
s Õ8Ö ì�Ú Ý%Ý × á Ö Ú Ü�ÕGë%×�Ú Õ�Ö Ù Ü�ç�ãTá ×�Ö ìT×�o�NUn%M�Ý�æ Ü�Ù%Ý â�× á Ú æ Û�Ú Õ�Ø5çTÞ�Ö Þ�èTÞ�Ý ×�Ù × âTÞ�Ú Ù Ý ê�Þ�ÕTç8Ø�Ú å�×

Þ;á Þ�Ù × æ ãTé�Þ�ÕTÞ�é Û�Ý Ú ÝGÜ�æ�Ö ìTÜ�Ý ×CâTÙ Ü�Ø�Ù Þ�ä5Ý5æ Ü�ÙGá Ü�ÕTÝ Ú Ý Ö × Õ�Öz7�ãT× Ù Û;Þ�Õ�Ý ë%× Ù Ú Õ�ØEë�Ù Ö�p�Ú ÕTÞ�Ù Û
s Õ�Ö × Ø�Ù Ú Ö Û+L%Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö ÝGß p�s L%Ý à êUÚ í ×�í�Ö ì�× Û+Þ�Ù ×8ãTÕ�Ú å�× Ù Ý Þ�é é ÛD7�ã�Þ�Õ�Ö Ú CT× çEÝ × Õ�Ö × ÕTá × Ý5Ü�æ%Ö ìT×
æ Ü�Ù ä n!ß S�^�>?S�o�>? #à ê�ë�ìT× Ù × nÃç�× Õ�Ü�Ö × Ý5Ö ìT×Cã�ÕTÚ å�× Ù Ý Þ�é%á é Ü�Ý ãTÙ ×�ê�S�^(h SWo�Þ�Ù ×�é Ú Ö × Ù Þ�é Ý
Þ�Ý Ý Ü�á Ú Þ�Ö × ç5Ö Ü¯Ö ìT×�ç�Þ�Ö Þ�èTÞ�Ý ×�Ý á ì�× ä8ÞTò� EÚ Ý%Þ@C�Ù Ý Ö * Ü�Ù çT× Ù#æ Ü�Ù ä5ã�é Þ¯á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�Ø¯Ü�Õ�é Û5èTãTÚ é Ö *
Ú Õ�âTÙ × ç�Ú á Þ�Ö × Ý o Þ�ÕTçGæ Ù × ×�å Þ�Ù Ú Þ�èTé × Ý�Þ�â�â�× Þ�Ù Ú ÕTØ5Ú Õ:S ^ h S o í

p�q ùI� ö ÷�û �#� � � � û ú � � ù�ý � ø ù û ÷ � �Cr�ø-r�� � � ù ø ø ü%ü � ý s ö ù#� ú � � øTø t � ø � ú � � ù ý�÷ ö#� ø ý 	 u�ö úTù � úTü � ý s ö�ù � ú � � ø�ü ø � û ö � ú ý �v�w ö#� � ú � � ù"� ÷ ø ü � � û ú ø ý�x�û � ø�û�y t ø ü5ø t ú ø ù�ý � � ù�� ù¯ø � ø ÷ �¯ü û ú û u�û ý ø 	�� ù@��û ÷ ú � � ö#� û ÷ 	�� ù�ø � ø ÷ �¯÷ ø � û � ÷ z�ý �ú x ø ��û ÷ ø#ù � ú!ý ö�u s ø � úUú ��� x�û ù { ø ý �
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e+×9ìTÞ�å�×�Ö ìTÙ × ×Câ�Ü�Ý Ý Ú è�Ú é Ú Ö Ú × ÝGæ Ü�ÙGp�s L%ÝGÚ ÕDÖ × Ù ä8ÝGÜ�æ�Ö ìT×9Ý Ú Ø�ÕÃÜ�æ¯é Ú Ö × Ù Þ�é Ý�Ú ÕÃÖ ìT× ä�ê
ÕTÞ�ä8× é Û5Ö ìT×�ãTÕ�Ú å�× Ù Ý Þ�é�á é Ü�Ý ã�Ù × Ý�Ü�æ ï

iJ^�ß�!�C^ àC>
i-o�ß�!�Jo à,>� �òdiJ^�ß�!�C^ à,>=��j ^�ßJ!8 ^ àC>= %ò|��j ^�ßJ!8 ^ à,>=��j o�ßJ!8 o�àC>= �h ß & à
ë�ìT× Ù ×8Ö ì�×
i-g ß-!�-g à h j }�ß-!8 } à�Þ�Ù ×Gç�Þ�Ö Þ�è�Þ�Ý ×GÞ�Ö Ü�ä5Ý íUp%s L%Ý5ë�Ú Ö ì;Ü�ÕT×Gç�Þ�Ö Þ�èTÞ�Ý ×8é Ú Ö × Ù Þ�é�âTé ã�Ýâ�Ü�Ý Ý Ú è�é ÛGÞ¯æ Ü�Ù ä¯ãTé Þ5á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�Ø5èTã�Ú é Ö * Ú Õ�Ý�Þ�Ù ×�á Þ�é é × ç�R��� (� N5���A! í
R�× å�× Ù Þ�é�Ú Õ�Ö × Ù × Ý Ö Ú Õ�Ø8á é Þ�Ý Ý × Ý�Ü�æ!s L%Ý�ß J�èTÚ Ö × è�Ü�ãTéI� '� #E í & F(F .�à�ã�Ý × ç�Ú Õ�çTÞ�Ö Þ�èTÞ�Ý ×�â�Ù Þ�ðTÚ Ý

á Þ�Õ8è�×�Ù × âTÙ × Ý × Õ�Ö × çGè�Û8p�s L%Ý ï ß Þ�à�K�Þ�Õ�Ø�×�á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý ê�×�í ØTí�~8ß �Ah 8 à`b��:D .�ò�ß èTà�fTãTé éÚ ÕTá é ã�Ý Ú Ü�Õ¯çT× â�× ÕTç�× Õ�á Ú × Ý ò�ß èTàUæ ãTÕTá Ö Ú Ü�ÕTÞ�é�çT× â�× ÕTç�× ÕTá Ú × Ý�ß Ý × ×%M#ðTÞ�ä5âTé × & à ê�× Ö á�í Q�× å�× Ù Ö ìT× *
é × Ý Ý ê�æ Ü�Ù%Ù × æ × Ù × Õ�Ö Ú Þ�é�s L%Ý ê�é Ú 6�×�Ú Õ@~8ß �Ah 8 àIb�����r8ß �Ah ��à ê�ë%×�Õ�× × ç8× ð�Ú Ý Ö × Õ�Ö Ú Þ�é�7�ãTÞ�Õ�Ö Ú C�× Ù ÝÜ�Ù�R�6�Ü�é × ä=æ ã�ÕTá Ö Ú Ü�ÕTÝ�ß f!Ú Ö Ö Ú ÕTØ & F+F 3�à í�r�ì�× ÛGÞ�Ù ×�á Ü�Õ�Ý Ú çT× Ù × çGÚ Õ�Ý × á Ö Ú Ü�Õ&3�í

��� �%��� ��� � �?�J�J���-� �P�C�-� �C� �J�����
s Õ;Ö ìTÚ Ý8Ý × á Ö Ú Ü�ÕDë%×�ë�Ú é é�ä5Ü�ä8× Õ�Ö Þ�Ù Ú é ÛEçT× âTÞ�Ù Ö5æ Ù Ü�ä Ü�ã�Ù8Þ�Ý Ý ã�ä8â�Ö Ú Ü�Õ;Ö ìTÞ�ÖGç�Þ�Ö Þ�è�Þ�Ý × Ý
ìTÞ�å�×%Þ�Õ8Ú Õ�C�Õ�Ú Ö ×�ç�Ü�ä5Þ�Ú Õ�� ß Ý × ×�Ý × á Ö Ú Ü�Õ & à ê�Þ�Õ�ç8ë�Ú é éTÞ�ÕTÞ�é Û+: ×%Ö ìT×�á Þ�Ý ×�Ü�æ�C�Õ�Ú Ö ×�çTÜ�ä5Þ�Ú Õ
çTÞ�Ö Þ�è�Þ�Ý × Ý íTr�ì�×5Ù × Þ�Ý Ü�Õ�Ú Ý�Ö ìTÞ�Ö�Ú Õ�Ö ì�×¯Ø�× Õ�× Ù Þ�éUá Þ�Ý ×�êTë%×¯ë�Ú é é!è�×5Ú Õ�Ö × Ù × Ý Ö × çCÚ Õt$(%#JQ #U �
U ��$(� K�� ��$+� ��'�p�s L%Ý ê�æ Ü�Ù�ë�ì�Ú á ì�Ü�Õ�é Û8Ö ì�×�Þ�á Ö Ú å�×�çTÜ�ä8Þ�Ú ÕGÚ Ý�Ù × é × å�Þ�Õ�Ö¯ß Þ�ÕTç&C�Õ�Ú Ö × à í

��� L(� L&��)���k )� #�+x+�gK�� % x(�  #J
r!Ü¯Ú Õ�Ö Ù Ü�çTã�á ×�Ö ìT×�Ù × âTÞ�Ú Ù%â�Ù Ü�Ø�Ù Þ�ä5ÝWO¯ß s�à%Þ�ÕTçGÞ�ÕTÞ�é Û+: ×�Ö ì�× Ú Ù�è�× ì�Þ�å�Ú Ü�Ù ê�ë%×�ë�Ú é é�á Ü�ÕTá × Õ�*
Ö Ù Þ�Ö ×�CTÙ Ý Ö�Ü�Õ�Ö ì�×¯Ý ã�è�* â�Ù Ü�Ø�Ù Þ�ä3Ö ìTÞ�Ö�çTÜ�× Ý�Õ�Ü�Ö�á Ü�Õ�Ö Þ�Ú ÕCç�× æ Þ�ã�é Ö Ý�Ù ãTé × Ý í�r�ìTÚ Ý�âTÙ Ü�Ø�Ù Þ�äCê
çT× ÕTÜ�Ö × ç�è�Û�O���ß s�à êTÚ Ý�Ù × Ý â�Ü�ÕTÝ Ú èTé ×�æ Ü�Ù%Ö ìT×�á ìTÞ�Õ�Ø�× Ý�ß èTã�Ö�ÕTÜ�Ö%æ Ü�Ù�âT× Ù Ý Ú Ý Ö × ÕTá × à í
R�â�é Ú Ö Ö Ú ÕTØ�Ö ì�×%âTÙ Ü�Ø�Ù Þ�ä°Ú Õ�Ö ìTÚ Ý#ë%Þ�Û�ä5Þ+6�× ÝUÖ ìT×�Þ�Õ�Þ�é Û�Ý Ú Ý!× Þ�Ý Ú × Ù í fTãTÙ Ö ìT× Ù ä5Ü�Ù ×�ê 6�× × â�Ú ÕTØ

O � ß s�à ê èTã�Ö#ãTÝ Ú ÕTØ�çTÚ B�× Ù × Õ�Ö!æ Ü�Ù ä°Ü�æTçT× æ Þ�ãTé Ö Ý ê ë�×%á Þ�Õ¯á Þ�â�Ö ã�Ù ×�çTÚ B�× Ù × Õ�Ö�6�Ú Õ�çTÝ!Ü�æTÙ × âTÞ�Ú Ù Ý í
s Õ�Ý × á Ö Ú Ü�Õ&-Tí & í ó�ê�ë%×�ë�Ú é é�Ú Õ�Ö Ù Ü�çTãTá ×�çT× æ Þ�ãTé Ö Ý�é × Þ�ç�Ú ÕTØ�Ö Ü5Ü�ãTÙ%Õ�Ü�Ö Ú Ü�ÕGÜ�æ!Ù × â�Þ�Ú Ù%èTÞ�Ý × çGÜ�Õ
ä8Ú Õ�Ú ä5Þ�éTÝ × Ö�Ü�æ�á ìTÞ�Õ�Ø�× Ý�ß o�× CTÕTÚ Ö Ú Ü�Õ & à í�s Õ8Ý × á Ö Ú Ü�ÕQ5Tí & ê�ë%×�ë�Ú é éTãTÝ ×�Ü�Ö ìT× Ù�çT× æ Þ�ãTé Ö Ý#Ö ìTÞ�Ö
é × Þ�ç8Ö Ü5Ù × âTÞ�Ú Ù Ý�è�Þ�Ý × çGÜ�Õ�ä5Ú ÕTÚ ä5Þ�éUÕ�ãTä¯è�× Ù�Ü�æ#á ìTÞ�Õ�Ø�× Ý í
_�� yI��U ' U %#��4
q�Ú å�× Õ9Þ�Ý × Ö�Ü�æ%p�s L%Ý	���3Þ�ÕTç9Þ�Õ+Ú Õ�Ý Ö Þ�Õ�á ×�s�ê�Ö ìT×<k )� (�+x+��K�� % x(�  (J¯êCO � ß s�à ê�á Ü�Õ�Ö Þ�Ú ÕTÝ
Ö ì�×�æ Ü�é é Ü�ë�Ú Õ�Ø5Ù ãTé × Ý ï
& í�fTÞ�á Ö Ý ï+ß Þ�à�f�Ü�Ù�× å�× Ù Û8Ø�Ù Ü�ãTÕTçGçTÞ�Ö Þ�è�Þ�Ý ×�Þ�Ö Ü�äPiUß !� à�X&s�ê�Ö ìT×�æ Þ�á ÖWiUß !� à íß è�à�fTÜ�Ù�× å�× Ù Û � Ú Õz�9ê�Ö ìT×�æ Þ�á Öu$(%#JCß � à í
ó�í�fTÜ�Ù�× Þ�á ì�s L±Ü�æUÖ ì�×�æ Ü�Ù ä8Ý�Ú ÕEß & à êTÙ × Ý â�× á Ö Ú å�× é Û�ê�Ö ì�×�Ö Ù Ú Ø�Ø�× Ù Ú ÕTØ¯Ù ã�é ×

i ( ^ ß !B ^ àC>5i (o ß !B o à#\�] $(%#JCß !B ^ h !B o à h@��%#'�i ^ ß !B ^ à h@��%#'�i o ß !B o à h  
i ( ^ ß !B ^ àC>=��j (^ ß !F ^ à#\�] $(%#JCß !B ^ à h@��%#'�i ^ ß !B ^ à h�j ^ ß !F ^ à h  
��j (^ ß !F ^ àC>=��j (o ß !F o à#\�] j ^ ß !F ^ à h�j o ß !F o à h  

,Tí�fTÜ�Ù�Þ�Õ�s L±Ü�æ!Ö ìT×�CTÙ Ý Ö%æ Ü�Ù ä.Ú Õ+ß & à ê�Ö ìT×�K� #U �%Ü�æ!Ý Ö Þ�èTÚ é Ú : Ú ÕTØ5Ù ã�é × Ý
i ( ^ ß !B ^ à#\�] $(%#JCß !B ^ à h��Ji (o ß !B o à h  
i (o ß !B o à#\�] $(%#JCß !B o à h��Ji ( ^ ß !B ^ à h  
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fTÜ�Ù�Þ�Õ�s L±Ü�æ!Ö ìT×�Ý × á Ü�ÕTç8æ Ü�Ù ä.Ú Õ+ß & à ê�Ö ì�×�â�Þ�Ú Ù�Ü�æ#Ý Ö Þ�èTÚ é Ú : Ú ÕTØ5Ù ãTé × Ý
i ( ^ ß !B ^ à#\�] $(%#JCß !B ^ à h�j (^ ß !F ^ à h  
��j (^ ß !F ^ à#\�] $(%#JCß !F ^ à h��Ji ( ^ ß !B ^ à h  

fTÜ�Ù�Þ�Õ�s L±Ü�æ!Ö ìT×�Ö ì�Ú Ù çGæ Ü�Ù ä.Ú Õ+ß & à ê�Ö ìT×�â�Þ�Ú Ù�Ü�æ#Ý Ö Þ�èTÚ é Ú : Ú ÕTØ5Ù ãTé × Ý
��j (^ ß !F ^ à#\=] $(%(JCß !F ^ à h�j (o ß !F o à h  
��j (o ß !F o à#\=] $(%(JCß !F o à h�j (^ ß !F ^ à h  �T

r�ìT×8âTÙ Ú ä8× ç+å�× Ù Ý Ú Ü�ÕTÝ5ß iJ( h T T T à�Ü�æ�Ö ì�×8Ü�Ù Ú Ø�Ú ÕTÞ�é#ç�Þ�Ö Þ�èTÞ�Ý ×5âTÙ × ç�Ú á Þ�Ö × Ý8ß iAh T T T à�Ý Ö Þ�Õ�ç+æ Ü�Ù
Ö ì�×5çTÞ�Ö Þ�èTÞ�Ý ×¯âTÙ × ç�Ú á Þ�Ö × Ý�Ú ÕCÖ ìT×5Ù × âTÞ�Ú Ù Ý íTs Õ9Ö ì�× Ý ×8Ù ã�é × Ý ê`$+%#JCß T h T à�Ú Ý�Þ�Õ9Þ�èTè�Ù × å�Ú Þ�Ö Ú Ü�Õ
æ Ü�Ù�Ö ì�×5á Ü�Õ#w ãTÕ�á Ö Ú Ü�ÕCÜ�æ%ä5× ä¯è�× Ù Ý ìTÚ â�Ý�Ö Ü $(%#J Ü�æ�Þ�é éUÖ ìT×5Ú Õ�çTÚ å�Ú ç�ãTÞ�é!å Þ�Ù Ú Þ�èTé × Ý ò�Þ�Õ�ç  %ê
Þ�Õ8Þ�èTèTÙ × å�Ú Þ�Ö Ú Ü�Õ5æ Ü�Ù%Þ¯Ù × â�Ù × Ý × Õ�Ö Þ�Ö Ú Ü�Õ8Ü�æ�Ö ì�×�ÕT× Ø�Þ�Ö Ú Ü�Õ8Ü�æ, %í�o�× âT× Õ�çTÚ Õ�Ø5Ü�ÕGÚ Ö Ý%Ý Û�Õ�Ö Þ�ð�ê
Ú Ö�ä8Þ�Û�è�×¯ÕT× á × Ý Ý Þ�Ù ÛGÖ ÜGãTÕ�æ Ü�é çCÖ ìT×¯æ Ü�Ù ä¯ã�é Þ  ÃÚ Õ�Ö ÜGÞ�ç�çTÚ Ö Ú Ü�Õ�Þ�éUâ�Ù Ü�Ø�Ù Þ�ä.Ù ãTé × Ý êTè�ã�Ö  
ë�Ú é é�ãTÝ ãTÞ�é é ÛGè�×�Þ5á Ü�Õ w ãTÕ�á Ö Ú Ü�Õ�Ü�æ#é Ú Ö × Ù Þ�é Ý í p

GIH+ (J�K�E ���
L%Ü�Õ�Ý Ú ç�× Ù�Ö ì�×�Ú Õ�á é ãTÝ Ú Ü�Õ�çT× â�× ÕTç�× ÕTá Ú × Ý����qï�R nJ� 8 ß ~8ß ��h 8 àIb r8ß �Ah 8 à à h nJ� 8 ß r8ß �Ah 8 àIb
�8ß �Ah 8 à à TGÞ�ÕTç+Ö ìT×8Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö5ç�Þ�Ö Þ�è�Þ�Ý ×8Ú Õ�Ý Ö Þ�ÕTá ×&s:� R�~8ß � h � à h r8ß � h � à T�í�r�ì�×GâTÙ Ü(*Ø�Ù Þ�ä O � ß s�à%á Ü�Õ�Ö Þ�Ú ÕTÝ�Ö ìT×�æ Ü�é é Ü�ë�Ú Õ�Ø8á é Þ�ã�Ý × Ý ï
& íg]A +k ' ! ïA~8ß � h � à hgr5ß � h � à íó�í���� U x x+� � U �+xz� H+k � K�' U %#��! ïE��~�( ß BDh F5àJ>&r�( ß B<h F5à�\ ~8ß B<h F5à h���%#'�r8ß B<h F¯à T

�`r�( ß BDh F5àJ>���( ß BDh F5à�\ r8ß BDh F¯à h���%#'��8ß B<h F¯à T
M�Þ�á ì�Ü�æ�Ö ìT× Ý ×�Ù ãTé × Ý!Ù × â�Ù × Ý × Õ�Ö�Ö ìT×#Ö ë%Ü�â�Ü�Ý Ý Ú è�é ×�ë%Þ�Û�Ý�Ö Ü�Ù × âTÞ�Ú Ù�Ö ì�×%á Ü�Ù Ù × Ý âTÜ�Õ�çTÚ Õ�Ø
s L�ê�Ý × âTÞ�Ù Þ�Ö × é Û�ï r�ìT×IC�Ù Ý Ö�Ù ãTé ×�Ý Þ�Û�ÝUÖ ì�Þ�Ö�Ú Õ8Ü�Ù ç�× Ù!Ö Ü�� é Ü�á Þ�é é Û	��Ù × âTÞ�Ú ÙUÖ ìT×�CTÙ Ý Ö#s L�ê
× Ú Ö ì�× Ù!× é Ú ä5Ú ÕTÞ�Ö ×�ß B<h F8à�æ Ù Ü�äP~°Ü�Ù!Ú ÕTÝ × Ù Ö�ß B<h F5àUÚ Õ�Ö Ü�r8í r�ìT×%Ý × ä5Þ�Õ�Ö Ú á Ý!Ü�æ�Ö ìT× Ý ×
o�N!n�M�Ý�Ø�Ú å�× Ý!Ö ìT×�çTÚ Ý w ã�ÕTá Ö Ú Ü�ÕGÞ�Õ5× ð�á é ãTÝ Ú å�×�Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�ÕUí�s Õ5Ö ì�Ú Ý�× ð�Þ�ä8â�é ×�ê�ç�ãT×
Ö Ü5Ö ìT×�æ Ü�Ù ä=Ü�æ!Ö ì�×�s L%Ý êTë%×�çTÜ5ÕTÜ�Ö�Õ�× × ç�çTÜ�ä5Þ�Ú Õ�âTÙ × ç�Ú á Þ�Ö × Ý í

,Tí�M�'  (} U E U 
 U �+x&� H+k � K�' U %(��! ï r�( ß B<h F¯à \ ~�( ß BDh F¯à ò ��~�( ß BDh F5à�\��`r�( ß B<h F¯à T
��( ß B<h F5à�\ r�( ß B<h F5à ò �`r�( ß BDh F5à�\�����( ß B<h F¯à T

r�ì�× Ý ×¯Ù ãTé × Ý�Ý Ö Þ�Ö ×�Ö ìTÞ�Ö�× å�× Õ�Ö ãTÞ�é é Û8Ö ì�×5s L%Ý�ì�Þ�å�×�Ö Ü�èT×5Ý Þ�Ö Ú Ý C�× çCÚ ÕCÖ ìT×¯Ù × âTÞ�Ú Ù Ý í
r�ì�× Û5Þ�Ù ×�ÕT× á × Ý Ý Þ�Ù Û¯Ú æ ê�é Ú 6�×�Ú Õ5Ö ì�Ú Ý�× ðTÞ�ä5âTé ×�ê�Ö ìT× Ù ×�Þ�Ù ×�Ú Õ�Ö × Ù Þ�á Ö Ú Õ�Ø�s L%Ý%Þ�Õ�ç8é Ü�á Þ�é
Ù × â�Þ�Ú Ù Ý�Þ�é Ü�ÕT×¯Þ�Ù ×¯ÕTÜ�Ö�Ý ã�î8á Ú × Õ�Ö í�n�Ù Ü�â�Þ�Ø�Þ�Ö Ú Ü�ÕCÜ�æ%á ìTÞ�Õ�Ø�× Ý�Þ�Ù ×¯Ù × 7�ãTÚ Ù × çCè�× Û�Ü�Õ�ç
Ö ì�×�CTÙ Ý Ö�Ö Ù Ú Ø�Ø�× Ù Ú ÕTØGÝ Ö × â�íUR�Ú Õ�á ×¯Ö ìT×5s L%Ý�á Þ�Õ9è�×8Ù × âTÞ�Ú Ù × çCè�ÛC× Ú Ö ì�× Ù�ç�× é × Ö Ú ÕTØ�Ü�Ù
Ú ÕTÝ × Ù Ö Ú Õ�Ø8Þ¯Ö ãTâTé ×�ê�Ö ìT×�á Ü�Õ�Ö Ù Þ�âTÜ�Ý Ú Ö Ú å�×�å�× Ù Ý Ú Ü�Õ�Ý�Ü�æ!Ö ì�×�s L%Ý�Þ�Ù ×�Õ�× × ç�× ç�í

Q�Ü�Ö Ú á ×�Ö ìTÞ�Ö�æ Ü�Ù�p%s L%Ý êTÖ ì�×5Ý Ö Þ�è�Ú é Ú : Ú Õ�Ø�Ù ãTé × Ý�Ú Õ�O � ß s�à�çTÜGÕTÜ�Ö�á Ü�Õ�Ö Þ�Ú ÕCçTÚ Ý w ãTÕ�á Ö Ú Ü�Õ�Ý
Ú ÕGÖ ìT×�ì�× Þ�ç�Ý í
_�� yI��U ' U %#���
J J�% $(� E�Ü�æUÞ¯o�NUn�M�ê�O5ê�Ú Ý%Þ¯Ý × Ö%Ü�æUØ�Ù Ü�ãTÕTç8é Ú Ö × Ù Þ�é Ý ê�Q�ê�Ö ìTÞ�Ö�ç�Ü�× Ý%Õ�Ü�Ö�á Ü�Õ�Ö Þ�Ú Õ8á Ü�ä5âTé × *
ä8× Õ�Ö Þ�Ù ÛGé Ú Ö × Ù Þ�é Ý�Þ�ÕTç9Ý Þ�Ö Ú Ý C�× Ý�OPÚ Õ�Ö ìT×¯ã�Ý ãTÞ�éUé Ü�Ø�Ú á Þ�é�Ý × ÕTÝ ×�ê�èTã�Ö�ë�Ú Ö ìCë%× Þ+6GÕ�× Ø�Þ�Ö Ú Ü�Õ
Ú Õ�Ö × Ù â�Ù × Ö × ç�Þ�Ý�Õ�Ü�Ö�è�× Ú Õ�Ø8Þ�ÕG× é × ä5× Õ�Ö�Ü�æWQ%í
_�� yI��U ' U %#���
q�Ú å�× ÕGÞ8ä5Ü�ç�× é,QDÜ�æ�O � ß s�à êTë%×�çT× CTÕT×�Ö ìT×�çTÞ�Ö Þ�èTÞ�Ý ×�Ú ÕTÝ Ö Þ�ÕTá ×�á Ü�Ù Ù × Ý â�Ü�ÕTç�Ú ÕTØ�Ö Ü�Q;è�Û

Tß Q#à��VR iUß !� à�� i-( ß !� à�X:Q�T7+�R iUß !� à�� iUß !� à�X�Q;Þ�Õ�ç��Ji-( ß !� à�ZX:Q#à T�í
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Q�Ü�Ö Ú á ×�Ö ìTÞ�Ö ê�æ Ü�Ù%Þ¯Ø�Ú å�× Õ8ä8Ü�çT× éCQEÜ�æ�Ö ìT×�á ì�Þ�Õ�Ø�×�â�Ù Ü�Ø�Ù Þ�äCê��ß Q�à#ä8× Ù Ø�× Ý�Ú ÕGÜ�Õ�×�ÕT× ë
Ú ÕTÝ Ö Þ�ÕTá ×�Þ�é é%Ö ì�×Câ�Ü�Ý Ú Ö Ú å�×Câ�Ù Ú ä5× ç;Ö ãTâTé × Ý8ë�Ú Ö ìDÞ�é é%Ö ìT×CÜ�é ç�ê#ÕTÜ�ÕDâTÙ Ú ä8× ç;Ö ã�âTé × Ý5Ö ìTÞ�Ö
â�× Ù Ý Ú Ý Ö × çUê�Ú í ×�í�Ö ìTÞ�Ö%Ö ìT× Ú Ù�Õ�× Ø�Þ�Ö Ú å�×�âTÙ Ú ä5× çGå�× Ù Ý Ú Ü�Õ8çTÜ5Õ�Ü�Ö%è�× é Ü�ÕTØ¯Ö Ü¯Ö ìT×�ä5Ü�ç�× é íTR�Ú ÕTá ×
Ö ì�× Ù ×�Þ�Ù ×%Õ�Ü�â�× Ù Ý Ú Ý Ö × Õ�á ×%ç�× æ Þ�ã�é Ö Ý#Ú Õ
O � ß s�à ê�â�× Ù Ý Ú Ý Ö × Õ�á ×%Ú Ý!á Þ�â�Ö ã�Ù × ç¯× ð�âTé Ú á Ú Ö é Û�Ú Õ�Tß Q#à í
Y�� % K�% ! U ' U %#� L
q�Ú å�× ÕCÞ8çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á ×"s8Þ�ÕTçCÞ8Ý × Ö�Ü�æ�p�s L%Ý����¯êTÚ æ�QDÚ Ý�ÞGä5Ü�ç�× é!Ü�æWO���ß s�à ê�Ö ì�× Õ
�ß Q�à%Ý Þ�Ö Ú Ý CT× Ý����¯í
_�� yI��U ' U %#���
q�Ú å�× ÕGçTÞ�Ö Þ�è�Þ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á × Ý�s¯Þ�Õ�çzs (!Ü�å�× Ù�Ö ì�×�Ý Þ�ä8×�Ý á ì�× ä5Þ5Þ�Õ�ç�çTÜ�ä5Þ�Ú ÕUê�ë%×�ç�× C�ÕT×
Q�ß s#h s ( à.� R iUß !� à��(s
�� iUß !� à T�+�R i ( ß !� à�� s ( � � iUß !� à T�+�R��Ji ( ß !� à��(s ( 9� ��i!ß !� à T
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Q�ß s#h s�( à�á Ü�é é × á Ö Ý�Ö ìT×�ä8Þ�ð�Ú ä5Þ�é�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Ý × Ö�Ü�æ#é Ú Ö × Ù Þ�é Ý%Ö ì�Þ�Ö�á Þ�ÕCè�×�Ü�è�Ö Þ�Ú ÕT× çGæ Ù Ü�ä
Ö ë%ÜCç�Þ�Ö Þ�è�Þ�Ý ×8Ú ÕTÝ Ö Þ�ÕTá × Ý ê�×�í Ø�í�Ö ìT×8Ü�Ù Ú Ø�Ú Õ�Þ�é#Ú ÕTÝ Ö Þ�ÕTá ×GÞ�Õ�çEÞCÙ × â�Þ�Ú Ù í�r�ìT×8Þ�Ö Ü�ä5Ý�á Ü�Ù Ù × *
Ý â�Ü�ÕTç�Ú ÕTØ�Ö Ü�Ö ìT×%Ý × á Ü�ÕTç5Þ�Ù Ø�ãTä5× Õ�Ö!Þ�Ù ×�â�Ù Ú ä5× ç�í�Q�× Ø�Þ�Ö Ú å�×%é Ú Ö × Ù Þ�é Ý#á Ü�Ù Ù × Ý â�Ü�Õ�çTÚ Õ�Ø�Ö Ü�Ö ìT×
C�Ù Ý Ö�Þ�Ù Ø�ãTä5× Õ�Ö�Þ�Ù ×�ÕTÜ�Ö�á Ü�ÕTÝ Ú çT× Ù × çUê�è�× á Þ�ã�Ý ×�ë%× Þ+68ÕT× Ø�Þ�Ö Ú Ü�ÕGë�Ú é éUèT×�Þ�â�âTé Ú × ç�í
Y�� % K�% ! U ' U %#�?4
q�Ú å�× Õ�ÞGç�Þ�Ö Þ�è�Þ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá ×"s5Þ�Õ�çCÞ8Ý × Ö�Ü�æ�p%s L%Ý�	�5ê�Ú æ s�(UÝ Þ�Ö Ú Ý C�× Ý����¯ê�Ö ìT× Õ�Q�ß s#h s�( à
Ú Ý�Þ8ä5Ü�çT× éUÜ�æ�O � ß s�à í
r�ìTÚ Ý!Ù × Ý ã�é Ö!Ö × é é Ý!ãTÝUÖ ì�Þ�Ö#Ý ãTè�Ý × Ö Ý#Ü�æCQ%ß s#h s ( à!á Ü�ãTé ç¯è�×�â�Ü�Ö × Õ�Ö Ú Þ�é�ä5Ü�ç�× é Ý#Ü�æ�Ö ì�×�á ì�Þ�ÕTØ�×

âTÙ Ü�Ø�Ù Þ�äCí-Q�ß s#h s�( à�á Þ�ÕCè�×¯ÞGé Þ�Ù Ø�×¯ä5Ü�ç�× é ê�Ú ÕCÖ ìT×¯Ý × ÕTÝ ×�Ö ìTÞ�Ö�Ö ìT×5ç�Ú B�× Ù × ÕTá ×¯è�× Ö ë%× × ÕDs
Þ�Õ�çzs (!ä5Þ�ÛGÕ�Ü�Ö�è�×�ä5Ú Õ�Ú ä8Þ�é í
Y�� % K�% ! U ' U %#���
f�Ü�Ù#p�s L%Ý ê�Ö ìT×�á ìTÞ�ÕTØ�×�â�Ù Ü�Ø�Ù Þ�äPO � ß s�à�ì�Þ�Ý�Þ�Õ8Þ�ÕTÝ ë%× Ù#Ý × Ö ò�Þ�ÕTç8Þ�é é�Ö ìT×�Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�Þ�Ù ×
á Ü�Õ�Ý Ú Ý Ö × Õ�Ö ê�Ú í ×�í�Ö ì�× ÛGç�Ü8ÕTÜ�Ö�á Ü�Õ�Ö Þ�Ú ÕGá Ü�ä5âTé × ä5× Õ�Ö Þ�Ù Û8é Ú Ö × Ù Þ�é Ý í 6
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n%Ù Ü�Ø�Ù Þ�äVO � ß s�à!Ø�Ú å�× Ý#Þ�Õ¯Þ�á á Ü�ã�Õ�Ö#Ü�æ�á ìTÞ�Õ�Ø�× Ý!Ü�ÕTé Û�í r�ìT×�æ Þ�á Ö!Ö ìTÞ�Ö�Ù × â�Þ�Ú Ù Ý!á Ü�Õ�Ö Þ�Ú Õ5ç�Þ�Ö Þ
Ö ì�Þ�Ö�â�× Ù Ý Ú Ý Ö Ý�æ Ù Ü�ä3Ö ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�Ú ÕTÝ Ö Þ�Õ�á ×�Ú Ý�á Þ�â�Ö ã�Ù × ç�ë�Ú Ö ì�â�× Ù Ý Ú Ý Ö × ÕTá ×�çT× æ Þ�ãTé Ö Ý í
_�� yI��U ' U %#���
r�ìT×�Ù × â�Þ�Ú Ù�â�Ù Ü�Ø�Ù Þ�äPO¯ß s�à�á Ü�Õ�Ý Ú Ý Ö Ý�Ü�æ�Ö ìT×�Ù ãTé × Ý�Ú Õ8âTÙ Ü�Ø�Ù Þ�ä&O � ß s�à�ß o�× CTÕTÚ Ö Ú Ü�Õ�ó�à!âTé ã�Ý
Ö ì�×�æ Ü�é é Ü�ë�Ú Õ�Ø¯Ö ë%Ü5Ù ãTé × Ý%æ Ü�Ù�× Þ�á ì�âTÙ × ç�Ú á Þ�Ö ×�iCÚ Õ�Ö ìT×�Ü�Ù Ú Ø�Ú ÕTÞ�é�ç�Þ�Ö Þ�è�Þ�Ý ×�ï
-Tí�n#× Ù Ý Ú Ý Ö × ÕTá ×Q$(� j  #R�E ' ! ï
i-( ß !B9à�\=]?iUß !B9à ò �Ji-( ß !B9à�\=] $(%#J9ß !B9à h@��%(',i!ß !B9à í p

GIH+ (J�K�E ���
ß × ð�Þ�ä8â�é ×@,5á Ü�Õ�Ö Ú Õ�ãT× ç�à�e9×�ìTÞ�å�×�Ö ìT×�æ Ü�é é Ü�ë�Ú ÕTØ5â�× Ù Ý Ú Ý Ö × ÕTá ×�çT× æ Þ�ãTé Ö Ý ï
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����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! &�&
-Tí�~�( ß B<h F8à \2~8ß BDh F¯à ò ��~�( ß BDh F5à#\ $+%#JCß BDh F¯à h@��%#'�~8ß BDh F5à
r�( ß BDh F5à#\ r5ß B<h F8à ò �`r�( ß BDh F¯à#\ $(%#JCß BDh F5à h@��%#'�r5ß BDh F5à T
��( ß BDh F5à#\#�5ß BDh F5à ò ����( ß BDh F5à#\ $(%#JCß B<h F8à h@��%#'��5ß B<h F5à T
r�ì�Ú Ý5ä5× Þ�Õ�Ý¯Ö ìTÞ�Ö ê#è�Û+çT× æ Þ�ãTé Ö ê!× å�× Ù Û�Ö ì�Ú ÕTØCæ Ù Ü�ä sCÚ Ý5âTã�Ö5Ú Õ�Ö Ü9Þ9Ù × âTÞ�Ú Ù"s (�Þ�Õ�ç
Õ�Ü�Ö ì�Ú ÕTØ8× é Ý ×�í

s ÕDÖ ìTÚ Ý�â�Ù Ü�Ø�Ù Þ�ä)Ù ãTé × ÝGó+Þ�Õ�ç ,EìTÞ�å�×�âTÙ Ú Ü�Ù Ú Ö Û;Ü�å�× Ù8Ù ãTé ×<-Tí#s ÖGÚ ÝGâ�Ü�Ý Ý Ú è�é ×�Ö ÜEå�× Ù Ú æ Û
Ö ì�Þ�Ö�Ö ìT×�× * Þ�ÕTÝ ë�× Ù�Ý × Ö Ý%Ü�æUÖ ì�×�â�Ù Ü�Ø�Ù Þ�ä=Þ�Ù ×�Ö ì�×�× ð�â�× á Ö × ç�ç�Þ�Ö Þ�èTÞ�Ý ×�Ù × â�Þ�Ú Ù Ý ï-R�~�( ß � h � à h
r�( ß � h � à h���( ß � h � à h ~8ß � h � à h r5ß � h � à h T T T T+hAR���~�( ß � h � à h=�`r�( ß � h � à h ~8ß � h � à h r5ß � h � à h T T T T+Tr�ìT×�ã�ÕTç�× Ù é Ú ÕT× ç8é Ú Ö × Ù Þ�é Ý�Ù × âTÙ × Ý × Õ�Ö#Ö ì�×�Ú ÕTÝ × Ù Ö Ú Ü�Õ8Ü�æ$�8ß � h � à#Ú Õ8Ü�ÕT×�Ù × â�Þ�Ú Ù�Þ�ÕTç5Ö ìT×�çT× é × *Ö Ú Ü�Õ¯Ü�æ�Ü�æTè�Ü�Ö ì5~8ß � h � àUÞ�Õ�çQr8ß � h � à ê�Ú Õ�Ö ìT×%Ü�Ö ìT× Ù#Ü�Õ�×�ê Ù × Ý â�× á Ö Ú å�× é Û�í r�ìT×%Ü�Ù Ú Ø�Ú ÕTÞ�é�Þ�Ö Ü�ä5ÝÙ × ä8Þ�Ú Õ�ê�è�× á Þ�ãTÝ ×¯Ö ìT× Ù ×5Þ�Ù ×5ÕTÜ�Ù ã�é × Ý�Ö ìTÞ�Ö¯á Þ�Õ+á ìTÞ�Õ�Ø�×�Ö ì�× äCí�r�ì�×8é Ú Ö × Ù Þ�é Ý�Õ�Ü�Ö¯Ý ì�Ü�ë�Õ
× ð�âTé Ú á Ú Ö é Û9Ú ÕCÖ ì�× Ý ×8× * Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�Þ�Ù ×�Ö ì�×8Õ�× Ø�Þ�Ö Ú å�×5é Ú Ö × Ù Þ�é Ý ê�×�í ØTíC��~�( ß � h � à h �`r�( ß �#h � à êÚ ÕTì�× Ù Ú Ö × ç8æ Ù Ü�ä.Ö ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�Ú ÕTÝ Ö Þ�ÕTá ×�ë�Ú Ö ì�Ö ì�×�ÕT× Ø�Þ�Ö Ú å�×�çT× æ Þ�ãTé Ö Ý í
%�� JQ #� &zL
J�Ý�Ý ìTÜ�ë�Õ�Ú Õ�{�Ü�ë%Þ�é Ý 6�Ú Þ�ÕTç¯R�Þ�ç�Ù ÚTß & F(F�& à ê Ö ìT×#âTÙ Ü�Ø�Ù Þ�ä7O¯ß s�à ê�ë�ì�Ú á ì�ìTÞ�ÝUÞ�Õ�× * Þ�Õ�Ý ë%× Ù�Ý × *
ä8Þ�Õ�Ö Ú á Ý ê�á Þ�Õ8è�×�Ö Ù Þ�ÕTÝ æ Ü�Ù ä8× ç5Ú Õ�Ö Ü¯Þ�ç�Ú Ý w ãTÕ�á Ö Ú å�×�× ð�Ö × ÕTç�× ç8é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�äPë�Ú Ö ì8Þ�ÕTÝ ë�× Ù
Ý × Ö�Ý × ä8Þ�Õ�Ö Ú á Ý ê�è�Û¯Ö Ù Þ�Õ�Ý æ Ü�Ù ä8Ú ÕTØ�Ö ìT×�â�× Ù Ý Ú Ý Ö × Õ�á ×�ç�× æ Þ�ã�é Ö Ý�Ú Õ8o�× CTÕTÚ Ö Ú Ü�ÕQ3Tê�Ù × Ý â�× á Ö Ú å�× é Û�ê
Ú Õ�Ö Ü
-�8 í�n#× Ù Ý Ú Ý Ö × ÕTá ×�� R�E � ! ï
i-( ß !B9à�\=]?iUß !B9à hg��%#'W�Ji-( ß !B+à ò �Ji-( ß !B+à�\�][$(%(JCß !B9à h('C���CiUß !B9à h)'C���JiJ( ß !B9à T

J�Ý¯Ý ìTÜ�ë�ÕEÚ Õtq�× é æ Ü�Õ�ç;Þ�ÕTç;NUÚ æ Ý á ì�Ú Ö :9ß & F(FT& à ê�Ö ìT×GÙ × Ý ãTé Ö Ú Õ�Ø9âTÙ Ü�Ø�Ù Þ�ä á Þ�Õ;è�×Gæ ã�Ù Ö ìT× Ù
Ö Ù Þ�Õ�Ý æ Ü�Ù ä5× ç8Ú Õ�Ö Ü¯Þ5çTÚ Ý w ãTÕTá Ö Ú å�×�ÕTÜ�Ù ä5Þ�é�âTÙ Ü�Ø�Ù Þ�ä3ë�Ú Ö ìGÞ5Ý Ö Þ�èTé ×�ä8Ü�çT× é�Ý × ä8Þ�Õ�Ö Ú á Ý í�fTÜ�Ù
Ö ì�×9Ü�Õ�×CÖ Ü;Ü�ÕT×9á Ü�Ù Ù × Ý â�Ü�Õ�çT× ÕTá ×Cè�× Ö ë%× × Õ±Þ�ÕTÝ ë%× Ù�Ý × Ö Ý�Þ�Õ�ç±Ý Ö Þ�èTé ×9ä5Ü�ç�× é Ý ê%ë%×9á Þ�Õ
Ú Õ�Ö × Ù á ì�Þ�Õ�Ø�× Þ�è�é Û5Ö Þ�é 68Þ�èTÜ�ã�Ö¯ß × * à Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�Þ�Õ�ç�Ý Ö Þ�èTé ×�ä5Ü�ç�× é Ý í
Y�� % K�% ! U ' U %#�=�
q�Ú å�× Õ;Þ+ç�Þ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�Õ�á ×&s+Ü�å�× Ù5ÞDCTÕTÚ Ö ×�çTÜ�ä5Þ�Ú ÕUê#Þ�ÕTç;Þ+Ý × Ö8Ü�æ�p%s L%Ý$���¯ê#Ú æ�Q$*
Ú ÝGÞ�ÕDÞ�ÕTÝ ë%× Ù8Ý × ÖGÜ�æ�O � ß s�à ê#Ö ìT× Õ Q@��Q$*A+ R i-( ß !� à��,iUß !� à�X&Q+* Þ�Õ�ç��Ji-( ß !� à�9X
Q+*:T�+YR��JiJ( ß !� à�� iUß !� à�9X:Q+* Þ�Õ�ç
i-( ß !� à�9X:Q+*:T3Ú Ý�Þ�ÕCÞ�ÕTÝ ë%× Ù�Ý × Ö�Ü�æ�O¯ß s�à í
r�ìT×�æ Ü�é é Ü�ë�Ú ÕTØ8é × ä8ä5ÞGÝ Þ�Û�Ý%Ö ì�Þ�Ö�ë�ì�× ÕT× å�× Ù�ë%×¯è�ãTÚ é ç9Þ�Õ9Þ�ÕTÝ ë%× Ù�Ý × Ö�QDë�Ú Ö ìCé Ú Ö × Ù Þ�é Ý

Ö Þ(6�× Õ8æ Ù Ü�ä Q�ß s#h s ( à ê�Þ�ÕTçzs (UÝ Þ�Ö Ú Ý C�× Ý�Ö ìT×�s L%Ý�Þ�Õ�ç�Ú Ý�Þ�é Ù × Þ�çTÛ8Þ�Ý%á é Ü�Ý ×�Þ�Ý�â�Ü�Ý Ý Ú è�é ×�Ö Ü�s�ê
Ö ì�× Õ+Ú Õ�Q±ë�×5Ù × á Ü�å�× Ù�s (�Ü�Õ�é Û�í�r�ì�×8á Ü�ÕTç�Ú Ö Ú Ü�Õ9Ö ìTÞ�Ö
QÃÚ Ý�á Ü�Õ�Ö Þ�Ú ÕT× ç9Ú Õ�Q%ß s#h s ( à�ä5Þ(6�× Ý
Ý ãTÙ ×�Ö ìTÞ�Ö�Ú Ö Ý�é Ú Ö × Ù Þ�é Ý�Þ�Ù ×�Ö Þ+6�× ÕGæ Ù Ü�ä3Ö ì�×�Ù Ú Ø�ì�Ö�ê�ä5Þ�ðTÚ ä8Þ�é�Ý × Ö�Ü�æ!é Ú Ö × Ù Þ�é Ý í
|�� J�JQ &L
N!× Ö`s�Þ�ÕTç�s (Tè�×�çTÞ�Ö Þ�èTÞ�Ý ×%Ú ÕTÝ Ö Þ�Õ�á × Ý#Ü�å�× Ù!Ö ì�×�Ý Þ�ä8×%Ý á ìT× ä5Þ�Þ�Õ�ç5çTÜ�ä5Þ�Ú ÕUê�Þ�ÕTç$���¯ê�Þ�Ý × Ö
Ü�æ!p�s L%Ý í�J�Ý Ý ãTä5×�Ö ìTÞ�Ö[s (�� �P���°Þ�Õ�ç�Ö ì�×¯Ý Û�ä8ä5× Ö Ù Ú á�çTÚ B�× Ù × Õ�á ×5)�ß s#h s ( à%Ú Ý�Þ5ä8Ú ÕTÚ ä5Þ�é
× é × ä5× Õ�Ö�ã�ÕTç�× Ù#Ý × Ö�Ú ÕTá é ã�Ý Ú Ü�Õ5Ú Õ5Ö ìT×�Ý × Ö#R�)Gß s#h s�, à��#s-,5��.	�5T�í�r�ìT× ÕUê æ Ü�Ù�× å�× Ù Û¯Þ�ÕTÝ ë�× Ù
Ý × Ö�Q;Ü�æ�O���ß s�à%á Ü�Õ�Ö Þ�Ú ÕT× ç�Ú Õ:Q�ß s#h s�( à êTÚ Ö�ì�Ü�é çTÝ s (J�.�ß Q�à í
��)�� %(� � J L
s æ�O¯ß s�à�Ú Ý�Ö ì�×�âTÙ Ü�Ø�Ù Þ�ä%O � ß s�à�âTé ã�Ý�Ù ãTé × Ý�-�8 í ê�æ Ü�Ù%Þ"CTÕTÚ Ö ×�ç�Ü�ä5Þ�Ú ÕGç�Þ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�ÕTá ×�s
Þ�Õ�ç�Þ5Ý × Ö�Ü�æ!p%s L%Ý����¯ê�Ú Ö�ìTÜ�é ç�Ý ï

& ó ������� � �� !" #��$&%(' )�� � !

& í�fTÜ�Ù�× å�× Ù Û�Ù × âTÞ�Ú Ù`s�(�Ü�æ�s�ë�Ù Ö����¯ê�Ö ì�× Ù ×�× ðTÚ Ý Ö Ý�Þ�Õ8Þ�ÕTÝ ë%× Ù#Ý × Ö�Q+Ü�æ,O¯ß s�à�Ý ãTá ì5Ö ìTÞ�Ö
s (J�PR iUß � à���i-( ß � à�X:Q�T�í

ó�í�fTÜ�Ù%× å�× Ù Û8Þ�ÕTÝ ë%× Ù%Ý × Ö�QEÜ�æ�O¯ß s�à ê�Ö ì�× Ù ×�× ðTÚ Ý Ö Ý�Þ5Ù × âTÞ�Ú Ù�s�(�Ü�æ�s¯ë�Ù Ö����°Ý ãTá ì8Ö ìTÞ�Ö
s (J�PR iUß � à���i-( ß � à�X:Q�T�í

s Õ5Ö ìT×�á Þ�Ý ×�Ü�æ�C�ÕTÚ Ö ×�çTÜ�ä5Þ�Ú Õ8ç�Þ�Ö Þ�èTÞ�Ý × Ý ê Ö ìT×�ç�Ü�ä8Þ�Ú Õ5á Þ�Õ8èT×�Þ�ÕTç8ì�Þ�Ý#è�× × Õ8çT× á é Þ�Ù × çUí
s ÕCÖ ìTÚ Ý�Ý Ú Ö ãTÞ�Ö Ú Ü�ÕUêTë%×�á Þ�ÕCìTÞ�ÕTç�é ×¯Þ�Õ�Û�Ý × Ö�Ü�æ�è�Ú ÕTÞ�Ù ÛGs L%Ý êTë�Ú Ö ìTÜ�ã�Ö�á Þ�Ù Ú ÕTØ8Þ�è�Ü�ã�Ö�Ö ìT× Ú Ù
Ý Þ�æ × Õ�× Ý Ý�Ü�Ù�ç�Ü�ä5Þ�Ú Õ�Ú Õ�çT× â�× ÕTç�× ÕTá ×8ß 9�é é ä8Þ�Õ & F 5(5�à í
GIH+ (J�K�E ���
L%Ü�Õ�Ý Ú ç�× Ù �A�%R � h �#h /�T�ê-���P�%R nC��iUß ��à T5Þ�ÕTç�Ö ìT×5Ú Õ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Ú ÕTÝ Ö Þ�ÕTá ×"s
�@R iUß � à T�í
O5ß s�à!á Ü�Õ�Ö Þ�Ú ÕTÝUÖ ìT×�çT× æ Þ�ãTé Ö�Ù ã�é × Ý�iJ( ß B9à�\=]�i!ß B9à h ��%#'��JiJ( ß B9à ò?�Ji-( ß B9à�\=] $(%#JCß B9à h
��%#'�iUß B+à h ��%#'�i-( ß B+à ò�Ö ì�×8Ö Ù Ú Ø�Ø�× Ù Ú Õ�Ø�× ðTá × â�Ö Ú Ü�Õ�i-( ß B+à�\=] $(%#J9ß B+à h ��%('Wi!ß B9à ê�Ö ìT×
Ý Ö Þ�è�Ú é Ú : Ú Õ�Ø9× ð�á × â�Ö Ú Ü�Õdi-( ß B9à
\�] $(%#JCß B9à ò!Þ�ÕTç+Ö ìT×8æ Þ�á Ö Ýz$+%#JCß � à h $(%#J9ß � à h $(%#JCß / à ê
i!ß � à í�r�ì�×�Ü�ÕTé Û5Þ�Õ�Ý ë%× Ù�Ý × Ö�Ú Ý7R�$(%#JCß � à h $(%#J9ß � à h $(%#JCß / à h iUß � à h i ( ß � à h i ( ß � à h i ( ß / à T�ê�Ö ìTÞ�Öá Ü�Ù Ù × Ý â�Ü�ÕTçTÝ#Ö Ü5Ö ì�×�Ü�Õ�é ÛGÙ × â�Þ�Ú Ù^s�(J�PR iUß � à h iUß � à h iUß / à T�ír�ìT×8s LPÙ × 7�ã�Ú Ù × Ý�Ö ìTÞ�Ö¯× å�× Ù Û9× é × ä8× Õ�Ö5Ú Õ+Ö ì�×QC�Õ�Ú Ö ×Gç�Ü�ä5Þ�Ú Õ��)è�× é Ü�Õ�Ø�Ý�Ö Ü�Ö Þ�è�é ×5iUò
Þ�Õ�ç5Ö ìTÚ Ý%á Þ�ÕGèT×�Þ�á ì�Ú × å�× ç�í�z�Ü�ë%× å�× Ù ê�ë�Ú Ö ìGÞ�Õ8Ú Õ�CTÕTÚ Ö ×�ç�Ü�ä5Þ�Ú ÕQ�9ê�ë%×�á Ü�ãTé ç8ÕTÜ�Ö%Ü�è�Ö Þ�Ú Õ
Þ�CTÕTÚ Ö ×�âTÙ Ü�Ø�Ù Þ�ä=Õ�Ü�Ù%Þ�ÕCÚ ÕTÝ Ö Þ�ÕTá ×�ë�Ú Ö ìCÞ¯Ö Þ�è�é ×�i�á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�Ø�CTÕTÚ Ö × é ÛGä8Þ�Õ�Û8Ö ãTâ�é × Ý í

��� 021��43���� � �?�J�J���-� �P�J�J� �J���-�����
Q�Ü�ë±ë%×¯á Ü�ÕTÝ Ú çT× Ù�s L%Ý�Ö ìTÞ�Ö�Þ�Ù ×&$(%(J� (U ��U ��$(� K�� ��$(� ��' êTæ Ü�Ù�ë�ìTÚ á ìCá ì�× á 6�Ú Õ�Ø5Ö ìT× Ú Ù�Ý Þ�Ö Ú Ý *
æ Þ�á Ö Ú Ü�Õ+Ú Õ+Þ�Õ+Ú Õ�Ý Ö Þ�Õ�á ×Qs�á Þ�Õ+è�×8ç�Ü�ÕT×5á Ü�Õ�Ý Ú çT× Ù Ú ÕTØGÖ ìT×8× é × ä5× Õ�Ö Ý¯Ü�æ�Ö ìT×�CTÕTÚ Ö ×8Þ�á Ö Ú å�×
çTÜ�ä8Þ�Ú ÕD��k ' ß s�à�Ü�ÕTé ÛEß 9�é é ä5Þ�Õ & F 5(5�à íTr�ì�×5s L°Ú Õ9M#ð�Þ�ä8â�é ×�.GÚ Ý�Õ�Ü�Ö�ç�Ü�ä5Þ�Ú Õ9Ú ÕTçT× â�× Õ+*
çT× Õ�Ö í
fTÜ�Ù�ç�Ü�ä8Þ�Ú Õ�Ú ÕTçT× â�× Õ�çT× Õ�Ö�p�s L%Ý�Þ�é é�â�Ù × å�Ú Ü�ã�Ý�é × ä8ä5Þ�Ý�Þ�ÕTçGÖ ì�× Ü�Ù × ä5Ý�Ý Ö Ú é é�ìTÜ�é ç�Ú æ#ë%×

ìTÞ�å�×�Þ�ÕGÚ Õ�CTÕTÚ Ö ×�çTÜ�ä5Þ�Ú Õz�9í�rUÜ5Ü�è�Ö Þ�Ú ÕGÖ ìT× ä�êTÞ�é é�ë%×�Õ�× × ç8Ö Ü5çTÜ5Ú Ý%Ö Ü5ãTÝ ×�Þ5âTÙ × ç�Ú á Þ�Ö ×
 +k ' f�ß ��à êUÝ Ö Þ�ÕTç�Ú ÕTØ8æ Ü�Ù�Ö ìT×5Þ�á Ö Ú å�×¯çTÜ�ä5Þ�Ú Õ ��k ' ß s�à�Ü�æ%Ú Õ�Ý Ö Þ�Õ�á ×�s�ê�Ú ÕTÝ Ö × Þ�ç+Ü�æ%âTÙ × ç�Ú á Þ�Ö ×
$+%#JCß ��à í�r�ì�Ú Ý�Ú Ý�è�× á Þ�ã�Ý ×�êTæ Ü�Ù�çTÜ�ä8Þ�Ú ÕCÚ ÕTç�× â�× ÕTçT× Õ�Ö�p%s L%Ý êTÖ ìT×5ç�Þ�Ö Þ�è�Þ�Ý ×¯çTÜ�ä5Þ�Ú Õ9á Þ�Õ
è�×8á Ü�ÕTÝ Ú çT× Ù × çCÖ ÜCè�×&�gk ' ß s�à íAfTã�Ù Ö ìT× Ù ä5Ü�Ù ×�ê�Ú Õ9Ö ìTÚ Ý�á Þ�Ý ×5ë%×5á Þ�Õ+Ü�ä8Ú Ö�Ö ìT×<$(%(J æ Þ�á Ö Ý
Þ�Õ�ç�Ø�Ü�Þ�é Ý%æ Ù Ü�ä@O5ß s�à í�s Õ�á Ü�ÕTÝ × 7�ãT× ÕTá ×�ê�ë%×�ìTÞ�å�×�Ö ì�×�æ Ü�é é Ü�ë�Ú ÕTØ�Ö ì�× Ü�Ù × ä�í
��)�� %(� � J 4
f�Ü�Ù�Þ�Ý × ÖUÜ�æ�çTÜ�ä8Þ�Ú Õ�Ú Õ�çT× â�× ÕTç�× Õ�Ö!è�Ú ÕTÞ�Ù Û�Ú Õ�Ö × Ø�Ù Ú Ö Û�á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�Þ�ÕTç�Þ�çTÞ�Ö Þ�èTÞ�Ý ×!Ú ÕTÝ Ö Þ�Õ�á ×
s�ê�Ö ì�× Ù ×9Ú ÝGÞ;Ü�Õ�×CÖ Ü;Ü�ÕT×Cá Ü�Ù Ù × Ý â�Ü�ÕTç�× Õ�á ×Cè�× Ö ë%× × ÕÃÖ ì�×9Þ�ÕTÝ ë�× Ù ÝGÝ × Ö ÝGÜ�æ�Ö ìT×9Ù × âTÞ�Ú Ù
âTÙ Ü�Ø�Ù Þ�ä@O¯ß s�à�Þ�ÕTçGÖ ìT×�Ù × âTÞ�Ú Ù Ý�Ü�æ�s�í

��� 576�8'�:9 ;��-� � �+< � �J��� = ��> ? ;��	@�� ���
r�ìT×¯Ý â�× á Ú C�á Þ�Ö Ú Ü�ÕCÜ�æ%çTÞ�Ö Þ�èTÞ�Ý ×�Ù × â�Þ�Ú Ù Ý�ë%×¯ìTÞ�å�×¯Ü�è�Ö Þ�Ú Õ�× çCâ�Ù Ü�å�Ú çT× Ý�Ö ìT×¯ãTÕ�çT× Ù âTÚ ÕTÕTÚ ÕTØ
Ü�æ!Þ8Ø�× ÕT× Ù Þ�é�ä8× Ö ìTÜ�çCÜ�æ#× å Þ�é ãTÞ�Ö Ú ÕTØ5Þ5èTÞ�Ý Ú á���* 7�ã�× Ù ÛGÜ�æ!Ö ìT×�æ Ü�Ù ä2A�B�� h êTë�ìT× Ù × h Ú ÝÞ8è�Þ�Ý Ú á@7�ãT× Ù Û�í
f#Ú Ù Ý Ö ê!æ Ù Ü�ä h ê#Ö ìTÞ�Ö8Ú ÝG× ð�âTÙ × Ý Ý × ç;Ú Õ;Ö × Ù ä8Ý8Ü�æ�Ö ì�×CçTÞ�Ö Þ�è�Þ�Ý ×�âTÙ × ç�Ú á Þ�Ö × Ý8Ú Õt��ê�ë%×Ü�è�Ö Þ�Ú Õ8Þ�Ý Ö Ù Þ�Ö Ú CT× ç8é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�äPO5ß h à�ß Ö ìTÚ Ý�Ú Ý�Þ�Ý Ö Þ�ÕTç�Þ�Ù ç8á Ü�ÕTÝ Ö Ù ãTá Ö Ú Ü�ÕCß NUé Ü�Û�ç & F 5+4TòJ�è�Ú Ö × è�Ü�ãTé�� '� #E í & F(F .�à à�Ú ÕGÖ × Ù ä8Ý�Ü�æ!Ö ì�×�Õ�× ë�ê�âTÙ Ú ä8× ç�â�Ù × çTÚ á Þ�Ö × Ý�Ú Õ�Ö Ù Ü�çTã�á × ç�Ú Õ:O¯ß s�à í
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����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! & ,
O�ÕT×�Ü�æUÖ ìT×�âTÙ × ç�Ú á Þ�Ö ×�Ý Û�ä¯è�Ü�é Ý ê�����! iI� ����ê�Ü�æ�O¯ß h à�Ú Ý%çT× Ý Ú Ø�ÕTÞ�Ö × çGÞ�Ý#Ö ì�×@7�ãT× Ù Û5Þ�ÕTÝ ë�× ÙâTÙ × çTÚ á Þ�Ö ×�íUR�× á Ü�ÕTçUê�ç�× Ö × Ù ä5Ú Õ�×8Þ�é é#Ö ìT×8Þ�ÕTÝ ë%× Ù Ý�Ý × Ö Ý5QC^(h T T T h Q c Ü�æ�Ö ìT×8é Ü�Ø�Ú á8â�Ù Ü�Ø�Ù Þ�ä
O���O¯ß h à +�O¯ß s�à í�r�ìTÚ Ù çUê á Ü�ä5âTã�Ö ×!Ö ì�×�Ú Õ�Ö × Ù Ý × á Ö Ú Ü�Õ s ����� ^ � g � c QJg Z(����! iI� ����ê�ë�ìT× Ù ×
QCg Z(����! iI� ���+Ú Ý�Ö ì�×8× ð�Ö × ÕTÝ Ú Ü�Õ9Ü�æ�����! iI� ���+Ú Õ�QCg í�r�ì�×8Ý × Ö¯Ü�æ%Ö ã�âTé × Ý@s �EÚ Ý�Ö ìT×8Ý × Ö¯Ü�æ
Þ�Õ�Ý ë%× Ù Ý�Ö Ü�A#êTÜ�Ù�× 7�ã�Ú å�Þ�é × Õ�Ö é Û�ê�Ö ì�×�Ý × Ö�Ü�æ#á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý�Ö Ü h êTÚ Õ<s�í
GIH+ (J�K�E ���
ß × ð�Þ�ä8â�é ×z-9á Ü�Õ�Ö Ú Õ�ãT× ç�à5L%Ü�Õ�Ý Ú çT× Ù¯Ö ìT×z7�ãT× Ù Û+æ Ü�Ù¯Ö ìT×�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö8Þ�ÕTÝ ë�× Ù Ý¯Ö Ü h ^ ß ��à�ïß ~8ß �Ah � à,>�r5ß � h ��à à ê�Ú Õ9Ö ì�×8ç�Þ�Ö Þ�èTÞ�Ý ×¯Ú Õ�Ý Ö Þ�ÕTá ×�í�r�ì�Ú Ý@7�ãT× Ù ÛCá Þ�Õ9è�×¯Ö Ù Þ�Õ�Ý æ Ü�Ù ä5× çCÚ Õ�Ö ÜÖ ì�×z7�ãT× Ù Û+â�Ù Ü�Ø�Ù Þ�äYO5ß h ^ à¯á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�ØCÖ ìT×GÙ ãTé × Ý ����! iI� ����� ß B9à$\�]	~�( ß B<h � à ê!Þ�Õ�ç
����! iI� ������ß B9à�\=] r�( ß � h B+à ír!Ü�Ü�è�Ö Þ�Ú Õ�á Ü�Õ�Ý Ú Ý Ö × Õ�ÖUÞ�Õ�Ý ë%× Ù Ý�Ú Ö!Ú Ý�ÕT× á × Ý Ý Þ�Ù Û�Ö Ü�× å Þ�é ãTÞ�Ö ×!Ö ì�×I7�ãT× Ù Û�Ø�Ü�Þ�é�����! iI� ������ß B9à5ë�Ù Ö
Ö ì�×5âTÙ Ü�Ø�Ù Þ�ä.Ü�è�Ö Þ�Ú ÕT× ç9è�ÛCá Ü�ä¯èTÚ Õ�Ú ÕTØ�O¯ß s�à ê�Þ�é Ù × Þ�çTÛ�Ü�è�Ö Þ�Ú Õ�× ç+Ú Õ+M#ð�Þ�ä8â�é × Ý�,GÞ�ÕTçD-Tê
Þ�Õ�ç8âTÙ Ü�Ø�Ù Þ�ä.O¯ß h ^ à í�M�Þ�á ì8Ü�æ�Ö ìT×�Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�Ü�æ�Ö ìT×�á Ü�ä¯èTÚ Õ�× ç8âTÙ Ü�Ø�Ù Þ�äPë�Ú é éTá Ü�Õ�Ö Þ�Ú ÕÞGÝ × Ö�Ü�æ%Ø�Ù Ü�ãTÕ�çD����! iI� � � � * Þ�Ö Ü�ä5Ý íTr�ìT×¯Þ�Ù Ø�ãTä5× Õ�Ö Ý�Ü�æ#Ö ì�×Q����! iI� � � � * Þ�Ö Ü�ä5Ý�Ö ì�Þ�Ö�Þ�Ù ×
âTÙ × Ý × Õ�Ö�Ý Ú ä¯ãTé Ö Þ�ÕT× Ü�ãTÝ é ÛGÚ Õ9Þ�é é�Ö ìT×�Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�ë�Ú é éUè�×�Ö ìT×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë�× Ù Ý%Ö Ü5Ö ìT×
Ü�Ù Ú Ø�Ú ÕTÞ�é�7�ã�× Ù Û�í
J�Ý�Þ8Ý × á Ü�ÕTç�× ðTÞ�ä5âTé ×�êTá Ü�ÕTÝ Ú ç�× Ù�Ö ìT×@7�ã�× Ù Û h o ß 8 à�ï:����r8ß �Ah 8 à í�s ÕCÜ�Ù çT× Ù%Ö Ü8Ü�è�Ö Þ�Ú ÕÖ ì�×�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�Õ�Ý ë%× Ù Ý ê�ë%×@6�× × â:O¯ß s�à�Þ�Ý�è�× æ Ü�Ù ×�êTè�ã�Ö�ë�×�Ù ãTÕ�Ú Ö�Ú ÕCá Ü�ä¯èTÚ Õ�Þ�Ö Ú Ü�Õ�ë�Ú Ö ì

Ö ì�×�ÕT× ë^7�ã�× Ù ÛGâ�Ù Ü�Ø�Ù Þ�ä@O¯ß h o à ï<����! iI� ����	�ß F5àW\�] r ( ß BDh F5à í
Q�Ü�Ö Ú á ×¯Ö ìTÞ�Ö¯á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù Ý�Ö Ü�Þz7�ã�× Ù ÛCÞ�Ù ×¯Ö ìTÜ�Ý ×¯Ö ì�Þ�Ö¯á Þ�Õ9è�×8Ü�è�Ö Þ�Ú Õ�× çCæ Ù Ü�ä

Ö ì�×�Ù × âTÞ�Ú Ù�â�Ù Ü�Ø�Ù Þ�ä=âTé ã�Ý�Ö ìT×@7�ã�× Ù ÛGâTÙ Ü�Ø�Ù Þ�ä=ãTÕ�çT× Ù�Ö ìT×&k  #R�' U %#R+!�Ü�Ù�! &+� K�' U k  #ETÞ�ÕTÝ ë�× Ù
Ý × Ö�Ý × ä5Þ�Õ�Ö Ú á Ý�æ Ü�Ù�Ö ìT×�á Ü�ä¯èTÚ Õ�× çGé Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä�ï�ë�ìTÞ�Ö�Ú Ý%Ö Ù ã�×�Ü�æUÖ ìT×�â�Ù Ü�Ø�Ù Þ�ä3Ú Ý�ë�ì�Þ�Ö
Ú Ý%Ö Ù ãT×�Ü�æ!Þ�é é�Ú Ö Ý�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý í�s ÕCÝ × á Ö Ú Ü�Õ<.¯ë%×�Ø�Ú å�×�á Ü�ä5âTã�Ö Þ�Ö Ú Ü�Õ�Þ�é�× ð�Þ�ä8â�é × Ý í
r�ìT×�âTÙ Ü�Ø�Ù Þ�ä	OP�PO¯ß h à�+=O¯ß s�à ê�ë�ìT× Ù × h Ú Ý�Þ�C�Ù Ý Ö�Ü�Ù çT× Ùg7�ãT× Ù Û�êTÚ Ý�Õ�Þ�Ö ã�Ù Þ�é é ÛGÝ â�é Ú ÖÚ Õ�Ö Ü$O5ß h à�Þ�ÕTç:O¯ß s�à ê�è�ã�Ö�Þ�é Ý Ü8Ý â�é Ú Ö�Ú Õ�Ö ìT×¯â�Ù × á Ú Ý ×¯Ý × Õ�Ý ×�Ú Õ�Ö Ù Ü�ç�ãTá × ç9Ú ÕCNUÚ æ Ý á ì�Ú Ö :¯Þ�Õ�çr!ãTÙ Õ�× Ù�ß & F(F -�à#Þ�Ý%æ Ü�é é Ü�ë�Ý ï�Ö ì�×�Ý × Ö�
qÜ�æ!é Ú Ö × Ù Þ�é Ý%á Ü�ÕTÝ Ú Ý Ö Ú ÕTØ5Ü�æ!Þ�é é�Ö ì�×�â�Ù Ú ä5× çGçTÞ�Ö Þ�è�Þ�Ý ×

é Ú Ö × Ù Þ�é Ý êTß �#à i-( ß !� à�â�é ãTÝ�Þ�Õ�çGÞ�é é�Ö ìT×�ÕTÜ�Õ8âTÙ Ú ä5× çGç�Þ�Ö Þ�èTÞ�Ý ×�é Ú Ö × Ù Þ�é Ý ê�ß �#à i!ß !� à�Þ�â�â�× Þ�Ù Ú ÕTØ�Ú Õ
O5ß s�à êTæ Ü�Ù ä.Þ&! K�E U ' ' U �+x&! � '�æ Ü�Ù�O¯ê�è�× á Þ�ã�Ý ×�ë�ìT× ÕT× å�× Ù�Þ8é Ú Ö × Ù Þ�é�Ú Õ�
PÞ�âTâ�× Þ�Ù Ý�Ú Õ�Þ8ìT× Þ�ç
Ü�æ!Þ5Ù ãTé ×�Ú Õ=O¯êTÞ�é é�Ö ì�×�é Ú Ö × Ù Þ�é Ý%Ú Õ�Ö ì�×�è�Ü�ç�ÛGÜ�æUÖ ì�Þ�Ö�Ù ã�é ×�Þ�é Ý Ü5Þ�â�â�× Þ�Ù�Ú Õ�
5í
PÝ âTé Ú Ö Ý�O
âTÙ × á Ú Ý × é Û8Ú Õ�Ö Ü5Ö ìT×�Ö ë%Ü8× ð�â�× á Ö × ç�âTÞ�Ù Ö Ý ê'O¯ß s�à%Þ�ÕTç=O5ß r�à ê�è�× á Þ�ã�Ý ×�Ö ì�×�é Ú Ö × Ù Þ�é Ý�Ú Õ�
PçTÜ
ÕTÜ�Ö�Þ�âTâT× Þ�Ù�Ú ÕCìT× Þ�çTÝ�Ü�æ�Ù ãTé × Ý�Ü�æWO¯ß h à�ß æ Ü�Ù�O¯ß h à�Ö ìT×�é Ú Ö × Ù Þ�é Ý�Ú Õ�
3Þ�á Ö�Þ�Ý�× ð�Ö × Õ�Ý Ú Ü�ÕTÞ�éé Ú Ö × Ù Þ�é Ý à í
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 �" #�. & > #�-�, 3?/ 1 @�A A�B�C C D�B�E�E C�1 89� �" #�. & > #�-�,�3?/ 1 F�G�C B�C C D�B G @ H�1 89
, #�7J/ 1 2 3 4�% &(5�" 7�,�3�1�K 1 @�A A�B�C C D�B�E�E C�1 89�, #�70/ 1 2 3 4�% &(5�" 7�, 3�1�K 1 F�G C�B C�C D�B�G @�H�1 8?9
, #�7J/ 1 ;�% <�,!=�$ &�, #�$ &�1�K 1 F�G C�B C�C D�B�G @�H�1 8?9
s æI_�|IS�Ú Ý�Ù ãTÕ�ë�Ú Ö ìGÖ ìTÚ Ý�âTÙ Ü�Ø�Ù Þ�ä=Þ�Ý�Ú ÕTâ�ã�Ö êTë%×�Ü�è�Ö Þ�Ú ÕGÖ ë%Ü5Þ�ÕTÝ ë�× Ù�Ý × Ö Ý ï
m09 9 K , #�7�. 70/ 1 2 3 4�% &65�" 7�,�3�1�K 1 @�A A�B�C C D�B�E�E C�1 8�K B , #�7�. 7J/ 1 2 3 4�% &�5�" 7�, 3�1�K 1 F�G�C B�C C D�B G @ H�1 8�K
, #�7�. 70/ 1 ;�% <�,!=�$ &�, #�$ &�1�K 1 F�G C�B C C D�B�G @ H�1 8K B , #�7�. 70/ 1 ;�% <�,n=�$ &�, #�$ &�1�K 1 @ A A�B C�C D�B�E E C�1 8 o
m09 9 K B , #�7�. 70/ 1 2 3 4�% &65�" 7�,�3�1�K 1 @�A A�B�C C D�B�E�E C�1 8�K , #�7�. 7J/ 1 2 3 4�% &�5�" 7�, 3�1�K 1 F�G�C B�C C D�B G @ H�1 8�K
B , #�7�. 7J/ 1 ;�% <�,!=�$ &�, #�$ &�1�K 1 F�G C�B C C D�B�G @ H�1 8K B , #�7�. 70/ 1 ;�% <�,6=�$ &�, #�$ &1�K 1 @ A�A�B�C C D�B�E�E C�1 8 o
á Ü�Ù Ù × Ý â�Ü�ÕTçTÚ ÕTØ�Ö Ü5Ö ì�×�çTÞ�Ö Þ�èTÞ�Ý ×�Ù × â�Þ�Ú Ù Ý ï

G�JgK O� #JQ� M�M�O
s Ù ë�Ú Õ�{�Ü�â�× Ù 3�4(4 * ó�ó#,#* &�& ó
I9Ú 6�×�p%Þ�Õ�× ä8Þ�Õ F .�ó * ó�ó#,#* .#3+-

G�JgK O� #JQ� M�M�O
s Ù ë�Ú Õ�{�Ü�â�× Ù F .�ó * ó�ó#,#* .#3+-

J�çTçTÚ ÕTØ�Ö ì�×g7�ãT× Ù Û¯Ù ãTé ×�Y�Z?[ \?]�^`_ a?d�e g�] h�i?j�ik_ a�b c?d�l ê ë%×�á Þ�Õ8Þ�Ý 6�æ Ü�Ù#Ö ìTÜ�Ý ×�âT× Ù Ý Ü�ÕTÝ
ë�ìTÜ5ìTÞ�å�×�Þ8RTR�Q¯íTr�ë%Ü5Þ�ÕTÝ ë%× Ù%Ý × Ö Ý�Þ�Ù ×�Ü�è�Ö Þ�Ú Õ�× ç�ï
m09 9 K $ &�' 4�, 3?/ 1 2 3 4�% &65�" 7�,�3�1 8K $ &�' 4�, 30/ 1 ;�% <�,(=�$ &�, #�$ &1 8 o?K�m09 9 K $ &�' 4�, 3?/ 1 2 3 4�% &65�" 7�,�3�1 8 o
fTÙ Ü�ä=Ö ìT× ä�êTë%×�á Þ�ÕQ* á Ü�Õ�Ý Ú Ý Ö × Õ�Ö é Û+*�Ý Þ�Û5Ö ì�Þ�Ö�Ü�Õ�é ÛGs Ù ë�Ú ÕC{�Ü�â�× Ù%ìTÞ�Ý�ÞGR�R�Q¯í
NU× Ö!ã�Ý!ÕTÜ�ëE× ð�Ö × Õ�ç¯Ö ì�×%Ý á ìT× ä5Þ�ë�Ú Ö ì¯Þ�ãTÕ�Þ�Ù Û�Ö Þ�èTé ×�Y�� � ! %#�!ß O" #JQ� à ê ë�ì�Ü�Ý ×�á Ü�Õ�Ö × Õ�Ö Ý ê

Ö Ü�Ø�× Ö ìT× Ù�ë�Ú Ö ìGÖ ìT×�Ü�Ù Ú Ø�Ú Õ�Þ�é�á Ü�Õ�Ö × Õ�Ö Ý�Ü�æ!Ö Þ�èTé ×"G�JgK#êTÚ Ý
Yg� � ! %#� O" (J��

s Ù ë�Ú ÕC{�Ü�â�× Ù
I9Ú 6�×�p�Þ�Õ�× ä5Þ�Õ
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����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! & 4
s æ!ë%×�ë�Þ�Õ�Ö�× å�× Ù Û8â�× Ù Ý Ü�Õ8Ö Ü8ì�Þ�å�×�Þ8RTR�Q5ê�ë�×�ä5Þ�Û8Ú ä5â�Ü�Ý ×�Ö ì�×�K�s L n:�Uß Y�� � ! %(�!ß ��à
b � 8 G�JgK#ß �Ah 8 à à êUÝ Ö Þ�Ö Ú ÕTØGÖ ìTÞ�Ö�× å�× Ù ÛCâ�× Ù Ý Ü�Õ9ä¯ãTÝ Ö¯ì�Þ�å�×¯ÞCRTR�Q5ê�Ö ìTÞ�Ö¯ë�×8Ý Þ�ëqìTÜ�ëÖ Ü�Ù × âTÞ�Ú Ù�Þ�Ö�Ö ìT×8è�× Ø�Ú ÕTÕ�Ú ÕTØCÜ�æ�Ö ìTÚ Ý�Ý × á Ö Ú Ü�Õ�êU× Ú Ö ìT× Ù�è�Û9Ú Õ�Ö Ù Ü�çTã�á Ú ÕTØ�Õ�ã�é é�å Þ�é ãT× Ý�Ü�Ù�è�Û
á Þ�Ý á Þ�çTÚ ÕTØ5ç�× é × Ö Ú Ü�Õ�Ý í
e+×�ä5Þ�Û5Õ�Ü�Ö�ë%Þ�Õ�Ö�Þ�Õ�Û¯Ü�æ�Ö ì�× Ý ×%Ö ë%Ü�Ü�â�Ö Ú Ü�ÕTÝ�ß ë%×�çTÜ�ÕTÜ�Ö�ë%Þ�Õ�Ö�Õ�ã�é éTå Þ�é ãT× Ý#Ú Õ5Ö ì�×g6�× Û
M�M�O�à�Ü�Ù�ë�×5ç�ÜGÕTÜ�Ö�ë%Þ�Õ�Ö�Ö Ü�çT× é × Ö ×¯Þ�Õ�Û�× ä8â�é Ü�Û�× × Ý¯ß Ú ÕCÖ ìTÚ Ý�á Þ�Ý ×�êTIEí�p%Þ�ÕT× ä8Þ�Õ�æ Ù Ü�ä
Yg� � ! %#��à í�J�ÕGÞ�é Ö × Ù ÕTÞ�Ö Ú å�×�Ú Ý%Ö Ü5ã�Ý ×�_�|�SA8 Ý�â�Ü�Ý Ý Ú è�Ú é Ú Ö Û8Ü�æ!Ý â�× á Ú æ Û�Ú Õ�Ø&! ' � %#�+x&k %#��! ' �  (U ��' ! ê
Ö ì�Þ�Ö%ìTÞ�å�×%Ö ìT×�× B�× á Ö�Ü�æUâ�Ù ãTÕ�Ú ÕTØ�Ö ì�Ü�Ý ×�Þ�ÕTÝ ë%× Ù#Ý × Ö Ý#Ö ìTÞ�Ö�çTÜ¯Õ�Ü�Ö%Ý Þ�Ö Ú Ý æ Û�Ö ìT× ä�í�r�ìTÚ Ý�á Þ�Õ
è�×�çTÜ�Õ�×�Ú Õ _g|�S;è�ÛEÚ Õ�Ö Ù Ü�çTãTá Ú Õ�ØCÖ ì�×Cç�× ÕTÚ Þ�é�e g���� h0j�ZY�h?]�_ a?dJbQZ������Y[�j[�[ Zk_ a0dJl ê
ë�Ú Ö ì��Y�[�j�[�[ Z`_ a?dfe gP] h�i?j�ik_ a�b c?d�l í r�ìT×�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý%Ü�æ�Ö ìT×�Ü�Ù Ú Ø�Ú ÕTÞ�éTâTÙ Ü�Ø�Ù Þ�äqÖ ìTÞ�Ö
çTÜ5ÕTÜ�Ö�Ý Þ�Ö Ú Ý æ Û8Ö ì�×�s L%Ý�Þ�Ù ×�CTé Ö × Ù × çGÜ�ã�Ö òTÞ�ÕTç�Õ�Ü�ë�ê�Ü�ÕTé ÛGÜ�ÕT×�Ù × âTÞ�Ú Ù%Ú Ý�Ü�è�Ö Þ�Ú Õ�× çUï
m09 9 K , #�7�. 70/ 1 2 3 4�% &65�" 7�,�3�1�K 1 @�A A�B�C C D�B�E�E C�1 8�K B , #�7�. 7J/ 1 2 3 4�% &�5�" 7�, 3�1�K 1 F�G�C B�C C D�B G @ H�1 8�K
, #�7�. 70/ 1 ;�% <�,!=�$ &�, #�$ &�1�K 1 F�G C�B C C D�B�G @ H�1 8K B , #�7�. 70/ 1 ;�% <�,n=�$ &�, #�$ &�1�K 1 @ A A�B C�C D�B�E E C�1 8K
+�$ '�. ' ' &0/ 1 2 3 4�% &(5�" 7�,�3�1 8�K:+�$�' .�' ' &J/ 1 ;�% <�,!=�$ &�, #�$ &�1 8�K�$ &�' 4�,�3?/ 1 2 3 4�% &65�" 7�,�3�1 8K
$ &�' 4�, 30/ 1 ;�% <�,!=�$ &�, #�$ &�1 8 o
s Õ8Ú Ö ê�× å�× Ù Û5â�× Ù Ý Ü�Õ8ìTÞ�Ý�Þ5R�R�QPß Þ�á á Ü�Ù ç�Ú ÕTØ�Ö Ü�Ö ìT×��?Y�[ [�[�Y�âTÙ × çTÚ á Þ�Ö × à í�J�Ý%× ð�â�× á Ö × ç�ê

Ö ì�×GÞ�Õ�Ý ë%× Ù Ý�Ö ÜCÖ ì�×�Ü�Ù Ú Ø�Ú Õ�Þ�é`7�ã�× Ù ÛEÞ�Ù ×Qa�q0r�	�^�\Jt Z�
���i?]�^0rGÞ�Õ�ç6a�qJr s0t u�]�vY�Z?] h0Y�ZJr�í
Q�Ü�Ö Ú á ×�Ö ì�Þ�Ö�Ý Ö Ù Ü�ÕTØ�á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý#ç�Ú B�× Ù�æ Ù Ü�äPÖ ìT×�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ö × Ø�Ù Ú Ö Û5á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý#Ú Õ5Ö ìTÞ�Ö
Ö ì�× Û�Þ�Ù ×�ÕTÜ�Ö�ãTÝ × ç�Ú ÕGÖ ì�×�Ø�× Õ�× Ù Þ�Ö Ú Ü�ÕGÜ�æ!Ù × âTÞ�Ú Ù Ý ê�èTã�Ö�Ü�ÕTé ÛGÞ�Ö�Þ�CTÕTÞ�éUÝ Ö × â�ë�ìT× Ù ×�Ý Ü�ä8×
Ù × âTÞ�Ú Ù ÝUÞ�Ù ×�çTÚ Ý á Þ�Ù ç�× çUí fTãTÙ Ö ì�× Ù ä8Ü�Ù ×�ê Ý Ö Ù Ü�Õ�Ø�á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý!Þ�Ù ×�á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý!Ü�Õ�Ö ìT×%Þ�ÕTÝ ë�× Ù
Ý × Ö Ý ê�èTã�Ö�Õ�Ü�Ö�çTÚ Ù × á Ö é ÛGÜ�ÕGÖ ì�×�Ý × ä8Þ�Õ�Ö Ú á Ý�Ü�æ!Ö ì�×�çTÞ�Ö Þ�è�Þ�Ý ×�í

�� ��� � � l Ñ�Ó Ð Ò���ÒD��Ñ Ð � Ô � � � Ð �5� Ð � �"��� �
r�ìT×�Ú Õ�Ö × Ù Ý × á Ö Ú Ü�Õ8Ü�æUÞ�é éTÞ�Õ�Ý ë%× Ù�Ý × Ö Ý%Ü�æ�Þ¯× ð�Ö × ÕTçT× ç8çTÚ Ý w ã�ÕTá Ö Ú å�×�é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�äqá Ü�Õ�Ö Þ�Ú ÕTÝ
Ö ì�×"iI� E E " j %#R���$(� $�U ��' � � K�� � '  (' U %(��æ Ü�Ù�Ý ãTá ì8âTÙ Ü�Ø�Ù Þ�ä5Ý�ß NU× Ü�ÕT×�� 'I #E í & F(F 4�à ê�ë�ìTÚ á ì8á Þ�Õ8è�×
á Ü�ä5âTã�Ö × ç¯Ú Õ5âTÜ�é Û�Õ�Ü�ä5Ú Þ�é�Ö Ú ä8×�Ú Õ�Ö ì�×�Ý Ú : ×%Ü�æ�Ö ì�×�Ø�Ù Ü�ãTÕ�ç¯â�Ù Ü�Ø�Ù Þ�ä�í r�ì�Ú Ý#Ú Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�Õ
ä8Þ�Û�èT×5â�Þ�Ù Ö Ú Þ�é!Þ�ÕTçCÕTÜ�Ö�Õ�× á × Ý Ý Þ�Ù Ú é ÛGÞGä8Ü�çT× é!Ü�æ#Ö ìT×¯âTÙ Ü�Ø�Ù Þ�ä�íTJ�á Ö ãTÞ�é é Û�ê�Ú Ö�Ú Ý�Þ8Ö Ü�Ö Þ�é
Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�ÕGÚ æ#Þ�ÕTç�Ü�ÕTé Û8Ú æ#Ú Ö�Ú Ý�Ö ìT×�Ü�ÕTé ÛGÞ�ÕTÝ ë�× Ù%Ý × Ö í
s ÕCNU× Ü�ÕT×&� '� (E í!ß & F+F 4�à�Ú Ö�Ú Ý�Ý ìTÜ�ë�Õ�ìTÜ�ëÃÖ Ü8á Ü�ä5âTã�Ö ×�Ö ì�×¯Þ�ÕTÝ ë%× Ù�Ý × Ö Ý�Ü�æ#ÞGâ�Ù Ü�Ø�Ù Þ�ä

Ý Ö Þ�Ù Ö Ú ÕTØ9æ Ù Ü�ä Ö ì�×Cë%× é é * æ Ü�ãTÕ�çT× çDÚ Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�ÕUí#r�ì�Ú ÝGÚ ÝGë�ìTÞ�Öz_�|�SDèTÞ�Ý Ú á Þ�é é Û;çTÜ�× Ý ê
èTã�Ö%Ú ÕTÝ Ö × Þ�çGÜ�æUÝ Ö Þ�Ù Ö Ú Õ�Ø�æ Ù Ü�ä3Ö ì�×�ë%× é é * æ Ü�ã�ÕTç�× ç8Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�Õ�ê�Ú Ö�Ý Ö Þ�Ù Ö Ý�æ Ù Ü�äPÖ ìT×�Þ�é Ý Ü
× î8á Ú × Õ�Ö é Û¯á Ü�ä8â�ã�Ö Þ�èTé ×�Ý × Ö%Ü�æI$+� ' � � J�U ��U ! ' U k@k %#��! � l R�� ��k � !#Ü�æ�Ö ì�×�â�Ù Ü�Ø�Ù Þ�äCê Ö ìTÞ�Ö%Ú Ý�Ý Ö Ú é é
á Ü�Õ�Ö Þ�Ú ÕT× çCÚ ÕCÖ ìT×¯Ú Õ�Ö × Ù Ý × á Ö Ú Ü�Õ9Ü�æ�Þ�é é!Þ�Õ�Ý ë%× Ù�Ý × Ö Ý ê�Þ�ÕTç9Ú Õ+Ú Ö Ý�Ö ã�Ù ÕUê�á Ü�Õ�Ö Þ�Ú ÕTÝ�Ö ìT×¯ë%× é é *
æ Ü�ã�ÕTç�× ç�Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�Õ8ß L%Þ�é Ú ä8Ú × Ù Ú�� 'A #E í�ó#W(W�ó�à í J�á Ö ãTÞ�é é Û�ê#_�|IS¯á Þ�Õ¯è�×%× ð�âTé Ú á Ú Ö é Û�Þ�Ý 6�× ç
Ö Ü¯Ù × Ö ã�Ù Õ8Ö ìT×�Ý × Ö�Ü�æ!çT× Ö × Ù ä8Ú ÕTÚ Ý Ö Ú á�á Ü�ÕTÝ × 7�ãT× ÕTá × Ý%Ü�æUÖ ì�×�â�Ù Ü�Ø�Ù Þ�ä���ê�Þ�ÕTçGÚ Ö�á Þ�Õ�èT×�Þ�é Ý Ü
ãTÝ × ç�Þ�Ý�Þ�Õ�Þ�âTâ�Ù Ü ðTÚ ä8Þ�Ö Ú Ü�Õ8æ Ù Ü�ä.è�× é Ü�ë±Ö Ü¯Ö ìT×�Ú Õ�Ö × Ù Ý × á Ö Ú Ü�Õ�Ü�æ!Þ�é éUÞ�Õ�Ý ë%× Ù�Ý × Ö Ý í
O�Õ8Ö ìT×�Ü�Ö ì�× Ù%Ý Ú ç�×�ê�Ú Õ8Ö ìT×�Ø�× ÕT× Ù Þ�é�á Þ�Ý ×�ê�á Ü�ä8â�ã�Ö Ú ÕTØ�Ö ìT×�Ý Ö Þ�èTé ×�ä5Ü�ç�× é�Ý × ä5Þ�Õ�Ö Ú á Ý�æ Ü�Ù

çTÚ Ý w ã�ÕTá Ö Ú å�×�â�Ù Ü�Ø�Ù Þ�ä8Ý%Ú Ý�O��o * á Ü�ä5âTé × Ö ×�Ú Õ�Ö ìT×�Ý Ú : ×�Ü�æ!Ö ìT×�Ø�Ù Ü�ã�ÕTçGâTÙ Ü�Ø�Ù Þ�ä���í
r�ìT×Eë%× é é * æ Ü�ãTÕTç�× ç°Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�Õ�ê������ f � ��� � e h ���Ih � �"! ê�Ü�æ8âTÙ Ü�Ø�Ù Þ�ädO¯ß s�à ê

ë�ìT× Ù ×�� e h ���Ih � ��Þ�Ù ×�Ö ì�×5Ý × Ö Ý�Ü�æ#Ö Ù ã�×5âTÜ�Ý Ú Ö Ú å�×�ê�Ö Ù ãT×¯ÕT× Ø�Þ�Ö Ú å�×�êTÞ�ÕTçCãTÕ�6�ÕTÜ�ë�ÕCé Ú Ö *
× Ù Þ�é Ý ê�Ù × Ý âUí ê�Ú Ý�Ø�Ú å�× Õ9è�ÛCÖ ìT×8é × Þ�Ý Ö�CTð�â�Ü�Ú Õ�Ö$#&%�'� f � ß (�à�Ü�æ�Ü�â�× Ù Þ�Ö Ü�Ù)#*��� f � ê�Ö ìTÞ�Ö¯ä5Þ�âTÝ

+�w ���ø û ù ýA� ��� ú ýA� � ú � � ù), � b w �- � ø øI
!û ù ú ý � ù � �U � � \ . / /  m � � ÷Uû%÷ ø �#� ø rD� ��� � �� � ø t � ú ��÷ ø ý ö#� ú ýA� ùg� � { � �`��÷ � { ÷ û ��� ù�{ �

& 5 ������� � �� !" #��$&%(' )�� � !

Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�ÕTÝ#Ö Ü5Ú Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�ÕTÝ�NU× Ü�Õ�×Q� '� #E í & F+F 4�à í�I9Ü�Ù ×�âTÙ × á Ú Ý × é Û�ê�Þ�Ý Ý ãTä5Ú ÕTØ�Ö ìTÞ�Ö
ë%×%ìTÞ�å�×�Ö ì�×�Ø�Ù Ü�ãTÕ�ç¯Ú Õ�Ý Ö Þ�Õ�Ö Ú Þ�Ö Ú Ü�Õ5Ü�æTÖ ìT×%Ù × âTÞ�Ú Ù!âTÙ Ü�Ø�Ù Þ�äVO¯ß s�à ê�#*�'� f � ß �àUÚ Ý#çT× CTÕT× ç5Ü�Õ
Ú Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�ÕTÝ�GÖ ìTÞ�Ö�Þ�Ù ×¯Ý × Ö Ý�Ü�æ�Ø�Ù Ü�ã�ÕTçCé Ú Ö × Ù Þ�é Ý5ß ë�Ú Ö ìTÜ�ã�Ö�âTÞ�Ú Ù Ý�Ü�æ�á Ü�ä5âTé × ä5× Õ�Ö Þ�Ù Û
é Ú Ö × Ù Þ�é Ý à�è�Û�ï0#*��� f � ß �à�ï �^v1�'� f � ß �à,+=��T 2$3�M��'� f � ß �à í
s Õ�Ö ã�Ú Ö Ú å�× é Û�ê�v4�'� f � Ú Ý�Ö ìT×GÚ ä8ä5× çTÚ Þ�Ö ×Gá Ü�ÕTÝ × 7�ãT× ÕTá ×8Ü�â�× Ù Þ�Ö Ü�Ù�Ö ìTÞ�Ö¯çT× á é Þ�Ù × Ý¯ÞCé Ú Ö × Ù Þ�é

Ö Ù ãT×�ë�ìT× ÕT× å�× Ù%Ö ì�× Ù ×�Ú Ý�Ø�Ù Ü�ã�ÕTç�Ù ã�é ×�á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�Ø8Ú Ö�Ú ÕGÖ ì�×�ìT× Þ�çUê�Ö ì�×�è�Ü�çTÛ�Ú Ý%Ö Ù ã�×�Ú Õ�
Þ�Õ�ç5Ö ì�×�Ü�Ö ìT× Ù�é Ú Ö × Ù Þ�é Ý�Ú Õ5Ö ì�×¯ß çTÚ Ý w ãTÕTá Ö Ú å�× à#ìT× Þ�ç8Þ�Ù ×%æ Þ�é Ý ×�Ú Õ��í���T 2$3AM5�'� f � ß �à#çT× Õ�Ü�Ö × Ý
Ö ì�×8Ý × Ö¯Ü�æ%á Ü�ä8â�é × ä8× Õ�Ö Ý�Ü�æ%Ö ì�×8é Ú Ö × Ù Þ�é Ý�Ú Õ&2$3AM5�'� f � ß �à êUè�× Ú ÕTØGÖ ìT×8é Þ�Ö Ö × Ù�Ö ì�×8é Þ�Ù Ø�× Ý Ö
Ý × Ö�Ü�æ!ãTÕ�æ Ü�ãTÕTç�× ç�é Ú Ö × Ù Þ�é Ý ê�Ö ì�Ü�Ý ×�Ö ì�Þ�Ö�çT× CTÕTÚ Ö × é Û8á Þ�ÕTÕTÜ�Ö�èT×�çT× Ù Ú å�× ç8æ Ù Ü�ä3Ö ì�×�â�Ù Ü�Ø�Ù Þ�ä
Þ�Õ�çGÖ ìT×�Ý × Ö 8Ü�æ#Þ�Ý Ý ãTä5â�Ö Ú Ü�Õ�Ý ò�Ú ÕCá Ü�ÕTÝ × 7�ãT× ÕTá ×�Ö ì�× Ú Ù�á Ü�ä8â�é × ä8× Õ�Ö Ý�Þ�Ù ×�çT× á é Þ�Ù × çGÖ Ù ãT×�í
r�ìT×�Ú Õ�Ö × Ù Ý × á Ö Ú Ü�Õ�Ü�æ#Þ�é é�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý�Ü�æ�O¯ß s�à%Ú Ý

�I%#� ��ß O¯ß s�à à�ï �76@R�QV�'Q;Ú Ý�Þ�Õ�Þ�Õ�Ý ë%× Ù%Ý × Ö�Ü�æ�O¯ß s�à T+T
s Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�Õ0����� f � êTèT× Ú ÕTØ8Þ8Ý ã�èTÝ × Ö�Ü�æ��I%#� ��ß O¯ß s�à à ê�á Þ�ÕCèT×�ãTÝ × ç�Þ�Ý�Þ�Õ�Þ�âTâTÙ Ü ðTÚ ä5Þ#*
Ö Ú Ü�Õ¯æ Ù Ü�äPèT× é Ü�ë;Ö Ü�Ö ìT×�á Ü�Ù ×�ê�è�ã�Ö�á Þ�Õ8èT×�á Ü�ä5âTã�Ö × ç5ä8Ü�Ù ×%× îGá Ú × Õ�Ö é Û�Ö ì�Þ�Õ8Þ�é é�çTÞ�Ö Þ�è�Þ�Ý ×
Ù × âTÞ�Ú Ù Ý ê�Ü�Ù#Ö ì�× Ú Ù�Ú Õ�Ö × Ù Ý × á Ö Ú Ü�ÕUê�Ú Õ8Ö ìT×�Ø�× Õ�× Ù Þ�é�á Þ�Ý ×�í�z�Ü�ë%× å�× Ù ê�Ú Ö�Ú Ý�âTÜ�Ý Ý Ú èTé ×�Ö Ü5Ú ç�× Õ�Ö Ú æ Û
á é Þ�Ý Ý × Ý�Ü�æ!s L%Ý�æ Ü�Ù�ë�ìTÚ á ì8���'� f � á Ü�Ú Õ�á Ú çT× Ý�ë�Ú Ö ì7�`%#� ��ß O¯ß s�à à í
Y�� % K�% ! U ' U %#� �
f�Ü�Ù%Þ¯ç�Þ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá ×gs�ê�Þ�ÕTçGÞ¯Ý × Ö�Ü�æ!s L%Ý%á Ü�Õ�Ö Þ�Ú ÕTÚ ÕTØ�æ ã�ÕTá Ö Ú Ü�ÕTÞ�é�çT× â�× ÕTç�× Õ�á Ú × Ý�Þ�Õ�ç
ãTÕTÞ�Ù Û;s L%Ý8Ü�Õ�é Û�ê#Ö ì�×��`%#� ��ß O¯ß s�à àGÜ�æ¯â�Ù Ü�Ø�Ù Þ�ä�O¯ß s�àGá Ü�Ú Õ�á Ú çT× ÝGë�Ú Ö ìDÖ ìT×9Ý × ÖGÜ�æ�Ö Ù ãT×
Ø�Ù Ü�ã�ÕTçGé Ú Ö × Ù Þ�é Ý�Ú Õ8���'� f � ê�Ö ìT×�ë%× é é * æ Ü�ã�ÕTç�× çGÚ Õ�Ö × Ù â�Ù × Ö Þ�Ö Ú Ü�Õ�Ü�æ!âTÙ Ü�Ø�Ù Þ�ä@O¯ß s�à í
K�× Ý ã�é Ö Ý%é Ú 6�×�Ö ìT×�âTÙ × å�Ú Ü�ãTÝ%Ü�ÕT×�á Þ�ÕGè�×�× Ý Ö Þ�èTé Ú Ý ìT× çGã�Ý Ú ÕTØ�Ö ìT×�Ù × âTÞ�Ú Ù�â�Ù Ü�Ø�Ù Þ�ä5Ý�Ú Õ�Ö Ù Ü(*

çTãTá × ç+Ú Õ+Ý × á Ö Ú Ü�Õ�-Tí & ê�æ Ü�Ù�C�Õ�Ú Ö ×8çTÞ�Ö Þ�èTÞ�Ý ×5ç�Ü�ä5Þ�Ú ÕTÝ@�CíUr�ì�× Õ�ê�Ö ìT×8Ù × Ý ã�é Ö Ý�Þ�Ù ×�6�Õ�Ü�ë�Õ
Ö ÜGÝ Ö Ú é é!ìTÜ�é çCæ Ü�Ù�Ú Õ+C�ÕTÚ Ö ×¯çTÜ�ä8Þ�Ú ÕCçTÞ�Ö Þ�èTÞ�Ý × Ý êTèTã�Ö�çTÜ�ä5Þ�Ú Õ9Ú Õ�çT× â�× ÕTç�× Õ�Ö�Ú Õ�Ö × Ø�Ù Ú Ö Û�á Ü�Õ�*
Ý Ö Ù Þ�Ú Õ�Ö Ý ê�é Ú 6�×�Ö ìT×�Ü�ÕT× Ý�Ú Õ�n�Ù Ü�â�Ü�Ý Ú Ö Ú Ü�Õz.Tí
J�Ý8á Ü�Ù Ü�é é Þ�Ù Û9Ü�æ�n�Ù Ü�â�Ü�Ý Ú Ö Ú Ü�Õc.�ê!ë%×GÜ�è�Ö Þ�Ú ÕEÖ ìTÞ�Ö ê!æ Ü�Ù�f#o�Ý8Þ�ÕTç;ã�ÕTÞ�Ù Û+á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý ê
�I%#� ��ß O¯ß s�à à�á Þ�ÕCè�×¯á Ü�ä8â�ã�Ö × ç9Ú ÕCâ�Ü�é Û�Õ�Ü�ä8Ú Þ�é�Ö Ú ä8×¯Ú Õ�Ö ì�×¯Ý Ú : ×¯Ü�æ#Ö ìT×�Ø�Ù Ü�ã�ÕTçCÚ Õ�Ý Ö Þ�Õ�*
Ö Ú Þ�Ö Ú Ü�Õ9Ü�æ�O¯ß s�à ê�Þ�Ù × Ý ãTé Ö�CTÙ Ý Ö�× Ý Ö Þ�èTé Ú Ý ìT× ç9Ú Õ9J�Ù × ÕTÞ�ÝQ� 'g #E í ß ó#W(W & à%æ Ü�Ù@f!o�Ý í�r�ìT×5á Ü�Ù ×
Þ�é Ü�Õ�×¯á Þ�ÕCè�×5ãTÝ × çCÖ Ü�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö é Û�Þ�Õ�Ý ë%× Ù�ÕTÜ�Õ�* × ð�Ú Ý Ö × Õ�Ö Ú Þ�éUá Ü�Õ w ãTÕTá Ö Ú å�×�7�ãT× Ù Ú × Ý í�f�ã�Ù *
Ö ì�× Ù ä8Ü�Ù ×�ê Ú Õ5J�Ù × Õ�Þ�Ýg� '` #E í ß ó#W(W & à ê æ Ü�Ù!Ö ìT×�á Þ�Ý ×�Ü�æTæ ãTÕTá Ö Ú Ü�ÕTÞ�é�çT× â�× ÕTç�× Õ�á Ú × Ý ê�á Ü�ÕTç�Ú Ö Ú Ü�ÕTÝ
Ü�ÕD7�ãT× Ù Ú × Ý�Þ�Ù ×¯Ú ç�× Õ�Ö Ú CT× ç9ãTÕTç�× Ù�ë�ì�Ú á ì+Ü�ÕT×¯á Þ�Õ9Ö Þ(6�×5Þ�çTå Þ�Õ�Ö Þ�Ø�×5Ü�æ�á Ü�ä5âTã�Ö Þ�Ö Ú Ü�ÕTÝ�Ü�Õ
Ö ì�×�á Ü�Ù ×�Ö Ü8Þ�Õ�Ý ë%× Ù%Þ�Ø�Ø�Ù × Ø�Þ�Ö ×g7�ãT× Ù Ú × Ý%ä8Ü�Ù ×�× îGá Ú × Õ�Ö é Û�í
J�Ý�Ö ì�×¯æ Ü�é é Ü�ë�Ú ÕTØ8× ð�Þ�ä8â�é ×¯Ý ìTÜ�ë�Ý ê�æ Ü�Ù�Ü�Ö ìT× Ù�p�s L%Ý êTÖ ì�×5á Ü�Ù ×�Ü�æ!Ö ìT×¯Ù × âTÞ�Ú Ù�â�Ù Ü�Ø�Ù Þ�ä

ä8Þ�Û8Õ�Ü�Ö�á Ü�Ú Õ�á Ú çT×�ë�Ú Ö ì�Ö ìT×�ë�× é é * æ Ü�ãTÕ�çT× çCÚ Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�ÕUí
GIH+ (J�K�E �$9
L%Ü�Õ�Ý Ú ç�× Ù#Ö ìT×�p%s L%Ý 4���PR jW>�s#h�:�>$��j�h;:�>$��s�T�Þ�Õ�çGÖ ì�×�× ä8â�Ö Û8çTÞ�Ö Þ�è�Þ�Ý ×�Ú ÕTÝ Ö Þ�ÕTá ×�í
r�ìT×�âTÙ Ü�Ø�Ù Þ�ä@O¯ß s�à�á Ü�Õ�Ö Þ�Ú Õ�Ý
r!Ù Ú Ø�Ø�× Ù Ú ÕTØ�Ù ãTé × Ý ï�j�( >�s�(J\�] ��%#'Cj�h ��%#'�s�ò<: ( >W��j�(J\�]#j�h ��%('4:�ò<: ( >W��s (C\�]ts#h ��%('4:(T
R�Ö Þ�èTÚ é Ú : Ú ÕTØ5Ù ãTé × Ý ï�j�(J\�]7��s�( ò s (C\=]#��j�( ò�: (-\=] j�( ò|��j�(J\=]7�5:�ò

: (-\=]ts ( ò|��s�(C\�]#�5: ( í
n#× Ù Ý Ú Ý Ö × ÕTá ×�Ù ã�é × Ý ïAj�(J\�]#j�h 'C������j�( ò=: (-\=]>:+h 'C�����5: ( ò s (J\=]ts#h 'C������s ( ò

��j�(J\=] 'C���Jj�h 'C���Jj�( òV�5: (J\=] 'C���4:+h 'C���4: ( òP��s (J\=] 'C����s#h 'C����s ( í

����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! & F
r�ìT×�Þ�Õ�Ý ë%× Ù%Ý × Ö Ý�Þ�Ù ×�ïJR j�( h : ( h ��s�( T�Þ�Õ�ç�R���j�( h : ( h s ( T�í�r�ì�× Õ#�I%#� ��ß O¯ß s�à àW�PR?: ( T�ê�è�ã�Ö�æ Ü�Ù
����� f � ê�Ü�ÕT×�ì�Þ�Ý�� e +8����� (�í
r�ìT×�Ù × Ý ãTé Ö Ý8Ü�è�Ö Þ�Ú Õ�× çÃÝ ÜCæ Þ�Ù8Ú ÕDÖ ìTÚ ÝGÝ × á Ö Ú Ü�ÕDÞ�âTâTé Û;Ö Ü9Ö ìT×CÙ × âTÞ�Ú Ù5âTÙ Ü�Ø�Ù Þ�ä�O¯ß s�à í

Q�× å�× Ù Ö ìT× é × Ý Ý êUë�ì�× ÕEë%×GÞ�çTç;Þ�ÕEÞ�Ù èTÚ Ö Ù Þ�Ù Û�7�ãT× Ù Û9âTÙ Ü�Ø�Ù Þ�äYO5ß h à�Ö Ü�O5ß s�à ê!Ö ì�× ÕDÚ Ö8Ú Ýâ�Ü�Ý Ý Ú è�é ×�Ö ì�Þ�Ö�Ö ìT×¯Õ�× ë°á Ü�Ù ×�â�Ù Ü�â�× Ù é ÛG× ð�Ö × Õ�çTÝ%Ö ì�×¯ë%× é é * æ Ü�ãTÕTç�× çCÚ Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�Õ�Ü�æ!Ö ìT×
× ð�Ö × ÕTçT× ç�â�Ù Ü�Ø�Ù Þ�äCê�× å�× ÕGæ Ü�Ù�f!o�Ý í
GIH+ (J�K�E ��L�<
L%Ü�Õ�Ý Ú ç�× Ù@s��AR ~8ß � h � à h ~8ß � h / à T�ê�ë�Ú Ö ìEÖ ìT×Qf#o5ê,~8ß B<h F8à�ïVB b.FGê!Þ�Õ�çEÖ ìT×Q7�ã�× Ù Û
h ß ��à ï�� 8 ~8ß �Ah 8 à í�r�ìT×�á Ü�ä5è�Ú ÕT× ç=Oqâ�Ù Ü�Ø�Ù Þ�ä=Ú Ý ï
�����+ß � à T �����+ß � à T������+ß / à TY~8ß � h � à TA~8ß � h / à T
����! iI� ��ß B9à�\�~�( ß BDh F5à
~�( ß BDh F5à�\�~8ß BDh F5à h 'C������~�( ß B<h F5à T
��~�( ß BDh F5à�\������+ß B9à h �����9ß F5à h 'C����~8ß BDh F5à h 'C���W~�( ß BDh F5à T
��~�( ß BDh F5àC>:��~�( ß BDh @�à�\�~8ß B<h F¯à h ~8ß B<h @�à h F	9� @gT
��~�( ß BDh F5à�\������+ß F5à h ~�( ß BDh @�à h F	9� @gT
r�ìT×+Þ�Õ�Ý ë%× Ù�Ý × Ö ÝCÞ�Ù ×?Q ^ � R#����! iI� ��ß  �à h Y�( ß  �h#} à h Y5ß  �h } à h Y5ß  �h k à h T T T T;Þ�Õ�çPQ o �
R(����! iI� ��ß  �à h Y�( ß  �h k à h Y5ß  �h } à h Y5ß  �h#k à h T T T T�í�r�ìT×�ë%× é é * æ Ü�ã�ÕTç�× çGÚ Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�Õ�Ú Ý&� �
�A� � e h ����h � �"! ê#ë�Ú Ö ì>� e ��R ~8ß � h � à h ~8ß � h / à h �����+ß � à h T T T T�ê5���P��R���~�( ß � h � à h
T T T T�ê Þ�ÕTç$� �
�VR�~�( ß � h � à h ~�( ß � h / à h ����! iI� ��ß � à T�í s Õ�â�Þ�Ù Ö Ú á ãTé Þ�Ù ê ����! iI� ��ß  �à�X#�`%(� ��ß O�à êèTã�Ö�����! iI� ��ß � à�ZX8� e í
e+×�6�Õ�Ü�ë�ê�è�ÛCá Ü�ä5âTé × ð�Ú Ö ÛCÙ × Ý ã�é Ö Ý�â�Ù × Ý × Õ�Ö × ç9Ú Õ9J�Ù × ÕTÞ�Ý&� '� #E í ß ó#W(W & à%æ Ü�Ù�æ ãTÕ�á Ö Ú Ü�Õ�Þ�é

çT× â�× ÕTç�× Õ�á Ú × Ý�Ö ì�Þ�Ö ê�ãTÕ�é × Ý ÝW~V�7B�~8ê�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�Õ�Ý ë%× Ù Ý!Ö Ü�C�Ù Ý Ö * Ü�Ù çT× Ù`7�ã�× Ù Ú × Ý�á Þ�ÕTÕ�Ü�Ö
è�×�á Ü�ä8â�ã�Ö × çDÚ ÕDâTÜ�é Û�Õ�Ü�ä5Ú Þ�é�Ö Ú ä8×�í!s ÕDá Ü�ÕTÝ × 7�ãT× Õ�á ×�ê!ë�×�á Þ�Õ�ÕTÜ�Ö5× ðTâ�× á Ö5Ö Ü9á Ü�ä8â�ã�Ö ×
�I%#� ��ß O�à¯Ü�æ�Ö ì�×�âTÙ Ü�Ø�Ù Þ�ä Ö ìTÞ�Ö8Ú ÕTá é ãTç�× Ý5Ö ìT×&7�ã�× Ù ÛEâ�Ù Ü�Ø�Ù Þ�ä è�ÛEä5× Þ�Õ�Ý5Ü�æ�Ö ìT×Gë%× é é *
æ Ü�ã�ÕTç�× ç�Ú Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�ÕGÜ�æ�OqÞ�é Ü�ÕT×�í

C � Ð �� � ��� Ð �T� Ô D��9� ��L;� Ð � Ô ���
J�ÝUç�Ú Ý á ãTÝ Ý × ç�Ú Õ�J�Ù × Õ�Þ�Ý�� 'A #E í ß & F(F(F à ê Ü�ãTÙUçTÞ�Ö Þ�èTÞ�Ý ×#Ù × âTÞ�Ú Ù Ý�á Þ�Õ�è�×�Ü�è�Ö Þ�Ú Õ�× ç�Þ�Ý�Ö ì�×�Ù × å�Ú *
Ý Ú Ü�Õ¯ä5Ü�ç�× é Ý#á Ü�Ù Ù × Ý âTÜ�Õ�çTÚ Õ�Ø�Ö Ü�Ö ì�×�� â�Ü�Ý Ý Ú è�é ×%ä5Ü�ç�× é�Þ�âTâ�Ù Ü�Þ�á ì:��Ú Õ�Ö Ù Ü�çTã�á × ç¯Ú Õ�eÃÚ ÕTÝ é × Ö Ö
ß & F 5(5�à�Þ�ÕTçEL%ìTÜ�ãEÞ�ÕTç�eÃÚ Õ�Ý é × Ö ÖCß & F(F -�à�Ú Õ+Ö ìT×8á Ü�Õ�Ö × ð�Ö¯Ü�æ�è�× é Ú × æ�ã�â�çTÞ�Ö ×�íAeÃìT× Õ+Ö ìT×
çTÞ�Ö Þ�è�Þ�Ý ×CÚ ÕTÝ Ö Þ�ÕTá ×+ß ÞEä5Ü�çT× é à8Ú ÝGãTâTçTÞ�Ö × çÃè�ÛEÖ ìT×CÝ × ÖGÜ�æ�s L%Ý ê#ÞEÕT× ë Ý × ÖGÜ�æ¯ä5Ü�çT× é Ý
Ú Ý�Ø�× Õ�× Ù Þ�Ö × ç�ê�Ö ì�×8çTÞ�Ö Þ�èTÞ�Ý ×5Ù × â�Þ�Ú Ù Ý í�eÃÚ Õ�Ý é × Ö Ö#8 Ý¯Ù × å�Ú Ý Ú Ü�Õ+ä5Ü�ç�× é Ý ê�Þ�Ý�Ü�ãTÙ�Ù × âTÞ�Ú Ù Ý ê�Þ�Ù ×
èTÞ�Ý × ç�Ü�Õ�ä5Ú ÕTÚ ä5Þ�é`! � '�Ü�æ#á ìTÞ�Õ�Ø�× Ý%ë�Ù Ö%Ö ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�ä8Ü�çT× é í

EJ� �����:@ �J� ���:9 � � F > ���-��� � @ � �C�J� @��:�J���6�5� �1G�=��-����� @ �-� ��� �
s Õ5o�Þ�é Þ�é�ß & F 5(5�à ê�Þ�Ø�Þ�Ú Õ¯Ú Õ¯Ö ìT×%á Ü�Õ�Ö × ð�Ö#Ü�æ�èT× é Ú × æ�Ù × å�Ú Ý Ú Ü�ÕTñ�ãTâ�ç�Þ�Ö ×�ê Þ�Õ5Þ�é Ö × Ù ÕTÞ�Ö Ú å�×�ÕTÜ�Ö Ú Ü�Õ
Ü�æ!Ù × å�Ú Ý Ú Ü�Õ�ä5Ü�çT× é�èTÞ�Ý × ç�Ü�Õ�ä8Ú Õ�Ú ä5Þ�é`��R�JQ} � �%Ü�æ!á ìTÞ�Õ�Ø�× Ý%Ú Ý�Ú Õ�Ö Ù Ü�çTã�á × ç�í
_�� yI��U ' U %#�6�
q�Ú å�× Õ8Þ�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�Õ�á ×�s�ê�Þ�Õ8Ú Õ�Ý Ö Þ�Õ�á ×�s (�Ú Ý�Þ�_� #E  #E�� � K� (U �#Ü�æAs�ë�Ù Ö����±Ú B<s (�� �����
Þ�Õ�ç�� )Gß s#h s�( à ��Ú Ý�Þ8ä5Ú Õ�Ú ä8Þ�é�× é × ä5× Õ�Ö�Ü�æ�R'� )Gß s#h s-, à �=�"s-,5� �.	�5T�í p

ó(W ������� � �� !" #��$&%(' )�� � !

e+×Cá Ü�ãTé çDØ�Ú å�×�ÞEç�× C�ÕTÚ Ö Ú Ü�ÕDÜ�æ"_� #E  #Egk %#��! U ! ' � ��'" (��! iI� �5× ð�Þ�á Ö é ÛEÚ ÕDÖ ì�×�Ö × Ù ä5ÝGÜ�æ
o�× C�ÕTÚ Ö Ú Ü�Õ & ê�èTã�Ö¯Ù × â�é Þ�á Ú ÕTØ � Ù × âTÞ�Ú Ù ��è�Û.� o�Þ�é Þ�é�Ù × âTÞ�Ú Ù ��í�e+×8á Þ�Õ+Þ�é Ý Ü�Ý â�× á Ú æ Û+o�Þ�é Þ�é
Ù × âTÞ�Ú Ù ÝUãTÝ Ú ÕTØ�Ö ì�×�Ý Þ�ä5×%Ù × âTÞ�Ú ÙUâTÙ Ü�Ø�Ù Þ�ä8ÝUë%×�ìTÞ�ç¯Ú Õ5Ý × á Ö Ú Ü�Õ"-Tê�è�ã�Ö#ë�Ú Ö ì¯Ö ìT×%â�× Ù Ý Ú Ý Ö × Õ�á ×
çT× æ Þ�ãTé Ö Ý�Ù × âTé Þ�á × ç9è�Û iI�  &Dk %#��! ' �  #U ��' !¯ß p�ã�á á Þ�æ ã�Ù Ù Ú�� 'g #E íUó#W(W+W�à í�r�ì�×5é Þ�Ö Ö × Ù�ë�Ú é é!ÕTÜ�Ö
è�×5Ú ä5â�Ü�Ý × ç9Ü�ÕCÖ ì�×5Ü�Ù Ú Ø�Ú ÕTÞ�éUçTÞ�Ö Þ�èTÞ�Ý ×�êTèTã�Ö¯Ù Þ�Ö ìT× Ù�Ü�ÕCÖ ìT×¯Þ�Õ�Ý ë%× Ù�Ý × Ö Ý�Ü�æ�Ö ìT×5á ì�Þ�ÕTØ�×
âTÙ Ü�Ø�Ù Þ�äCê�O � ß s�à ê�Ö ìTÞ�Ö�Ú Ý�Ù × Ý âTÜ�Õ�Ý Ú è�é ×�æ Ü�Ù�Ö ìT×�á ìTÞ�ÕTØ�× Ý ê�Þ�ÕTçGë%Þ�Ý%Ú Õ�Ö Ù Ü�çTã�á × ç8Ú Õ�Ý × á Ö Ú Ü�Õ
-�í & í & í
e+× Þ(65á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý#Þ�Ù ×�Ü�æ�Ö ì�×�æ Ü�Ù ä 1�S ^ h T T T h S�c+h ��%#'�S�c e ^ h T T T h ��%#'�SIH�ê�ë�ì�× Ù ×%Ö ìT×

S g 8 Ý�Þ�Ù ×�é Ú Ö × Ù Þ�é Ý íTr�ìT× Ý ×¯á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�Þ�Ù ×¯Þ�ç�çT× çCÖ ÜGÞ�ÕC× ð�Ö × ÕTçT× çCçTÚ Ý w ã�ÕTá Ö Ú å�×¯âTÙ Ü�Ø�Ù Þ�äCê
ë�Ú Ö ì+Ö ìT×8× B�× á Ö�Ö ìTÞ�Ö¯Ü�ÕTé Û�Ö ìTÜ�Ý ×8Þ�ÕTÝ ë�× Ù�Ý × Ö Ý�Ö ìTÞ�Ö¯ä8Ú ÕTÚ ä5Ú : ×5Ö ìT×<��R�JQ} � ��Ü�æ%å�Ú Ü�é Þ�Ö × ç
Ø�Ù Ü�ã�ÕTçGÚ Õ�Ý Ö Þ�Õ�Ö Ú Þ�Ö Ú Ü�ÕTÝ�Ü�æ!Ö ìT×�ë%× Þ(68á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý�Þ�Ù ×�6�× â�Ö í
s Õ±Ü�Ù ç�× Ù5Ö ÜDá Þ�â�Ö ã�Ù ×9o�Þ�é Þ�é�Ù × âTÞ�Ú Ù Ý ê�ë%×9Õ�× × çÃå�× Ù Û;Ý Ú ä8â�é ×9ë%× Þ+6;á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö í#r�ìT×

âTÙ Ü�Ø�Ù Þ�ä	O)J�ß s�à�Ö ì�Þ�Ö�Ý â�× á Ú C�× Ý�Ö ìT×¯o�Þ�é Þ�é!Ù × âTÞ�Ú Ù Ý�Ü�æ%ÞGç�Þ�Ö Þ�èTÞ�Ý ×�Ú ÕTÝ Ö Þ�Õ�á ×"s8ë�Ù Ö�ÞGÝ × Ö
Ü�æ!p%s L%Ý�á Ü�Õ�Ý Ú Ý Ö Ý�Ü�æ#â�Ù Ü�Ø�Ù Þ�ä%O���ß s�à�Ü�æ#Ý × á Ö Ú Ü�Õz-Tí & í & ß Ù ã�é × Ý & K ,�à#âTé ã�Ý
-	�Tí�fTÜ�Ù�× å�× Ù Û8çTÞ�Ö Þ�è�Þ�Ý ×�â�Ù × çTÚ á Þ�Ö ×�iUê�Ö ìT×�ë�× Þ(68á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý

1 i ( ß !B+à h@��%#'�iUß !B9à h ß .�à
1 �Ji ( ß !B+à h�iUß !B9à T

r�ìT× Ý ×Gá Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý5Ý Þ�Û9Ö ì�Þ�Ö5Ö ìT×�Ü�Ù Ú Ø�Ú Õ�Þ�é%çTÞ�Ö Þ�èTÞ�Ý ×GÞ�Õ�çDÞ9Ù × âTÞ�Ú Ù¯Þ�Ù ×G× ð�â�× á Ö × çEÖ Ü
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è�Û8á ìTÜ�Ü�Ý Ú ÕTØ¯Ö ì�×�Ù Ú Ø�ì�Ö�çTÚ Ý w ãTÕ�á Ö Ý�Ú Õ�Ö ì�×�Ö Ù Ú Ø�Ø�× Ù Ú ÕTØ5Ù ã�é × Ý í
r�ìT×�Þ�âTâ�Ù Ü�Þ�á ìGÖ Ü�L���JqÚ Ý�èTÞ�Ý × ç�Ü�Õ�Ö ì�×¯Ý âT× á Ú CTá Þ�Ö Ú Ü�Õ�Ü�æ�Þ�é é�Ù × âTÞ�Ú Ù Ý ê�ë�ì�× Ù ×¯× Þ�á ìCÜ�æ

Ö ì�× ä á Ü�ä8â�é × Ö × é Û�Ù × Ý Ö Ü�Ù × Ý%Ö ì�×¯á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�Ü�æ!Ö ì�×¯çTÞ�Ö Þ�è�Þ�Ý ×�êTÚ Õ�çT× â�× ÕTç�× Õ�Ö é ÛGæ Ù Ü�ä.Ö ìT×
7�ã�× Ù Û8Ö ìTÞ�Ö�Ú Ý�â�Ü�Ý × çCÞ�ÕTçGæ Ù Ü�ä=Ö ì�×�æ Þ�á Ö�Ö ìTÞ�Ö�Ú Ö�ä8Ú Ø�ì�Ö�ì�Þ�å�×�Õ�Ü�Ö ì�Ú ÕTØ5Ö ÜGç�Ü8ë�Ú Ö ìCÝ Ü�ä8×
Ü�æUÖ ìT×�å�Ú Ü�é Þ�Ö × ç�s L%Ý íTr�ì�Ú Ý�Þ�âTâ�Ù Ü�Þ�á ìGë%Ü�Ù 68ë%× é é�Ú æ!Ö ì�×�Ù × âTÞ�Ú Ù Ý%Þ�Ù ×�Ý Ö Ü�Ù × ç�Þ�Õ�ç�çTÚ B�× Ù × Õ�Ö
7�ã�× Ù Ú × Ý�Þ�Ù ×5âTÜ�Ý × ç9Þ�æ Ö × Ù�Ö ì�Þ�Ö�í�z�Ü�ë%× å�× Ù êTÚ Ö¯ë�Ü�ã�é ç+è�×5ãTÝ × æ ã�é!Ö ÜCÝ âT× á Ú æ Û9Þ�ÕTç9á Ü�ä8â�ã�Ö ×
� Ù × â�Þ�Ú Ù Ý �8Ö ìTÞ�Ö�âTÞ�Ù Ö Ú Þ�é é ÛCÙ × Ý Ö Ü�Ù ×¯Ö ìT×5á Ü�Õ�Ý Ú Ý Ö × ÕTá Û9Ü�æ�Ö ìT×8ç�Þ�Ö Þ�èTÞ�Ý ×�ê�Ü�ÕTé Û9ë�Ù Ö�Ö ìT×8s L%Ý
Ö ì�Þ�Ö�Þ�Ù ×�Ù × é × å Þ�Õ�Ö�Ö Ü5Ö ìT×g7�ã�× Ù Û�í�n#Ü�Ý Ý Ú è�é Û5Þ�â�âTÙ Ü�â�Ù Ú Þ�Ö ×�Ø�Ù Ü�ã�ÕTçTÚ ÕTØ�Ö × á ì�ÕTÚ 7�ãT× Ý%á Ü�ã�é çGè�×
ãTÝ × ç�Ú ÕGÖ ìTÚ Ý�á Þ�Ý ×�í
r�ìT×GÙ × âTÞ�Ú Ù¯â�Ù Ü�Ø�Ù Þ�ä5Ý�ë%×GâTÙ × Ý × Õ�Ö × ç;ä5Þ�Ö × Ù Ú Þ�é Ú : ×5Ö ìT×Gá é Ü�Ý × ç�* ë%Ü�Ù é çEÞ�Ý Ý ã�ä8â�Ö Ú Ü�Õ;è�Û

× ð�âTé Ú á Ú Ö é Û;âTÙ Ü�çTã�á Ú ÕTØ+Ö ìT×CÕT× Ø�Þ�Ö Ú å�×Câ�Ù Ú ä5× çÃé Ú Ö × Ù Þ�é Ý í#r�ìTÚ ÝGÚ ÝGç�ãT×�Ö ÜEÖ ìT×Câ�× Ù Ý Ú Ý Ö × Õ�á ×

����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! ó(,
çT× æ Þ�ãTé ÖUÙ ãTé × Ý í s Õ�â�Ù Þ�á Ö Ú á Þ�é�Þ�âTâTé Ú á Þ�Ö Ú Ü�Õ�Ý�Ö ìTÚ ÝUÝ ìTÜ�ãTé ç�Þ�Õ�ç�á Ü�ã�é ç�è�×#Þ�å�Ü�Ú ç�× ç�è�Û�Ù × Ý Ö Ü�Ù Ú Õ�Ø�ê
å�Ú Þ¯Ö ìT×�â�Ù Ü�Ø�Ù Þ�ä�ê�Ö ìT×QU J�K�E U k U '!á é Ü�Ý × ç�ë%Ü�Ù é ç�Þ�Ý Ý ãTä5â�Ö Ú Ü�Õ�Þ�âTâ�é Ú × ç�Ö Ü¯Ö ìT×�Ù × âTÞ�Ú Ù Ý í
e+×�ì�Þ�å�×8ÕTÜ�Ö8Þ�çTç�Ù × Ý Ý × ç+Ö ìT×�â�Ù Ü�èTé × ä Ü�æ�Ü�è�Ö Þ�Ú ÕTÚ ÕTØD7�ã�× Ù ÛEÞ�Õ�Ý ë%× Ù Ý�Ö Ü+Ø�× ÕT× Ù Þ�éW�g*
7�ã�× Ù Ú × Ý í�r�ìT×¯ä5× Ö ì�Ü�ç9ë%×¯âTÙ × Ý × Õ�Ö × ç�æ Ü�Ù�èTÞ�Ý Ú á
�g* 7�ãT× Ù Ú × Ý�Õ�× × ç�Ý�Ö ÜGè�×5á Ü�ä¯èTÚ Õ�× ç+ë�Ú Ö ì
Ý Ü�ä8×5ä8× Ö ìTÜ�ç+Ü�æ%× å Þ�é ãTÞ�Ö Ú ÕTØ&C�Ù Ý Ö * Ü�Ù çT× Ù@7�ãT× Ù Ú × Ý í�f�Ü�Ù�× ð�Þ�ä5âTé ×�ê�Ý Þ�æ × * Ù Þ�Õ�Ø�×"CTÙ Ý Ö * Ü�Ù ç�× Ù
7�ã�× Ù Ú × Ý8ß J�èTÚ Ö × è�Ü�ãTé�� '� #E í & F(F .�à�á Þ�Õ+èT×5Ö Ù Þ�Õ�Ý é Þ�Ö × ç9Ö ÜCÙ × é Þ�Ö Ú Ü�ÕTÞ�é!Þ�é Ø�× è�Ù ÞTí�r�ì�×8Ý Þ�ä8×
Þ�â�âTÙ Ü�Þ�á ì5á Þ�Õ8èT×�ãTÝ × ç5æ Ü�Ù��[7�ãT× Ù Ú × Ý#ë�Ú Ö ì5Ö ì�×�Ý ã�è�7�ãT× Ù Ú × Ý�Ü�æ�Ö ìT×�æ Ü�Ù ä&� h Ù × â�é Þ�á × ç5è�ÛÕT× ë;Ù × é Þ�Ö Ú Ü�Õ�Ý Û�ä5èTÜ�é Ý í�r�ìT× Õ5ë�ì�× Õ�Ö ì�×�Ù × Ý ãTé Ö Ú Õ�Ø�Ù × é Þ�Ö Ú Ü�ÕTÞ�é�Þ�é Ø�× èTÙ Þ�7�ãT× Ù Û�Ú Ý#× å Þ�é ãTÞ�Ö × ç
Þ�Õ�ç�Ö ì�×¯ÕT× × ç�Þ�Ù Ú Ý × Ý%Ö ÜGä5Þ�Ö × Ù Ú Þ�é Ú : ×�Ü�ÕT×�Ü�æ!Ö ìT×�ÕT× ë°Ù × é Þ�Ö Ú Ü�Õ�Ý ê�Ö ìT×�Þ�èTÜ�å�×�ä5× Ö ì�Ü�çCá Þ�Õ
è�×�ãTÝ × çGÖ Ü8Þ�á á Ü�ä5âTé Ú Ý ì8Ö ìTÞ�Ö�Ø�Ü�Þ�é í
r�ìT× Ù ×#Þ�Ù ×#Ý × å�× Ù Þ�é�Ú Õ�Ö × Ù × Ý Ö Ú Õ�Ø�Ü�â�× Õ�Ú Ý Ý ãT× ÝUÙ × é Þ�Ö × ç�Ö Ü�á Ü�ä5âTã�Ö Þ�Ö Ú Ü�Õ�Þ�é�Ú ä5âTé × ä5× Õ�Ö Þ�Ö Ú Ü�Õ

Ü�æUÖ ìT×�ä5× Ö ìTÜ�çTÜ�é Ü�Ø�ÛGë%×�ìTÞ�å�×�â�Ù × Ý × Õ�Ö × çUí
r�ìT×�× ð�Ú Ý Ö Ú ÕTØ�Ú ä5âTé × ä5× Õ�Ö Þ�Ö Ú Ü�Õ�Ý�Ü�æ�Ý Ö Þ�è�é ×�ä5Ü�çT× é Ý�Ý × ä5Þ�Õ�Ö Ú á Ý#Þ�Ù ×�èTÞ�Ý × ç8Ü�Õ8Ø�Ù Ü�ãTÕ�çTÚ Õ�Ø

Ö ì�×�Ù ãTé × Ý ê�ë�ìTÞ�Ö ê�Ú Õ8çTÞ�Ö Þ�è�Þ�Ý ×�Þ�â�âTé Ú á Þ�Ö Ú Ü�ÕTÝ ê�ä8Þ�Û�é × Þ�ç5Ö Ü¯ì�ãTØ�×%Ø�Ù Ü�ãTÕTç5âTÙ Ü�Ø�Ù Þ�ä5Ý í�R�Ü�ä8×
� Ú Õ�Ö × é é Ú Ø�× Õ�Ö ��Ø�Ù Ü�ãTÕ�çTÚ Õ�Ø�Ö × á ìTÕ�Ú 7�ã�× Ý5ì�Þ�å�×8è�× × ÕEÚ ä5âTé × ä5× Õ�Ö × ç;Ú Õc_g|�SUí�fTãTÙ Ö ì�× Ù ä8Ü�Ù ×�ê
Ö ì�Ü�Ý ×8Ú ä5âTé × ä5× Õ�Ö Þ�Ö Ú Ü�Õ�Ý¯Þ�Ù ×8Ø�× Þ�Ù × ç9Ö Ü9á Ü�ä5âTã�Ö Ú Õ�Ø9Ý Ö Þ�èTé ×Gä5Ü�ç�× é Ý êUâ�Ü�Ý Ý Ú è�é Û9Ü�Õ�é Û+Ü�ÕT×
Ü�Ù�Ý Ü�ä8×5Ü�æ#Ö ì�× äCê�ë�ì�× Ù × Þ�Ý�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö@7�ãT× Ù ÛCÞ�Õ�Ý ë%× Ù Ú Õ�ØGÙ × 7�ãTÚ Ù × Ý êTÞ�Ö�é × Þ�Ý Ö�Ú ä5âTé Ú á Ú Ö é Û�ê
ìTÞ�å�Ú ÕTØ8Þ�é éUÝ Ö Þ�èTé ×�ä8Ü�çT× é Ý ê�Ü�Ù�Ö ìT×�� Ù × é × å�Þ�Õ�Ö�âTÞ�Ù Ö Ý �8Ü�æ#Þ�é é!Ü�æ#Ö ìT× ä�í�s ÕCâTÞ�Ù Ö Ú á ã�é Þ�Ù ê�Ö ìTÚ Ý
Ü�âT× Õ�Ý5Ö ìT×CÚ Õ�Ö × Ù × Ý Ö Ú ÕTØ+Ú Ý Ý ã�×CÜ�æ�ì�Þ�å�Ú Õ�Ø+Ö ì�×Cá Ü�Õ�Ý Ö Ù ãTá Ö Ú Ü�ÕDÜ�æ5ß Ö ì�×9Ù × é × å Þ�Õ�Ö8âTÞ�Ù Ö Ý8Ü�æ à
Ö ì�×CÝ Ö Þ�è�é ×�ä5Ü�ç�× é Ý8Ø�ã�Ú çT× ç;è�ÛEÖ ìT×z7�ã�× Ù Û�ê#è�× á Þ�ãTÝ ×&7�ã�× Ù ÛEÞ�Õ�Ý ë%× Ù Ú Õ�Ø9Ú Ý8Ü�ãTÙ5âTÙ Ú ä5Þ�Ù Û
Ø�Ü�Þ�é ê�èTã�Ö�ÕTÜ�Ö�Ö ìT×¯á Ü�ä5âTã�Ö Þ�Ö Ú Ü�ÕCÜ�æ�Ù × â�Þ�Ú Ù Ý í�L%ã�Ù Ù × Õ�Ö�7�ãT× Ù ÛG× å�Þ�é ã�Þ�Ö Ú Ü�ÕCä5× Ö ì�Ü�ç�Ü�é Ü�Ø�Ú × Ý
ãTÕTç�× ÙUÖ ìT×�Ý Ö Þ�èTé ×�ä5Ü�ç�× é�Ý × ä8Þ�Õ�Ö Ú á Ý ê Ý â�× á Ú Þ�é é Û�æ Ü�ÙUçTÚ Ý w ãTÕ�á Ö Ú å�×%â�Ù Ü�Ø�Ù Þ�ä8Ý ê Þ�Ù ×�á Ü�ä8â�é × Ö × é Û
Ú ÕTÝ × Õ�Ý Ú Ö Ú å�×�Ö Ü¯Ö ìT×@7�ãT× Ù ÛGÞ�Ö�ì�Þ�Õ�çUí�r�ì�×�Ø�Ü�Þ�é�Ú Ý�Ö Ü5Þ�å�Ü�Ú çGÚ Ù Ù × é × å�Þ�Õ�Ö�á Ü�ä8â�ã�Ö Þ�Ö Ú Ü�ÕTÝ í
s Õ±ç�Þ�Ö Þ�èTÞ�Ý ×CÞ�âTâTé Ú á Þ�Ö Ú Ü�Õ�Ý ê�â�Ü�Ý Ú ÕTØEÞ�ÕTç±Þ�Õ�Ý ë%× Ù Ú Õ�ØEÜ�âT× Õ 7�ã�× Ù Ú × Ý+ß ë�Ú Ö ì±å Þ�Ù Ú Þ�èTé × Ý à

Ú Ý�ä5Ü�Ù ×9ÕTÞ�Ö ãTÙ Þ�é�Þ�ÕTçÃá Ü�ä5ä5Ü�ÕDÖ ìTÞ�ÖCÞ�ÕTÝ ë�× Ù Ú ÕTØEØ�Ù Ü�ãTÕ�ç 7�ã�× Ù Ú × Ý í%z�Ü�ë%× å�× Ù ê�× ð�Ú Ý Ö Ú ÕTØ
Ú ä8â�é × ä8× Õ�Ö Þ�Ö Ú Ü�Õ�Ý�Ü�æ!Ý Ö Þ�è�é ×�ä8Ü�çT× éUÝ × ä5Þ�Õ�Ö Ú á Ý%Þ�Ù ×�èT× Ö Ö × Ù�ç�× Ý Ú Ø�ÕT× çGÖ Ü8çTÜ¯Ö ìT×�é Þ�Ö Ö × Ù í
s Ö!ë%Ü�ãTé ç�è�×%ãTÝ × æ ã�é�Ö Ü�Ú ä8â�é × ä8× Õ�Ö#Þ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö`7�ãT× Ù Û�Þ�Õ�Ý ë%× Ù Ú Õ�Ø�Ý Û�Ý Ö × ä°èTÞ�Ý × ç�Ü�Õ�Ö ìT×

Ú Õ�Ö × Ù Þ�á Ö Ú Ü�ÕCÜ�æ#Ü�ãTÙ�Ù × âTÞ�Ú Ù Ý�é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä5Ý�ë�Ú Ö ì+Ù × é Þ�Ö Ú Ü�Õ�Þ�é�o�p%I+R�í�fTÜ�Ù�Ö ì�Ú Ý�âTã�Ù â�Ü�Ý ×�ê
Ý Ü�ä8×Uæ ãTÕ�á Ö Ú Ü�Õ�Þ�é Ú Ö Ú × Ý!Þ�Õ�ç�æ Ù Ü�Õ�Ö * × ÕTçTÝ�Ú ÕTá é ã�çT× ç�Ú Õ@_�|IS�8 ÝUÞ�Ù á ìTÚ Ö × á Ö ãTÙ ×%ß M�Ú Ö × ÙI� '� (E í ó(W(W(W�à
á Ü�ã�é çCèT×�ãTÝ × çUí�r!Ù Û�Ú ÕTØ5Ö Ü8â�ãTÝ ì�ä8Ü�Ý Ö�Ü�æ!Ö ì�×¯á Ü�ä8â�ã�Ö Þ�Ö Ú Ü�ÕGÖ Ü5Ö ìT×¯o�p�I9R�Ý × × ä5Ý�Ö Ü8è�×
Ö ì�×�Ù Ú Ø�ì�Ö�ë%Þ�Û8Ö Ü5âTÙ Ü�á × × ç�í
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e+Ü�Ù 68Ü�ÕGÚ Õ�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û8ìTÞ�Õ�çTé Ú Õ�Ø5ìTÞ�Ý%è�× × Õ�çTÜ�ÕT×�æ Ü�Ù%é Ü�ÕTØ�Ö Ú ä5×�Þ�Õ�ç�è�Û8ç�Ú B�× Ù × Õ�Ö�á Ü�ä"*
ä5ã�ÕTÚ Ö Ú × Ý ê�×�í ØTí�â�ìTÚ é Ü�Ý Ü�â�ìTÚ á Þ�é�Þ�ÕTçGÕ�Ü�Õ+* á é Þ�Ý Ý Ú á Þ�éTé Ü�Ø�Ú á�ê+6�Õ�Ü�ë�é × çTØ�×�Ù × âTÙ × Ý × Õ�Ö Þ�Ö Ú Ü�Õ�ê�é Ü�Ø�Ú á
âTÙ Ü�Ø�Ù Þ�ä8ä5Ú Õ�Ø�ê�ç�Þ�Ö Þ�è�Þ�Ý × Ý ê�Ý Ü�æ Ö ë%Þ�Ù ×�Ý â�× á Ú C�á Þ�Ö Ú Ü�ÕUê�× Ö á�í(e+×�ä5× Õ�Ö Ú Ü�Õ8Ü�ÕTé Û¯Ý Ü�ä8×�Ù × é Þ�Ö × ç
ë%Ü�Ù 68Ö ì�Þ�Ö�ì�Þ�Ý êTÜ�Ù�ä5Þ�Û�ìTÞ�å�×�êTÝ Ü�ä8×�Ù × é Þ�Ö Ú Ü�Õ�Ö ÜGÜ�ãTÙ�Õ�Ü�Ö Ú Ü�Õ�Ý�Ü�æ�Ù × â�Þ�Ú Ù�Þ�ÕTçCá Ü�Õ�Ý Ú Ý Ö × Õ�Ö
Þ�Õ�Ý ë%× Ù ê�Ü�Ù�Þ�Ù ×�èTÞ�Ý × ç�Ü�Õ�Ý Ü�ä5×�æ Ü�Ù ä.Ü�æ!é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�ä8ä5Ú ÕTØTí
r�ìT× Ù ×�Þ�Ù ×�Ý × å�× Ù Þ�é�Ý Ú ä8Ú é Þ�Ù Ú Ö Ú × Ý�è�× Ö ë%× × Õ�Ü�ãTÙ%Þ�â�âTÙ Ü�Þ�á ì8Ö Ü5á Ü�Õ�Ý Ú Ý Ö × ÕTá Û8ì�Þ�Õ�çTé Ú ÕTØ5Þ�Õ�ç

Ö ì�Ü�Ý ×�æ Ü�é é Ü�ë%× ç9è�Û�Ö ìT×5è�× é Ú × æ%Ù × å�Ú Ý Ú Ü�Õ�ñ�ãTâ�ç�Þ�Ö ×�á Ü�ä5ä¯ãTÕ�Ú Ö Û�í�J�Ý�Þ�é Ù × Þ�çTÛ�ä5× Õ�Ö Ú Ü�Õ�× ç9Ú Õ
Ý × á Ö Ú Ü�Õc5Tê!çTÞ�Ö Þ�èTÞ�Ý ×�Ù × â�Þ�Ú Ù Ý¯á Ü�Ú ÕTá Ú çT×Gë�Ú Ö ì;Ö ìT×�Ù × å�Ú Ý × çEä8Ü�çT× é Ý5çT× CTÕT× çDÚ ÕteÃÚ ÕTÝ é × Ö Ö
ß & F 5(5�à í�r�ìT×5Ö Ù × Þ�Ö ä8× Õ�Ö�Ö ì�× Ù ×8Ú Ý�ä8Þ�Ú Õ�é Û9âTÙ Ü�â�Ü�Ý Ú Ö Ú Ü�Õ�Þ�é ê�è�ã�Ö¯Þ�âTÙ × é Ú ä8Ú Õ�Þ�Ù Û9× ð�Ö × Õ�Ý Ú Ü�Õ
Ö Ü&C�Ù Ý Ö¯Ü�Ù ç�× Ù@6�ÕTÜ�ë�é × ç�Ø�×5èTÞ�Ý × Ý�á Þ�Õ9è�×5æ Ü�ãTÕTç+Ú ÕEL%ìTÜ�ã+Þ�ÕTç�eÃÚ Õ�Ý é × Ö ÖGß & F(F -�à í�r�ìTÜ�Ý ×
âTÞ�â�× Ù Ý%á Ü�ÕTá × Õ�Ö Ù Þ�Ö ×�Ü�Õ5Ö ì�×�á Ü�ä8â�ã�Ö Þ�Ö Ú Ü�ÕGÜ�æ�Ö ìT×�ä5Ü�çT× é Ý%Ü�æ�Ö ì�×�Ù × å�Ú Ý × ç8Ö ìT× Ü�Ù Û�ê�Ú í ×�í�Ö ìT×

ó(- ������� � �� !" #��$&%(' )�� � !

Ù × âTÞ�Ú Ù Ý!Ú Õ5Ü�ã�Ù#á Þ�Ý ×�ê�è�ã�Ö�ÕTÜ�Ö�Ü�Õ�7�ã�× Ù Û¯Þ�ÕTÝ ë%× Ù Ú ÕTØTí r�ìT×�Ù × å�Ú Ý Ú Ü�Õ5Ü�æ�Þ�çTÞ�Ö Þ�èTÞ�Ý ×%Ú ÕTÝ Ö Þ�Õ�á ×
è�Û5Ö ì�×�s L%Ý�âTÙ Ü�çTã�á × Ý�Õ�× ë°çTÞ�Ö Þ�èTÞ�Ý ×�Ú Õ�Ý Ö Þ�ÕTá × Ý ê�Ö ìT×�Ù × âTÞ�Ú Ù Ý�Ü�æ!Ö ìT×�Ü�Ù Ú Ø�Ú ÕTÞ�é�ç�Þ�Ö Þ�è�Þ�Ý ×�í
Q�× å�× Ù Ö ìT× é × Ý Ý ê!Ü�ãTÙ5ä8Ü�Ö Ú å Þ�Ö Ú Ü�Õ;Þ�ÕTç;Ý Ö Þ�Ù Ö Ú ÕTØ9â�Ü�Ú Õ�Ö8Þ�Ù ×&7�ã�Ú Ö ×Cç�Ú B�× Ù × Õ�Ö8æ Ù Ü�ä Ö ìTÜ�Ý ×

Ü�æ�è�× é Ú × æ�Ù × å�Ú Ý Ú Ü�ÕUí�e+×�Þ�Ù ×�Õ�Ü�Ö8Ú Õ�Ö × Ù × Ý Ö × ç;Ú ÕDá Ü�ä8â�ã�Ö Ú Õ�Ø9Ö ìT×�Ù × âTÞ�Ú Ù Ý"K�� �&! � ê#èTã�ÖGÚ Õ
Þ�Õ�Ý ë%× Ù Ú Õ�Ø�7�ãT× Ù Ú × Ý ê#ì�Ü�âT× æ ã�é é ÛDã�Ý Ú Õ�Ø+Ö ì�×CÜ�Ù Ú Ø�Ú ÕTÞ�é�ç�Þ�Ö Þ�èTÞ�Ý ×GÞ�Ý8ä¯ãTá ìDÞ�Ý8âTÜ�Ý Ý Ú èTé ×�í#s æ
Ö ì�Ú Ý�Ú Ý�ÕTÜ�Ö%âTÜ�Ý Ý Ú èTé ×�ê�ë%×�é Ü�Ü(6�æ Ü�Ù%ä5× Ö ìTÜ�çTÜ�é Ü�Ø�Ú × Ý ê�Þ�Ý�Ü�ã�Ù�é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä5ä8Ú ÕTØ�Þ�â�âTÙ Ü�Þ�á ìUê
æ Ü�Ù�Ù × âTÙ × Ý × Õ�Ö Ú ÕTØGÞ�Õ�ç�7�ãT× Ù Û�Ú ÕTØ�Ý Ú ä¯ãTé Ö Þ�Õ�× Ü�ã�Ý é ÛCÞ�ÕTç+Ú ä8â�é Ú á Ú Ö é Û9Þ�é é!Ö ìT×8Ù × âTÞ�Ú Ù Ý�Ü�æ�Ö ìT×
çTÞ�Ö Þ�è�Þ�Ý ×�í
p�Ù ÛCß & F(F 4�à!ë%Þ�Ý ê�Ö Ü¯Ü�ã�Ù�6�ÕTÜ�ë�é × çTØ�×�ê�Ö ìT×�C�Ù Ý Ö%Þ�ã�Ö ì�Ü�Ù#Ö Ü¯á Ü�ÕTÝ Ú çT× Ù�Ö ìT×�Õ�Ü�Ö Ú Ü�ÕGÜ�æUá Ü�Õ�*

Ý Ú Ý Ö × Õ�ÖI7�ãT× Ù Û�Þ�ÕTÝ ë%× Ù#Ú Õ8Ú ÕTá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�çTÞ�Ö Þ�èTÞ�Ý × Ý í�z�×�çT× C�Õ�× ç8á Ü�Õ�Ý Ú Ý Ö × Õ�ÖI7�ãT× Ù Û�Þ�ÕTÝ ë%× Ù Ý
ãTÝ Ú Õ�Ø�â�Ù Ü�å Þ�è�Ú é Ú Ö Û�Ú Õ8ä5Ú ÕTÚ ä8Þ�éTé Ü�Ø�Ú á�í r�ìT×�â�Ù Ü�â�Ü�Ý × ç5Ú Õ�æ × Ù × Õ�á ×%ä5× Ö ì�Ü�ç5Ú Ý#ÕTÜ�Õ�ä8Ü�ÕTÜ�Ö Ü�ÕTÚ á
èTã�Ö�æ Þ�Ú é Ý�Ö Ü8á Þ�â�Ö ã�Ù ×�ä5Ú ÕTÚ ä5Þ�éUá ìTÞ�ÕTØ�×8ß Ö ì�ã�Ý�p%Ù Û�8 Ý�Õ�Ü�Ö Ú Ü�Õ�Ü�æ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ög7�ãT× Ù ÛGÞ�ÕTÝ ë�× Ù
Ú Ý�ë%× Þ+6�× Ù#Ö ì�Þ�Õ8Ü�ãTÙ Ý à í�I9Ü�Ù × Ü�å�× Ù ê�p%Ù Û�8 Ý%Þ�â�âTÙ Ü�Þ�á ì8Ú Ý%× Õ�Ö Ú Ù × é Û¯âTÙ Ü�Ü�æ * Ö ìT× Ü�Ù × Ö Ú á�Þ�Õ�çGç�Ü�× Ý
ÕTÜ�Ö�âTÙ Ü�å�Ú ç�×�Þ5á Ü�ä5âTã�Ö Þ�Ö Ú Ü�ÕTÞ�é�ä5× á ìTÞ�ÕTÚ Ý ä3Ö Ü¯Ü�è�Ö Þ�Ú Õ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö%Þ�ÕTÝ ë�× Ù Ý�Ö Ü"CTÙ Ý Ö * Ü�Ù ç�× Ù
7�ã�× Ù Ú × Ý í
R�× å�× Ù Þ�é�â�Þ�â�× Ù Ý�Ý Ö ãTç�Ú × ç±Ö ìT×+â�Ù Ü�èTé × ä0Ü�æ5ä5Þ+6�Ú Õ�ØDÚ Õ�æ × Ù × ÕTá × Ý�æ Ù Ü�ä Þ;â�Ü�Ý Ý Ú èTé ÛÃÚ Õ�*

á Ü�Õ�Ý Ú Ý Ö × Õ�Ö ê�â�Ù Ü�â�Ü�Ý Ú Ö Ú Ü�ÕTÞ�é!Ü�Ù�C�Ù Ý Ö * Ü�Ù çT× Ù ê�6�ÕTÜ�ë�é × ç�Ø�×8è�Þ�Ý ×�í�r�ìT×8è�Þ�Ý Ú á5Ú çT× Þ�Ú Ý�Ö ÜCÚ Õ�æ × Ù
Ö ì�×�á é Þ�Ý Ý Ú á Þ�é�á Ü�Õ�Ý × 7�ã�× ÕTá × Ý�Ü�æ!Þ�é éUä5Þ�ð�Ú ä5Þ�éUá Ü�ÕTÝ Ú Ý Ö × Õ�Ö�Ý ãTèTÝ × Ö Ý�Ü�æ!Ö ìT×@6�ÕTÜ�ë�é × ç�Ø�×�èTÞ�Ý ×
ß NUÜ(: Ú ÕTÝ 6�Ú Ú & F+F -Tò�p�Þ�Ù Þ�é�� '� #E í & F+FT& à ê�Ü�Ù�Þ�é éIJ�%#! '�k %#��! U ! ' � ��'�ä8Ü�çT× é Ý�Ü�æ!Ö ìT×@6�Õ�Ü�ë�é × çTØ�×
èTÞ�Ý ×5ß {�Ú æ × Ù%Þ�Õ�çGN!Ü(: Ú Õ�Ý 6�Ú Ú & F(F óTò�J�Ù Ú × é Ú�Þ�Õ�ç�Þ�å�Ù Ü�Õ & F+F(F à�ß ë�ìT× Ù ×�Ö ìT×�Ü�Ù çT× Ù%Ü�Õ�ä5Ü�çT× é Ý
Ú Ý�çT× C�Õ�× ç+Ü�Õ9Ö ìT×5èTÞ�Ý ×5Ü�æ%Þ�Ö Ü�ä Þ�Õ�ÕTÜ�Ö Þ�Ö Ú Ü�Õ�Ý�ç�Ù Þ�ë�Ú Õ�Ø�å�Þ�é ã�× Ý�æ Ù Ü�ä ÞCé Þ�Ö Ö Ú á ×8Ü�Ù�ÞCè�Ú *
é Þ�Ö Ö Ú á × à íUr�ì�Ú Ý¯â�Ù Ü�å�Ú çT× Ý�ÞCÕ�Ü�Õ�* ä5Ü�ÕTÜ�Ö Ü�Õ�Ú á5á Ü�ÕTÝ × 7�ãT× ÕTá ×5Ù × é Þ�Ö Ú Ü�Õ+èTã�Ö¯Ö ìT×8Ý âT× á Ú Þ�é#Ù Ü�é ×
Ü�æ�Ö ìT×�Ú Õ�Ö × Ø�Ù Ú Ö Û5á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý�ß ë�ìTÜ�Ý ×�Ö Ù ã�Ö ìGá Þ�ÕTÕ�Ü�Ö%è�×�Ø�Ú å�× Õ8ãTâ�à#Ú Ý�ÕTÜ�Ö%á Þ�â�Ö ãTÙ × ç�í�J�é Ý ÜTê
Ö ì�×�Ú Ý Ý ã�×�Ü�æ!âTÙ Ü�á × Ý Ý Ú Õ�Ø8Ø�× ÕT× Ù Þ�é�C�Ù Ý Ö * Ü�Ù çT× Ù�7�ãT× Ù Ú × Ý�Ú Ý�ÕTÜ�Ö�á Ü�ÕTÝ Ú çT× Ù × çUí
Q�Ü�ë°ë�×�èTÙ Ú × {TÛGÙ × å�Ú × ë°Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ�Þ�ÕTç�é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�ä8ä5Ú ÕTØ¯èTÞ�Ý × çCÞ�â�âTÙ Ü�Þ�á ìT× Ý�Ö Ü

á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�ìTÞ�ÕTç�é Ú Õ�Ø�Ú Õ�ç�Þ�Ö Þ�èTÞ�Ý × Ý í s Õ�Ö ìTÚ Ý!ç�Ú Ù × á Ö Ú Ü�ÕUê Ö ì�×%á é Ü�Ý × Ý ÖUÞ�â�âTÙ Ü�Þ�á ì�Ö Ü�Ü�ãTÙ ÝUë%Þ�Ý
âTÙ × Ý × Õ�Ö × ç�ê�Ú ÕTç�× âT× Õ�çT× Õ�Ö é Û�ê�Ú ÕQq�Ù × á ÜQ� '` #E íTß ó#W+W & à�ß Ý × ×%Þ�é Ý Ü@q�Ù × á Ü�Þ�ÕTç���ãTä5âTÞ�Õ�Ü¯ó#W(W(W�ê
ó(W(W & à í�r�ìT× Ù ×�ê�çTÚ Ý w ãTÕ�á Ö Ú å�×�âTÙ Ü�Ø�Ù Þ�ä5Ý#Þ�Ù ×�ãTÝ × ç5Ö Ü�Ý â�× á Ú æ Û¯Ö ì�×�ä8Ú Õ�Ú ä5Þ�éTÝ × Ö Ý�Ü�æUá ìTÞ�Õ�Ø�× Ý ê
ãTÕTç�× Ù!Ý × Ö!Ú ÕTá é ã�Ý Ú Ü�ÕUê Ö ìTÞ�Ö#é × Þ�ç�Ö Ü�çTÞ�Ö Þ�è�Þ�Ý ×�Ù × â�Þ�Ú Ù ÝUÚ Õ�Ö ìT×�Ý × ÕTÝ ×#Ü�æTJ�Ù × Õ�Þ�Ý�� 'A #E í�ß & F(F(F à í
r�ìT×¯Þ�ã�Ö ì�Ü�Ù Ý�âTÙ × Ý × Õ�Ö�Þ8á Ü�ä8â�Þ�á Ö�Ý á ìT× ä8Þ5æ Ü�Ù�Ø�× ÕT× Ù Þ�Ö Ú ÕTØ5Ù × âTÞ�Ú Ù�âTÙ Ü�Ø�Ù Þ�ä8Ý�æ Ü�Ù�Ø�× Õ�× Ù Þ�é
ãTÕTÚ å�× Ù Ý Þ�é�Ú Õ�Ö × Ø�Ù Ú Ö Û¯á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö Ý í�r�ì�×�Þ�â�âTé Ú á Þ�Ö Ú Ü�Õ8Ü�æUÝ ãTá ì8Þ¯Ý á ì�× ä5Þ¯é × Þ�ç�Ý�Ö Ü¯âTÙ Ü�Ø�Ù Þ�ä5Ý
Ö ì�Þ�Ö¯Ú Õ�å�Ü�é å�×5× Ý Ý × Õ�Ö Ú Þ�é é Û9Þ�é é#â�Ü�Ý Ý Ú è�é ×8çTÚ Ý w ãTÕTá Ö Ú Ü�ÕTÝ¯Ü�æ�ç�Þ�Ö Þ�èTÞ�Ý ×8é Ú Ö × Ù Þ�é Ý�Ú Õ+Ö ìT×Gì�× Þ�ç�Ý ê
× Õ�çTÚ Õ�ØEã�âÃë�Ú Ö ìDâTÙ Ü�Ø�Ù Þ�ä5Ý5é Ú 6�×GÖ ìT×�Ü�Õ�×CÚ ÕÃM#ð�Þ�ä5âTé × & ó�í#r�ì�× ÛDá Ü�ÕTá × Õ�Ö Ù Þ�Ö ×�ä5Þ�Ú ÕTé Û
Ü�Õ9â�Ù Ü�ç�ãTá Ú Õ�ØGÖ ì�×8Ý × Ö�Ü�æ%á ìTÞ�Õ�Ø�× Ý êTÙ Þ�Ö ì�× Ù�Ö ìTÞ�Õ9Ö ìT×5Ù × âTÞ�Ú Ù × çCçTÞ�Ö Þ�è�Þ�Ý × Ý�× ðTâ�é Ú á Ú Ö é Û�í�s Õ
âTÞ�Ù Ö Ú á ãTé Þ�Ù ê�Ö ì�× ÛCçTÜ�Õ�Ü�ìTÞ�å�×5â�× Ù Ý Ú Ý Ö × ÕTá ×5Ù ã�é × Ý�Ú Õ9Ö ìT×5âTÙ Ü�Ø�Ù Þ�ä�íTs Õ+á Ü�Õ�Ý × 7�ã�× ÕTá ×�êTÖ ìT×
âTÙ Ü�Ø�Ù Þ�ä á Þ�ÕTÕ�Ü�Ö¯èT×�ã�Ý × çEçTÚ Ù × á Ö é Û9Ö ÜCÜ�è�Ö Þ�Ú ÕEá Ü�Õ�Ý Ú Ý Ö × Õ�Ö¯Þ�Õ�Ý ë%× Ù Ý í�J�ÕEÚ Õ�Ö × Ù âTÙ × Ö Þ�Ö Ú Ü�Õ
Ü�æ�Ö ìT×CÙ × Ý ãTé Ö Ý ê#â�Ü�Ý Ý Ú èTé ÛEé Ú 6�×GÖ ì�×CÜ�Õ�×CÚ Õ�Ö Ù Ü�çTãTá × çDÚ ÕDÝ × á Ö Ú Ü�Õt5Eë�Ü�ã�é çDè�×CÕ�× á × Ý Ý Þ�Ù Û�í
r�ìT× ÛGÞ�é Ý Ü¯Ú Õ�Ö Ù Ü�çTã�á × � Ù × âTÞ�Ú Ù%á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý ��Ö Ü8Ý â�× á Ú æ ÛGâTÙ × æ × Ù × Õ�á × Ý%æ Ü�Ù%á × Ù Ö Þ�Ú Õz6�Ú Õ�çTÝ�Ü�æ
Ù × âTÞ�Ú Ù Ý í
r�ìT×�Þ�ÕTÕTÜ�Ö Þ�Ö × çGâTÙ × çTÚ á Þ�Ö ×�é Ü�Ø�Ú á�Ú Õ�Ö Ù Ü�çTãTá × ç�Ú Õ�{�Ú B�× Ù�Þ�ÕTçGN!Ü(: Ú Õ�Ý 6�Ú Ú#ß & F(F ó�à%ë%Þ�Ý%Þ�â�*

âTé Ú × çGÚ Õ�J�Ù × Õ�Þ�Ý�� '� #E í�ß ó#W(W(W�à!Ö Ü¯Ö ìT×�Ö Þ�Ý 68Ü�æUá Ü�ä5âTã�Ö Ú ÕTØ5á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�7�ãT× Ù Û8Þ�ÕTÝ ë%× Ù Ý�å�Ú Þ
Þ�Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ+Ü�æ�Ö ì�×8ç�Þ�Ö Þ�è�Þ�Ý ×5Ù × âTÞ�Ú Ù Ý í�r�ìT×5Ý â�× á Ú C�á Þ�Ö Ú Ü�Õ+ë%Þ�Ý�ã�Ý × ç9Ö ÜCç�× Ù Ú å�×5Þ�é Ø�Ü(*
Ù Ú Ö ìTä5Ý�æ Ü�Ù�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö é ÛCÞ�ÕTÝ ë%× Ù Ú ÕTØ�Ý Ü�ä5×8Ù × Ý Ö Ù Ú á Ö × ç9æ Ü�Ù ä5Ý�Ü�æ�C�Ù Ý Ö¯Ü�Ù çT× Ù�7�ã�× Ù Ú × Ý�Þ�Õ�ç
Ö ÜCÜ�è�Ö Þ�Ú ÕEÝ Ü�ä5×8á Ü�ä8â�é × ðTÚ Ö Û9Ù × Ý ã�é Ö Ý íUJ�Ý5× ð�â�× á Ö × ç�êUÖ ì�×GçTÞ�Ö Þ�èTÞ�Ý ×8Ù × â�Þ�Ú Ù Ý�á Ü�Ù Ù × Ý â�Ü�ÕTç
Ö Ü�á × Ù Ö Þ�Ú Õ+ä8Ú ÕTÚ ä5Þ�é�ä5Ü�ç�× é Ý¯Ü�æ%Ö ìT×8Ý âT× á Ú CTá Þ�Ö Ú Ü�Õ�í�r�ìTÚ Ý�Þ�â�âTÙ Ü�Þ�á ì9Ú Ý¯èTÞ�Ý × ç+Ü�Õ+ÞCÕ�Ü�Õ�*
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����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! ó+.
á é Þ�Ý Ý Ú á Þ�é%é Ü�Ø�Ú á�ê#Þ�Õ�çDá Ü�ä8â�ã�Ö Ú ÕTØ+á Ü�ÕTÝ Ú Ý Ö × Õ�ÖGÞ�Õ�Ý ë%× Ù Ý¯æ Ù Ü�ä)Ú ÖGÚ Ý8ÕTÜ�Ö8Ý Ö Ù Þ�Ú Ø�ì�Ö æ Ü�Ù ë%Þ�Ù ç�í
r�ìT×¯Ý â�× á Ú C�á Þ�Ö Ú Ü�ÕCä8× Ö ìTÜ�çTÜ�é Ü�Ø�Û�ë%Þ�Ý�× ð�Ö × ÕTç�× ç9æ Ù Ü�ä.ãTÕTÚ å�× Ù Ý Þ�éUs L%Ý�Ö ÜGÙ × æ × Ù × Õ�Ö Ú Þ�éUs L%Ý
Ú Õ�p%Þ�Ù á × é Ü¯Þ�Õ�çCp%× Ù Ö Ü�Ý Ý Ú!ß ó#W(W�ó�à í
r�ìT× Ù ×�Þ�Ù ×�Ý × å�× Ù Þ�é�â�Ù Ü�â�Ü�Ý Þ�é Ý%æ Ü�Ù�é Þ�Õ�Ø�ã�Þ�Ø�×�á Ü�ÕTÝ Ö Ù ã�á Ö Ý�× ð�Ö × Õ�çTÚ Õ�Ø8Ý Ö Ù Þ�Ö Ú CT× çCo�Þ�Ö Þ�é Ü�Ø

âTÙ Ü�Ø�Ù Þ�ä8Ý�ë�Ú Ö ì�Ö ì�×5â�ãTÙ âTÜ�Ý ×¯Ü�æ�Ý â�× á Ú æ Û�Ú Õ�ØGÕ�Ü�Õ�çT× Ö × Ù ä8Ú ÕTÚ Ý Ö Ú á"7�ãT× Ù Ú × Ý í�M�Ý Ý × Õ�Ö Ú Þ�é é Û�ê�Ö ìT×
Ú çT× ÞGÚ Ý�Ö ÜGá Ü�Õ�Ý Ö Ù ãTá Ö�ÞGä8Þ�ð�Ú ä5Þ�éUÝ ãTè�Ý × Ö�Ü�æ�Þ�Ø�Ú å�× ÕCÙ × é Þ�Ö Ú Ü�ÕCÖ ìTÞ�Ö�Ý Þ�Ö Ú Ý CT× Ý�Þ�Ø�Ú å�× ÕCÝ × Ö
Ü�æ#æ ãTÕ�á Ö Ú Ü�Õ�Þ�é#ç�× â�× ÕTçT× Õ�á Ú × Ý íUR�Ú Õ�á ×¯Ö ìT× Ù ×5Ú Ý�ãTÝ ã�Þ�é é Û9ä5Ü�Ù ×¯Ö ìTÞ�Õ9Ü�ÕT×5Ý ãTá ì9Ý ã�èTÝ × Ö ê�Ö ìT×
Þ�â�âTÙ Ü�Þ�á ì9Û�Ú × é ç�Ý�ÕTÜ�ÕTç�× Ö × Ù ä5Ú ÕTÚ Ý Ö Ú áQ7�ã�× Ù Ú × Ý�Ú ÕEÞ�ÕTÞ�Ö ãTÙ Þ�é#ë%Þ�Û�í�L%é × Þ�Ù é Û�ê�ä5Þ�ðTÚ ä8Þ�é#á Ü�Õ�*
Ý Ú Ý Ö × Õ�Ö�Ý ãTèTÝ × Ö Ý ê�á ìTÜ�Ú á ×�ä8Ü�çT× é Ý�Ú ÕDq�Ú Þ�Õ�ÕTÜ�Ö Ö Ú�� '� #E í!ß & F(F 4�à ê�á Ü�Ù Ù × Ý â�Ü�Õ�çGÖ Ü8Ü�ã�Ù�Ù × âTÞ�Ú Ù Ý
Ú Õ8Ö ìT×�á Þ�Ý ×�Ü�æUæ ãTÕ�á Ö Ú Ü�Õ�Þ�é�çT× â�× ÕTç�× ÕTá Ú × Ý í�R�Ö Ù Þ�Ö Ú C�× çGo�Þ�Ö Þ�é Ü�Ø¯ë�Ú Ö ìGá ì�Ü�Ú á ×¯ß q�Ú Þ�ÕTÕ�Ü�Ö Ö Ú`� '
 (E í & F(F 4�à!á Ü�ä¯èTÚ Õ�× Ý�× Õ�æ Ü�Ù á Ú Õ�Ø�æ ãTÕTá Ö Ú Ü�ÕTÞ�é�çT× â�× ÕTç�× Õ�á Ú × Ý%ë�Ú Ö ì8Ú Õ�æ × Ù × ÕTá ×�ã�Ý Ú Õ�Ø�Ý Ö Ù Þ�Ö Ú C�× ç
o�Þ�Ö Þ�é Ü�ØCâ�Ù Ü�Ø�Ù Þ�ä5Ý í�J�Õ�Ý ë%× Ù Ú Õ�ØD7�ãT× Ù Ú × Ý¯Ú ÕEÞ�é é%á ìTÜ�Ú á ×Gä5Ü�çT× é Ý�ß n���* 7�ãT× Ù Ú × ÝGß q�Ù × á Üt� '
 (E í & F(F .�à à!á Ü�Ù Ù × Ý â�Ü�ÕTçTÝ!Ö Ü�Ü�ã�Ù�Õ�Ü�Ö Ú Ü�Õ5Ü�æUá Ü�ä8â�ã�Ö Þ�Ö Ú Ü�Õ8Ü�æ�á Ü�Õ�Ý Ú Ý Ö × Õ�ÖI7�ã�× Ù Û¯Þ�Õ�Ý ë%× Ù Ý!æ Ü�Ù
C�Ù Ý Ö * Ü�Ù ç�× Ù�7�ã�× Ù Ú × Ý í
r�ìT× � � b U ! U %(� K�� % x(�  #J"!Cß ICÞ�Ù × 6EÞ�ÕTçDr!Ù ãTÝ : á : Û�ÕTÝ 6�Ú & F+F 5�à¯Þ�Ù ×Cé Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä5Ý5æ Ü�Ù

ãTâ�ç�Þ�Ö Ú Õ�Ø¯ç�Þ�Ö Þ�èTÞ�Ý × Ý ê�Þ�ÕTç8á Ü�ãTé ç8è�×�ã�Ý × ç5Ö Ü�Ù × Ý Ö Ü�Ù ×�á Ü�Õ�Ý Ú Ý Ö × ÕTá Û�ê�Þ�Õ�ç5Ö ì�× Õ8Ö Ü¯á Ü�ä8â�ã�Ö ×
çTÞ�Ö Þ�è�Þ�Ý ×CÙ × â�Þ�Ú Ù Ý í#r�ì�×9Ù ã�é × ÝGÚ ÕDÖ ìTÜ�Ý ×Câ�Ù Ü�Ø�Ù Þ�ä8Ý5Þ�é é Ü�ë × ð�âTé Ú á Ú Ö é Û;ç�× á é Þ�Ù Ú ÕTØEìTÜ�ë=Ö Ü
× Õ�æ Ü�Ù á ×�Ö ì�×9Ý Þ�Ö Ú Ý æ Þ�á Ö Ú Ü�ÕÃÜ�æ¯Þ�ÕDÚ Õ�Ö × Ø�Ù Ú Ö ÛDá Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö ê#Ù Þ�Ö ìT× Ù8Ö ì�Þ�ÕÃ× ðTâ�é Ú á Ú Ö é ÛDÝ Ö Þ�Ö Ú ÕTØ
Ö ì�×Cs L%Ý ê#×�í ØTí U �Uß � à�\ U �Uß � ^ à h T T T h U �#ß � c à h %(R�' ß � ^ à h T T T h %#R�' ß � `�à ìTÞ�Ý5Ö ìT×CÚ Õ�Ö × ÕTç�× çâTÙ Ü�á × ç�ãTÙ Þ�é�ä8× Þ�ÕTÚ ÕTØ�Ü�æ�Ú ÕTÝ × Ù Ö Ú Õ�Ø�Ö ì�×�çTÞ�Ö Þ�è�Þ�Ý ×%Þ�Ö Ü�ä � ë�ìT× ÕT× å�× Ù � ^ h T T T h � c�Þ�Ù ×%Ú Õ¯Ö ìT×çTÞ�Ö Þ�è�Þ�Ý ×�ê�èTã�Ö�Õ�Ü�Ö�� ^ h T T T h � ` íTr�ìT× Û�Þ�é Ý Ü8Ø�Ú å�×�ÞGçT× á é Þ�Ù Þ�Ö Ú å�×�ê�Ý Ö Þ�è�é ×�ä5Ü�ç�× éUÝ × ä5Þ�Õ�Ö Ú á Ý
Ö Ü�Ù × å�Ú Ý Ú Ü�Õ5â�Ù Ü�Ø�Ù Þ�ä8Ý í n�Ù × æ × Ù × ÕTá × ÝUæ Ü�Ù#á × Ù Ö Þ�Ú Õ"6�Ú ÕTç�Ý#Ü�æ�Ù × âTÞ�Ú ÙUÞ�á Ö Ú Ü�ÕTÝ!á Þ�Õ5è�×%á Þ�â�Ö ã�Ù × ç
è�Û5ç�× á é Þ�Ù Ú ÕTØ�Ö ì�×�á Ü�Ù Ù × Ý â�Ü�ÕTçTÚ ÕTØ�Ù ã�é × Ý%Ú ÕGâTÙ Ü�Ø�Ù Þ�äPÞ�ÕTç8Ü�ä5Ú Ö Ö Ú ÕTØ¯Ù ã�é × Ý#Ö ì�Þ�Ö�á Ü�ãTé çGé × Þ�ç
Ö Ü+Ü�Ö ìT× Ù5æ Ü�Ù ä5Ý5Ü�æ�Ù × â�Þ�Ú Ù Ý í!K�× å�Ú Ý Ú Ü�Õ;âTÙ Ü�Ø�Ù Þ�ä8Ý¯á Ü�ã�é çDè�×Cã�Ý × çUê#Þ�Ý5Ö ì�×Câ�Ù Ü�Ø�Ù Þ�ä5Ý5Ú Õ
q�Ù × á Üc� '" #E í�ß ó#W(W & à ê�Ö Ü+Ü�è�Ö Þ�Ú Õ;á Ü�ÕTÝ Ú Ý Ö × Õ�Ö5Þ�ÕTÝ ë%× Ù Ý ê!è�ã�Ö8Õ�Ü�Ö8çTÚ Ù × á Ö é Û�ê!è�× á Þ�ãTÝ ×8Ö ìT× Û
Ø�Ú å�×�Þ�Õ�Þ�á á Ü�ã�Õ�Ö�Ü�æ#á ì�Þ�ÕTØ�× Ý�Ü�ÕTé Û�í
p�é Þ�Ú Ù�Þ�ÕTç9R�ãTè�Ù Þ�ìTä5Þ�ÕTÚ Þ�ÕEß & F 5 F à�Ú Õ�Ö Ù Ü�çTã�á × çzK� #�  +k %#��! U ! ' � ��'�E % x(U k�K�� % x(�  #J"! í�r�ì�× Û

ìTÞ�å�×�Þ5ÕTÜ�Õ+* á é Þ�Ý Ý Ú á Þ�é�Ý × ä8Þ�Õ�Ö Ú á Ý ê�Ú ÕTÝ âTÚ Ù × ç�è�ÛGâ�Þ�Ù Þ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�C�Ù Ý Ö * Ü�Ù çT× Ù�Ý × ä5Þ�Õ�Ö Ú á Ý í�s Õ
{�Ú æ × Ù�Þ�ÕTç+R�ãTè�Ù Þ�ìTä5Þ�ÕTÚ Þ�Õ;ß & F(F ó�à ê�Ø�× ÕT× Ù Þ�é!Þ�ÕTÕ�Ü�Ö Þ�Ö × ç9é Ü�Ø�Ú á5âTÙ Ü�Ø�Ù Þ�ä5Ý�Þ�Ù ×5âTÙ × Ý × Õ�Ö × çUí
r�ìT× Ú ÙGé Þ�Ö Ö Ú á × * èTÞ�Ý × çÃÝ × ä5Þ�Õ�Ö Ú á ÝGÚ Ý�Þ�é Ý ÜEÕTÜ�Õ�* á é Þ�Ý Ý Ú á Þ�é í#J%Ö Ü�ä5ÝGÚ ÕÃá é Þ�ãTÝ × ÝGìTÞ�å�×�Þ�Õ�ÕTÜ#*
Ö Þ�Ö Ú Ü�ÕTÝ ê!Þ�Ý5Ú Õ;{�Ú æ × Ù5Þ�ÕTç;NUÜ(: Ú ÕTÝ 6�Ú Ú�ß & F(F ó�à êUèTã�ÖGÕ�Ü�ë=Þ�Õ�ÕTÜ�Ö Þ�Ö Ú Ü�Õ�Ý¯ä8Þ�ÛEÞ�é Ý ÜCá Ü�Õ�Ö Þ�Ú Õ
å�Þ�Ù Ú Þ�è�é × Ý�Þ�ÕTçGæ ãTÕ�á Ö Ú Ü�Õ�Ý êTâ�Ù Ü�å�Ú çTÚ Õ�Ø8Þ8Ý Ö Ù Ü�Õ�Ø�× Ù%Ù × âTÙ × Ý × Õ�Ö Þ�Ö Ú Ü�Õ8æ Ü�Ù ä5Þ�é Ú Ý ä�í�s ä8â�é × ä8× Õ+*
Ö Þ�Ö Ú Ü�ÕGÜ�æ!Þ�ÕTÕ�Ü�Ö Þ�Ö × ç�é Ü�Ø�Ú á�âTÙ Ü�Ø�Ù Þ�ä8Ý�Þ�ÕTç&7�ãT× Ù Û8Þ�ÕTÝ ë%× Ù Ú ÕTØ¯ä5× á ìTÞ�ÕTÚ Ý ä8Ý%Þ�Ù ×�çTÚ Ý á ã�Ý Ý × ç
Ú Õ�NU× Þ�á ìGÞ�Õ�ç�NUãEß & F(F 3�à í�s ÕCR�ã�èTÙ Þ�ì�ä8Þ�ÕTÚ Þ�Õ9ß & F(F -�à ê�Þ�ÕTÕ�Ü�Ö Þ�Ö × ç�âTÙ Ü�Ø�Ù Þ�ä5Ý%Þ�Ù ×�æ ã�Ù Ö ìT× Ù
Ø�× Õ�× Ù Þ�é Ú : × ç�êUÚ Õ;Ü�Ù ç�× Ù�Ö Ü9è�×�ã�Ý × ç;æ Ü�Ù¯Þ�ä8Þ�é Ø�Þ�ä5Þ�Ö Ú Õ�Ø9ç�Þ�Ö Þ�èTÞ�Ý × Ý êUÙ × Ý Ü�é å�Ú Õ�Ø9â�Ü�Ö × Õ�Ö Ú Þ�é
á Ü�Õ+{�Ú á Ö ÝUè�× Ö ë%× × Õ�Ú Õ�Ö × Ø�Ù Þ�Ö × ç�çTÞ�Ö ÞTí fTÜ�Ù�Ö ìTÚ Ý!â�ãTÙ âTÜ�Ý ×#Ö ìT×#âTÙ Ü�çTã�á Ö!Ü�æ�Ö ì�×�é Þ�Ö Ö Ú á × ÝUãTÕ�çT× Ù *
é Û�Ú ÕTØ�× Þ�á ì�çTÞ�Ö Þ�èTÞ�Ý ×�Ú Ý!á Ü�Õ�Ý Ö Ù ãTá Ö × ç¯Þ�ÝUÖ ìT×%Ý × ä8Þ�Õ�Ö Ú á�èTÞ�Ý Ú ÝUæ Ü�ÙUÖ ì�×�Ú Õ�Ö × Ø�Ù Þ�Ö × ç¯ç�Þ�Ö Þ�è�Þ�Ý ×�í
L%Ü�Õ+{�Ú á Ö�Ù × Ý Ü�é ã�Ö Ú Ü�Õ�Ý�Þ�ÕTç+âTÙ × æ × Ù × Õ�á × Ý�Þ�Ù ×8á Þ�â�Ö ã�Ù × ç+è�ÛCä8× Þ�ÕTÝ�Ü�æ%æ ã�ÕTá Ö Ú Ü�Õ�* è�Þ�Ý × ç+Þ�Õ�*
ÕTÜ�Ö Þ�Ö Ú Ü�Õ�Ý í�O�Ö ìT× Ù�Þ�â�âTÙ Ü�Þ�á ìT× Ý�Ö Ü8âTÞ�Ù Þ�á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�é Ü�Ø�Ú á�â�Ù Ü�Ø�Ù Þ�ä5ä5Ú ÕTØ5Þ�Ù ×�ç�Ú Ý á ãTÝ Ý × çCÚ Õ
o�Þ�ä8Þ�Ý Ú Ü¯Þ�Õ�çCICÜ�ÕTÚ : * n#× Ù × Ú Ù Þ8ß & F(F 5�à í
s ÕCp�Þ�Ù á × é Ü5Þ�ÕTçCp%× Ù Ö Ü�Ý Ý Ú�ß ó#W+W�ó�êTó#W(W+,�à êTÝ Ö Þ�Ù Ö Ú Õ�Ø5æ Ù Ü�ä=Ö ì�×¯é Þ�Ö Ö Ú á ×�Þ�Õ�çCÝ â�× á Ú C�á Þ�Ö Ú Ü�Õ

Ú Õ�Ö Ù Ü�çTã�á × çCÚ Õ+J�Ù × ÕTÞ�ÝQ� '� #E �#ß ó#W+W(W�è�à ê�é Ü�Ø�Ú á¯â�Ù Ü�Ø�Ù Þ�ä5Ý�á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�ØGÞ�Õ�ÕTÜ�Ö Þ�Ö Ú Ü�Õ�Ý�Þ�Ý�Þ�Ù *
Ø�ã�ä8× Õ�Ö Ý8ß Þ�Ý�Ü�â�â�Ü�Ý × ç9Ö Ü�Þ�Õ�ÕTÜ�Ö Þ�Ö × ç9âTÙ Ü�Ø�Ù Þ�ä5Ý�Ö ì�Þ�Ö�á Ü�Õ�Ö Þ�Ú Õ9Þ�Õ�ÕTÜ�Ö Þ�Ö × ç9Þ�Ö Ü�ä5Ý à�ë%× Ù ×
ãTÝ × ç9Ö ÜCÝ â�× á Ú æ Û+çTÞ�Ö Þ�èTÞ�Ý ×5Ù × âTÞ�Ú Ù Ý�Þ�ÕTç+á Ü�ä8â�ã�Ö ×Gá Ü�ÕTÝ Ú Ý Ö × Õ�Ö¯Þ�ÕTÝ ë�× Ù Ý�Ö ÜD7�ãT× Ù Ú × Ý í�r�ìT×
Þ�â�âTÙ Ü�Þ�á ì9ë�Ü�Ù 6�Ý�æ Ü�Ù�Ø�× ÕT× Ù Þ�é!ãTÕTÚ å�× Ù Ý Þ�é!s L%Ý�Þ�ÕTç+Ù × æ × Ù × Õ�Ö Ú Þ�é#s L%Ý í�r�ì�×8é Ü�Ø�Ú á5âTÙ Ü�Ø�Ù Þ�ä5Ý

ó(3 ������� � �� !" #��$&%(' )�� � !

ìTÞ�å�×�Ý Ö Þ�è�é ×¯ä5Ü�ç�× é!Ý × ä5Þ�Õ�Ö Ú á Ý í�r�ìT×�á Ü�Ý Ö�Ü�æ#ãTÝ Ú ÕTØ8Þ�ÕTÕ�Ü�Ö Þ�Ö Ú Ü�ÕTÝ�Þ�Ý�× ð�Ö Ù Þ8Þ�Ù Ø�ãTä5× Õ�Ö Ý�Ú Õ
Ö ì�×�â�Ù Ü�Ø�Ù Þ�äqÚ Ý#è�Þ�é Þ�ÕTá × ç5è�Û�Ö ìT×�æ Þ�á Ö#Ö ìTÞ�Ö!Ö ìT×�âTÙ Ü�Ø�Ù Þ�ä°á Ü�Õ�Ö Þ�Ú ÕTÝ!Ü�ÕTé Û�Þ�é Ú Õ�× Þ�Ù#Õ�ãTä¯è�× Ù
Ü�æ�Ù ã�é × Ý ê�ë�ìTÞ�Ö%Ú Ý�Õ�Ü�Ö�Ö ìT×�á Þ�Ý ×�Ú æ�Ö ìT×�Õ�ãTä¯è�× Ù�Ü�æUé Ú Ö × Ù Þ�é Ý�â�× Ù�s L;Ø�Ù Ü�ë�Ý�è�× Û�Ü�ÕTç5Ö ë%Ü8ß Ý × ×
M�ð�Þ�ä8â�é × & ó�à í�s ÕGá Ü�ÕTÝ × 7�ãT× ÕTá ×�ê�æ Ü�Ù�s L%Ý%Ö ìTÞ�Ö�Þ�Ù ×�Õ�Ü�ÕGè�Ú ÕTÞ�Ù Û�ê�Ö ìT×�Þ�âTâ�Ù Ü�Þ�á ì8Ú Õ�p%Þ�Ù á × é Ü
Þ�Õ�ç�p%× Ù Ö Ü�Ý Ý Ú#ß ó#W(W+,�à�Ý ìTÜ�ã�é ç�è�×�ä5Ü�Ù ×�á Ü�Õ�å�× Õ�Ú × Õ�Ö í

�G� � Ð Ñ��Q� ��Ò�IJL � Ð � �
e+Ü�Ù 6�Ý ã�âTâ�Ü�Ù Ö × ç�è�Û�f!O�Q�o�M%L���r q�Ù Þ�Õ�Ö & W(W(W+. F ,Tê Q�R+f<q�Ù Þ�Õ�Ö�s Q�r�* F(F W & 5+4(4�ñ�L�O�Q�s L���r
q�Ù Þ�Õ�Ö & F(F 5(* W�ó * W(5(,TêTQ�R+f[q�Ù Þ�Õ�Ö5s s R+* W &�& FT& 5(3Tê�L%Þ�Ù é × Ö Ü�Õ 9�Õ�Ú å�× Ù Ý Ú Ö Û+R�Ö Þ�Ù Ö * 9�âcq�Ù Þ�Õ�Ö
F ,(3(-#* W & ê�Q�R�M�K�L�q�Ù Þ�Õ�Ö5ó(.(W�ó(4 F * W�óTíTN%íUp�× Ù Ö Ü�Ý Ý Ú#ìTÜ�é çTÝ¯ÞDfTÞ�á ã�é Ö Û�fT× é é Ü�ë�Ý ì�Ú âEÜ�æ�Ö ìT×
L%× Õ�Ö × Ù�æ Ü�Ù�J�ç�å�Þ�Õ�á × ç9R�Ö ã�çTÚ × Ý êTs p%I)r!Ü�Ù Ü�Õ�Ö Ü8NUÞ�èUí�e+×¯Þ�Ù ×�Ø�Ù Þ�Ö × æ ãTé�Ö Ü&fTÙ Þ�ÕTá Ú Ý á ÜGO�Ù *
á ìTÞ�Ù ç5æ Ü�Ù%Ú Õ�æ Ü�Ù ä8Þ�Ö Ú å�×�â�Þ�âT× Ù�âTÙ × Ý × Õ�Ö Þ�Ö Ú Ü�ÕTÝ ê�ç�Ú Ý á ãTÝ Ý Ú Ü�ÕTÝ ê�Þ�ÕTçG× ð�â�× Ù Ú ä5× Õ�Ö Ý%ë�Ú Ö ìz_g|�SUí
e+×�Þ�Ù ×�Ø�Ù Þ�Ö × æ ã�é�Ö Ü5Q�Ú á Ü�é Þ¯NU× Ü�Õ�×�æ Ü�Ù�6�Ú ÕTçTé Û8Þ�Õ�Ý ë%× Ù Ú Õ�Ø¯Þ�é é�Ü�ãTÙ�7�ã�× Ý Ö Ú Ü�Õ�Ý%Þ�è�Ü�ã�Ög_g|�SUí
e+×�Þ�âTâTÙ × á Ú Þ�Ö ×�á Ü�ä5ä8× Õ�Ö Ý�Ù × á × Ú å�× ç8æ Ù Ü�ä Þ�Õ�Ü�Õ�Û�ä8Ü�ãTÝ�Ù × å�Ú × ë%× Ù Ý ê�Ö ìTÞ�Ö�ì�Þ�å�×�ì�× é â�× çCãTÝ
Ö Ü5Ý ã�èTÝ Ö Þ�Õ�Ö Ú Þ�é é ÛGÚ ä5âTÙ Ü�å�×�Ö ì�×�âTÙ × Ý × Õ�Ö Þ�Ö Ú Ü�ÕUí

��K�KI� Ð Ò!Ô N������ ÑUÑ-l �
Y�� % % ju% j Y�� % K�% ! U ' U %(� L
L%Ü�Õ�Ý Ú ç�× ÙGÞ�Õ±Þ�Ù èTÚ Ö Ù Þ�Ù Û;× é × ä5× Õ�ÖCÚ ÕV���¯í%J�Ý Ý ã�ä8×9Ö ì�Þ�ÖGÖ ì�Ú Ý�× é × ä5× Õ�Ö�Ú Ý�Ü�æ¯Ö ìT×Cæ Ü�Ù ä
i!ß !��à�>���j�ß !8 à�>� Ãß Ö ìT×�âTÙ Ü�Ü�æ�Ú Ý#Þ�Õ�Þ�é Ü�Ø�Ü�ã�Ý!æ Ü�Ù#èTÚ Õ�Þ�Ù Û¯á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö Ý#á Ü�Õ�Ö Þ�Ú ÕTÚ Õ�Ø�× Ú Ö ìT× Ù#Ö ë%Üâ�Ü�Ý Ú Ö Ú å�×¯é Ú Ö × Ù Þ�é Ý�Ü�Ù�Ö ë%ÜGÕ�× Ø�Þ�Ö Ú å�×¯é Ú Ö × Ù Þ�é Ý à í�e9×5ì�Þ�å�×�Ö ÜGâTÙ Ü�å�×�Ö ìTÞ�Ö��ß Q�à�Ý Þ�Ö Ú Ý CT× Ý�Þ�Õ�Û
Ú ÕTÝ Ö Þ�Õ�Ö Ú Þ�Ö Ú Ü�Õ�Ü�æUÖ ìTÚ Ý%æ Ü�Ù ä¯ãTé ÞTê�Ý Þ�Û�iUß !� àC>:��j�ß ! � à,>� �í�e+×�á Ü�Õ�Ý Ú ç�× Ù�Ö ë%Ü5á Þ�Ý × Ý í
ß s à�s æIs8çTÜ�× Ý�ÕTÜ�Ö�Ý Þ�Ö Ú Ý æ ÛGÖ ìTÚ Ý�Ø�Ù Ü�ã�ÕTçCá Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö ê�Ö ìT× Õ?QÃÝ Þ�Ö Ú Ý CT× Ý�Ö ì�×5è�Ü�çTÛCÜ�æ#Ö ìT×
Ø�Ù Ü�ã�ÕTç¯Ö Ù Ú Ø�Ø�× Ù Ú ÕTØ�Ù ã�é ×�ï i-( ß !� à'>5��j�( ß !� à?\ �����+ß !� à�b 'C���JiUß !� à�b�j�ß ! � à�b  �T�r�ì�ã�Ý ê
i-( ß !� à�X:QCÜ�Ù���j�( ß ! � à�X�Q%í s æ�i-( ß !� à�X:Q%ê Ö ìT× Õ��ß Q�à��� iUß !� à ê Þ�ÕTç¯Ú æC��j�( ß ! � à�X:Q%ê Ö ì�× Õ
j�( ß ! � à�9X:QEÞ�Õ�çUê�Ö ì�× Ù × æ Ü�Ù ×�ê	�ß Q�à���V��j�ß ! � à í�s ÕCÞ�Õ�ÛGá Þ�Ý ×�ê4�ß Q#à��� iUß !� à,>=��j�ß ! � àC>� %í

ß s s à�s æ�s�Ý Þ�Ö Ú Ý C�× Ý�Ö ìT×8Ø�Ù Ü�ãTÕTç9á Ü�Õ�Ý Ö Ù Þ�Ú Õ�Ö êTÖ ìT× Õ s�Ý Þ�Ö Ú Ý CT× Ý� %ê-iUß !� à�Ü�Ù5��j�ß ! � à íUs Õ9Ö ìT×
CTÙ Ý Ö�á Þ�Ý ×�ê$Tß Q#à
��@ ±Þ�ÕTçUê�Ö ì�× Ù × æ Ü�Ù ×�ê$�ß Q#à
��ViUß !� à�>?��j�ß ! � à�>: %íUr�ì�ãTÝ ê�Þ�Ý Ý ã�ä8×Ö ì�Þ�Ögs$9� �� ;Þ�ÕTç&s$���i!ß !� à%Ü�Ù�s$��V��j�ß ! � à íp%Û¯á Ü�Õ�Ö Ù Þ�çTÚ á Ö Ú Ü�ÕUê Þ�Ý Ý ã�ä8×%Ö ìTÞ�Ö)�ß Q#à�9� � iUß !� à�>���j�ß ! � à í�s æ�s
���i!ß !� à ê�Ö ì�× Õ�iUß !� à�X:QÞ�Õ�çUêTÖ ìT× Ù × æ Ü�Ù ×�êJ�Ji-( ß !� à�X?Q�êTè�ÛCç�× C�ÕTÚ Ö Ú Ü�ÕCÜ�æ)�ß Q�à í�p%ã�Ö�Ú ÕCÖ ìTÚ Ý�á Þ�Ý ×5QDÝ Þ�Ö Ú Ý C�× ÝÖ ì�×+è�Ü�çTÛÃÜ�æ¯Ö ìT×9Ø�Ù Ü�ã�ÕTçÃÝ Ö Þ�è�Ú é Ú : Ú Õ�Ø;Ù ãTé ×�ï���j�( ß ! � à \ �����+ß ! � à�b��Ji-( ß !� à�b  :lÞ�Õ�çUêTÖ ìT× Ù × æ Ü�Ù ×�êJ��j�( ß ! � à�X?Q�í�e+×¯á Ü�Õ�á é ãTçT×�Ö ìTÞ�Ö��ß Q�à���&��j�ß ! � à ê�ÞGá Ü�Õ�Ö Ù Þ�çTÚ á Ö Ú Ü�ÕUí
s æ"s&�����j�ß ! � à ê�Ö ì�× ÕP��j�ß ! � à79X@Q=Þ�ÕTçUê#Ö ì�× Ù × æ Ü�Ù ×�êWj�( ß !� à�X	Q%ê�è�ÛDçT× C�Õ�Ú Ö Ú Ü�Õ°Ü�æ
Tß Q#à í%p�ã�Ö�Ú ÕDÖ ì�Ú ÝGá Þ�Ý ×�Q3Ý Þ�Ö Ú Ý C�× Ý8Ö ìT×9è�Ü�çTÛ;Ü�æ�Ö ìT×CØ�Ù Ü�ã�ÕTçDÝ Ö Þ�èTÚ é Ú : Ú ÕTØ;Ù ãTé ×�ï
i-( ß !� à?\O�����9ß !� à�b:j�( ß ! � à�b  pl!Þ�Õ�çUê�ìT× Õ�á ×�ê i-( ß !� à�X:Q%í#e+×�á Ü�Õ�á é ãTç�×%Ö ìTÞ�Ö(�ß Q�à�� �
iUß !� à ê�Þ�Ø�Þ�Ú ÕGÞ8á Ü�Õ�Ö Ù Þ�ç�Ú á Ö Ú Ü�Õ�í

Y�� % % ju% j Y�� % K�% ! U ' U %(�?4
r!Ü�âTÙ Ü�å�×�Ö ì�Þ�Ö
Q%ß s#h s ( à�Ý Þ�Ö Ú Ý C�× Ý�O���ß s�à êUë%×5Õ�× × ç9Ö Ü�á Ü�Õ�Ý Ú ç�× Ù�Ü�ÕTé Û�Ö ìT×5æ Ü�ãTÙ�çTÚ B�× Ù × Õ�Ö
Ö Û�â�× Ý#Ü�æ�Ø�Ù Ü�ãTÕ�ç5Ý Ö Þ�èTÚ é Ú : Ú ÕTØ�Ù ã�é × Ý�ß Ö ìT×�Ý Þ�Ö Ú Ý æ Þ�á Ö Ú Ü�Õ5Ü�æ�Ö ìT×�Ü�Ö ìT× Ù�Ù ãTé × Ý#æ Ü�é é Ü�ë�Ý#æ Ù Ü�äqÖ ìT×
æ Þ�á Ö%Ö ìTÞ�Ögs�(UÝ Þ�Ö Ú Ý CT× Ý 4��à í

����! iI� �g! � ' !`j %(�"k %#��! U ! ' � ��'�l R�� � N& #��! iI� � ! ó+4
s æ�Q�ß s#h s�( à#Ý Þ�Ö Ú Ý C�× Ý#Ö ìT×�è�Ü�çTÛ5Ü�æ�Ö ìT×�Ù ã�é ×�j�( ß ! � à�\ �����+ß ! � à�b�i-( ß !� à�b  �ê�Ö ìT× Õ&s�(Tä5ã�Ý ÖÝ Þ�Ö Ú Ý æ Û������+ß ! � à ê iUß !� àUÞ�ÕTç5�� %í�p%ã�Ö�s (�� ��j�ß ! � à >��JiUß !� à >� �ê Ý Ú ÕTá ×�nW!�-nW!8 ß j�ß !��à >��JiUß !8 à >W �à�X

����êTÞ�ÕTç�ê�Ö ìT× Ù × æ Ü�Ù ×�ê�s�(�� ��j�ß !� à íTr�ì�ãTÝ ê'j�( ß ! � à�X:Q%ß s#h s ( à í
J�ÕTÞ�é Ü�Ø�Ü�ã�Ý é Û�êTÚ Ö�Ú Ý�â�Ü�Ý Ý Ú è�é ×�Ö Ü�â�Ù Ü�å�×�Ö ìTÞ�Ö�Q�ß s#h s�( à�Ý Þ�Ö Ú Ý CT× Ý�Ö ìT×¯Ù × ä8Þ�Ú Õ�Ú ÕTØ5Ö Û�â�× Ý�Ü�æ

Ø�Ù Ü�ã�ÕTçGÝ Ö Þ�èTÚ é Ú : Ú ÕTØ5Ù ãTé × Ý í p

Y�� % % ju% j Y�� % K�% ! U ' U %(���
f�Ù Ü�äqÖ ì�×�âTÙ × å�Ú Ü�ãTÝ�â�Ù Ü�â�Ü�Ý Ú Ö Ú Ü�ÕUê�ë%×�6�Õ�Ü�ëDÖ ì�Þ�Ö�Ö ìT×�á ì�Þ�Õ�Ø�×�âTÙ Ü�Ø�Ù Þ�äPìTÞ�Ý�ä8Ü�çT× é Ý ò�Ý Ü�Ú Ö
Ú Ý#Þ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö#â�Ù Ü�Ø�Ù Þ�äCí s æTÖ ì�×�âTÙ Ü�Ø�Ù Þ�ä°ìTÞ�Ý#Þ�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö�ß Ú í ×�í�ÕTÜ�Õ¯Ö Ù Ú å�Ú Þ�é à!Þ�ÕTÝ ë%× Ù!Ý × Ö ê
Ö ì�× Û�Þ�Ù ×�Þ�é é�á Ü�ÕTÝ Ú Ý Ö × Õ�Ö%ß N!Ú æ Ý á ìTÚ Ö :%Þ�Õ�ç¯r!ã�Ù ÕT× Ù & F(F -�à í Q�Ü�ëEë%×%Ý ì�Ü�ëEì�Ü�ë+Ö Ü�Ü�è�Ö Þ�Ú Õ¯Ý ã�á ì
á Ü�Õ�Ý Ú Ý Ö × Õ�Ö�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý í�r�ìT×¯âTÙ Ü�Ø�Ù Þ�ä.á Þ�Õ9è�×5Ý âTé Ú Ö�Ú Õ�Ö ÜGÖ ë�Ü�Ý ãTèTâ�Ù Ü�Ø�Ù Þ�ä8Ý�ß NUÚ æ Ý á ìTÚ Ö :
Þ�Õ�ç9r!ãTÙ Õ�× Ù & F(F -�à í�r�ì�×"C�Ù Ý Ö�Ü�ÕT×5á Ü�Õ�Ö Þ�Ú Õ�Ý�Ö ì�×8ç�Ü�ä5Þ�Ú Õ9Þ�ÕTç9çTÞ�Ö Þ�èTÞ�Ý ×�æ Þ�á Ö Ý�â�é ãTÝ�Ö ìT×
Ù ãTé × Ý�i
	�ß !B9à�\ 'C���WiUß !B9à í�r�ìT×5Ý × á Ü�ÕTç9Ü�ÕT×¯á Ü�Õ�Ö Þ�Ú ÕTÚ ÕTØ8Ö ìT×5Ý Ö Þ�è�Ú é Ú : Ú Õ�Ø�Ù ã�é × Ý�Þ�ÕTçCÖ ìT×
Ö Ù Ú Ø�Ø�× Ù Ú ÕTØGÙ ãTé × Ý�ä5Ü�ç�Ú C�× ç+è�ÛCÙ × âTé Þ�á Ú ÕTØ8Ö ì�×8é Ú Ö × Ù Þ�é Ý�Ü�æ�Ö ìT×¯æ Ü�Ù ä 'C���Wi+Ú Õ9Ö ì�×8èTÜ�ç�Ú × Ý
è�Û8è�Û�i�	�í
r�ìT×"CTÙ Ý Ö�â�Ù Ü�Ø�Ù Þ�ä Ú Ý�Ý Ö Ù Þ�Ö Ú C�× ç9Þ�ÕTç9ìTÞ�Ý�Ü�ÕT×�ß á Ü�ÕTÝ Ú Ý Ö × Õ�Ö à�Þ�ÕTÝ ë%× Ù�Ý × Ö í�r�ì�×5Ý × á Ü�Õ�ç

Ý ãTè�âTÙ Ü�Ø�Ù Þ�äPçTÜ�× Ý%ÕTÜ�Ö%á Ü�Õ�Ö Þ�Ú ÕGë�× Þ(65ÕT× Ø�Þ�Ö Ú Ü�Õ�ê�Ú Ö�Ú Ý�Þ¯â�Ü�Ý Ú Ö Ú å�×�âTÙ Ü�Ø�Ù Þ�ä3Ú ÕGÖ ì�Þ�Ö%Ý × ÕTÝ ×�ê
Þ�Õ�çCÚ Ö Ý�ä5Ú ÕTÚ ä5Þ�é!ä5Ü�ç�× é Ý�á Ü�Ú ÕTá Ú çT×�ë�Ú Ö ì9Ú Ö Ý�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý í�p%Û�ÞGÙ × Ý ã�é Ö�Ú Õ9NUÚ æ Ý á ì�Ú Ö :¯Þ�Õ�ç
r!ãTÙ Õ�× ÙGß & F+F -�à ê�Ö ìT×GÜ�Ù Ú Ø�Ú ÕTÞ�é#âTÙ Ü�Ø�Ù Þ�ä ìTÞ�Ý¯Þ�Ý�Þ�ÕTÝ ë%× Ù�Ý × Ö Ý�Ö ìT×Gã�ÕTÚ Ü�Õ�Ý¯Ü�æ�Ö ì�×GÞ�ÕTÝ ë�× Ù
Ý × Ö Ý�Ü�æ�Ö ìT×�C�Ù Ý Ö%â�Ù Ü�Ø�Ù Þ�äPÞ�ÕTç5Ö ìT×�Þ�ÕTÝ ë%× Ù#Ý × Ö Ý�Ü�æ�Ö ìT×�Ý × á Ü�ÕTçGÜ�Õ�×�ê�ë�ì�× Ù ×�Ö ìT×�Þ�Ö Ü�ä5Ý,i
	
Þ�Ù ×¯Ö Ù × Þ�Ö × ç+Þ�Ý�× ð�Ö × ÕTÝ Ú Ü�Õ�Þ�é#ç�Þ�Ö Þ�è�Þ�Ý ×5âTÙ × ç�Ú á Þ�Ö × Ý�æ Ü�Ù�Ö ì�×8á Ü�ä5âTã�Ö Þ�Ö Ú Ü�Õ+Ü�æ�Ö ìT×8Þ�ÕTÝ ë�× Ù
Ý × Ö Ý�Ü�æ!Ö ì�×�Ý × á Ü�ÕTç�Ý ãTèTâ�Ù Ü�Ø�Ù Þ�äCí p

Y�� % % ju% j Y�� % K�% ! U ' U %(�=�
N!× Ö�Q�(* è�×�Ö ì�×�Ý × Ö�Þ�çTç�× çGÖ Ü$Q+*9í�s Ö�Ú Ý�× Þ�Ý Û5Ö Ü8å�× Ù Ú æ Û5Ö ìTÞ�Ö�UJO¯ß s�à���U��O � ß s�à íTr�ìT× Õ�ê
Ý Ú ÕTá ×�Q$*)Ú Ý�Þ�Õ+Þ�ÕTÝ ë�× Ù�Ý × Ö¯Ü�æ�O � ß s�à êUÖ ÜCâTÙ Ü�å�×�Ö ì�Þ�Ö$Q±Ú Ý�Þ�ÕEÞ�ÕTÝ ë%× Ù�Ý × Ö¯Ü�æ�O5ß s�à ê!Ú Ö
Ý ã�î8á × Ý%Ö Ü5âTÙ Ü�å�×5ß s à%Þ�Õ�ç+ß s s à%è�× é Ü�ë�í

ß s à:Q�(*���� h ß U-O5ß s�à à í�NU× Ö�� ß !� à�è�×�Þ�ÕC× é × ä5× Õ�Ö�Ü�æWQ�(* íTs æ�� ß !� àW�#i-( ß !� à ê�Ö ìT× Õ$iUß !� à�X
Q * Þ�Õ�çV�Ji-( ß !� à#9X@Q * ê%Þ�ÕTç�ê�Ö ìT× Ù × æ Ü�Ù ×�ê�iUß !� àGÞ�Õ�ç i-( ß !� à|\ iUß !� à8Þ�Ù ×9Ù ãTé × ÝÚ Õ?U-O¯ß s�à í�r�ì�ã�Ý ê�i-( ß !� à�Ú Ý�Ú Õ � h ß UJO¯ß s�à à í�s æ�� ß !� à��P�Ji-( ß !� à êTÖ ì�× Õ$iUß !� à�9X?Q+* Þ�Õ�ç
i-( ß !� à�9X:Q$*+ê Þ�Õ�çUê Ö ìT× Ù × æ Ü�Ù ×�ê��Ji-( ß !� à:\O�����+ß !� àUÚ Ý#Þ�Ù × çTã�á × ç�Ø�Ù Ü�ãTÕTç�â�× Ù Ý Ú Ý Ö × Õ�á ×Ù ãTé ×�Ú Õ:U-O¯ß s�à í�r�ì�ãTÝ ê-�Ji-( ß !� à%Ú Ý�Ú Õ � h ß U-O5ß s�à à í

ß s s àzfTÙ Ü�äAQ (* Ú Ý�ÕTÜ�Ö�â�Ü�Ý Ý Ú èTé ×�Ö Ü8çT× çTã�á ×¯Þ�Õ9× é × ä5× Õ�Ö�Ö ì�Þ�Ö�Ú Ý�Õ�Ü�Ö�Ú Õ?QDè�Û�ã�Ý Ú ÕTØ5Ö ìT×
Ý Ö Þ�è�Ú é Ú : Ú Õ�Ø8Ù ã�é × Ý í
J�Ý Ý ãTä5×�Ö ì�Þ�Ö�j�( ß !F5à \ �����+ß !F5à�b�i-( ß !B9à�b  EÚ Ý�Þ¯Ù ã�é ×�Ú Õ�O � ß s�à ê�Þ�Õ�ç�j�( ß ! � à�\
�����+ß !� à�b�i-( ß !� à#Ú Ý�Þ¯Ù ã�é ×�Ú Õ=U-O¯ß s�à í�s æJi-( ß !� à�X�Q�(* ê�ë�×�ÕT× × ç8Ö Ü¯Ý ì�Ü�ëDÖ ìTÞ�Ö�j�( ß ! � à�X
Q%í�p%Û¯á Ü�Õ�Ö Ù Þ�ç�Ú á Ö Ú Ü�ÕUê Ý ã�âTâ�Ü�Ý ×#Ö ì�Þ�Ö�j�( ß ! � à�9X:Q�í�r�ì�× Õ5j�( ß !� à�9X:Q$*3Þ�Õ�ç
j�( ß ! � à�9X:Q�(* ê
Þ�Õ�çUê!Ö ìT× Ù × æ Ü�Ù ×�ê�j�ß !� à?9X&Q$* Ü�Ù���j�( ß ! � à:X&Q$*9ê�è�Û;ç�× CTÕTÚ Ö Ú Ü�ÕDÜ�æ5Q�(* í#s æ�j�ß ! � à5Ú Ý
Õ�Ü�Ö8Ú Õ#Q+*CêUÖ ìT× Õ;Ø�Ú å�× Õ+Ö ìTÞ�Ö�iJ( ß !� à$XVQ�(* ê�Q+*)Ý Þ�Ö Ú Ý C�× Ý�Ö ìT×Gè�Ü�çTÛ+Ü�æ�Ö ì�×�Ù ãTé ×�ï
j�( ß ! � à->
�Ji-( ß !� à \ �����+ß !� à�b$iUß !� à�b 'C����j�ß ! � à�b  %í�p%ã�Ö ê�Ö ì�Ú Ý%Ú ä5âTé Ú × Ý%Ö ìTÞ�Ö�j�( ß ! � à�X
Q * ê�Þ�á Ü�Õ�Ö Ù Þ�çTÚ á Ö Ú Ü�ÕUê�Ü�ÙW�Ji-( ß !� à�X:Q * ê�Þ�é Ý Ü�Þ¯á Ü�Õ�Ö Ù Þ�ç�Ú á Ö Ú Ü�Õ�ß Ý Ú Õ�á ×�i-( ß !� à�X:Q�(* à íO�Ö ì�× Ù ë�Ú Ý ×�ê�Ú æC��j�( ß ! � à�X:Q+*Cê�Ö ìT× Õ8è�Û5ã�Ý Ú Õ�Ø�Ö ì�×�Ù ãTé ×��JiJ( ß !� à�\ �����9ß !� à�b���j�( ß ! � à êë�×�á Þ�ÕCá Ü�ÕTá é ã�çT×�Ö ìTÞ�Ö��Ji-( ß !� à%Ú Ý�Ú Õ:Q+*9ê�Þ8á Ü�Õ�Ö Ù Þ�ç�Ú á Ö Ú Ü�Õ�í

ó(5 ������� � �� !" #��$&%(' )�� � !

J�Õ�Þ�é Ü�Ø�Ü�ãTÝ é Û�ê�Ú Ö�Ú Ý�â�Ü�Ý Ý Ú èTé ×¯Ö Ü�â�Ù Ü�å�×�Ö ìT×5Ý Þ�ä5×5â�Ù Ü�â�× Ù Ö ÛGæ Ü�Ù�Þ�Õ�Û�Ü�Ö ìT× Ù�Ö Û�â�×8Ü�æ
Ý Ö Þ�è�Ú é Ú : Ú Õ�Ø8Ù ã�é ×�í

Y�� % % ju% j |�� J�JQ &L
N!× Ö�QDè�×�Þ8Þ�ÕTÝ ë%× Ù�Ý × Ö�Ü�æ�O � ß s�à�Ý ãTá ìGÖ ìTÞ�Ö�QDÚ Ý�ÞGÝ ã�èTÝ × Ö�Ü�æWQ�ß s#h s ( à í�f!Ú Ù Ý Ö�êTë%×�â�Ù Ü�å�×
Ö ì�Þ�Ö=)Gß s#h Tß Q#à à � )Gß s#h s ( à í#s æ�i!ß !� à:XP)�ß s#h �ß Q�à à ê#Ö ì�× Õ;Ü�Õ�×CÜ�æ�Ö ìT×Gæ Ü�é é Ü�ë�Ú Õ�Ø+á Þ�Ý × ÝìTÜ�é çTÝ í
ß s àzsV��AiUß !� à5Þ�ÕTç �ß Q�à�9� �AiUß !� à í%s Õ;Ö ìTÚ Ý�á Þ�Ý ×�ê,iUß !� à?X%QPÞ�Õ�ç�i-( ß !� à�9X%Q�í�r�ì�ã�Ý êè�Û+ç�× CTÕTÚ Ö Ú Ü�ÕEÜ�æ �ß Q#à�ë%×8á Ü�ÕTá é ã�çT×8Ö ì�Þ�Ö
�Ji-( ß !� à
X7Q°Þ�ÕTçUê�Ö ìT× Ù × æ Ü�Ù ×�ê��Ji-( ß !� à
X
Q%ß s#h s ( à í�p�ã�Ö�Ö ìTÚ Ý�Ú ä8â�é Ú × Ý�Ö ì�Þ�Ögs (�9� ��i!ß !� à íTr�ì�ãTÝ ê�iUß !� à�X:)Gß s#h s ( à íß s s àzs=9� �#iUß !� à%Þ�Õ�ç �ß Q�à���#i!ß !� à í�s Õ�Ö ì�Ú Ý�á Þ�Ý ×�ê�i!ß !� à�9X�Q°ß QDÚ Ý�Þ8ä8Ú ÕTÚ ä5Þ�é!ä5Ü�çT× éUÞ�Õ�ç
iUß � à�çTÜ�× Ý�Õ�Ü�Ö�ÕT× × ç�Ö Ü8è�×¯Ú Õ�QDÚ æ�Ú Ö�ë%Þ�Ý�ÕTÜ�Ö�Ú Õ<s�à í�r�ì�ãTÝ ê�è�ÛGçT× C�Õ�Ú Ö Ú Ü�ÕCÜ�æ��ß Q�àë�×5á Ü�Õ�á é ãTç�×5Ö ìTÞ�Ö�i-( ß !� à�X Q±Þ�ÕTçUêTÖ ìT× Ù × æ Ü�Ù ×�ê'i-( ß !� à�X Q�ß s#h s�( à í�p�ã�Ö�Ö ìTÚ Ý�Ú ä5âTé Ú × ÝÖ ì�Þ�Ögs (�� ��i!ß !� à íTr�ì�ãTÝ ê�iUß !� à�X:)Gß s#h s ( à í

z�× Õ�á ×�ê )Gß s#h �ß Q#à à � )Gß s#h s ( à í p%ã�Ö ê è�Û�n�Ù Ü�â�Ü�Ý Ú Ö Ú Ü�Õ & ê �ß Q�à�Ý Þ�Ö Ú Ý C�× Ý+4�5ê Þ�ÕTç�Ö ìT× Ù × æ Ü�Ù ×�ê
)�ß s#h �ß Q�à à�ä5ã�Ý Ö�è�×5× 7�ã�Þ�é!Ö Ü:)Gß s#h s ( à ê�Ý Ú ÕTá ×$)Gß s#h s ( à�Ú Ý�ä5Ú ÕTÚ ä5Þ�é#ã�ÕTç�× Ù�Ý × Ö�Ú ÕTá é ã�Ý Ú Ü�Õ
Ú Õ�R�)�ß s#h s-,�à��#s-,
��.4�5T�í�r�ì�× Õ�êTë%×�á Ü�ÕTá é ãTç�×�Ö ìTÞ�Ö��ß Q�à��^s ( í p

Y�� % % ju% jY��)�� %#� � J L
e+×�Ý ì�Þ�é é�âTÙ Ü�å�×�Ö ì�×�CTÙ Ý Ö�â�Þ�Ù Ö�Ü�æ!Ö ì�Ú Ý%Ö ìT× Ü�Ù × äCí�r�ìT×�Ý × á Ü�ÕTçGÜ�ÕT×�á Þ�ÕGè�×�âTÙ Ü�å�× çGÞ�Õ�Þ�é Ü(*
Ø�Ü�ã�Ý é Û�í
q�Ú å�× Õ;Þ+Ù × â�Þ�Ú Ù�s (�Ü�æ�s�ê#è�Û+NU× ä8ä5Þ & ê�s (�� �ß Q * à ê#ë�ì�× Ù ×:Q * Ú Ý5Þ�ÕEÞ�ÕTÝ ë%× Ù¯Ý × Ö

Ü�æ
O � ß s�à ê�ë�Ú Ö ì&Q+* � Q%ß s#h s ( à í�o�× C�ÕT× Q.æ Ù Ü�ä Q+* Þ�Ý+Ú Õqn%Ù Ü�âTÜ�Ý Ú Ö Ú Ü�Õ -Tí�r�ìT× Õ�ê
QPÚ Ý8Þ�ÕDÞ�ÕTÝ ë�× Ù5Ý × Ö8Ü�æ�O¯ß s�à í�p%ÛDá Ü�ÕTÝ Ö Ù ãTá Ö Ú Ü�ÕDÜ�æ�Q�ê(Tß Q#à�� �ß Q$*Cà í`fTãTÙ Ö ì�× Ù ä8Ü�Ù ×�ê
�ß Q�à��PR iUß � à���i-( ß � à�X�QWT�í p

Y�� % % ju% j Y�� % K�% ! U ' U %(� �
R�Ú Õ�á ×5Ú Ö�Ú Ý�Þ�é ë%Þ�Û�Ý�Ö ìT×5á Þ�Ý ×¯Ö ìTÞ�Ö��8��� f ��� �I%#� ��ß O¯ß s�à à5ß N!× Ü�ÕT×<� 'g (E í & F(F 4�à ê�ë�×8Ü�ÕTé Û
ÕT× × ç�Ö Ü�Ý ì�Ü�ë+Ö ìTÞ�Ö��`%#� ��ß O¯ß s�à à � ���'� f � í s Õ¯á Ü�ÕTÝ × 7�ãT× Õ�á ×�ê Ú Ö#Ú Ý!Õ�× á × Ý Ý Þ�Ù Û�Ö Ü�á ìT× á 6�Ö ìTÞ�Ö
ë�ìT× ÕT× å�× Ù�ÞGé Ú Ö × Ù Þ�é�ß �#à i-( ß � à�èT× é Ü�Õ�Ø�Ý�Ö Ü �`%(� ��ß O5ß s�à à ê�ë�ìT× Ù × � Ú Ý�Ö ã�âTé ×¯Ü�æ�× é × ä8× Õ�Ö Ý�Ú ÕÖ ì�×�çTÜ�ä5Þ�Ú Õ&�.Þ�ÕTç�i�Ú Ý%Þ¯çTÞ�Ö Þ�èTÞ�Ý ×�âTÙ × ç�Ú á Þ�Ö ×�ê�ß �#à i-( ß � à�á Þ�ÕGè�×�æ × Ö á ìT× çGÚ Õ�Ö Ü�# H��� f � ß (�àæ Ü�Ù�Ý Ü�ä5×gC�ÕTÚ Ö ×�Ú Õ�Ö × Ø�× Ù '#í
fTÜ�Ù�× Þ�á ìGé Ú Ö × Ù Þ�éCSÃÚ ÕGÖ ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�çTÞ�Ö Þ�èTÞ�Ý ×�s�êTÞ�ÕTç�Ú Ö Ý�â�Ù Ú ä5× ç�å�× Ù Ý Ú Ü�Õ�S�(�Þ�ÕTç�× Þ�á ì

Þ�Õ�Ý ë%× Ù�Ý × Ö�Q�êT× Ú Ö ìT× Ù�SW(UÜ�Ù�Ú Ö Ý�á Ü�ä8â�é × ä8× Õ�Ö S ( X?Q%í �"e+×¯ë�Ú é éUçTÜ8Ö ìT×�âTÙ Ü�Ü�æ�è�Û�á Þ�Ý × Ý ê
á Ü�Õ�Ý Ú çT× Ù Ú ÕTØ�æ Ü�Ù�Þ5é Ú Ö × Ù Þ�éJSW(Uï�ß �#à i-( ß � à�á Ü�Õ�Ö Þ�Ú ÕT× çGÚ Õ#�`%(� ��ß O5ß s�à à�Þ�é éTÖ ì�×�âTÜ�Ý Ý Ú èTé ×�Ö Ù Þ�Õ�*Ý Ú Ö Ú Ü�ÕTÝUæ Ù Ü�äqÖ ìT×%Ü�Ù Ú Ø�Ú Õ�Þ�é�Ú Õ�Ý Ö Þ�Õ�á ×�Ö Ü�Ö ìT×�á Ü�Ù ×�ï�ß Þ�àUÕT× Ø�Þ�Ö Ú å�×#Ö Ü�â�Ü�Ý Ú Ö Ú å�×�ê Ú í ×�í��JiUß � à�Xzs�êÞ�Õ�ç
i-( ß � à�X#�`%(� ��ß O5ß s�à à êUß è�à%âTÜ�Ý Ú Ö Ú å�×�Ö Ü5â�Ü�Ý Ú Ö Ú å�×�í�ß á à%Õ�× Ø�Þ�Ö Ú å�×�Ö Ü8Õ�× Ø�Þ�Ö Ú å�×�í�ß çTà%â�Ü�Ý Ú *Ö Ú å�×#Ö Ü�Õ�× Ø�Þ�Ö Ú å�×�í e+×%ë�Ú é é�âTÙ Ü�å�×�Ü�Õ�é Û�Ö ìT×ICTÙ Ý Ö!Ö ë%Ü�á Þ�Ý × Ý ê Ö ìT×�Ü�Ö ì�× ÙUÖ ë%Ü�Þ�Ù ×�Ý Ú ä5Ú é Þ�Ù í fTÜ�Ù
× Þ�á ì�á Þ�Ý ×�ê�Þ�Ø�Þ�Ú Õ�Ý × å�× Ù Þ�é�á Þ�Ý × Ý�ì�Þ�å�×�Ö Ü8è�×�å�× Ù Ú C�× ç�Þ�á á Ü�Ù çTÚ Õ�Ø¯Ö Ü5Ö ìT×�çTÚ B�× Ù × Õ�Ö�Ø�Ù Ü�ãTÕ�ç
âTÙ Ü�Ø�Ù Þ�ä=Ù ãTé × Ý%Ö ìTÞ�Ö�á Ü�ãTé ç�ì�Þ�å�×�ä5Þ�çT×�iJ( ß � à%Ø�× Ö�Ú Õ�Ö Ü?�I%#� ��ß O¯ß s�à à í
ß Þ�àÃJ�Ý Ý ã�ä8×�i-( ß � à�X7�`%#� ��ß O¯ß s�à à ê�Þ�ÕTç
iUß � à�ZXzs�íTr!Ü5âTÙ Ü�å�×�ï iJ( ß � à�X0����� f � í

� � � ú ö û � � �g� ù#� ���(� ý � ú � � ø�� � ú ø ÷ û � ý�û �#��ø û ÷�� ù � 	�u ö úCrUø!û ÷ ø`� ù � � � � ù�{#ú x ø�õ�� � � � � ��ú x ø`� � ú ø ÷ û � ý�� ù%ú x ø
� ÷ � { � ù�û �(� ù�ý ú û ù � ø�r�� � ��u�ø � � ù�{%ú � X�	 � � \ � \ � m m �
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R�Ú Õ�á ×@f#o�Ý�á Þ�ÕCÜ�Õ�é ÛGâTÙ Ü�çTã�á ×�ç�× é × Ö Ú Ü�Õ�ÝWi-( ß � à�ìTÞ�Ý%Ö Ü8èT×�Ö Ù ãT×�ç�ãT×�Ö ÜGÞ�Õ�ãTÕ�Þ�Ù ÛGá Ü�Õ�*Ý Ö Ù Þ�Ú Õ�Ö�Ö ìTÞ�Ö8ë%Þ�Ý¯æ Þ�é Ý ×8æ Ü�Ù�iUß � à ï3ß i!ß � àW>� �ß � à à=X.4� J Ú Ý¯æ Þ�é Ý ×�ê!ë�Ú Ö ì  %ß � à¯Ú Ý¯æ Þ�é Ý ×�êë�ìT× Ù ×�	� J Ú Ý�Ö ì�×�Ú ÕTÝ Ö Þ�Õ�Ö Ú Þ�Ö Ú Ü�Õ8Ü�æ�Ö ì�×�s L%Ý%Ú Õ5Ö ìT×�ç�Ü�ä5Þ�Ú Õ&�Cí�s Õ5Ö ìT×�Ø�Ù Ü�ãTÕ�çGâ�Ù Ü�Ø�Ù Þ�äë%×@CTÕTçCÖ ìT×¯Ù ãTé ×&i-( ß � à�\�]������+ß � à h �� %ß � à í�r�ìT×¯Ý × á Ü�ÕTçCÝ ã�èTØ�Ü�Þ�é!èT× á Ü�ä5× Ý�Ö Ù ã�×5Ü�æ;(�íR�Ú Õ�á ×������+ß � à�X0# ^��� f � ß (�à êTë%×�Ü�è�Ö Þ�Ú Õ
iJ( ß � à�X0# o�'� f � ß (�à í

ß èTà±J�Ý Ý ã�ä8×�Ö ìTÞ�ÖWi-( ß � à�X#�I%#� ��ß O¯ß s�à à�Þ�ÕTç5i!ß � à�Xzs�ír�ìTÚ Ý�ä5× Þ�ÕTÝ%Ö ìTÞ�ÖWiUß � à%â�× Ù Ý Ú Ý Ö × çGæ Ù Ü�ä=Ö ì�×�Ü�Ù Ú Ø�Ú ÕTÞ�é�Ú ÕTÝ Ö Þ�Õ�á ×�Ö Ü8× å�× Ù Û8Þ�Õ�Ý ë%× Ù�Ý × Ö í
& í�r�ì�× Ù ×�Ú Ý¯ß iUß � à,>� �ß � à à�X 	� J ë�Ú Ö ì= �ß � à%æ Þ�é Ý ×�íTr�ìT× ÕGÖ ìT×¯Ø�Ù Ü�ã�ÕTç�âTÙ Ü�Ø�Ù Þ�ä=ìTÞ�ÝÞCÙ ãTé × i-( ß � à�\=]~�����+ß � à h �� �ß � à í#r�ì�×8è�Ü�ç�Û+è�× á Ü�ä8× Ý�Ö Ù ã�×�ê������+ß � à�Ø�× Ö Ý�Ú Õ�Ö Ü
e f#RGÞ�æ Ö × Ù�Ö ì�×�C�Ù Ý Ö�Ý Ö × âUê�Ö ì�× ÕUêTÞ�Ý�Ú Õ�á Þ�Ý ×8ß Þ�à ê�i-( ß � à�X0# o��� f � ß (�à íó�í�r�ì�× Ù ×�Ú Ý#ÕTÜ�Ø�Ù Ü�ã�ÕTç5á Ü�ÕTÝ Ö Ù Þ�Ú Õ�Ö#Þ�Ý#Ú Õ¯Ú Ö × ä & ê�Ú í ×�í Ö ì�× Ù ×�Ú Ý#ÕTÜ5ß iUß � à�>� �ß � à à�X�4� JÜ�Ù�Ö ìT×= %ß � à 8 Ý5Þ�Ù ×8Ö Ù ã�×�í!s ÕEÖ ìTÚ Ý8á Þ�Ý ×�ê�Ö ì�× Ù ×GÚ Ý5ÕTÜ9Þ�âTâ�é Ú á Þ�èTé ×8Ù ãTé ×�Ü�æ�Ö ìT×8æ Ü�Ù ä
i-( ß � àW\�]n�����+ß � à h �� %ß � à%Ú ÕGÖ ì�×�Ø�Ù Ü�ãTÕTçGâ�Ù Ü�Ø�Ù Þ�ä�íR�Ú ÕTá ×�Ù ãTé × Ý%Þ�Ý Ý Ü�á Ú Þ�Ö × ç5Ö Ü"f!o�Ý�ç�× é × Ö ×�Ö ãTâ�é × Ý�Ü�Õ�é Û�ê�ë%×�ä¯ãTÝ Ö�ì�Þ�å�×�Ü�è�Ö Þ�Ú ÕT× ç�iJ( ß � àå�Ú Þ�Þ�çT× æ Þ�ãTé Ö¯Ù ãTé ×�i-( ß � à�\=]������9ß � à h i!ß � à h 'C�����JiJ( ß � à�Þ�ÕTç9Ö ì�×8ã�Õ�æ Ü�ãTÕ�çT× çTÕ�× Ý ÝÜ�æ��Ji-( ß � à�Ú Õ+Ö ìT×5Ø�Ù Ü�ãTÕ�ç+â�Ù Ü�Ø�Ù Þ�äCí�s æ�Ö ì�×�#*�'� f � Ü�â�× Ù Þ�Ö Ü�Ù�ç�× á é Þ�Ù × Ý��Ji-( ß � à�ãTÕ+*æ Ü�ã�ÕTçT× ç�ê�Ö ìT× Õ$iJ( ß � à�ë�Ú é é!è�× é Ü�ÕTØ8Ö Ü0����� f � í�R�Ü�êTë%×¯ìTÞ�å�×�Ö ÜGá Ü�ÕTá × Õ�Ö Ù Þ�Ö ×�Ü�Õ�Ö ìT×ã�Õ�æ Ü�ãTÕ�çT× çTÕ�× Ý Ý�Ü�æ��Ji ( ß � à í
ß Þ�àze9×�á Þ�Õ8Õ�× å�× Ù�Ø�× Ö��Ji-( ß � à!æ Ù Ü�ä3Ù ãTé × Ý�Ü�æ�Ö ì�×�æ Ü�Ù ä%�Ji-( ß � àW\�]n�����+ß � à h ����ß � à êÜ�è�Ö Þ�Ú Õ�× ç9æ Ù Ü�ä ã�ÕTÞ�Ù Û9s L%Ý í�s æ%Ö ìTÚ Ý�ë%× Ù ×¯Ö ìT×8á Þ�Ý ×�ê�ë%×5ë%Ü�ãTé ç+ì�Þ�å�×$�Ji-( ß � à5X
�`%#� ��ß O¯ß s�à à ê�ë�ìTÞ�Ö�Ú Ý�Õ�Ü�Ö�â�Ü�Ý Ý Ú èTé ×�ê�Ý Ú ÕTá ×�i-( ß � à�X#�I%#� ��ß O¯ß s�à à íß è�à:�Ji-( ß � à%á Þ�Õ�ÕTÜ�Ö�è�×�Ü�è�Ö Þ�Ú ÕT× ç�å�Ú Þ¯Ö ìT×�ç�× æ Þ�ã�é Ö�Ù ãTé ×

�Ji ( ß � à�\�]n�����9ß � à h 'C����iUß � à h 'C����i ( ß � à h
èT× á Þ�ãTÝ ×�Ú Ö�ì�Þ�Ý%Ö ì�×�Ý × á Ü�Õ�ç�Ý ã�èTØ�Ü�Þ�éTæ Þ�é Ý ×�í

ß á à:�Ji-( ß � à%á Þ�Õ�ÕTÜ�Ö�è�×�Ü�è�Ö Þ�Ú Õ�× çGå�Ú Þ5Þ8â�Ü�Ý Ý Ú èTé ×�ãTÕ�æ Ü�ã�ÕTç�× ç�ÕT× Ý Ý�Ü�æJiJ( ß � à êTè�× á Þ�ãTÝ ×
i-( ß � à%è�× é Ü�ÕTØ�Ý%Ö Ü8Þ�Õ�Ý ë%× Ù�Ý × Ö Ý íß ç�àze9×�Þ�Ù ×�é × æ Ö�ë�Ú Ö ì�Ù ãTé × Ý�Þ�Ý Ý Ü�á Ú Þ�Ö × çGÖ Ü�f#o�Ý íTJ�Ý Ý ãTä5×�Ö ì�Þ�Ö
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Abstract. A relational database may not satisfy certain integrity con-
straints (ICs) for several reasons. However most likely most of the infor-
mation in it is still consistent with the ICs. The answers to queries that
are consistent with the ICs can be considered semantically correct an-
swers, and are characterized [2] as ordinary answers that can be obtained
from every minimally repaired version of the database. In this paper we
address the problem of specifying those repaired versions as the mini-
mal models of a theory written in Annotated Predicate Logic [27]. It is
also shown how to specify database repairs using disjunctive logic pro-
gram with annotation arguments and a classical stable model semantics.
Those programs are then used to compute consistent answers to general
first order queries. Both the annotated logic and the logic programming
approaches work for any set of universal and referential integrity con-
straints. Optimizations of the logic programs are also analyzed.

1 Introduction

In databases, integrity constraints (ICs) capture the semantics of the application
domain and help maintain the correspondence between that domain and its
model provided by the database when updates on the database are performed.
However, there are several reasons why a database may be or become inconsistent
wrt a given set of integrity constraints (ICs) [2]. This could happen due to the
materialized integration of several, possibly consistent data sources. We can also
reach such a situation when we need to impose certain, new semantic constraints
on legacy data. Another natural scenario is provided by a user who does not
have control on the database maintenance mechanisms and wants to query the
database through his/her own semantics of the database. Actually such a user
could be querying several data sources and needs to impose some semantics on
the combined information.

More generally speaking, we could think ICs on a database as constraints
on the answers to queries rather than on the information stored in the database

[32]. In this case, retrieving answers to queries that are consistent wrt the ICs
becomes a central issue in the development of DBMSs.

In consequence, in any of the scenarios above and others, we are in the pres-
ence of an inconsistent database, where maybe a small portion of the information
is incorrect wrt the intended semantics of the database; and as a an important
and natural problem we have to characterize and retrieve data that is still correct
wrt the ICs when queries are posed.

The notion of consistent answer to a first order (FO) query was defined in
[2], where also a computational mechanism for obtaining consistent answers was
presented. Intuitively speaking, a ground tuple t̄ to a first order query Q(x̄)
is consistent in a, possibly inconsistent, relational database instance DB , if it
is an (ordinary) answer to Q(x̄) in every minimal repair of DB , that is in ev-
ery database instance over the same schema and domain that differs from DB
by a minimal (under set inclusion) set of inserted or deleted tuples. In other
words, the consistent data in an inconsistent database is invariant under sensi-
ble restorations of the consistency of the database.

The mechanism presented in [2] has some limitations in terms of the ICs and
queries that can handle. Although most of the ICs found in database praxis are
covered by the positive cases in [2], the queries are restricted to conjunctions of
literals. In [4, 6], a more general methodology based on logic programs with a
stable model semantics was introduced. There is a one to one correspondence
between the stable models of the logic programs and the database repairs. More
general queries could be considered, but ICs were restricted to be “binary”, i.e.
universal with at most two database literals (plus built-in formulas). A simi-
lar, independent approach to database repair based on logic programs was also
presented in [26].

The basic idea behind the logic programming based approach to consistent
query answering is that since we need to deal with all the repairs of a database,
we had better specify the class of the repairs. From a manageable logical speci-
fication of this class different reasoning tasks could be performed, in particular,
computation of consistent answers to queries.

Notice that a specification of the class of database repairs must include in-
formation about (from) the database and the information contained in the ICs.
Since these two pieces of information may be mutually inconsistent, we need
a logic that does not collapse in the presence of contradictions. A non classical
logic, like Annotated Predicate Calculus (APC) [27], for which a classically incon-
sistent set of premises can still have a model, is a natural candidate. In [3], a new
declarative semantic framework was presented for studying the problem of query
answering in databases that are inconsistent with respect to universal integrity
constraints. This was done by embedding both the database instance and the
integrity constraints into a single theory written in APC, with an appropriate,
non classical truth-values lattice Latt .

In [3] it was shown that there is a one to one correspondence between some
minimal models of the annotated theory and the repairs of the inconsistent
database for universal ICs. In this way, a non monotonic logical specification

of the database repairs was achieved. The annotated theory was used to de-
rived some algorithms for obtaining consistent answers to some simple first order
queries.

The results presented here extend those presented in [3] in different ways.
First, we show how to annotate other important classes of ICs found in database
praxis, e.g. referential integrity constraints [1], and the correspondence results
are extended. Next, the problem of consistent query answering is characterized
as a problem of non monotonic entailment.

We also show how the the APC theory that specifies the database repairs
motivates the generation of new logic programs to specify the database repairs.
Those programs have a classical stable model semantics and contain the annota-
tions as constants that appear as new arguments of the database predicates. We
establish a one to one correspondence between the stable models of the program
and the repairs of the original database. The programs obtained in this way are
simpler than those presented in in [4, 6, 26] in the sense that only one rule per
IC is needed, whereas the latter may lead to an exponential number of rules.

The logic programs obtained can be used to retrieve consistent answers to ar-
bitrary FO queries. Some computational experiments with DLV [21] are shown.
The methodology for consistent query answering based on logic programs pre-
sented here works for arbitrary FO queries and universal ICs, what considerable
extends the cases that could be handled in [2, 4, 3].

This paper improves, combines and extends results presented in [8, 9]. The
main extensions have to do with the analysis and optimizations of the logic
programs for consistent query answering introduced here.

This paper is structured as follows. In Section 2 we give some basic back-
ground. In section 3, we show how to annotate referential ICs, taking them, in
addition to universal ICs, into a theory written in annotated predicate calculus.
The correspondence between minimal models of the theory and database repairs
is also established. Next, in Section 4, we show how to annotate queries and for-
mulate the problem of consistent query answering as a problem of non-monotonic
(minimal) entailment from the annotated theory. Then, in Section 5, on the basis
of the generated annotated theory, disjunctive logic programs with annotation
arguments to specify the database repairs are presented. It is also shown how
to use them for consistent query answering. Some computational examples are
presented in Section 6. Section 7 gives the first full treatment of logic program
for computing repairs wrt referential integrity constraints. In Section 8 we in-
troduce some optimizations of the logic programs. Finally, in Section 9 we draw
some conclusions and consider related work. Proofs and intermediate results can
be found in http://www.scs.carleton.ca/∼bertossi/papers/proofsChap.ps.

2 Preliminaries

2.1 Database repairs and consistent answers

In the context of relational databases, we will consider a fixed relational schema
Σ = (D,P∪B) that determines a first order language. It consists of a fixed, pos-

sibly infinite, database domain D = {c1, c2, ...}, a fixed set of database predicates
P = {p1, . . . , pn}, and a fixed set of built-in predicates B = {e1, . . . , em}.

A database instance over Σ is a finite collection DB of facts of the form
p(c1, ..., cn), where p is a predicate in P and c1, ..., cn are constants in D. Built-
in predicates have a fixed and same extension in every database instance, not
subject to changes.

A universal integrity constraint (IC) is an implicitly universally quantified
clause of the form

q1(t̄1) ∨ · · · ∨ qn(t̄n) ∨ ¬p1(s̄1) ∨ · · · ∨ ¬pm(s̄m) (1)

in the FO language L(Σ) based on Σ, where each pi, qj is a predicate in P ∪ B
and the t̄i, s̄j are tuples containing constants and variables. We assume we have
a fixed set IC of ICs that is consistent as a FO theory. The database DB is
always logically consistent if considered in isolation from the ICs.

It may be the case that DB ∪ IC is inconsistent. Equivalently, if we associate
to DB a first order structure, also denoted with DB , in the natural way, i.e. by
applying the domain closure and unique names assumptions and the closed world
assumption [33] that makes false any ground atom not explicitly appearing in
the set of atoms DB , it may happen that DB , as a structure, does not satisfy the
IC . We denote with DB |=Σ IC the fact that the database satisfies IC . In this
case we say that DB is consistent wrt IC ; otherwise we say DB is inconsistent.

The distance [2] between two database instances DB 1 and DB2 is their sym-
metric difference ∆(DB1,DB2) = (DB1 − DB2) ∪ (DB2 − DB1). Now, given a
database instance DB , possibly inconsistent wrt IC , we say that the instance
DB ′ is a repair [2] of DB wrt IC iff DB ′ |=Σ IC and ∆(DB ,DB ′) is minimal
under set inclusion in the class of instances that satisfy IC and are compatible
with the schema Σ.

Example 1. Consider the relational schema Book(author ,name, publYear), a
database instance DB = {Book(kafka,metamorph, 1915 ), Book(kafka, meta-
morph, 1919 )}; and the functional dependency FD : author ,name → publYear ,
that can be expressed by IC : ¬Book(x, y, z)∨¬Book(x, y, w)∨ z = w. Instance
DB is inconsistent with respect to IC . The original instance has two possible re-
pairs: DB1 = {Book(kafka,metamorph, 1915 )}, and DB2 = {Book(kafka,meta-
morph, 1919 )}. 2

Let DB be a database instance, possibly not satisfying a set IC of integrity
constraints. Given a query Q(x̄) ∈ L(Σ), we say that a tuple of constants t̄ is
a consistent answer to Q(x̄) in DB wrt IC, denoted DB |=c Q(t̄), if for every
repair DB ′ of DB , DB ′ |=Σ Q(t̄) [2].1 If Q is a closed formula, i.e. a sentence,
then true is a consistent answer to Q, denoted DB |=c Q, if for every repair DB ′

of DB , DB ′ |=Σ Q.

1 DB ′
|=Σ Q(t̄) means that when the variables in x̄ are replaced in Q by the constants

in t̄ we obtain a sentence that is true in DB ′.
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Example 2. (example 1 continued) The query Q1 : Book(kafka,metamorph,
1915 ) does not have true as a consistent answer, because it is not true in every
repair. Query Q2(y) : ∃x∃zBook(x , y , z ) has y = metamorph as a consistent
answer. Query Q3(x) : ∃zBook(x,metamorph, z) has x = kafka as a consistent
answer. 2

2.2 Annotating DBs and ICs

Annotated Predicate Calculus (APC ) was introduced in [27] and also studied in
[12] and [28]. It constitutes a non classical logic, where classically inconsistent
information does not trivializes logical inference, reasoning about causes of in-
consistency becomes possible, making one of its goals to study the differences in
the contribution to the inconsistency made by the different literals in a theory,
what is related to the problem of consistent query answers.

The syntax of APC is similar to that of classical logic, except for the fact
that the atoms (and only the atoms) are annotated with values drawn from a
truth-values lattice. The lattice Latt we will use throughout this paper is shown
in Figure 1, first introduced in [3].

⊥

fc td fd tc

fa f t ta

>

Fig. 1. Latt with constraints values, database values and advisory values

The lattice contain the usual truth values t, f ,>,⊥, for true, false, inconsistent
and unknown, resp., but also six new truth values. Intuitively, we can think
of values tc and fc as specifying what is needed for constraint satisfaction and
will be used to annotate atoms appearing in ICs. The values td and fd rep-
resent the truth values according to the original database and will be used to
annotate atoms inside, resp. outside, the database. Finally, ta and fa are con-
sidered advisory truth values. These are intended to solve conflicts between the
original database and the integrity constraints. Notice that lub(td, fc) = fa and

lub(fd, tc) = ta. This means that whenever we have an atom, e.g. annotated
with both td and fc, i.e. it is true according to the DB, but false according to
the ICs, then it becomes automatically annotated with fa, meaning that the ad-
vise is to make it false. This will be made precise through the notion of formula
satisfaction in APC below.

The intuition behind is that, in case of a conflict between the constraints and
the database, we should obey the constraints, because the database instance only
can be changed to restore consistency. This lack of symmetry between data and
ICs is precisely captured by the lattice. Advisory value ta is an indication that
the atom annotated with it must be inserted into the DB; and deleted from the
DB when annotated with fa.

Herbrand interpretations are now sets of annotated ground atoms. The notion
of formula satisfaction in an Herbrand interpretation I is defined classically,
except for atomic formulas p: we say that I |= p :s, with s ∈ Latt , iff for some
s′ such that s ≤ s′ we have that p :s′ ∈ I [27].

Given an APC theory T , we say that an Herbrand interpretation I is a ∆-
minimal model of T , with ∆ = {ta, fa}, if I is a model of T and no other model
of T has a proper subset of atoms annotated with elements in ∆, i.e. the set of
atoms annotated with ta or fa in I is minimal under set inclusion. Considering
∆-minimal models is natural, because they minimize the set of changes, which
in their turn are represented by the atoms annotated with ta or fa.

2

Given a database instance DB and a set of integrity constraints IC of the
form (1), an embedding T (DB , IC ) of DB and IC into a new APC theory was
defined [3]. The new theory reconciles in a non classical setting the conflicts
between data and ICs. In [3] it was also shown that there is a one-to-one corre-
spondence between the ∆-minimal models of theory T (DB , IC ) and the repairs
of the original database instance. Actually, repairs can be obtained from minimal
models as follows:

Definition 1. [3] Given a minimal modelM of T (DB , IC ), the corresponding
DB instance is defined by DBM = {p(ā) | M |= p(ā):t ∨ p(ā):ta}. 2

Example 3. (example 1 cont.) The embedding T (DB) of DB into APC is given
by the following formulas:

1. Book(kafka,metamorph, 1915 ):td, Book(kafka,metamorph, 1919 ):td.
Every ground atom that is not in DB is (possibly implicitly) annotated with
fd.

2. Predicate closure axioms:
((x = kafka):td ∧ (y = metamorph):td ∧ (z = 1915 ):td) ∨
((x = kafka):td ∧ (y = metamorph):td ∧ (z = 1919 ):td) ∨ Book(x, y, z):fd.

The embedding T (IC ) of IC into APC is given by:

2 Most of the time we will simply say “minimal” instead of ∆-minimal. In this case
there should be no confusion with the other notion of minimality in this paper,
namely the one that applies to repairs.

3. Book(x, y, z):fc ∨ Book(x, y, w):fc ∨ (z = w):tc.
4. Book(x, y, z):fc ∨ Book(x, y, z):tc, ¬Book(x, y, z):fc ∨ ¬Book(x, y, z):tc.

3

These formulas specify that every fact must have one and just one constraint
value.

Furthermore

5. For every true built-in atom ϕ we include ϕ:t in T (B), and ϕ:f for every
false built-in atom, e.g. (1915 = 1915 ):t, but (1915 = 1919 ):f .

The ∆-minimal models of T (DB , IC ) = T (DB) ∪ T (IC ) ∪ T (B) are:

M1 = {Book(kafka,metamorph, 1915 ):t, Book(kafka,metamorph, 1919 ):fa},
M2 = {Book(kafka,metamorph, 1915 ):fa, Book(kafka,metamorph, 1919 ):t}.

They also contain annotated false DB atoms and built-ins, but we will show
only the most relevant data in them. The corresponding database instances,
DBM1

,DBM2
are the repairs of DB shown in Example 1. 2

From the definition of the lattice and the fact that no atom from the database is
annotated with both td and fd, it is possible to show that, in the minimal models
of the annotated theory, a DB atom may get as annotation either t or fa if the
atom was annotated with td; similarly either f or ta if the atom was annotated
with fd. In the transition from the annotated theory to its minimal models, the
annotations td, fd “disappear”, as we want the atoms to be annotated at the
highest possible layer in the lattice; except for >, that can always we avoided in
the minimal models.

3 Annotating Referential ICs

Referential integrity constraints (RICs) like

∀x̄(p(x̄)→ ∃yq(x̄′, y)), (2)

where the variables in x̄′ are a subset of the variables in x̄, cannot be expressed
as an equivalent clause of the form (1). RICs are important and common in
databases. For that reason, we need to extend our embedding methodology.
Actually, we embed (2) into APC by means of

p(x̄):fc ∨ ∃y(q(x̄
′, y):tc). (3)

In the rest of this section we allow the given set of ICs to contain, in addition to
universal ICs of the form (1), also RICs like (2). The one-to-one correspondence
between minimal models of the new theory T (DB , IC ) and the repairs of DB
still holds. Most important for us is to obtain repairs from minimal models.

3 Since only atomic formulas are annotated, the non atomic formula ¬p(x̄):s is to be
read as ¬(p(x̄):s). We will omit the parenthesis though.

Given a pair of database instances DB1 and DB2 over the same schema (and
domain), we construct the Herbrand structure M(DB 1,DB2) = 〈D, IP , IB〉,
where D is the domain of the database and IP , IB are the interpretations for
the predicates and the built-ins, respectively. IP is defined as follows:

IP(p(ā)) =






t p(ā) ∈ DB1, p(ā) ∈ DB2

f p(ā) 6∈ DB1, p(ā) 6∈ DB2

fa p(ā) ∈ DB1, p(ā) 6∈ DB2

ta p(ā) 6∈ DB1, p(ā) ∈ DB2

The interpretation IB is defined as expected: if q is a built-in, then IP (q(ā)) = t

iff q(ā) is true in classical logic, and IP (q(ā)) = f iff q(ā) is false.

Lemma 1. Given two database instances DB and DB ′, if DB ′ |=Σ IC , then
M(DB ,DB ′) |= T (DB , IC ). 2

Lemma 2. If M is a model of T (DB , IC ) such that DBM is finite4, then
DBM |=Σ IC . 2

The following results shows the one-to one correspondence between the minimal
models of T (DB , IC ) and the repairs of DB .

Proposition 1. If DB ′ is a repair of DB with respect to the set of integrity
constraints IC , thenM(DB ,DB ′) is minimal among the models of T (DB , IC ).
2

Proposition 2. Let M be a model of T (DB , IC ). If M is minimal and DBM
is finite, then DBM is a repair of DB with respect to IC . 2

Example 4. Consider the relational schema of Example 1 extended with the ta-
ble Author(name, citizenship). Now, IC also contains the RIC: Book(x , y , z )→
∃wAuthor(x ,w), expressing that every writer of a book in the database instance
must be registered as an author. The theory T (IC ) now also contains:

Book(x , y , z ):fc ∨ ∃w(Author(x ,w):tc), Author(x ,w):fc ∨Author(x ,w):tc,
¬Author(x ,w):fc ∨ ¬Author(x ,w):tc.

We might also have the functional dependency FD : name → citizenship, that
in conjunction with the RIC, produces a foreign key constraint. The database in-
stance {Book(neruda, 20 lovepoems, 1924 )} is inconsistent wrt the given RIC. If
we have the following subdomain D(Author .citizenship) = {chilean, canadian}
for the attribute “citizenship”, we obtain the following database theory:

T (DB) = {Book(neruda, 20 lovepoems, 1924 ) : td, Author(neruda, chilean) : fd,
Author(neruda, canadian):fd, . . . }.

4 That is, the extensions of the database predicates are finite. These are the models
that may lead to database instances, because the latter have finite database relations.
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The minimal models of T (DB , IC ) are:

M1 = {Book(neruda, 20 lovepoems, 1924 ):fa, Author(neruda, chilean):f ,
Author(neruda, canadian):f , . . . }

M2 = {Book(neruda, 20 lovepoems, 1924 ):t, Author(neruda, chilean):ta,
Author(neruda, canadian):f , . . . }

M3 = {Book(neruda, 20 lovepoems, 1924 ):t, Author(neruda, chilean):f ,
Author(neruda, canadian):ta, . . . }.

We obtain DBM1
= ∅, DBM2

= {Book(neruda, 20 lovepoems, 1924 ),Author(
neruda, chilean)} and DBM3

similar to DBM2
, but with a Canadian Neruda.

According to Proposition 2, these are repairs of the original database instance,
actually the only ones. 2

As in [3], it can be proved that when the original instance is consistent, then
it is its only repair and it corresponds to a unique minimal model of the APC
theory.

3.1 Annotating general ICs

The class of ICs found in database praxis is contained in the class of FO formulas
of the form:

∀x̄ (ϕ(x̄)→ ∃z̄ψ(ȳ)) (4)

where ϕ and ψ are (possibly empty) conjunctions of literals, and z̄ = ȳ − x̄.
This class [1, chapter 10] includes the ICs of the form (1), in particular, range
constraints (e.g. ∀x (p(x) → x > 30)), join dependencies, functional dependen-
cies, full inclusion dependencies; and also referential integrity constraints, and
in consequence, also foreign key constraints.

The annotation methodology introduced so far can be extended to the whole
class (4). We only sketch this extension here.

If in (4) ϕ(x̄) is
∧k
i=1 pi(x̄i) ∧

∧m
i=k+1 ¬pi(x̄i) and ψ(ȳ) is

∧l
j=1 qj(ȳj) ∧∧r

j=l+1 ¬qj(ȳj), we embed the constraint into APC as follows:

k∨

i=1

pi(x̄i):fc ∨

m∨

i=k+1

pi(x̄i):tc ∨ ∃z̄(

l∧

j=1

qj(ȳj):tc ∧

r∧

j=l+1

qj(ȳj):fc).

If we allow now that IC contains ICs of the form (4), it is still possible to
establish the one-to-one correspondence between minimal models of T (DB , IC )
and the repairs of DB .

4 Annotation of Queries

According to Proposition 2, a ground tuple t̄ is a consistent answer to a FO
query Q(x̄) iff Q(t̄) is true in every minimal model of T (DB , IC ). However, if

we want to pose the query directly to the theory, it is necessary to reformulate
it as an annotated formula.

Definition 2. Given a FO query Q(x̄) in language L(Σ), we denote by Qan(x̄)
the APC formula obtained from Q by simultaneously replacing, for p ∈ P, the
negative literal ¬p(s̄) by the APC formula p(s̄):f ∨p(s̄):fa, and the positive literal
p(s̄) by the APC formula p(s̄):t ∨ p(s̄):ta. For p ∈ B, the atom p(s̄) is replaced
by the APC formula p(s̄):t. 2

According to this definition, logically equivalent versions of a query could have
different annotated versions, but it can be shown (Proposition 3), that they
retrieve the same consistent answers.

Example 5. (example 1 cont.) If we want the consistent answers to the query
Q(x) : ¬∃y∃z∃w∃t(Book(x , y , z ) ∧ Book(x ,w , t) ∧ y 6= w), asking for those au-
thors that have at most one book, we generate the annotated query Qan(x̄) :
¬∃y∃z∃w∃t((Book(x , y , z ):t∨Book(x , y , z ):ta)∧ (Book(x ,w , t):t∨Book(x ,w , t):
ta) ∧ (y 6= w):t), to be posed to the annotated theory with its minimal model
semantics. 2

Definition 3. If ϕ is an APC sentence in the language of T (DB , IC ), we say
that T (DB , IC ) ∆-minimally entails ϕ, written T (DB , IC ) |=∆ ϕ, iff every
∆-minimal model M of T (DB , IC ), such that DBM is finite, satisfies ϕ, i.e.
M |=APC ϕ. 2

Now we characterize consistent query answers wrt the annotated theory.

Proposition 3. Let DB be a database instance, IC a set of integrity constraints
and Q(x̄) a query in FO language L(Σ). It holds:

DB |=c Q(t̄) iff T (DB , IC ) |=∆ Qan(t̄). 2

Example 6. (example 5 continued) For consistently answering the query Q(x),
we pose the query Qan(x) to the minimal models of T (DB , IC ). The answer we
obtain from every minimal model is x = kafka. 2

According to this proposition, in order to consistently answer queries, we are left
with the problem of evaluating minimal entailment wrt the annotated theory. In
[3] some limited FO queries were evaluated without passing to their annotated
versions. The algorithms for consistent query answering were rather ad hoc and
were extracted from the theory T (DB , IC ). However, no advantage was taken
from a characterization of consistent answers in terms of minimal entailment
from T (DB , IC ). In the next section we will address this issue by taking the
original DB instance with the ICs into a logic program that is inspired by the
annotated theory T (DB , IC ). Furthermore, the query to be posed to the logic
program will be built from Qan .

5 Logic Programming Specification of Repairs

In this section we will consider ICs of the form (1). Our aim is to specify database
repairs using classical first order logic programs. However, those programs will
be suggested by the non classical annotated theory.

In order to accommodate annotations in this classical framework, we will first
consider the annotations in the lattice Latt as new constants in the language.
Next, we will replace each predicate p(x̄) ∈ P by a new predicate p(x̄, ·), with
an extra argument to be occupied by annotation constants. In this way we can
simulate the annotations we had before, but in a classical setting. With all this,
we have a new FO language, L(Σ)an , for annotated L(Σ).

Definition 4. The repair logic program, Π(DB , IC ), for DB and IC , is written
with predicates from L(Σ)an and contains the following clauses:

1. For every atom p(ā) ∈ DB, Π(DB , IC ) contains the fact p(ā, td).
2. For every predicate p ∈ P , Π(DB , IC ) contains the clauses:

p(x̄, t?)← p(x̄, td). p(x̄, t?)← p(x̄, ta).
p(x̄, f?)← p(x̄, fa). p(x̄, f?)← not p(x̄, td).,

where t?, f? are new, auxiliary elements in the domain of annotations.
3. For every constraint of the form (1), Π(DB , IC ) contains the clause:

∨n
i=1 pi(t̄i, fa) ∨

∨m
j=1 qj(s̄j , ta) ←−

∧n
i=1 pi(t̄i, t

?) ∧
∧m
j=1 qj(s̄j , f

?) ∧ ϕ̄,

where ϕ̄ represents the negation of ϕ. 2

Intuitively, the clauses in 3. say that when the IC is violated (the body), then
DB has to be repaired according to one of the alternatives shown in the head.
Since there may be interactions between constraints, these single repairing steps
may not be enough to restore the consistency of DB. We have to make sure
that the repairing process continues and stabilizes in a state where all the ICs
hold. This is the role of the clauses in 2. containing the new annotations t?, that
groups together those atoms annotated with td and ta, and f?, that does the
same with fd and fa. Notice that the annotations t?, f?, obtained through the
combined effect of rules 2. and 3., can be fed back into rules 3. until consistency
is restored. This possibility is what allows us to have just one program rule for
each IC.

Example 7 shows the interaction of a functional dependency and a full in-
clusion dependency. When atoms are deleted in order to satisfy the functional
dependency, the inclusion dependency could be violated, and in a second step it
should be repaired. At that second step, the annotations t? and f?, computed
at the first step where the functional dependency was repaired, will detect the
violation of the inclusion dependency and trigger the corresponding repairing
process.

Example 7. (example 1 continued) We extend the schema with the table Eurbook(
author , name, publYear), for European books. Now, DB also contains the literal

Eurbook( kafka,metamorph, 1919 )}. If in addition to the ICs we had before, we
consider the full inclusion dependency ∀xyz (Eurbook(x , y , z )→ Book(x , y , z )),
we obtain the following program Π(DB , IC ):

1. EurBook(kafka,metamorph, 1919 , td). Book(kafka,metamorph, 1919 , td).
Book(kafka,metamorph, 1915 , td).

2. Book(x , y , z , t?)← Book(x , y , z , td). Book(x , y , z , t?)← Book(x , y , z , ta).
Book(x , y , z , f?)← Book(x , y , z , fa). Book(x , y , z , f?)← not Book(x , y , z , td).
Eurbook(x , y , z , t?)← Eurbook(x , y , z , td).
Eurbook(x , y , z , t?)← Eurbook(x , y , z , ta).
Eurbook(x , y , z , f?)← Eurbook(x , y , z , fa).
Eurbook(x , y , z , f?)← not Eurbook(x , y , z , td).

3. Book(x , y , z , fa) ∨ Book(x , y ,w , fa) ← Book(x , y , z , t?),Book(x , y ,w , t?),
z 6= w.

Eurbook(x , y , z , fa) ∨ Book(x , y , z , ta) ← Eurbook(x , y , z , t?),Book(x , y , z , f?).
2

Our programs are standard logic programs (as opposed to annotated logic pro-
grams [28]) and, finding in them negation as failure, we will give them an also
standard stable model semantics.

Let Π be the ground logic program obtained by instantiating the disjunctive
program Π(DB , IC ) in its Herbrand universe. A set of ground atoms M is a
stable model of Π(DB , IC ) iff it is a minimal model of ΠM, where ΠM = {A1∨
· · · ∨An ← B1, · · · , Bm | A1 ∨ · · · ∨An ← B1, · · · , Bm,not C1, · · · ,not Ck ∈ Π
and Ci /∈M for 1 ≤ i ≤ k} [23, 24].

Definition 5. A Herbrand modelM is coherent if it does not contain a pair of
literals of the form {p(ā, ta), p(ā, fa)}. 2

Example 8. (example 7 continued) The coherent stable models of the program
presented in Example 7 are:

M1 = {Book(kafka,metamorph, 1919 , td), Book(kafka,metamorph, 1919 , t
?),

Book(kafka,metamorph, 1915 , td), Book(kafka,metamorph, 1915 , t
?),

Book(kafka,metamorph, 1915 , fa), Book(kafka,metamorph, 1915 , f
?),

Eurbook(kafka,metamorph, 1919 , td), Eurbook(kafka,metamorph, 1919 , t
?)};

M2 = {Book(kafka,metamorph, 1919 , td), Book(kafka,metamorph, 1919 , t
?),

Book(kafka,metamorph, 1919 , fa), Book(kafka,metamorph, 1919 , f
?),

Book(kafka,metamorph, 1915 , td), Book(kafka,metamorph, 1915 , t
?),

Eurbook(kafka,metamorph, 1919 , td), Eurbook(kafka,metamorph, 1919 , t
?),

Eurbook(kafka,metamorph, 1919 , fa), Eurbook(kafka,metamorph, 1919 , f
?)}. 2

The stable models of the program will include the database contents with its
original annotations (td). Every time there is an atom in a model annotated
with td or ta, it will appear annotated with t?. From these models we should be
able to “read” database repairs. Every stable model of the logic program has to
be interpreted. In order to do this, we introduce two new annotations, t??, f??,
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in the last arguments. The first one groups together those atoms annotated with
ta and those annotated with td, but not fa. Intuitively, they correspond to those
annotated with t in the models of T (DB , IC ). A similar role plays the other new
annotation wrt the “false” annotations. These new annotations will simplify the
expression of the queries to be posed to the program. Without them, instead of
simply asking p(x̄, t??) (for the tuples in p in a repair), we would have to ask for
p(x̄, ta) ∨ (p(x̄, td) ∧ ¬p(x̄, fa)). The interpreted models can be easily obtained
by adding new rules.

Definition 6. The interpretation program Π?(DB , IC ) extends Π(DB , IC ) with
the following rules:

p(ā, f??) ← p(ā, fa). p(ā, f??) ← not p(ā, td), not p(ā, ta).
p(ā, t??) ← p(ā, ta). p(ā, t??) ← p(ā, td), not p(ā, fa). 2

Example 9. (example 8 continued) The coherent stable models of the interpre-
tation program extend

M1 with {Eurbook(kafka,metamorph, 1919 , t??),
Book(kafka,metamorph, 1919 , t??),Book(kafka,metamorph, 1915 , f??)};

M2 with {Eurbook(kafka,metamorph, 1919 , f ??),
Book(kafka,metamorph, 1919 , f??),Book(kafka,metamorph, 1915 , t??)}.2

From an interpretation model we can obtain a database instance.

Definition 7. Let M be a coherent stable model of program Π?(DB , IC ). The
database associated toM is DBM = {p(ā) | p(ā, t??) ∈M}. 2

The following theorem establishes the one-to-one correspondence between coher-
ent stable models of the program and the repairs of the original instance.

Theorem 1. If M is a coherent stable model of Π?(DB , IC ), and DBM is
finite, then DBM is a repair of DB with respect to IC . Furthermore, the repairs
obtained in this way are all the repairs of DB. 2

Example 10. (example 9 continued) The following database instances obtained
from Definition 7 are the repairs of DB :

DBM1
= {Eurbook(kafka,metamorph, 1919 ), Book(kafka,metamorph, 1919 )},

DBM2
= {Book(kafka,metamorph, 1915 )}. 2

5.1 The query program

Given a first order query Q, we want the consistent answers from DB . In conse-
quence, we need those atoms that are simultaneously true of Q in every stable
model of the program Π(DB , IC ). They are obtained through the query Q??,
obtained from Q by replacing, for p ∈ P, every positive literal p(s̄) by p(s̄, t??)
and every negative literal ¬p(s̄) by p(s̄, f ??). Now Q?? can be transformed into a
query program Π(Q??) by a standard transformation [30, 1]. This query program
will be run in combination with Π?(DB , IC ).

Example 11. For the query Q(y) : ∃zBook(kafka, y , z ), we generate Q??(y) :
∃zBook(kafka, y, z, t??), that is transformed into the query program clause
Answer(y)← Book(kafka, y , z , t??). 2

6 Computing from the Program

The database repairs could be computed using an implementation of the disjunc-
tive stable models semantics like DLV [21], that also supports denial constraints
as studied in [13]. In this way we are able to prune out the models that are not
coherent, imposing for every predicate p the constraint ← p(x̄, ta), p(x̄, fa).

Example 12. Consider the database instance {p(a)} that is inconsistent wrt the
full inclusion dependency ∀x(p(x) → q(x)). The program Π?(DB , IC ) contains
the following clauses:

1. Database contents: p(a, td).
2. Rules for the closed world assumption:

p(x, f?)← not p(x, td). q(x, f?)← not q(x, td).
3. Annotation rules:

p(x, f?)← p(x, fa). p(x, t?)← p(x, ta). p(x, t?)← p(x, td).
q(x, f?)← q(x, fa). q(x, t?)← q(x, ta). q(x, t?)← q(x, td).

4. Rule for the IC: p(x, fa) ∨ q(x, ta)← p(x, t?), q(x, f?).

5. Denial constraints for coherence

← p(x̄, ta), p(x̄, fa). ← q(x̄, ta), q(x̄, fa).

6. Interpretation rules:

p(x, t??)← p(x, ta). p(x, t??)← p(x, td), not p(x, fa).
p(x, f??)← p(x, fa). p(x, f??)← not p(x, td), not p(x, ta).
q(x, t??)← q(x, ta). q(x, t??)← q(x, td), not q(x, fa).
q(x, f??)← q(x, fa). q(x, f??)← not q(x, td), not q(x, ta).

Running program Π?(DB , IC ) with DLV we obtain two stable models:

M1 = {p(a, td), p(a, t
?), q(a, f?), q(a, ta), p(a, t

??), q(a, t?), q(a, t??)},

M2 = {p(a, td), p(a, t
?), p(a, f?)), q(a, f?), p(a, f??), q(a, f??), p(a, fa)}.

The first model says, through its atom q(a, t??), that q(a) has to be inserted in
the database. The second one, through its atom p(a, f ??), that p(a) has to be
deleted. 2

The coherence denial constraints did not play any role in the previous example,
we obtain exactly the same model with or without them. The reason is that we
have only one IC; in consequence, only one step is needed to obtain a repair of
the database. There is no way to obtain an incoherent stable model due to the
application of the rules 1. and 2. in Example 12 in a second repair step.

Example 13. (example 12 continued) Let us now add an extra full inclusion
dependency, ∀x(q(x)→ r(x)), keeping the same instance. One repair is obtained
by inserting q(a), what causes the insertion of r(a). The program is as before,
but with the additional rules

r(x, f?)← not r(x, td). r(x, f?)← r(x, fa). r(x, t?)← r(x, ta).

r(X, t?)← r(X, td). r(x, t??)← r(x, ta). r(x, t??)← r(x, td),not r(x, fa).

r(x, f??)← r(x, fa). r(x, f??)← not r(x, td),not r(x, ta).

q(x, fa) ∨ r(x, ta)← q(x, t?), r(x, f?). ← r(x, ta), r(x, fa).

If we run the program we obtain the expected models, one that deletes p(a), and
a second one that inserts both q(a) and r(a). However, if we omit the coherence
denial constraints, more precisely the one for table q, we obtain a third model,
namely {p(a, td), p(a, t

?), q(a, f?), r(a, f?), q(a, fa), q(a, ta), p(a, t
??), q(a, t?),

q(a, t??), q(a, f??), r(a, f??)}, that is not coherent, because it contains both q(a, fa)
and q(a, ta), and cannot be interpreted as a repair of the original database. 2

Notice that the programs with annotations obtained are very simple in terms of
their dependency on the ICs. As mentioned before, consistent answers can be
obtained “running” a query program together with the repair program Π?(DB,
IC), under the skeptical stable model semantics, that sanctions as true what is
true of all stable models.

Example 14. (example 12 continued) Assume now that the original database is
{p(a), p(b), q(b)}, and we want the consistent answers to the query p(x). In this
case we need to add the facts p(b, td), q(b, td), and the query rule ans(x) ←
p(x, t??) to the program.

Now the stable models we had before are extended with ground query atoms.
In M1 we find ans(a), ans(b). In M2 we find ans(b) only. In consequence, the
tuple b is the only consistent answer to the query. 2

7 Repair Programs for Referential ICs

So far we have presented repair programs for universal ICs. Now we also want
to consider referential ICs (RICs) of the form (2). We assume that the variables
range over the underlying database domain D that now may may contain the
null value (a new constant). A RIC can be repaired by cascaded deletion, but
also by insertion of this null value, i.e. through insertion of the atom q(ā,null).
If this second case, it is expected that this change will not propagate through
other ICs like a full inclusion dependency of the form ∀x̄(q(x̄, y) → r(x̄, y)).
The program should not detect such inconsistency wrt this IC. This can be
easily avoided at the program level by appropriately qualifying the values of
variables in the disjunctive repair clause for the other ICs, like the full inclusion
dependency above.

The program Π?(DB , IC ) we presented in previous sections is, therefore,
extended with the following formulas:

p(x̄, fa) ∨ q(x̄
′,null , ta)← p(x̄, t?), not aux(x̄′), not q(x̄′,null , td). (5)

aux(x̄′)← q(x̄′, y, td), not q(x̄
′, y, fa). (6)

aux(x̄′)← q(x̄′, y, ta). (7)

Intuitively, clauses (6) and (7) detect if the formula ∃y(q(ā′, y):t∨ q(ā′, y):ta)) is
satisfied by the model. If this is not the case and p(ā, t?) belongs to the model
(in which case (2) is violated by ā), and q(ā′, null) is not in the database, then,
according to rule (5), the repair is done either by deleting p(ā) or inserting
q(ā′, null).

Notice that in this section we have been departing from the definition of
repair given in Section 2, in the sense that repairs are obtained now by deletion
of tuples or insertion of null values only, the usual ways in which RICs are
maintained. In particular, if the instance is {p(ā)} and IC contains only p(x̄)→
∃yq(x̄, y), then {p(ā), q(ā, b)}, with b ∈ D, will not be obtained as a repair
(although it is according to the initial definition), because it will not be captured
by the program. This makes sense, because allowing such repairs would produce
infinitely many of them, all of which are not natural from the perspective of
usual database praxis.

If we want to establish a correspondence between stable models of the new
repair program and the database repairs, we need first a precise definition of a
repair in the new sense, according to which repairs can be achieved by insertion
of null values that do not propagate through other ICs. We proceed by first
redefining when a database instance, possibly containing null values, satisfies a
set of ICs.

Definition 8. For a database instance DB, whose domain D may contain the
constant null and a set of integrity constraints IC = IC U ∪ICR, where ICU is a
set of universal integrity constraints of the form ∀x̄ϕ, with ϕ quantifier free, and
ICR is a set of referential integrity constraints of the form ∀x̄(p(x̄)→ ∃yq(x̄′, y)),
with x̄′ ⊆ x̄, we say that r satisfies IC, written DB |=Σ IC iff:

1. For each ∀x̄ϕ ∈ ICU , DB |=Σ ϕ[ā] for all ā ∈ D − {null}, and

2. For each ∀x̄(p(x̄)→ ∃yq(x̄′, y)) ∈ ICR, if DB |=Σ p(ā), with ā ∈ D−{null},
then DB |=Σ ∃yq(ā, y). 2

Definition 9. Let DB , DB1,DB2 be database instances over the same schema
and domain D (that may now contain null). It holds DB1 ≤DB DB2 iff:

1. for every atom p(ā) ∈ ∆(DB,DB1), with ā ∈ D − {null}, it holds p(ā) ∈
∆(DB,DB2), and

2. for every atom p(ā, null) ∈ ∆(DB,DB1), it holds p(ā, null) ∈ ∆(DB, DB2)
or p(ā, b̄) ∈ ∆(DB,DB2) with b̄ ∈ D − {null}. 2
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Definition 10. Given a database instance DB and a set of universal and ref-
erential integrity constraints IC , a repair of DB wrt IC is a database instance
DB ′ over the same schema and domain (plus possibly null if it was not in the
domain of DB), such that DB ′ |=Σ IC (in the sense of Definition 8) and DB ′

is ≤DB -minimal in the class of database instances that satisfy IC . 2

Example 15. Consider the universal integrity constraint ∀xy(q(x, y) → r(x, y))
together with the referential integrity constraints ∀x(p(x) → ∃yq(x, y)) and
∀x(s(x)→ ∃yr(x, y)) and the inconsistent database instance DB = {q(a, b), p(c),
s(a)}. The repairs for the latter are:

i DB i ∆(DB ,DB i)
1 {q(a, b), r(a, b), p(c), q(c, null), s(a)} {r(a, b), q(c, null)}
2 {q(a, b), r(a, b), s(a)} {p(c), r(a, b)}
3 {p(c), q(c, null), s(a), r(a, null)} {q(a, b), q(c, null), r(a, null)}
4 {p(c), q(c, null)} {q(a, b), q(c, null), s(a)}
5 {s(a), r(a, null)} {q(a, b), p(c), r(a, null)}
6 ∅ {q(a, b), p(c), s(a)}

In the first repair it can be seen that the atom q(c, null) does not propagate
through the universal constraint to r(c, null). For example, the instance DB 7 =
{q(a, b), r(a, b), p(c), q(c, a), r(c, a), s(a))}, where we have introduced r(c, a) in
order to satisfy the second RIC, does satisfy IC , but is not a repair because
∆(DB,DB1) ≤DB ∆(DB,DB7) = {r(a, b), q(c, a), r(c, a)}.

If r(a, b) was inserted due to the universal constraint, we do want r(a, null)
to be inserted in order to satisfy the second referential constraint. This fact
is captured by both the definition of repair and the repair program. Actually,
the instance DB8 = {q(a, b), r(a, b), s(a), r(a, null))} is not a repair, because
∆(DB,DB2) ⊆ ∆(DB,DB8) = {p(c), r(a, b), r(a, null)} and, in consequence,
∆(DB,DB2) ≤DB ∆(DB,DB8). The program also does not consider DB8 as a
repair, because the clauses (6) and (7) detect that r(a, b) is already in the repair.
2

If the set of IC contains both universal ICs and referential ICs, then the repair
program Π?(DB , IC ) contains now the extra rules we introduced at the begin-
ning of this section. As before, for a stable model M of the program, DBM
denotes the corresponding database as in Definition 7. With the class of repairs
introduced in Definition 10 it holds as before

Theorem 2. If M is a coherent stable model of Π?(DB , IC ), and DBM is
finite, then DBM is a repair of DB with respect to IC . Furthermore, the repairs
obtained in this way are all the repairs of DB. 2

Example 16. Consider the database instance {p(ā)} and the following set of
ICs: p(x) → ∃yq(x, y), q(x, y) → r(x, y). The program Π?(DB , IC ) is written
in DLV as follows (ts, tss, ta, etc. stand for t?, t??, ta, etc.):

5

5 The domain predicate used in the program should contain all the constants different
from null that appear in the active domain of the database.

Database contents
domd(a).

p(a,td).

Rules for CWA
p(X,fs) :- domd(X), not p(X,td).

q(X,Y,fs) :- domd(X), domd(Y), not q(X,Y,td).

r(X,Y,fs) :- not r(X,Y,td), domd(X), domd(Y).

Annotation rules
p(X,fs) :- p(X,fa), domd(X).

p(X,ts) :- p(X,ta),domd(X).

p(X,ts) :- p(X,td), domd(X).

q(X,Y,fs) :- q(X,Y,fa),domd(X),domd(Y).

q(X,Y,ts) :- q(X,Y,ta), domd(X), domd(Y).

q(X,Y,ts) :- q(X,Y,td), domd(X), domd(Y).

r(X,Y,fs) :- r(X,Y,fa), domd(X), domd(Y).

r(X,Y,ts) :- r(X,Y,ta), domd(X), domd(Y).

r(X,Y,ts) :- r(X,Y,td), domd(X), domd(Y).

Rules for the ICs
p(X,fa) v q(X,null,ta) :- p(X,ts), not aux(x), not q(X,null,td),domd(X).

aux(X) :- q(X,Y,td), not q(X,Y,fa), domd(X), domd(Y).

aux(X) :- q(X,Y,ta), domd(X), domd(Y).

q(X,Y,fa) v r(X,Y,ta) :- q(X,Y,ts), r(X,Y,fs), domd(X), domd(Y).

Interpretation rules
p(X,tss) :- p(X,ta).

p(X,tss) :- p(X,td), not p(X,fa).

p(X,fss) :- p(X,fa).

p(X,fss) :- domd(X), not p(X,td), not p(X,ta).

q(X,Y,tss) :- q(X,Y,ta).

q(X,Y,tss) :- q(X,Y,td), not q(X,Y,fa).

q(X,Y,fss) :- q(X,Y,fa).

q(X,Y,fss) :- domd(X), domd(Y),not q(X,Y,td), not q(X,Y,ta).

r(X,Y,tss) :- r(X,Y,ta).

r(X,Y,tss) :- r(X,Y,td), not q(X,Y,fa).

r(X,Y,fss) :- r(X,Y,fa).

r(X,Y,fss) :- domd(X), domd(Y), not r(X,Y,td), not r(X,Y,ta).

Denial constraints
:- p(X,ta), p(X,fa).

:- q(X,Y,ta), q(X,Y,fa).

:- r(X,Y,ta),r(X,Y,fa).

The stable models of the program are:

{domd(a), p(a,td), p(a,ts), p(a,fs), p(a,fss), p(a,fa), q(a,a,fs),

r(a,a,fs), q(a,a,fss), r(a,a,fss)}

{domd(a), p(a,td), p(a,ts), p(a,tss), q(a,null,ta), q(a,a,fs),

r(a,a,fs), q(a,a,fss), r(a,a,fss), q(a,null,tss)},

corresponding to the database instances ∅ and {p(a), q(a, null)}.
If the fact q(a, null) is added to the original instance, the fact q(a,null,td)

becomes a part of the program. In this case, the program considers that the
new instance {p(a), q(a, null)} satisfies the RIC. It also considers that the full
inclusion dependency q(x, y)→ r(x, y) is satisfied, because we do not want null
values to be propagated. All this is reflected in the only model of the program,
namely

{domd(a), p(a,td), p(a,ts), q(a,null,td), p(a,tss), q(a,a,fs),

r(a,a,fs), q(a,a,fss), r(a,a,fss), q(a,null,tss)}.
2

If we want to impose the policy of repairing the violation of a RIC just by
deleting tuples, then, rule (5) should be changed by

p(x̄, fa)← p(x̄, t?), not aux(x̄′), not q(x̄′,null , td),

that says that if the RIC is violated, then the fact p(ā) that produces such
violation must be deleted.

If we insist in keeping the original definition of repair (Section 2), i.e. allowing
{p(ā), q(ā, b)} to be a repair for every element b ∈ D, clause (5) could be replaced
by:

p(x̄, fa) ∨ q(x̄
′, y, ta)← p(x̄, t?), not aux(x̄′), not q(x̄′,null , td), choice(x̄

′, y).
(8)

where choice(X̄, Ȳ ) is the static non-deterministic choice operator [25] that se-
lects one value for attribute tuple Ȳ for each value of the attribute tuple X̄. In
equation (8), choice(x̄′, y) would select one value for y from the domain for each
combination of values x̄′. Then, this rule forces the one to one correspondence
between stable models of the program and the repairs as introduced in Section
2.

8 Optimization of Repair Programs

The logic programs used to specify database repairs can be optimized in sev-
eral ways. In Section 8.1 we examine certain program transformations that can
lead to programs with a lower computational complexity. In Section 8.2, we ad-
dress the issue of avoiding the explicit computation of negative information or
of materialization of absent data, what in database applications can be a serious
problem from the point of view of space and time complexity.

Other possible optimizations, that are not further discussed here, have to do
with avoiding the complete computation of all stable models (the repairs) when-
ever a query is to be answered. The query rewriting methodology introduced
in [2] had this advantage: inconsistencies were solved locally, without having to
restore the consistency of the complete database. In contrast, the logic program-
ming base methodology, at least if implemented in a straightforward manner,
computes all stable models. This issue is related to finding methodologies for
minimizing the number of rules to be instantiated, the way ground instantiations
are done, avoiding evaluation of irrelevant subgoals, etc. Further implementation
issues are discussed in Section 9.

8.1 Head cycle free programs

In some cases, the repair programs we have introduced may be transformed into
equivalent non disjunctive programs. This is the case of head-cycle-free programs
[10] introduced below. These programs have better computational complexity
than general disjunctive programs in the sense that the complexity is reduced
from ΠP2 -complete to coNP-complete [18, 29].

The dependency graph of a ground disjunctive program Π is defined as a
directed graph where each literal is a node and there is an arch from L to L′

iff there is a rule in which L appears positive in the body and L′ appears in
the head. Π is headcycle free (HCF) iff its dependency graph does not contain
directed cycles that go through two literals that belong to the head of the same
rule.

A disjunctive program Π is HCF if its ground version is HCF. If this is
the case, Π can be transformed into a non disjunctive normal program sh(Π)
with the same stable models that is obtained by replacing every disjunctive
rule of the form:

∨n
i=1 pi(x̄i)←

∧m
j=1 qj(ȳj) by the n following rules pi(x̄i)←∧m

j=1 qj(ȳj)∧
∧
k 6=i not pk(x̄k), i = 1, ..., n. Such transformations can be justified

or discarded on the basis of a careful analysis of the intrinsic complexity of
consistent query answering [15]. If the original program can be transformed into
a normal program, then also other efficient implementations could be used for
query evaluation, e.g. XSB [34], that has been already successfully applied in
the context of consistent query answering via query transformation, with non-
existentially quantified conjunctive queries [14].

Example 17. (example 12 continued)

The repair program is HCF because, as it can be seen from the (relevant part
of the) dependency graph, there is no cycle involving both p(x, fa) and q(x, ta),
the atoms that appear in the only disjunctive head.

The non disjunctive version of the program has the disjunctive clause re-
placed by the two definite clauses p(x, fa)← p(x, t?), q(x, f?), not q(x, ta), and
q(x, ta)← p(x, t?), q(x, f?), not p(x, fa). The two programs have the same stable
models. 2
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In the rest of this section we will consider a set IC of universal ICs of the form

q1(t̄1) ∨ · · · ∨ qn(t̄n)← p1(s̄1) ∧ · · · ∧ pm(s̄m). (9)

(the rule version of (1)). We denote with ground(IC ) the set of ground instan-
tiations of the clauses in IC in D. A ground literal l is bilateral with respect to
ground(IC ) if appears in the head of a rule in ground(IC ) and in the body of a
possibly different rule in ground(IC ).

Example 18. In ground(IC ) = {s(a, b)→ s(a, b)∨ r(a, b), r(a, b)→ r(b, a)}, the
literals s(a, b) and r(a, b) are bilateral, because they appear in a head of a rule
and in a body of a rule. Instead, r(b, a) is not bilateral. 2

The following theorem tells us how to check if the repair program is HCF by
analyzing just the set of ICs.

Theorem 3. The program Π?(DB, IC) is HCF iff ground(IC) does not have
a pair of bilateral literals in the same rule. 2

Example 19. If IC = {s(x, y) → r(x), r(x) → p(x)} and the domain is D =
{a, b}, we have ground(IC ) = {s(a, a) → r(a), s(a, b) → r(a), s(b, a) →
r(b), s(b, b) → r(b), r(a) → p(a), r(b) → p(b)}. The bilateral literals are r(a)
and r(b). The program Π?(DB , IC ) is HCF because r(a) and r(b) do not ap-
pear in a same rule in ground(IC ). As a consequence, the clause s(x, y, fa) ∨
r(x, ta) ← s(x, y, f?), r(x, t?) of Π?(DB , IC ), for example, can be replaced in
sh(Π?(DB , IC )) by the two clauses s(x, y, fa)← s(x, y, f?), r(x, t?),not r(x, ta)
and r(x, ta)← s(x, y, f?), r(x, t?),not s(x, y, fa). 2

Example 20. If IC = {s(x) → r(x), p(x) → s(x), u(x, y) → p(x)} and the do-
main isD = {a, b}, we have ground(IC ) = {s(a)→ r(a), p(a)→ s(a), u(a, a)→
p(a), s(b) → r(b), p(b) → s(b), u(b, b) → p(b), u(a, b) → p(a), u(b, a) →
p(b)}. The bilateral literals in ground(IC ) are s(a), s(b), p(a), p(b). The program
Π?(DB , IC ) is not HCF, because there are pairs of bilateral literals appearing
in the same rule in ground(IC ), e.g. {s(a), p(a)} and {s(b), p(b)}. 2

Corollary 1. If IC contains only denial constraints, i.e. formulas of the form∨n
i=1 pi(t̄i)→ ϕ, where pi(t̄i) is an atom and ϕ is a formula containing built-in

predicates only, then Π?(DB, IC) is HCF. 2

Example 21. For IC = {∀xyzuv(p(x, y, z) ∧ p(x, u, v) → y = u), ∀xyzuv(p(x,
y, z) ∧ p(x, u, v) → z = v), ∀xyzv(q(x, y, z) ∧ p(x, y, v) → z = v)}, and any
ground instantiation, there are no bilateral literals. In consequence, the program
Π?(DB, IC) will be always HCF. 2

This corollary includes important classes of ICs as key constraints, functional
dependencies and range constraints. In [15] it was shown that, for this kind of
ICs, the intrinsic lower bound complexity of consistent query answering is coNP-
complete. The corollary shows that by means of the transformed program this
lower bound is achieved.

8.2 Avoiding materialization of the CWA

The repair programs introduced in Section 5 contain clauses of the form p(x̄, f ?)
← not p(x̄, td), that have the consequence of materializing negative information
in the stable models of the programs. The repairs programs can be optimized,
making them compute only that negative data that is needed to obtain the
database repairs.

First, by unfolding, atoms of the form p(x̄, f ?) that appear as subgoals in the
bodies are replaced by their definitions. More precisely, replace every rule that
contains an atom of the form p(x̄, f ?) in the body, by two rules, one replacing
the atom by p(x̄, fa), and another replacing the atom by not p(x̄, td). Next,
eliminate from the repair program those rules that have atoms annotated with
f?? or f? in their heads, because they compute data that should not be explicitly
contained in the repairs. If Π?opt (DB, IC) denotes the program obtained after
applying these two transformations, it is easy to see that the following holds

Proposition 4. Π?opt(DB, IC) and Π?(DB, IC) produce the same database
repairs, more precisely, they compute exactly the same database instances in the
sense of Definition 7. 2

Example 22. (example 16 continued) The optimized program Π?opt(DB, IC) is
as below and determines the same repairs as the original program. Notice that
the second disjunctive rule in the original program was replaced by two new
rules in the new program.

domd(a).

p(a,td).

p(X,ts) :- p(X,ta),domd(X).

p(X,ts) :- p(X,td), domd(X).

q(X,Y,ts) :- q(X,Y,ta), domd(X), domd(Y).

q(X,Y,ts) :- q(X,Y,td), domd(X), domd(Y).

r(X,Y,ts) :- r(X,Y,ta), domd(X), domd(Y).

r(X,Y,ts) :- r(X,Y,td), domd(X), domd(Y).

p(X,fa) v q(X,null,ta) :- p(X,ts), not aux(x), not q(X,null,td),domd(X).

aux(X) :- q(X,Y,td), not q(X,Y,fa), domd(X), domd(Y).

aux(X) :- q(X,Y,ta), domd(X), domd(Y).

q(X,Y,fa) v r(X,Y,ta) :- q(X,Y,ts), r(X,Y,fa), domd(X), domd(Y).

q(X,Y,fa) v r(X,Y,ta) :- q(X,Y,ts), not r(X,Y,td), domd(X), domd(Y).

p(X,tss) :- p(X,ta).

p(X,tss) :- p(X,td), not p(X,fa).

q(X,Y,tss) :- q(X,Y,ta).

q(X,Y,tss) :- q(X,Y,td), not q(X,Y,fa).

r(X,Y,tss) :- r(X,Y,ta).

r(X,Y,tss) :- r(X,Y,td), not q(X,Y,fa).

:- p(X,ta), p(X,fa).

:- q(X,Y,ta), q(X,Y,fa).

:- r(X,Y,ta),r(X,Y,fa).
2

The optimization for HCF programs of Section 8.1 and the one that avoids the
materialization of unnecessary negative data can be combined.

Theorem 4. If Π?(DB, IC) is HCF, then sh(Π?(DB, IC))opt and Π?(DB, IC)
compute the same database repairs in the sense of Definition 7. 2

9 Conclusions

We have presented a general treatment of consistent query answering for first or-
der queries and universal and referential ICs that is based on annotated predicate
calculus (APC ). Integrity constraints and database information are translated
into a theory written in APC in such a way that there is a correspondence
between the minimal models of the new theory and the repairs of the original
database.

We have also shown how to specify database repairs by means of classical
disjunctive logic programs with stable model semantics. Those programs have
annotations as new arguments, and are inspired by the APC theory mentioned
above. In consequence, consistent query answers can be obtained by “running” a
query program together with the specification program. We illustrated their use
by means of the DLV system. Finally, some optimizations of the repair programs
were introduced.

The problem of consistent query answering was explicitly presented in [2],
where also the notions of repair and consistent answer were formally defined. In
addition, a methodology for consistent query answering based on a rewriting of
the original query was developed (and further investigated and implemented in
[14]). Basically, if we want the consistent answers to a FO query expressed in, say
SQL2, a new query in SQL2 can be computed, such that its usual answers from
the database are the consistent answers to the original query. That methodology
has a polynomial data complexity, and that is the reason why it works for some
restricted classes of FO ICs and queries, basically for non existentially quantified
conjunctive queries [1]. Actually, in [15] it is shown that the problem of CQA is
coNP-complete for simple functional dependencies and existential queries.

In this paper, we have formulated the problem of CQA as a problem of non-
monotonic reasoning, more precisely of minimal entailment, whose complexity,
even in the propositional case, can be at least ΠP

2 -complete [19]. Having a prob-
lem of nonmonotonic reasoning with such complexity, it is not strange to try to
use disjunctive logic programs with negation with a stable or answer set seman-
tics to solve the problem of CQA, because such programs have nonmonotonic
consequences and a ΠP2 -complete complexity [18]. Answer set programming has

been successfully used in formalizing and implementing complex nommonotonic
reasoning tasks [7].

Under those circumstances, the problem then is to come up with the best
logic programming specifications and the best way to use them, so that the
computational complexity involved does not go beyond the intrinsic, theoretical
lower bound complexity of consistent query answering.

Implementation and applications are important directions of research. The
logic programming environment will interact with a DBMS, where the incon-
sistent DB will be stored. As much of the computation as possible should be
pushed into the DBMS instead of doing it at the logic programming level.

The problem of developing query evaluation mechanisms from disjunctive
logic programs that are guided by the query, most likely containing free variables
and then expecting a set of answers, like magic sets [1], deserves more attention
from the logic programming and database communities. The current alternative
relies on finding those ground query atoms that belong to all the stable models
once they have been computed via a ground instantiation of the original program
(see Example 11). In [20] intelligent grounding strategies for pruning in advance
the instantiated program have been explored and incorporated into DLV. It
would be interesting to explore to what extent the program can be further pruned
from irrelevant rules and subgoals using information obtained by querying the
original database.

As shown in [6], there are classes of ICs for which the intersection of the
stable models of the repair program coincides with the well-founded semantics,
which can be computed more efficiently than the stable model semantics. It could
be possible to take advantage of this efficient “core” computation for consistent
query answering if ways of modularizing or splitting the whole computation into
a core part and a query specific part are found. Such cases were identified in [5]
for FDs and aggregation queries.

In [26], a general methodology based on disjunctive logic programs with stable
model semantics is used for specifying database repairs wrt universal ICs. In
their approach, preferences between repairs can be specified. The program is
given through a schema for rule generation.

Independently, in [4] a specification of database repairs for binary universal
ICs by means of disjunctive logic programs with a stable model semantics was
presented. Those programs contained both “triggering” rules and “stabilizing”
rules. The former trigger local, one-step changes, and the latter stabilize the
chain of local changes in a state where all the ICs hold. The same rules, among
others, are generated by the rule generation schema introduced in [26].

The programs presented here also work for the whole class of universal ICs,
but they are much simpler and shorter than those presented in [26, 4]. Actually,
the schema presented in [26] and the extended methodology sketched in [4],
both generate an exponential number of rules in terms of the number of ICs
and literals in them. Instead, in the present work, due to the simplicity of the
program, that takes full advantage of the relationship between the annotations, a
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linear number of rules is generated. Our treatment of referential ICs considerably
extends what has been sketched in [4, 26].

There are several similarities between our approach to consistency handling
and those followed by the belief revision/update community. Database repairs
coincide with revised models defined by Winslett in [35]. The treatment in [35] is
mainly propositional, but a preliminary extension to first order knowledge bases
can be found in [16]. Those papers concentrate on the computation of the models
of the revised theory, i.e., the repairs in our case, but not on query answering.
Comparing our framework with that of belief revision, we have an empty domain
theory, one model: the database instance, and a revision by a set of ICs. The
revision of a database instance by the ICs produces new database instances, the
repairs of the original database.

Nevertheless, our motivation and starting point are quite different from those
of belief revision. We are not interested in computing the repairs per se, but
in answering queries, hopefully using the original database as much as possible,
possibly posing a modified query. If this is not possible, we look for methodologies
for representing and querying simultaneously and implicitly all the repairs of the
database. Furthermore, we work in a fully first-order framework.

The semantics of database updates is treated in [22], a treatment that is
close to belief revision. That paper represents databases as collections of theo-
ries, in such a way that under updates a new collection of theories is generated
that minimally differ from the original ones. So, there is some similarity to our
database repairs. However, that paper does not consider inconsistencies, nor
query answering in any sense.

Another approach to database repairs based on a logic programming seman-
tics consists of the revision programs [31]. The rules in those programs explicitly
declare how to enforce the satisfaction of an integrity constraint, rather than ex-
plicitly stating the ICs, e.g. in(a)← in(a1), . . . , in(ak), out(b1), . . . , out(bm) has
the intended procedural meaning of inserting the database atom a whenever
a1, . . . , ak are in the database, but not b1, . . . , bm. Also a declarative, stable
model semantics is given to revision programs. Preferences for certain kinds of
repair actions can be captured by declaring the corresponding rules in program
and omitting rules that could lead to other forms of repairs.

In [12, 28] paraconsistent and annotated logic programs, with non classical
semantics, are introduced. However, in [17] some transformation methodologies
for paraconsistent logic programs [12] are shown that allow assigning to them
extensions of classical semantics. Our programs have a fully standard stable
model semantics.
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Abstract

For several reasons a database may not satisfy
certain integrity constraints (ICs), for example,
when it is the result of integrating several in-
dependent data sources. However, most likely
most of the information in it is still consis-
tent with the ICs; and could be retrieved when
queries are answered. Consistent answers with
respect to a set of ICs have been character-
ized as answers that can be obtained from every
possible minimal repair of the database. In this
paper we show and analyze how specify those
repairs using disjunctive logic program with a
stable model semantics in the presence of ref-
erential ICs. In this case, repairs are obtained
by introduction of null values that do not prop-
agate through other constraints, which makes
the problem of consistent query answering de-
cidable. We also present results about cases
where the implementation of consistent query
answering can be made more e�cient due to
the fact that the program can be simpli�ed into
a non-disjunctive program. Finally, we discuss
several research issues around the implementa-
tion of system for retrieving consistent answers
to queries from a DBMS.

1 Introduction

In databases, integrity constraints (ICs) cap-
ture the semantics of the application domain
and help maintain the correspondence between

Copyright c© 2004 Loreto Bravo and Leopoldo
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this domain and its model provided by the
database when updates on the database are
performed. However, commercial database
management systems (DBMSs) provide lim-
ited autonomic support to database mainte-
nance, that is, to the process of keeping the
database contents consistent with respect to
certain ICs. Except for very restricted classes
of integrity constraints that can be internally
handled if the user has declared them together
with the database schema; in general integrity
constraints are maintained by means of user-
de�ned triggers or mechanisms speci�ed at the
application level.

There are several reasons for a database to be
or become inconsistent with respect to a given
set of integrity constraints [9]. This could hap-
pen in several situations:

• The most common case is a DBMS that
does not have a mechanism to maintain
the satisfaction of certain ICs. The avail-
able DBMSs are able to maintain by them-
selves important classes of ICs, but not,
e.g., the full class of �rst-order ICs.

• When data of di�erent sources are being
integrated, either virtually or under a ma-
terialized approach. In this case, even if
the independent data sources are consis-
tent with respect to certain ICs, the global
integrated system might be inconsistent
with respect to other global ICs [11, 12].

• If new constraints are to be imposed on a
pre existing database, i.e., legacy data.

• Soft or user constraints that might be con-
sidered only when queries are answered,
but without being enforced by the system.

In several cases it can be di�cult, impossible
or undesirable to repair the database in order
to restore consistency [9]. The process may be
too expensive; useful data may be lost; or it
is not clear how to restore the consistency, for
example, if extra information is needed. Fur-
thermore, a user who wants to impose new
constraints may have no permission to make
changes on the data. In the case of data in-
tegration, the access to the sources might be
restricted.

In those situations, possibly most of the data
is still consistent and can be retrieved when
queries are posed to the database. In [2] con-
sistent data is characterized as the data that
is invariant under all minimal restorations of
consistency; i.e., as data that is present in all
minimally repaired versions of the original in-
stance (the repairs). In particular, an answer
to a query is de�ned as consistent when it can
be obtained as a standard answer to the query
from every possible repair.

We envision the next DBMSs providing much
more exible and user friendly mechanisms for
dealing with semantic constraints. In this di-
rection, the system should allow the user to
provide a set of ICs as another input to the
query answering process, in such a way that
those ICs are taken into account as answers to
the query are computed. Those ICs could be
entered as a another clause in a query expressed
in an enhanced version of SQL, something like

SELECT Name, Salary (?)
FROM Employee
WHERE Position = ’manager’
CONSIST/W FD: Name -> Salary;

where, for some reasons, the speci�ed func-
tional dependency (FD), which requests
that attribute Name functionally determines
attribute Salary, is not been maintained by
the DBMS. The returned answers from the
database should be only those that are consis-
tent with FD. For example, if the underlying
database is

Employee Name Salary Position
John 55,000 manager
Peter 50,000 manager
John 60,000 manager
Ken 40,000 secretary

the only (consistent) answer returned by the
system would be the tuple (Peter, 50,000).

This is because the only minimal repairs of the
database are the instances

Employee1 Name Salary Position
John 55,000 manager
Peter 50,000 manager
Ken 40,000 secretary

and

Employee2 Name Salary Position
Peter 50,000 manager
John 60,000 manager
Ken 40,000 secretary

which are obtained by deleting each time only
one of the conicting tuples; and the only tu-
ple that is an (usual) answer to the query (?)
above (but without the consistency clause in
the last line) in both repaired instances is (Pe-
ter, 50,000).

With the same original database, if now the
query is

SELECT Name
From Employee
WHERE Position = ’manager’
CONSIST/W FD: Name -> Salary;

the (consistent) answers are (John), (Peter),
because these two names are returned as usual
answers in both repairs.

We can see in this example that computing
consistent query answers is di�erent from data
cleaning. We do not get rid of the tuples in the
original database that participate in a violation
of integrity constraints. In particular, in this
case we do not lose the information about the
existence of an employee named John. We can
see that in consistent query answering (CQA),
we could see (some of) the ICs as constraints
on the query answers rather than on states of
the database.

In [2, 14, 25, 3, 5], some mechanisms have
been developed for CQA, that is, for retriev-
ing consistent answer when queries are posed
to an inconsistent database. All those mecha-
nisms, in di�erent degrees, work only with the
original, inconsistent database, without restor-
ing its consistency. Ideally, inconsistencies are
solved at query time and the query is posed to
the original database. For example, the (con-
sistent) answers to the query (?) can be ob-
tained posing as a standard SQL query the fol-
lowing rewriting of (?)

2

SELECT Name, Salary
FROM Employee
WHERE Position = ’manager’

AND NOT EXISTS (
SELECT *
FROM Employee E
WHERE E.Name = Name AND

E.Salary <> Salary);

which retrieves those employees, with their
salaries, for which there is not other employee
with the same name, but di�erent salary. The
usual answers to this query from the origi-
nal database will be the consistent answers to
query (?). No repair is needed to answer this
query. Unfortunately, such �rst-order query
rewriting based methodology provably works
only for restricted classes of queries and con-
straints [6].

Since mechanisms that compute the consis-
tent answers at query time without calculating
the repairs [2, 14, 16] are restricted to some
very limited classes of queries and constraints,
more general methodologies, like the one we
present in this paper, require more expressive
languages to formulate the rewritings of the
original queries [6]. Sometimes it is neces-
sary to use Datalog extended with non strat-
i�ed negation and disjunctive heads [1, 20]. In
those cases, although the above mentioned re-
pairs are intended to be an auxiliary concept to
de�ne the right semantics for consistent query
answers, they become also an auxiliary inter-
mediate computational step that, for complex-
ity reasons, has to be reduced to a minimum.

In [5, 6] an algorithm is presented that deals
with more general class of queries and con-
straints, e.g., all universal ICs and �rst-order
queries. It is based on specifying the repairs
of the database by using disjunctive logic pro-
grams with stable model semantics [20]. The
complexity of this approach is higher than the
complexity of the restricted ones, but the rea-
son is that it matches the intrinsic complex-
ity of the problem of computing consistent an-
swers, which is provably a hard computational
problem [15, 13].

In this paper we extend the methodology
presented in [5, 6] in order to handle refer-
ential integrity constraints via introduction of
null values that do not propagate through other
ICs. The extended methodology is investigated
and optimized, which allows to obtain lower
complexity for some classes of ICs.

2 Repairs and Consistent

Answers

We will consider a �xed relational schema Σ =
(U ,R ∪ B) where U is the possibly in�nite
database domain, R is a �xed set of database
predicates, and B is a �xed set of built-in pred-
icates.

A database instance can be seen as a �-
nite collection D of ground atoms of the form
P (c1, ..., cn), where P is a predicate in R and
c1, ..., cn are constants in U . Built-in predi-
cates have a �xed and same extension in every
database instance, not subject to changes.

In the following we will express integrity con-
straints and queries in the �rst-order language
of relational calculus, and the latter sometimes
as Datalog rules [1]. Database relations will be
represented as sets of ground atoms, and not
as tables as above.

A universal integrity constraint is a any �rst-
order sentence that is logically equivalent to a
sentence of the form

∀(
m∨

i=1

¬Pi(�xi) ∨
n∨

j=1

Qj(�yj) ∨ ϕ), (1)

where �∀ is a pre�x of universal quanti�ers,
Pi, Qj ∈ R, and ϕ is a formula containing built-
in atoms from B only. Notice that (1) is logi-
cally equivalent to

�∀(
m∧

i=1

Pi(�xi) →
n∨

j=1

Qj(�yj) ∨ ϕ). (2)

Example 1 For a database schema
{Emp(id, dept), P eople(id)} some universal
ICs can be de�ned, for example, the functional
dependency (FD) Emp: id → dept can be ex-
pressed by ∀id dept1 dept2 (Emp(id, dept1) ∧
Emp(id, dept2) → dept1 = dept2); and
the full inclusion dependency (IND)
Emp[id] ⊆ People[id], by ∀ id dept (Emp(
id, dept) → People(id)). We can see that
the common universal ICs found in database
praxis do not need the disjunction in the RHS
of (2). 2

A referential integrity constraint (RIC) is a sen-
tence of the form

∀�x (P (�x)→ ∃�y Q(�x′, �y)), (3)

where �x′ ⊆ �x and P,Q ∈ R.
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Figure 1: Directed graphs for Example 3.

Example 2 For a database schema
{Emp(id, dept), P eople(id, name)}, in or-
der to represent the IND Emp[id] ⊆ People[id]
that states that employees are people, we
use the RIC: ∀id dept (Emp(id, dept) →
∃name People(id, name)). Here
�x = (id , dept), �x′ = (id ), and �y = (name). 2

These classes of ICs include those most com-
mon in the database praxis. We assume we
have a �xed set IC of ICs that is logically con-
sistent in the sense that is it is possible to �nd
a database that satis�es them.

A set of RICs is said to be acyclic if there are
no cycles in the directed graph whose vertices
correspond to the relations in R, and an edge
from P to R corresponds to a RIC of the form
(3).

Example 3 The RICs ∀x(P (x) → ∃yR(x, y))
and ∀x(S(x) → ∃yR(x, y)) are acyclic since
there are no cycles in the directed graph as
shown in Figure 1(a). On the other hand,
the set of RICs: {∀xz(P (x, z) → ∃yQ(x, y)),
∀xy(Q(x, y) → ∃zR(z, x)), ∀xy(R(x, y) →
∃zP (x, z))} is cyclic, as shown in Figure 1(b).
2

A database instance D is inconsistent if it does
not satisfy a given set IC of ICs. In the absence
of null values it is clear when this happens, but
if they are present or allowed in D, they should
be treated as a special constant. Their presence
in a tuple means that there are unknown values
for the corresponding attributes; i.e., we have
incomplete information. Since we do not have
precise information about them, we will con-
sider that no inconsistencies arise due to their
presence. This leads to the following de�nition
of consistency in the presence of the null value
null:

De�nition 1 [6] For a database instance D,
whose domain U may contain the constant

null, and a set of integrity constraints IC =
ICU ∪ ICR, where ICU is a set of universal
integrity constraints and ICR is a set of refer-
ential integrity constraints, we say that D sat-
is�es IC i�:

1. For each sentence in ICU of the form ∀ϕ,
where �∀ is a pre�x of universal quanti-
�ers and ϕ is a a quanti�er-free formula,
ϕ[�a] ∈ D for every ground tuple �a of ele-
ments in (U − {null}), and

2. For each sentence in ICR of the form (3),
if P (�a) ∈ D, with �a a ground tuple of ele-
ments in (U −{null}), there exists a tuple
�b of constants in U for which Q(�a′,�b) ∈ D.
2

Intuitively, this means that a universal IC holds
if it is satis�ed by non-null values, and a RIC
is satis�ed considering only non-null values for
universally quanti�ed variables and any value
for existentially quanti�ed variables.

Example 4 Given a universal IC
∀xy(P (x, y) → R(x, y)) and a RIC
∀x(T (x) → ∃yP (x, y)), the database in-
stance D1 = {P (a, d), R(a, d), T (a), T (b),
P (b, null)} is consistent. The universal con-
straint is satis�ed even in the presence of
P (b, null) since the incomplete information
does not generate inconsistencies. 2

If a database D is inconsistent with respect
to a set of constraints IC , a repair of D is
a new database with the same schema as D,
that satis�es IC , and minimally di�ers from
the original database under set inclusion of tu-
ples. These repairs can be obtained from the
original repair by adding or deleting tuples [2].

Example 5 Given a database with two ta-
bles and one tuple each: {P (a, b), R(c, e)},
and the universal IC ∀xy(P (x, y) → R(x, y));
there are two ways of minimally repairing
the database: add the tuple (a, b) to table
R or delete (a, b) from table P , i.e., the re-
pairs are D1 = {P (a, b), R(c, e)R(a, b)} and
D2 = {R(c, e)}. The database instance
D3 = {P (a, b), R(c, e), R(a, b), P (e, d)} satis�es
the ICs, but is not a repair because it unneces-
sarily adds the tuple P (e, d). 2

Example 5 shows how the repairs for universal
ICs can be obtained. For RICs the process is
di�erent because of the presence of existential
variables.

4
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Example 6 Given a database {T (a)} and the
ICs ∀x(T (x)→ ∃yP (x, y)). One way of repair-
ing the database is by deleting the tuple T (a),
corresponding to repair D1 = {}. Another way
would be to add a tuple P (a, d) where d is
any value in the database universe. In latter
case, we would have as many repairs as ele-
ments in the domain. Instead of this second
alternative, we will consider only one possible
insertion based repair: D2 = {T (a), P (a, null}.
The null value in the second repair represents
the fact that we know that there is a tuple in
P with �rst argument a, but the second value
is unknown. 2

In order to formalize the concept of minimal re-
pair, the distance between databases is de�ned
as follows:

De�nition 2 [2] Let D,D′ be database in-
stances over the same schema and domain. The
distance, ∆(D,D′), between D and D′ is the
symmetric di�erence ∆(D,D′) = (D \ D′) ∪
(D′ \D). 2

Example 7 Consider the databases D1, D2

and D3 in example 5. The distances between
each of them and the original database are
∆(D,D1) = {R(a, b)}, ∆(D,D2) = {P (a, b)}
and ∆(D,D3) = {R(a, b), P (e, d)}. The ele-
ments in each ∆ correspond to the elements
added into or deleted from D to obtain Di. 2

In order to determine which databases are
closer to the original one when repairing it, we
de�ne a partial order:

De�nition 3 [6] Let D,D′, D′′ be database
instances over the same schema and domain U .
It holds that D′ ≤D D′′ i�:

1. For every atom P (�a) ∈ ∆(D,D′), with
�a ∈ (U − {null}),1 it holds that P (�a) ∈
∆(D,D′′), and

2. For every atom Q(�a′, null) ∈ ∆(D,D′),
it holds that Q(�a′, null) ∈ ∆(D, D′′) or
Q(�a, b) ∈ ∆(D,D′′), for some �b ∈ (U −
{null}). 2

Example 8 (example 7 continued) From the
distances we con�rm that the instances that
minimally di�er from D are D1 and D2. In-
stance D3 is not minimal, because D1 ≤D D3,
with D1 6= D3. 2

1That ā ∈ (U − {null}) means that each of the ele-
ments in tuple ā belongs to (U − {null}).

Using this partial order, we are now in position
of formally de�ne the repairs of an inconsistent
database:

De�nition 4 Given a database instance D
and a set of universal and referential ICs, IC ,
a repair of D with respect to IC is a database
instance D′ over the same schema and domain
(plus possibly null if it was not in the domain
of D), such that D′ satis�es IC and D′ is ≤D-
minimal in the class of database instances that
satisfy IC . We denote by Rep(D) the set of
repairs of D. 2

In the absence of null-value based repairs, def-
initions 3 and 4 coincide with those given in
[2], where RICs were not considered. The re-
pairs of violations of universal ICs are obtained
by either deleting or adding an atom with-
out null. The repairs of violations of refer-
ential ICs are obtained by either deleting the
atom that is generating the inconsistency or
by adding an atom with a null value. In
particular, if the instance is {P (�a)} and IC
contains only ∀�x(P (�x) → ∃yQ(�x, y)), then
{P (�a), Q(�a, null)} will be a repair, but not
{P (�a), Q(�a, b)} for any b ∈ U , b 6= null . In
[3, 5, 13] repairs with values other than null
have been considered.

Example 9 Consider the universal IC
∀xy(P (x, y) → R(x, y)), together with the
RIC ∀x(T (x) → ∃yP (x, y)), and an incon-
sistent database D = {P (a, b), T (c)} with
domain U = {a, b, c, u}. The repairs of D are:

i Di ∆(D, Di)

1 {P (a, b), R(a, b), T (c),
P (c, null)}

{R(a, b), P (c, null)}

2 {P (a, b), R(a, b)} {T (c), R(a, b)}
3 {T (c), P (c, null)} {P (a, b), P (c, null)}
4 ∅ {P (a, b), T (c)}

We can see that in the �rst repair the atom
P (c, null) does not propagate through the uni-
versal constraint to R(c, null). The instance
D5 = {P (a, b), R(a, b), T (c), P (c, a)}, where
P (c, a) has been introduced in order to sat-
isfy the referential IC, does satisfy IC , but is
not a repair because ∆(D,D1) ≤D ∆(D,D5) =
{R(a, b), P (c, a)}. 2

If a database D is consistent with respect to a
set of ICs, then it is its only repair.

5

De�nition 5 [2] Given a database instance D ,
a set of universal and referential ICs IC, and
a �rst-order query Q(�x), we say that a ground
tuple �t is a consistent answer to Q with respect
to IC i� for every D′ ∈ Rep(D), D′ satis�es Q
with variables �x replaced by �t (denoted D′ |=
Q[�t]). 2

Example 10 Given the IC ∀x(T (x) →
∃yP (x, y)), the inconsistent database D =
{P (a, d), R(a, d), T (a), T (b), R(b, e)}, and the
queries Q1 : P (x, y) and Q2 : ∀xy (P (x, y) →
∃zR(x, z)) . Rep(D) = { {P (a, d), R(a, d),
T (a), R(b, e)}, {P (a, d), R(a, d), T (a), T (b),
R(b, e), P (b, null)}}. The consistent answer for
Q1 is P (a, d) since that is the only element of P
in both repairs. For Q2 the consistent answer
is Yes since the formula is satis�ed in both re-
pairs. 2

3 Repair Logic Programs

The repairs of a relational database can be
speci�ed as stable models of disjunctive logic
programs [24]. Once the speci�cation has been
given, in order to obtain consistent answers to
a, say, �rst-order query Q, the latter is trans-
formed into a query written as a logic program,
which is a standard process [29, 1]. Next, this
query program is “run” together with the pro-
gram that speci�es the repairs. This evaluation
can be implemented on top of, e.g., DLV, a logic
programming system that computes according
to the stable models semantics [21, 28].

The repair programs introduced in [5, 6] use
annotation constants with the intended seman-
tics shown in the table below.

Annot. Atom Tuple P (�a) is...
td P (�a, td) a database fact
fd P (�a, fd) not a database fact
ta P (�a, ta) advised to be true
fa P (�a, fa) advised to be false
t? P (�a, t?) true or becomes true
f? P (�a, f?) false or becomes false
t?? P (�a, t??) true in the repair

The intuitive idea behind these annotations
is simple. We can think of each ground atom,
say P (�c), in the database as annotated with
the constant td in an extra argument. In con-
sequence, we have the atom P (�c, td) as a fact
of the program. On the other side, if an atom
P (�c) does not belong to the database, we have

the fact P (�c, fd) in the program2. Now, when
a violation of an IC happens, which can be
expressed as the condition in the body of a
program rule, then the disjunctive head of the
same rule tells us how to restore consistency
by deleting or inserting tuples. These recom-
mendations are captured by means of the con-
stants ta, fa, for making an atom true or false
(or inserting or deleting it), resp. For exam-
ple, if the IC is the full inclusion dependency
∀x(P (x) → Q(x)), then we could have the pro-
gram rule

P (x, fa) ∨Q(x, ta) ← P (x, td), Q(x, fd), (4)

which in its body detects a violation of the IC
(the tuple P (x) is in the database, but not the
tuple Q(x)). Its head advises then to either
delete P (x) or insert Q(x) in order to restore
consistency.

The problem is that there might be another
IC, whose satisfaction is being restored by in-
serting, say P (e), which is obtained by deriving
the atom P (e, ta). If we repair in this way, but
the tupleQ(e) is not in the database, then there
will be a new violation. The rule (4), with its
body written in terms of the tuples in (outside)
the original database, cannot be used to keep
repairing. That is why we need to pass to in-
termediate notations t?, f?, that can be used to
detect violations due to the original database
values or to those obtained by the local repair
steps. Then, instead of the program rule (4)
we use the program rule

P (x, fa) ∨Q(x, ta) ← P (x, t?), Q(x, f?). (5)

The tuples with annotations t? are those ob-
tained collecting those annotated with td or
ta, which can be expressed by means of a new
program rule. Similarly for annotation f?. Fi-
nally, the atoms that can be found in a repair
are those that became annotated with ta or
were originally annotated with td, but did not
become annotated with fa. Again, this can be
expressed by program rules.

De�nition 6 [6] The repair program,
Π(D, IC ), of D with respect to IC con-
tains the following clauses:

2Actually, these atoms can be defined by rules of
the form P (x̄, fd)← dom(x̄), not P (x̄, td), where a do-
main predicate stores the admissible values for the tu-
ples involved. This materialization of the closed world
assumption [31] can be avoided, getting rid of annota-
tion fd. Actually, the program in Definition 6 does not
use it.
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1. dom(a) for each constant a ∈ (U −{null})3.
2. Fact P (�a, td) for every P (�a) ∈ D.
3. For every predicate P ∈ R, the clauses
P (�x, t?)← P (�x, td), dom(�x).4

P (�x, t?)← P (�x, ta), dom(�x).
P (�x, f?)← P (�x, fa), dom(�x).
P (�x, f?)← dom(�x), not P (�x, td).5

4. For every global universal IC of form (1)
the clause:
W

n

i=1
Pi(�xi, fa)∨

W

m

j=1
Qj(�yj , ta) ←

V

n

i=1
Pi(�xi, t

?),
V

m

j=1
Qj(�yj , f

?), dom(�x), �ϕ;
where �x is the tuple of all variables appearing
in database atoms in the rule, and �ϕ is a
conjunction of built-ins equivalent to the
negation of ϕ.
5. For every referential IC of form (3) the
clauses:
P (�x, fa) ∨Q(�x′

, null , ta)← P (�x, t?), not aux(�x′),

not Q(�x′
, null , td), dom(�x).

aux(�x′)← Q(�x′
, y, td), not Q(�x′

, y, fa), dom(�x′
, y).

aux(�x′)← Q(�x′
, y, ta), dom(�x′

, y).

6. For every predicate P ∈ R, the interpreta-
tion clauses:
P (�x, t??) ← P (�x, ta).
P (�x, t??) ← P (�x, td), not P (�x, fa).

7. For every predicate P ∈ R, the program
denial constraint: ← P (�a, fa), P (�a, ta). 2

A logic program like this, that contains non
strati�ed negation [1], has a stable model se-
mantics [24]. The stable models of the pro-
gram are the intended models of the program,
and they sanction what is true with respect to
the program. In general, a program like this
will have several stable models.

Rules in 4. and 5. are the most important
ones; they specify how the database is to be
repaired when a violation of the IC is detected
(in the body, i.e., the RHS, of the rule). The
disjunction in the head (LHS) of a rule speci�es
the alternative ways to repair. An atom anno-
tated with ta indicates that there is an advice
(what the a stands for) to make it true, i.e.,
to insert it into the database; whereas an atom
annotated with fa indicates an advice to make
it false, i.e., to delete it from the database. The
annotation constant t? is used in the bodies to

3Since we want that atoms with null values do not
generate inconsistencies we would need to add the lit-
eral x 6= null to every rule with the predicate dom(x).
To avoid this dom(null) is not included in the program.

4If x̄ = (x1, . . . , xn), we abbreviate dom(x1) ∧ · · · ∧
dom(xn) with dom(x̄).

5Actually, as illustrated by Example 11, we can al-
ways get rid of annotation f

?.

give feedback to the repair rules in case there
are interacting ICs. At the end, we are only in-
terested in the atoms annotated with t?? in the
stable models of the repair program, since they
correspond to the data elements in the repairs.

De�nition 7 LetM be a stable model of pro-
gram Π(D , IC ).
(a) The database associated to M is
DM = {P (�a) | P (�a, t??) ∈M}.
(b) SM (D) is the set of databases associated
to (the stable models of) Π(D , IC ). 2

Example 11 (example 9 continued) The re-
pair program Π(D , IC ) is the following:
1. dom(a). dom(b). dom(c). dom(u).
2. P (a, b, td). T (c, td).
3. P (x, y, t?)← P (x, y, ta), dom(x), dom(y).

P (x, y, t?)← P (x, y, td), dom(x), dom(y).
(similarly for R and T )

4. P (x, y, fa)∨R(x, y, ta)← P (x, y, t?), R(x, y, fa),

dom(x), dom(y).

P (x, y, fa) ∨R(x, y, ta) ← P (x, y, t?), not

R(x, y, td), dom(x), dom(y).

5. T (x, fa)∨P (x,null , ta)← T (x, t?), not aux(x),

not P (x,null , td), dom(x).

aux(x)← P (x, y, td), not P (x, y, fa),
dom(x, y).

aux(x)← P (x, y, ta), dom(x, y).
6. P (x, y, t??)← P (x, y, ta).

P (x, y, t??)← P (x, y, td), not P (x, y, fa).
(similarly for R and T )

7. ← P (x, y, ta), P (x, y, fa). (also for R, T )

Only rules 4. and 5. depend on the ICs. Rules
4. corresponds to the universal ICs. They are
obtained by unfolding the annotation f? used
in 4. in De�nition 6 into its de�nition given
in 3. in the same program. The rules in 5.
correspond to the referential IC. These rules
say how to repair the inconsistencies. Rules
2. contain the database atoms. Rules 7. are
denial program constraints to discard models
that contain an atom annotated with both ta
and fa. The program has four stable models:
M1 = {dom(a), dom(b), dom(c), dom(u), P (a, b,

td), P (a, b, t?), T (c, td), T (c, t?), aux(a), T (c, fa),
P (a, b, t??), R(a, b, ta), R(a, b, t?), R(a, b, t??)}

M2 ={dom(a), dom(b), dom(c), dom(u), P (a, b,

td), P (a, b, t?), T (c, td), T (c, t?), aux(a),
T (c, t??), P (c, null, ta), P (c, null, t??), P (a, b, t??),
R(a, b, ta), R(a, b, t?), R(a, b, t??)}

M3 = {dom(a), dom(b), dom(c), dom(u), P (a,

b, td), P (a, b, t?), T (c, td), T (c, t?), aux(a),
T (c, t??), P (c, null, ta), P (c, null, t??), P (a, b, fa)}
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M4 = {dom(a), dom(b), dom(c), dom(u), P (a, b,

td), P (a, b, t?), T (c, td), T (c, t?), aux(a), T (c, fa),

P (a, b, fa)}

The databases associated to the program
are obtained from the models by selecting
the atoms annotated with t?? (the under-
lined atoms): D1 = {P (a, b), R(a, b)}, D2 =
{T (c), P (c, null), P (a, b), R(a, b)} and D3 =
{T (c), P (c, null)}, D4 = ∅. These repairs coin-
cide with those obtained in example 9. 2

When we have the general class of universal
and referential ICs, it holds that for every re-
pair of a database with respect to a set of ICs,
there exists a model M of Π(D , IC ) such that
its database associated is the repair, that is, all
the repairs can be obtained from the repair pro-
gram. In example 11 every stable model of the
repair program corresponds to a repair. How-
ever, there are cases, c.f. example 12, where the
database instance corresponding to a model is
not a repair of the original database.

Example 12 The database instance
{Emp(bill, ann), Emp(paul, john), Emp(john,
john)} stores the name of an employee
with the one of his/her boss. The cyclic
RIC: ∀xy(Emp(x, y) → ∃zEmp(y, z))
states that each is boss is also an em-
ployee. The repairs are: D1 = {Emp(paul,
john), Emp(john, john)} and D2 =
{Emp(bill, ann), Emp(ann, null), Emp(paul,
john), Emp(john, john)}.

The repair program Π(D , IC ) is:
dom(bill). dom(ann). dom(paul). dom(john).

Emp(bill, ann, td). Emp(paul, john, td).

Emp(john, john, td).

Emp(x, y, t?)← Emp(x, y, td), dom(x), dom(y).

Emp(x, y, t?)← Emp(x, y, ta), dom(x), dom(y).

Emp(x, y, fa) ∨Emp(y, null, ta)← Emp(x, y, t?),

not Emp(y,null, td), not aux(y),

dom(x), dom(y).

aux(y)← Emp(y, z, td), not Emp(y, z, fa),

dom(y), dom(z).

aux(y)← Emp(y, z, ta), dom(y), dom(z).

Emp(x, y, t??)← Emp(x, y, td), not Emp(x, y, fa).

Emp(x, y, t??)← Emp(x, y, ta).

← Emp(x, y, ta), Emp(x, y, fa).

The stable models of the program are:
M1 = {dom(bill), dom(ann), dom(paul),

dom(john), Emp(bill, ann, td), Emp(bill, ann,

t?), Emp(paul, john, td), Emp(paul, john,

t?), Emp(john, john, td), Emp(john, john,

t?), Emp(bill, ann, t??), Emp(paul, john, t??),

Emp(john, john, t??), Emp(ann, null, ta),

aux(john), Emp(ann, null, t??), aux(bill),

aux(paul)}.

M2 = {dom(bill), dom(ann), dom(paul),

dom(john), Emp(bill, ann, td), Emp(bill, ann,

t?), Emp(paul, john, td), Emp(paul, john,

t?), Emp(john, john, td), Emp(john, john,

t?), Emp(bill, ann, fa), Emp(paul, john, t??),

Emp(john, john, t??), aux(john), aux(paul)}.

M3 = {dom(bill), dom(ann), dom(paul),

dom(john), Emp(bill, ann, td), Emp(bill, ann,

t?), Emp(paul, john, td), Emp(paul, john,

t?), Emp(john, john, td), Emp(john, john,

t?), Emp(bill, ann, t??), Emp(paul, john, fa),

Emp(john, john, fa), Emp(ann, null, ta),

Emp(ann, null, t??), aux(bill)}.

M4 = {dom(bill), dom(ann), dom(paul),

dom(john), Emp(bill, ann, td), Emp(bill, ann,

t?), Emp(paul, john, td), Emp(paul, john,

t?), Emp(john, john, td), Emp(john, john,

t?), Emp(bill, ann, fa), Emp(paul, john, fa),

Emp(john, john, fa)}.

The databases associated to the �rst
two models correspond to the repairs,
but not the last two, which are consis-
tent with the IC, but have unnecessarily
deleted Emp(john, john). This happens
because this deletion, corresponding to the
presence of the atom Emp(john, john, fa)
in the models, stably satis�es the rules
Emp(john, john, fa) ∨Emp(john, null, ta)←

Emp(john, john, t?) not aux(john),

not Emp(john, null, td), dom(john).

aux(john)← Emp(john, john, td),

not Emp(john, john, fa), dom(john).

aux(john)← Emp(john, john, ta), dom(john).

This happens because there is a cycle that
involves Emp(john, john), without this tuple
participating in the violation of an IC. These
rules are satis�ed if Emp(john, john, fa) be-
long to the model or not. 2

In general, SM (D) ⊇ Rep(D). If (and only
if) the RICs are cyclic, the inclusion may be
proper. However, all the elements of SM (D)
satisfy the ICs.

The repair program computes exactly the re-
pairs for universal and acyclic referential ICs;
i.e., we have a one-to-one correspondence be-
tween the repairs and the databases associ-
ated to the models of the repair program, i.e.,
SM (D) = Rep(D).
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Example 13 Consider a database in-
stance {P (a, b, b), Q(b, c), Q(a, a)}, and
the cyclic set of RICs: {∀xyz(P (x, y, z) →
∃vQ(y, v)), ∀xy(Q(x, y) → ∃uwP (u,w, x))}.
We would expect two ways to restore the
consistency of the database, by deleting
Q(b, c) or adding the tuple P (null, null, a),
but the databases associated to the stable
models of the repair program Π(D , IC )
are DM1

= {P (a, b, b), Q(a, a), Q(b, c),
P (null, null, a)}, DM2

= {P (a, b, b), Q(b, c)},
DM3

= {Q(a, a), P (null, null, a)} and
DM4

= ∅. Only the �rst two are repairs. 2

In summary, we have the following:

• D satis�es the ICs for every D ∈ SM (D).

• Rep(D) ⊆ SM (D).

• For universal and acyclic referential ICs,
Rep(D) = SM (D).

4 Consistent Query An-

swering

The repair program Π(D , IC ) computes ex-
actly the repairs of the database for universal
and acyclic RICs, and a superset when univer-
sal and cyclic RICs are considered. We want
to use this speci�cation in order to compute
the consistent answers from a database with
respect to a set of ICs.

We will �rst concentrate in the case of uni-
versal and acyclic RICs. In this case, in or-
der to compute the consistent answers to a
query Q, we need to collect the answers that
we receive simultaneously from all the stable
models of the program Π(D , IC ). This can be
done by �rst replacing every atom P (�x) of the
query by P (�x, t??). This will force to apply the
query over the atoms that belong to every re-
pair. This new query can be transformed into
a query program Π(Q) by a standard transfor-
mation [29, 1]. If this query program is run
in combination with Π(D , IC ), the consistent
answers to the query will be obtained.

Example 14 (example 10 continued) Queries
Q1 and Q2 transformed into query programs
are:
Π(Q1) : Ans(x, y)← P (x, y, t??).
Π(Q2) : Ans← not aux2.

aux2 ← P (x, y, t??), not aux1(x).
aux1(x)← R(x, z, t??).

If we run Π(D , IC ) ∪ Π(Q1) we get
(only the relevant part is shown): M1 =
{. . . , P (a, d, t??), R(a, d, t??), T (a, t??),
R(b, e, t??), Ans(a, d)}, and M2 = {. . . ,
P (a, d, t??), R(a, d, t??), T (a, t??), T (b, t??),
R(b, e, t??), P (b, null, t??), Ans(a, d),
Ans(b, null)}. The only Ans tuple in
both repairs is (a, d), and therefore it is the
only consistent answer to the query.

If we do the same for query Q2, we get the
following: M1 = {. . . , P (a, d, t??), R(a, d, t??),
T (a, t??), R(b, e, t??), aux1(a), aux1(b), Ans},
and M2 = {. . . , P (a, d, t??), R(a, d, t??),
T (a, t??), T (b, t??), R(b, e, t??), P (b, null, t??),
aux1(a), aux1(b), Ans}. Since Ans is in both
repairs the answer to the boolean query is Yes.
2

Summarizing, in order to compute consistent
answers under universal and acyclic RICs, the
repair program has to be run with a query pro-
gram, which will allow us to extract the answers
that are true in all the stable models. We have
successfully experimented with CQA based on
speci�cation of database repairs using the DLV
system [21].

For cyclic constraints things are more com-
plex. If repairs of RICs are obtained by adding
arbitrary elements of the domain, the problem
of consistent query answering becomes unde-
cidable [13]. It is possible to prove that under
our null values based repairs, the same prob-
lem is decidable. We still have the problem
of obtaining undesirable models for the pro-
grams, those that do not correspond to repairs.
We are currently extending the logic program
based speci�cation of repairs with local tests
for minimality [30]. Using logic programs with
priorities [10, 19] is an alternative, due to the
fact that, even though all stable models are
minimal, the minimality of those that do not
correspond to repairs is related to the auxil-
iary predicates and not to the database pred-
icates (c.f. example 12). In consequence, giv-
ing higher priorities to the latter seems to be
the right approach. In [15] repairs of RICs by
only tuple deletions are investigated. In this
case, the problem becomes decidable, but as
complex as the evaluation of disjunctive logic
programs under the skeptical stable model se-
mantics [20, 18].
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5 Optimizations

Sometimes, the repair programs may be trans-
formed into equivalent non-disjunctive pro-
grams, i.e., having the same stable models,
and then, also specifying the same repairs.
This is the case when the disjunctive pro-
grams are head-cycle-free [7] (see below). Non-
disjunctive logic programs have lower computa-
tional complexity than general disjunctive pro-
grams [18, 27].

The dependency graph of a ground (or fully
instantiated) disjunctive program Π is de�ned
as a directed graph where each literal L in the
program (i.e., atom or negation of atom) is a
node; and there is an arch from L to L′ i� there
is a rule in which L appears positive in the
body and L′ appears in the head. Π is head-
cycle-free (HCF) i� its dependency graph does
not contain directed cycles that go through two
literals that belong to the head of the same rule.

A disjunctive program Π is HCF if its ground
version is HCF. If this is the case, Π can
be transformed into a non-disjunctive normal
program sh(Π) with the same stable models
[7]. The non-disjunctive version is obtained
by replacing every disjunctive rule of the form:∨n
i=1 Pi(�xi) ←

∧m
j=1Qj(�yj) by the n rules

Pi(�xi)←
∧m
j=1Qj(�yj) ∧

∧
k 6=i not Pk(�xk), i =

1, ..., n.

Transformations of this kind can be justi�ed
or discarded on the basis of a careful analysis
of the intrinsic complexity of consistent query
answering [15]. If the original program can be
transformed into a non-disjunctive normal pro-
gram, then also other e�cient implementations
could be used for query evaluation, e.g., XSB
[32], that has been applied in interaction with
an IBM DB2 DBMS in the context of consistent
query answering via �rst-order query transfor-
mation, but only for non-existentially quanti-
�ed conjunctive queries and limited classes of
universal ICs [14].

In [6] it was proved that for the class of
universal ICs, the repair programs are HCF,
but there no results were reported on refer-
ential ICs. Now, we have been able to iden-
tify, on the basis of a general test to be ap-
plied to a set of ICs containing acyclic RICs,
some useful classes of ICs for which the spec-
i�cation program becomes HCF. For example
this is the case when IC only contains denial
constraints; i.e., formulas of the form (1) with-

out positive literals (e.g., FDs and range con-
straints fall in this class); plus acyclic referen-
tial integrity constraints. In consequence, for
acyclic foreign key constraints the repair pro-
gram becomes HCF.

Example 15 (example 11 continued) The
program is HCF and therefore it can be
transformed into a normal program by shifting
one by one the literals in the disjunctive head
to the body in negated form. In this case,
the program sh(Π(D , IC )) is obtained from
Π(D , IC ) by replacing rules in 4. and 5. by:
4. P (x, y, fa)← P (x, y, t?), R(x, y, fa), dom(x),

not R(x, y, ta), dom(y).

R(x, y, ta)← P (x, y, t?), R(x, y, fa) dom(x),

not P (x, y, fa), dom(y).

R(x, y, ta)← P (x, y, t?), not R(x, y, td),

not P (x, y, fa) dom(x), dom(y).

P (x, y, fa)← P (x, y, t?), not R(x, y, td),

not R(x, y, ta) dom(x), dom(y).

5. P (x,null , ta)← T (x, t?), not aux(x), dom(x),

not T (x, fa), not P (x,null , td).

T (x, fa)← T (x, t?), not aux(x), dom(x),

not P (x,null , ta), not P (x,null , td).

aux(x)← P (x, y, td), not P (x, y, fa).

aux(x)← P (x, y, ta).

The stable models of this program coincide
with those of the original program Π(D , IC ).
2

6 Implementation Issues

We are currently working on the implementa-
tion of a system for computing consistent query
answers on the basis of the repair programs.
The details will be presented somewhere else;
however we can discuss here a few general is-
sues.

It is clear that any implementation must op-
timize several processes that participate in con-
sistent query answering. This is because, query
answering from disjunctive logic programs has
a rather high complexity [18, 20]. However,
by using logic programs we are not exceeding
the intrinsic complexity of the problem of con-
sistent query answering. In other words, in
the general case, the program evaluation and
consistent query answering have the same com-
plexity (actually, they are ΠP2 -complete in data
complexity) [15, 13]. What is important is
to be able to both identify those cases where
the complexity of CQA is lower, and optimize
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the program in order to match this lower com-
plexity (as the class identi�ed in section 5,
for which the complexity of both consistent
query answering and the evaluation of the non-
disjunctive program can be brought down to
the class NP). In a similar spirit, determining
classes of ICs and queries for which the lower
complexity well-founded semantics of logic pro-
grams [33] can be used is also interesting.

The interaction of a logic programming sys-
tem and a DBMS is another and important
source of complexity. Evaluation of stable mod-
els should be avoided whenever possible, trying
to obtain as much direct information from the
original database as possible. A �rst step in
this direction would be to detect, when a query
is to be consistently answered, if the inconsis-
tencies in the data (if any) are relevant to the
query at hand. A consistency check could de-
termine if the query can be answered directly
from the database or the repair program has to
be used.

Building a component which decides if the
database is consistent or not is simple: The
queries

C(x)← P1(x1), . . . , Pm(xm),not Q1(y1),
· · · , not Qn(yn), �ϕ,

for each universal integrity constraint of the
form (1), and

C ′(x) ← P1(x) ∧ not aux(x)
aux(x)← Q(x′, y),

for each referential integrity constraint of the
form (3), will detect the tuples participating in
violations of the ICs. Predicates C and C ′ can
be de�ned, stored and updated as SQL views
in the the database, which would reduce the
overhead of recomputing them.

If violations that are relevant to the query
are detected (actually detecting the relevant
ones is another interesting issue), a generator
of the repair program, or the programs them-
selves, should be called. Notice that the repair
programs depend on the ICs and not on the
query, so, they can be reutilized. Next, a sta-
ble model generator, such as DLV, has to be
used. Finally, the query can be evaluated by
running it with the repair program in the logic
programming environment.

Since the logic programming environment
has to interact with the DBMS, which stores
the facts of the program, it is important to
avoid unnecessary data extraction. In this
sense, it becomes relevant to determine those

tables and portions of them which are involved
in violation of ICs and relevant to the query.
Some interesting ideas in this direction can be
found in [22].

It is important to emphasize that we are not
interested in the repairs per se. In principle,
they are used as auxiliary means to charac-
terize the consistent answers. In [2], for re-
stricted classes of queries and ICs, it was pos-
sible to compute consistent answers by query
the original database alone. However appealing
to, complete or partial, computation of repairs,
becomes necessary in other cases. In these cir-
cumstances, we must minimize their computa-
tions or the amount of data involved in the pro-
cess. The emphasis should be on query answer-
ing and not on the computation of the repairs.

It is a problem that the state of art research
and implementations of stable model seman-
tics of logic programs are strong at computing
(some) stable models, but not at query answer-
ing. Full instantiation of the program should
be avoided as much as possible; and the sys-
tem should allow to pose open queries. In this
direction, recent research on magic sets tech-
niques for disjunctive logic programs under sta-
ble model semantics is encouraging [17, 26].
They would allow to reduce the amount of data
participating in query processing.

Another direction worth being explored con-
sists in caching previous results of consistent
query answering, trying to reuse them when
new queries for consistent answers are received;
this would avoid running more than desired a
stable model generator/evaluator.

7 Conclusions

In this paper we have presented research results
that go in the direction of providing mecha-
nisms, to be implemented as as part of the core
of a DBMS, that would allow a user to specify,
together with a query, a set of integrity con-
straints -that are not necessarilly maintained
by the DBMS- in such a way that the answers
to the queries obtained from the system are
consistent with the given semantic constraints.

Our approach uses some techniques from the
area knowledge representation. At the current
state of this line of research, the methodology
provably works for any class of �rst-order ICs
that contains universal constraints and acyclic
referential constraints.

11

The current approach considers null-value
based repairs under referential integrity con-
straints. Null values have a special treatment
with respect to satisfaction of ICs, and as a con-
sequence, they do not propagate in the repair
process. In [3, 5, 13], repairs of RICs using nor-
mal domain values are considered. This, under
cyclic sets of RICs, may lead to undecidability
of consistent query answering. It would be in-
teresting to study some sort of mixed approach,
and also the possibility of limited propagation
of null values. This is a direction that requires
further investigation.

The general complexity of our approach does
not exceed the intrinsic complexity of the prob-
lem of obtaining consistent query answers;
however, as previously discussed, still much ex-
citing research has to be done in terms of op-
timizing many aspects of the mechanisms, and
implementing them in real DBMSs.

Some of the concepts and techniques de-
veloped for consistently querying single rela-
tional databases, like those presented here,
have found applications in the context of vir-
tual data integration. There, global integrity
constraints are not maintained, and answers to
global queries that are consistent with those
constrains are expected to be returned by the
mediator [11, 12].

Connections between consistent query an-
swering, virtual data integration and query an-
swering in peer-to-peer data exchange systems
are established in [8]. Query answering from
a peer has to consider the data exchange con-
straints and trust relationships with the other
peers in the system.

Consistent query answering seem to have
natural connections with the area of data ex-
change, where the main problem is to transfer
data from a source database to a target schema
that may be di�erent from the schema of the
source. In consequence, mappings have to be
speci�ed in order to establish the relationship
between the data at the source and the data at
the target [23], and the process of data transfer
has to respect the formulas that express those
mappings. However, there are some di�erences
with CQA that deserve further investigation.
For example, it is usually the case that for
a given source instance, and in contrast with
CQA, there are in�nite instances at the target
that are “solutions” to the problem. The typ-
ical syntactic form of the exchange constraints

used to express the mappings causes that any
superset of a solution is also a solution, whereas
database repairs are always minimal.

On the other side, in data exchange some
techniques have have been developed to show
that some queries over the target schema are
not rewritable as a queries that, over a ma-
terialized target instance, give a result that is
semantically equivalent with the source [4]. It
is possible that some of those techniques could
be used to show that the consistent answers
to some queries cannot be expressed as a �rst-
order views over the underlying instance.
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¼.·�± ·�À?·�µ ¸RµPËA¼?·�± ·�À.·�µ ¸Rµ`± ³.·�±PÌ+´ ¾�Í ·�± ¸�Á�´ Ì�¸R°�´ °+± ¸RÁ�¹ ´ ± ÎJÏR¾�°?µ ± ¹ ·�´ °+± µRÐ�ÑJ½?¹PÀ.·�µ ´ Ï�·�µ µ ½?É�¶?± ´ ¾�°�¼?¸R¶.·�¹ ± µ
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± ³.·�±�Ì+´ ¾�Í ·�± ¸A± ³?¸RÉ�Ð`Ó�³?¸R¹ ¸R¿ ¾�¹ ¸�º+¼.·�± ·�À?·�µ ¸Rµ�µ ¸R¸RÉ�´ °.Á�Í Î"°?¸RÌ�¸R¹�À6¸RÏR¾�É"¸A´ °?ÏR¾�°.µ ´ µ ± ¸R°3±RÐ`×A¾<»�¸RÌ�¸R¹<º?»�¸
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µ ± ¹ ·�´ °+± µ`À.½?±Rº�»�³.¸R°�± ³.¸�µ ¾�½.¹ ÏR¸Rµ�·�¹ ¸�´ °+± ¸RÁ�¹ ·�± ¸R¼"± ¾�Á�¸R± ³?¸R¹<º3± ³.¸�ÏR¾�°?µ ± ¹ ·�´ °+± µ�É"·�Î�µ ± ¾�¶"± ¾A³.¾�Í ¼PÐPá.¾�¹
´ °?µ ± ·�°?ÏR¸�º6ÏR¾�°.µ ´ ¼.¸R¹A¼.´ â6¸R¹ ¸R°+±Rº)ÏR¾�°?ã.´ ÏR± ´ °.Á�·�¼?¼.¹ ¸Rµ µ ¸RµA¿ ¾�¹J± ³.¸�µ ·�É"¸"¶6¸R¹ µ ¾�°2´ °�± ³?¸"± ·�ä+¶.·<Î�¸R¹�·�°.¼
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¼.¸R¶)¸R°.¼?¸R°.ÏRÎ�Ð�ç�¾�¹ ¸RÌ�¸R¹<º`µ ´ °.ÏR¸"± ³.¸�µ ¾�½.¹ ÏR¸Rµ�·�¹ ¸"·�½.± ¾�°.¾�É"¾�½.µ�± ³?¸RÎ�ÏR·�°]°.¾�±�À6¸"µ ´ É�¶.Í Îæ?ä?¸R¼]± ¾
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*PÄ)ÈRÄ<ÜRÃ�Ú Â È ß2Æ Ä?Ç È Ù3Ú Æ Ç +�Â Ã�Ä?Å Ç Ú Û�Æ Ä.Ç ÅRà�å�Ì�¸R°�± ³?¾�½.Á�³�´ °3± ¸RÁ�¹ ´ ± Î�ÏR¾�°.µ ± ¹ ·�´ °+± µJÏR·�¶.± ½?¹ ¸"·�°�´ É"¶6¾�¹ Ô
± ·�°+±�¶?·�¹ ±J¾�¿�± ³.¸�µ ¸RÉ"·�°+± ´ ÏRµ�¾�¿�·�Á�´ Ì�¸R°²·�¶.¶?Í ´ ÏR·�± ´ ¾�°PºP± ³.¸RÎ�É"·<Î�µ ± ´ Í Í�¿ ·�´ Í�± ¾2À)¸�¸R°?¿ ¾�¹ ÏR¸R¼]¿ ¾�¹�·
Ì�·�¹ ´ ¸R± Î�¾�¿`¹ ¸R·�µ ¾�°?µ<Ð-,s¼.·�± ·�µ ¾�½?¹ ÏR¸AÉ�·<Î�À)¸A·"Í ¸RÁ�·�ÏRÎ�µ Î+µ ± ¸RÉ'± ³.·�±�¼.¾+¸Rµ�°?¾�±�µ ½.¶.¶)¾�¹ ±�± ³?¸A°.¾�± ´ ¾�°
¾�¿P´ °+± ¸RÁ�¹ ´ ± Î�Ï ³?¸RÏ Ö3´ °.Á"·�Í ± ¾�Á�¸R± ³.¸R¹RÐ�¯ °+± ¸RÁ�¹ ´ ± Î�Ï ³.¸RÏ Ö+´ °?Á"É�·<Î�À6¸�± ¾+¾"ÏR¾�µ ± Í Î/. ± ³.´ µ�´ µ�¾�¿ ± ¸R°± ³?¸J¹ ¸R·�Ô
µ ¾�°�¿ ¾�¹�¼?¹ ¾�¶?¶.´ °?ÁJµ ¾�É"¸A´ °+± ¸RÁ�¹ ´ ± Î"ÏR¾�°.µ ± ¹ ·�´ °+± µ�¿ ¹ ¾�É ± ³?¸A¼.·�± ·�À?·�µ ¸Aµ Ï ³?¸RÉ�·(0 Ð�á�´ °.·�Í Í Î�º3± ³.¸2143�ç65
´ ± µ ¸RÍ ¿`É"·<Îµ ½.¶?¶6¾�¹ ±�¾�°?Í Î�·"Í ´ É�´ ± ¸R¼ÏRÍ ·�µ µ�¾�¿`ÏR¾�°.µ ± ¹ ·�´ °+± µRÐ�á.¾�¹�¸ ä?·�É�¶?Í ¸�º'58749:�1�3�ç65± Î3¶.´ ÏR·�Í Í Î
µ ½?¶.¶)¾�¹ ±J¾�°.Í Î<;�È�+�¿ ½.°?ÏR± ´ ¾�°?·�Í�¼?¸R¶6¸R°?¼.¸R°?ÏR´ ¸Rµ<ºP°.¾�±�·�¹ À.´ ± ¹ ·�¹ Î�¾�°?¸Rµ<Ð2Ó�³.¸R¹ ¸R¿ ¾�¹ ¸�º�´ ¿�± ³.¸�¹ ¸RÍ ·�± ´ ¾�°.µ
´ °�·�¼.·�± ·�»�·�¹ ¸R³.¾�½?µ ¸�·�¹ ¸ß3ÈRÄ.Ã�Ú Þ"Û>= Æ ?�È ß"¿ ¾�¹A¸ @�ÏR´ ¸R°?ÏRÎ�¹ ¸R·�µ ¾�°.µRº6µ ¾�É�¸�¿ ½?°.ÏR± ´ ¾�°.·�ÍP¼.¸R¶)¸R°.¼?¸R°.ÏR´ ¸Rµ
É�·<Î�À6¸RÏR¾�É"¸�½?°.¸R°.¿ ¾�¹ ÏR¸R·�À.Í ¸�Ð
A.È<Þ2B?Ã�Ú Û�Ú +1Æ Ä)Â Ã�Ä+ÅRÆ ÅRÇ ÈRÄ.Â<Æ ÈRÅRà ¯ ±�É�·<Î�¾�¿ ± ¸R°1À6¸2± ³?¸2ÏR·�µ ¸�± ³?·�±�± ³.¸2¼.·�± ·�À?·�µ ¸2ÏR¾�°.µ ´ µ ± ¸R°?ÏRÎ

´ µ"¾�°?Í Î�± ¸RÉ�¶)¾�¹ ·�¹ ´ Í Î�Ì+´ ¾�Í ·�± ¸R¼�·�°.¼�¿ ½?¹ ± ³.¸R¹�½.¶)¼.·�± ¸Rµ"¾�¹"± ¹ ·�°.µ ·�ÏR± ´ ¾�°.µ"·�¹ ¸¸ ä?¶)¸RÏR± ¸R¼�± ¾�¹ ¸Rµ ± ¾�¹ ¸
´ ±RÐ"Ó�³.´ µJ¶.³.¸R°?¾�É�¸R°?¾�°�´ µJÀ)¸RÏR¾�É�´ °?ÁÉ�¾�¹ ¸"·�°.¼]É"¾�¹ ¸"ÏR¾�É�É�¾�°6ºP·�µ�¼.·�± ·�À?·�µ ¸Rµ�·�¹ ¸"´ °?ÏR¹ ¸R·�µ ´ °.Á�Í Î
´ °3Ì�¾�Í Ì�¸R¼�´ °·�Ì�·�¹ ´ ¸R± Î�¾�¿`Í ¾�°?Á�Ô ¹ ½.°?°.´ °.Á�·�ÏR± ´ Ì+´ ± ´ ¸Rµ�¾�¹�C�Ã�Ú ; D�Ã>C`Å Ð
E Ã�Ä�D�Æ Â<ÇJÚ ÈRÅRÃ�= Ý?Ç Æ Ã�Ä)à6F�¸RÉ�¾<Ì+´ °.Á2± ½?¶.Í ¸Rµ�¿ ¹ ¾�ÉÒ·2¼.·�± ·�À?·�µ ¸�± ¾2¹ ¸Rµ ± ¾�¹ ¸�ÏR¾�°?µ ´ µ ± ¸R°.ÏRÎ�Í ¸R·�¼.µ�± ¾

´ °?¿ ¾�¹ É"·�± ´ ¾�°�Í ¾�µ µ<º)»�³.´ Ï ³�É�·<Î�À)¸�½.°.¼?¸Rµ ´ ¹ ·�À.Í ¸�Ð�á?¾�¹J¸ ä?·�É"¶.Í ¸�º6¾�°?¸�É�·<Î�»�·�°+±J± ¾�Ö�¸R¸R¶2É�½.Í ± ´ ¶.Í ¸
·�¼.¼?¹ ¸Rµ µ ¸Rµ�¿ ¾�¹�·2¶6¸R¹ µ ¾�°²´ ¿�´ ±�´ µ�°?¾�±�ÏRÍ ¸R·�¹�»�³?´ Ï ³]´ µ�± ³?¸�ÏR¾�¹ ¹ ¸RÏR±�¾�°.¸�Ð2¯ °²Á�¸R°.¸R¹ ·�Í º�± ³.¸�¶?¹ ¾+ÏR¸Rµ µ
¾�¿`ÏR¾�°?ã)´ ÏR±�¹ ¸Rµ ¾�Í ½.± ´ ¾�°É�·<Î�À6¸JÏR¾�É"¶.Í ¸ ä)º?ÏR¾�µ ± Í Î�º.·�°?¼�°.¾�°+Ô ¼.¸R± ¸R¹ É�´ °?´ µ ± ´ Ï�Ð`¯ °¹ ¸R·�Í Ô ± ´ É�¸J¼?¸RÏR´ µ ´ ¾�°?Ô
É�·�Ö3´ °.Á�·�¶.¶.Í ´ ÏR·�± ´ ¾�°.µ<º�± ³?¸R¹ ¸�É�·<Î²°?¾�±"À)¸�¸R°.¾�½?Á�³�± ´ É"¸± ¾�¹ ¸Rµ ¾�Í Ì�¸�·�Í Í�ÏR¾�°?ã.´ ÏR± µ�¹ ¸RÍ ¸RÌ�·�°+±"± ¾�·
G ½?¸R¹ Î�Ð
ÓP¾J¿ ¾�¹ É�·�Í ´ HR¸�± ³?¸�°.¾�± ´ ¾�°"¾�¿?ÏR¾�°.µ ´ µ ± ¸R°+±`´ °?¿ ¾�¹ É"·�± ´ ¾�°�¾�À.± ·�´ °.¸R¼�¿ ¹ ¾�Ém·I. ¶6¾�µ µ ´ À?Í ÎA´ °.ÏR¾�°?µ ´ µ ± ¸R°+± 0

¼.·�± ·�À?·�µ ¸�´ °�¹ ¸Rµ ¶)¾�°.µ ¸"± ¾2·½.µ ¸R¹ G ½?¸R¹ Î�ºP»�¸�¶?¹ ¾�¶)¾�µ ¸R¼�´ °KJ L�M�± ³.¸"°.¾�± ´ ¾�°�¾�¿�·]Â Ã�Ä?Å Æ Å Ç ÈRÄ.Ç4NRÝ.ÈRÚ +
Û�Ä+Å C�È<Ú ÐO,sÏR¾�°.µ ´ µ ± ¸R°+±�·�°?µ »�¸R¹�´ µRº?´ °+± ½.´ ± ´ Ì�¸RÍ Î�º+± ¹ ½?¸J¹ ¸RÁ�·�¹ ¼?Í ¸Rµ µ�¾�¿`± ³.¸J»�·�Î�± ³.¸J¼?·�± ·�À.·�µ ¸�´ µ�æ?ä?¸R¼
± ¾²¹ ¸RÉ�¾<Ì�¸�ÏR¾�°?µ ± ¹ ·�´ °+±�Ì+´ ¾�Í ·�± ´ ¾�°?µ<ÐXÓ�³+½?µ�·�°?µ »�¸R¹�ÏR¾�°.µ ´ µ ± ¸R°?ÏRÎ�µ ¸R¹ Ì�¸Rµ�·�µ�·�°1´ °?¼.´ ÏR·�± ´ ¾�°�¾�¿J´ ± µ
¹ ¸RÍ ´ ·�À?´ Í ´ ± Î�Ð�Ó�³?¸"¼.´ â6¸R¹ ¸R°+±J»�·<Î+µ�¾�¿�æ.ä?´ °.Á·�°]´ °?ÏR¾�°.µ ´ µ ± ¸R°3±J¼.·�± ·�À.·�µ ¸�·�¹ ¸�¿ ¾�¹ É"·�Í ´ HR¸R¼]½.µ ´ °?Á± ³.¸
°.¾�± ´ ¾�°�¾�¿�Ú È B+Û�Æ Ú P�·�°.¾�± ³?¸R¹�¼.·�± ·�À?·�µ ¸�± ³.·�±�´ µ�ÏR¾�°.µ ´ µ ± ¸R°3±�·�°?¼�É�´ °?´ É"·�Í Í ÎJ¼?´ â6¸R¹ µ�¿ ¹ ¾�Éb± ³.¸�¾�¹ ´ Á�´ °.·�Í
¼.·�± ·�À?·�µ ¸�Ð
á?¾�¹�´ °.µ ± ·�°.ÏR¸�º�´ °�± ³?¸�ÏR·�µ ¸�¾�¿?É�½?Í ± ´ ¶.Í ¸`·�¼.¼?¹ ¸Rµ µ ¸Rµ`¾�¿?·�µ ´ °.Á�Í ¸�¶)¸R¹ µ ¾�°6º<¾�°.¸�ÏR·�°"µ ± ´ Í Í�ÏR¾�°.µ ´ µ ± ¸R°+± Í Î

¼.¸R± ¸R¹ É�´ °.¸"± ³.¸"·�¼?¼.¹ ¸Rµ µ ¸RµJ¾�¿�± ³?¾�µ ¸"¶6¸R¾�¶?Í ¸"»�³?¾³.·<Ì�¸�¾�°.Í Î2·µ ´ °.Á�Í ¸"·�¼?¼.¹ ¸Rµ µJ´ °�± ³?¸�´ °+± ¸RÁ�¹ ·�± ¸R¼
¼.·�± ·�À?·�µ ¸�Ð�ÑJ¹<º3É�¾�¹ ¸A´ °3± ¸R¹ ¸Rµ ± ´ °.Á�Í Î�º+´ ¿6·�Í Í)± ½?¶.Í ¸Rµ�¿ ¾�¹�± ³.¸Aµ ·�É"¸J¶)¸R¹ µ ¾�°�³.·<Ì�¸J± ³.¸Aµ ·�É"¸JÀ?´ ¹ ± ³.¼.·�± ¸�º
± ³.¸R°± ³?¸JÀ?´ ¹ ± ³.¼.·�± ¸�ÏR·�°�À)¸A¹ ¸R± ½?¹ °.¸R¼�·�µ�·�ÏR¾�°.µ ´ µ ± ¸R°+±�·�°.µ »�¸R¹<º+·�Í ± ³?¾�½.Á�³± ³.¸R¹ ¸JÉ"·<Î�À6¸�É�½.Í ± ´ ¶.Í ¸
ÏR¾�°?ã.´ ÏR± ´ °.Á]·�¼.¼?¹ ¸Rµ µ ¸Rµ<ÐQ,AÍ µ ¾?º�± ³.¸2¼?´ â6¸R¹ ¸R°+±�·�¼.¼?¹ ¸Rµ µ ¸Rµ�É�·<Î�³.·<Ì�¸�·²ÏR¾�É�É"¾�°X¶.·�¹ ±RºA¸�Ð Á?Ð º�± ³.¸
µ ± ·�± ¸�°.·�É"¸�º6± ³?·�±JÏR·�°2À)¸�ÏR¾�°?µ ´ µ ± ¸R°+± Í Î�¹ ¸R± ½?¹ °?¸R¼2·�°?¼�»�´ Í ÍPµ ½R@�ÏR¸�¿ ¾�¹Aµ ¾�É"¸ G ½?¸R¹ ´ ¸Rµ<º.¸�Ð Á?Ð º6± ³.¾�µ ¸
ÏR¾�°.ÏR¸R¹ °.¸R¼»�´ ± ³�± ·�ä?·�± ´ ¾�°PÐ�Ó�³.¸Rµ ¸A¸ ä?·�É"¶.Í ¸Rµ�µ ³?¾<»X± ³?·�±�µ ´ É"¶.Í Î"¼?´ µ ÏR·�¹ ¼.´ °.Á�ÏR¾�°+ã)´ ÏR± ´ °.Á�¼?·�± ·"»�´ Í Í
Í ¸R·�¼± ¾�´ °.¿ ¾�¹ É�·�± ´ ¾�°Í ¾�µ µRÐ
¯ °SJ L�M º)´ °�·�¼?¼.´ ± ´ ¾�°�± ¾�·�¿ ¾�¹ É�·�Í`¼?¸ æ)°?´ ± ´ ¾�°¾�¿�·�ÏR¾�°.µ ´ µ ± ¸R°+± G ½.¸R¹ Î·�°?µ »�¸R¹Rº)·�ÏR¾�É�¶.½?± ·�± ´ ¾�°?·�Í

É�¸RÏ ³?·�°.´ µ Éb¿ ¾�¹�¾�À.± ·�´ °.´ °?ÁJµ ½.Ï ³�·�°?µ »�¸R¹ µ�»�·�µ�¶?¹ ¸Rµ ¸R°3± ¸R¼PÐ`×A¾<»�¸RÌ�¸R¹<º+± ³.¸ G ½.¸R¹ ´ ¸Rµ�ÏR¾�°.µ ´ ¼?¸R¹ ¸R¼"»�¸R¹ ¸T ½?µ ±VU�Ú Å Ç W Ã�Ú ß3ÈRÚ2N<Ý?ÈRÚ Æ È Å Ð`×A¸R¹ ¸�»�¸�·�¼.¼.¹ ¸Rµ µ`´ °�± ³.¸�µ ·�É�¸�ÏR¾�°+± ¸ ä?±�± ³.¸�´ µ µ ½?¸�¾�¿`ÛRÙ<Ù3Ú È Ù3Û�Ç Æ Ã�ÄXNRÝ.ÈRÚ Æ È Å Ð
,AÁ�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ ´ ¸Rµ�·�¹ ¸J´ É"¶6¾�¹ ± ·�°+±�´ °�Ñ49�,�Y�·�°.¼�¼.·�± ·"»�·�¹ ¸R³?¾�½.µ ´ °.Á�Ë�¶?¹ ¸RÏR´ µ ¸RÍ Î�± ³.¸JÏR¾�°+± ¸ ä?±
´ °²»�³?´ Ï ³²´ °.ÏR¾�°?µ ´ µ ± ¸R°+±�¼?·�± ·�À.·�µ ¸Rµ�É�·<Î²¾3ÏRÏR½.¹Z. µ ¸R¸·�À)¾<Ì�¸�0 ÐS[�¸Í ´ É�´ ±Rº`³.¾<»�¸RÌ�¸R¹Rº�¾�½.¹ µ ¸RÍ Ì�¸Rµ"± ¾
µ ´ °.Á�Í ¸J¹ ¸RÍ ·�± ´ ¾�°?µ�± ³.·�±�¶6¾�µ µ ´ À?Í Î"Ì+´ ¾�Í ·�± ¸J·�Á�´ Ì�¸R°�µ ¸R±�¾�¿�¿ ½?°.ÏR± ´ ¾�°.·�Í6¼.¸R¶)¸R°.¼?¸R°.ÏR´ ¸Rµ�. á1Jµ 0 Ð
¯ °�¼?¸ æ)°?´ °.Á�ÏR¾�°?µ ´ µ ± ¸R°+±P·�°.µ »�¸R¹ µP± ¾A·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ ´ ¸Rµ`»�¸�¼?´ µ ± ´ °.Á�½?´ µ ³JÀ)¸R± »�¸R¸R° G ½?¸R¹ ´ ¸RµP»�´ ± ³

ÅRÂ Û>= Û�ÚJ·�°?¼�Û<Ù<Ù�Ú È Ù+Û�Ç Æ Ã�Ä�¿ ½.°?ÏR± ´ ¾�°.µRÐ�Ó�³.¸�¿ ¾�¹ É"¸R¹J¹ ¸R± ½.¹ °�·µ ´ °.Á�Í ¸�Ì�·�Í ½?¸"¿ ¾�¹J± ³?¸"¸R°+± ´ ¹ ¸"¹ ¸RÍ ·�± ´ ¾�°PÐ
Ó�³?¸�Í ·�± ± ¸R¹"¶6¸R¹ ¿ ¾�¹ ÉÒÁ�¹ ¾�½.¶?´ °?Á2¾�°�·�°�·�± ± ¹ ´ À.½.± ¸/. ¾�¹�·2µ ¸R±"¾�¿�·�± ± ¹ ´ À.½.± ¸Rµ 0�·�°?¼�¹ ¸R± ½.¹ °�·2µ ´ °.Á�Í ¸
Ì�·�Í ½.¸�¿ ¾�¹A¸R·�Ï ³�Á�¹ ¾�½.¶PÐO3�¾�± ³2Ö+´ °?¼.µ�¾�¿ G ½.¸R¹ ´ ¸Rµ�½?µ ¸�± ³.¸Jµ ·�É"¸�µ ± ·�°?¼.·�¹ ¼µ ¸R±A¾�¿\587496Ô :"·�Á�Á�¹ ¸RÁ�·�± ¸
¾�¶)¸R¹ ·�± ¾�¹ µ�P�]%^�_.º�]8`Ra)º�bRc>d8_Re.º>f�dR]6º�·�°?¼I`Rg(h)Ð�¯ °�± ³.´ µ�¶?·�¶6¸R¹Rº�»�¸�·�¼.¼?¹ ¸Rµ µ�¾�°?Í Î�ÛRÙ<Ù3Ú È Ù3Û�Ç Æ Ã�ÄXNRÝ.ÈRÚ Æ È Å
C�Æ Ç i�ÅRÂ Û�= Û�Ú�Ü Ý?Ä.ÂRÇ Æ Ã�Ä+Å<à
j�k%l'm�n-o p�q E Ã�Ä?Å Æ ß�ÈRÚ�Ç i?ÈAÜRÃ>= = Ã>C�Æ Ä3Ù]È r3Û�Þ2B'= È<à6s)Ý�B(B?Ã<ÅRÈ�Ç i+ÈÚ È Å ÝR= Ç ÅÃ ÜÛ�Ä�È�= È Â<Ç Æ Ã�Ä�Æ Ä<Ci+Æ Â i
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Ç C�ÃÂ Û�Ä.ß�Æ ß�Û�Ç È Å tOu�Ú Ã>C�Ä]Û�Ä.ß6v�Ú È ÈRÄ]Û�Ú È"Ú Ý+Ä.Ä?Æ Ä+Ù�t�Û�Ú È�;�È B)Ç�Æ Ä�Ç C�Ã�Ú È�= Û�Ç Æ Ã�Ä?Å�w�3�¹ ¾<»�°Vx�¾�± ¸Rµ�Û�Ä)ß
y ¹ ¸R¸R°Vx�¾�± ¸Rµ<à

3�¹ ¾<»�°8x�¾�± ¸Rµ
E Ã�Ý+Ä.Ç +{z�Û�Ç È|A)Û�= = +
} ~>~ �'�8��� �'~
} ~>~ �'~(~��>�(�
u ~>~ �'�8���(�>�

y ¹ ¸R¸R°Vx�¾�± ¸Rµ
E Ã�Ý?Ä?Ç +{z�Û�Ç È|A)Û�= = +
} ~>~ �%�R���(���
} ~>~ �%~>~����(�
u ~>~ �%�R��~(�>~

�?Ã�Ç È�Ç Û�= = Æ È Å�Æ Ä]È���ÈRÚ +�Â Ã�Ý+Ä.Ç +�Å i+Ã�ÝR= ßZ� È�Ý+Ä.Æ NRÝ?È�à E Ã�Ä+Å<È NRÝ?È<Ä?Ç = +�t�Ç i?È�Ü Ý+Ä)ÂRÇ Æ Ã�Ä)Û�=�ß3È B?ÈRÄ.ß3ÈRÄ)Â�+
E Ã�Ý+Ä.Ç +���A)Û>= = +2Å i+Ã�ÝR= ß6i?Ã�= ß�Æ Ä�� Ã�Ç i�Ú È�= Û�Ç Æ Ã�Ä?ÅRà���Ä�Ç i+È�Ã�Ç i?ÈRÚ�i?Û�Ä)ß�t�C�ÈÞ�Û�+6C�Û�Ä.Ç�Ç Ã/;�È È B
Þ�Ý8= Ç Æ B'= È�Ç Û�= = Æ È ÅJÂ Ã�Ú Ú ÈRÅ B+Ã�Ä)ß�Æ Ä+Ù�Ç Ã�ß�Æ �AÈRÚ ÈRÄ.Ç�Â Ã�Ý+Ä.Ç ÅI� Û�Ä.ß"Ú È Â Ã�Ý?Ä?Ç Å �3à E = È Û�Ú = +�t\� Ã�Ç iÚ È�= Û�Ç Æ Ã�Ä+Å�C�Æ = =
i?Û���È�Ç C�Ã�Ú È B?Û�Æ Ú Å�È Û3Â i>tJß3È B+È<Ä.ß�Æ Ä3Ù�Ã�Ä<Ci?ÈRÇ i+È<Ú"Ç i+È2U�Ú ÅRÇAÃ�Ú"Ç i?È"ÅRÈ Â Ã�Ä)ß2Â Ã�Ý+Ä.Ç6ÜRÃ�Ú�Â Ã�Ý+Ä.Ç + } Æ Å
B)Æ Â�;�È ß3à } = Ç Ã Ù3ÈRÇ i?ÈRÚ t�Ç i+È"Ã�Ú Æ Ù�Æ Ä.Û>=Pß3Û�Ç Û>� Û�ÅRÈ�i?Û�Å�Ç i+Ý3Å�ÜRÃ�Ý+Ú�Ú È B+Û�Æ Ú Å<à
A�i+ÈÇ Ã�Ç Û>=�Ç Û�= = +"ÜRÃ�Ú�u�Ú Ã�C�Ä1Æ ÅX� �V� Æ Ä1Ã�Ä.ÈÚ È B?Û�Æ Ú�Û�Ä)ß6� �>� Æ Ä�Ç i?È�Ã�Ç i+ÈRÚRà<�PÃ�Ú6v�Ú È ÈRÄ8t�Ç i?È

Â Ã�Ú Ú ÈRÅ B+Ã�Ä)ß�Æ Ä+Ù�U`Ù�Ý+Ú È Å"Û�Ú È ����� Û�Ä.ß
� �R~ àJØ Ç�Æ Å�Â�= È Û�Ú�Ç i?Û�Ç�Ç i?ÈRÚ È�Æ Å�Ä.Ã�ÅRÆ Ä+Ù>= È�Â Ã�Ä?Å Æ Å Ç ÈRÄ.Ç�Û�Ä+Å C�È<Ú
Ç Ã�Ç i?È"Û<Ù<Ù�Ú È Ù3Û�Ç Æ Ã�Ä<NRÝ?È<Ú +(w
f(�R�(�8b(e�f>dR]\� eR�R�R�(�' 
¡(¢ c�]�£R¤8¥>¦R§Rg8¥(¨8©Vª
Û�Ä.ß�Ç i?È�ÅRÛ�Þ"È�i+Ã>= ß<Å�ÜRÃ�Ú�Ç i+È�Å Æ Þ�Æ = Û�Ú�NRÝ?È<Ú +�Æ Ä8��Ã�= �<Æ Ä+Ù�Ç i+È�Ú È�= Û�Ç Æ Ã�Ä y ¹ ¸R¸R°8x�¾�± ¸Rµ�à�A�i?ÈRÚ È ÜRÃ�Ú È t�Ç i?È
Ä)Ã�Ç Æ Ã�Ä2Ã ÜJÂ Ã�Ä?Å Æ Å Ç ÈRÄ.Ç\NRÝ.ÈRÚ +"Û�Ä+Å�C�ÈRÚ`Ü Ú Ã�Þ¬« �  Ä.È È ß<ÅJÇ Ã�� È�Û3ß�Û B.Ç È ß�Æ ÄÇ i?È�Â Ã�Ä.Ç È r�Ç�Ã ÜJÛ<Ù<Ù�Ú È Ù3Û�Ç Æ Ã�Ä
NRÝ.ÈRÚ Æ ÈRÅRà2�PÃ�Ú�Å Ý?Â i/N<Ý?ÈRÚ Æ È Å tOC�È2B)Ú Ã B?Ã�ÅRÈ�Ç Ã�Ú È<Ç Ý+Ú Ä¹ ·�°.Á�¸Rµ�Ã Ü���Û�= Ý?ÈRÅ�w2« � �V� t � �>�  Ü Ã�Ú�uAÚ Ã>C�Ä²Û�Ä)ß
« ����� t � �R~  Ü Ã�Ú�v�Ú È ÈRÄ.à�®�Ã�Ç È�Ç i?Û�Ç�Æ Ä2Ç i+Æ Å"Â Û�ÅRÈIC�È"Â Û�Ä2Å<Û ÜRÈ�= +�ÅRÛ>+�Ç i?Û�Ç\u�Ú Ã�C�Ä�C�Ã�Ä�Ç i+È"È�= È Â<Ç Æ Ã�Ä8t
Å Æ Ä)Â È�Ç i+È�Þ"Æ Ä?Æ Þ�Ý?Þ¯��Ã�Ç È�ÜRÃ�Ú�u�Ú Ã>C�Ä�Æ ÅAÙ3Ú È Û�Ç ÈRÚ�Ç i+Û�Ä2Ç i?È�Þ"Û�r�Æ Þ�Ý?Þ¯��Ã�Ç È�ÜRÃ�ÚIv�Ú È ÈRÄ)à °
Ó�³.¸�¶.Í ·�°�¾�¿�± ³.¸�¶.·�¶)¸R¹"´ µ�·�µ"¿ ¾�Í Í ¾<»�µRÐ²¯ °K5+¸RÏR± ´ ¾�°K:+º�»�¸¶.¹ ¾<Ì+´ ¼?¸�·�Á�¸R°.¸R¹ ·�Í�¼.¸ æ)°?´ ± ´ ¾�°²¾�¿

ÏR¾�°.µ ´ µ ± ¸R°+±�·�°.µ »�¸R¹A± ¾�·�°2·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ Î»�´ ± ³�·�µ ÏR·�Í ·�¹A¿ ½.°.ÏR± ´ ¾�°PÐ±[�¸�·�Í µ ¾�¼.¸ æ.°.¸�·�Á�¹ ·�¶?³?Ô
± ³.¸R¾�¹ ¸R± ´ ÏR·�ÍA¹ ¸R¶.¹ ¸Rµ ¸R°+± ·�± ´ ¾�°X¾�¿J¼?·�± ·�À.·�µ ¸�¹ ¸R¶.·�´ ¹ µRº�»�³.´ Ï ³�´ µ�µ ¶6¸RÏR´ æ)ÏR·�Í Í Î]Á�¸R·�¹ ¸R¼1± ¾�»�·�¹ ¼.µ�á1JµRÐ
¯ °S5?¸RÏR± ´ ¾�°�L+º�»�¸�µ ± ½.¼?Î]¼.·�± ·�ÏR¾�É�¶?Í ¸ ä?´ ± Î]¾�¿A± ³?¸¶?¹ ¾�À.Í ¸RÉ ¾�¿�ÏR¾�É"¶.½.± ´ °.Á2ÏR¾�°.µ ´ µ ± ¸R°3±"·�°?µ »�¸R¹ µ
± ¾�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸Rµ�´ °�´ °.ÏR¾�°?µ ´ µ ± ¸R°+±A¼.·�± ·�À?·�µ ¸Rµ<Ð�¯ °�5+¸RÏR± ´ ¾�°6²?º`»�¸"µ ³?¾<» ³?¾<»b± ¾�¹ ¸R¼.½?ÏR¸"´ °
¶.¹ ·�ÏR± ´ ÏR¸�± ³.¸�ÏR¾�É"¶.½?± ·�± ´ ¾�°.·�Í3ÏR¾�µ ±P¾�¿+ÏR¾�É�¶.½?± ´ °?Á�µ ½.Ï ³�·�°.µ »�¸R¹ µ6À+ÎA¼.¸RÏR¾�É�¶)¾�µ ´ °.Á�± ³?¸�ÏR¾�É�¶?½.± ·�± ´ ¾�°
´ °3± ¾�± »�¾�¶.·�¹ ± µ�PP¾�°?¸�± ³?·�±`´ °+Ì�¾�Í Ì�¸RµPµ ± ·�°.¼.·�¹ ¼�¹ ¸RÍ ·�± ´ ¾�°?·�Í G ½?¸R¹ ÎA¸RÌ<·�Í ½.·�± ´ ¾�°�·�°.¼�¾�°?¸�± ³?·�±`ÏR¾�É"¶.½?± ¸Rµ
± ³.¸�ÏR¾�°?µ ´ µ ± ¸R°+±�·�°?µ »�¸R¹ µ�´ °�·�µ É�·�Í Í ¸R¹�´ °.µ ± ·�°?ÏR¸�Ð�¯ °/5?¸RÏR± ´ ¾�°6³+º.»�¸�µ ³?¾�»s± ³?·�±A± ³?¸�ÏR¾�É�¶.Í ¸ ä?´ ± Î�¾�¿
ÏR¾�É�¶?½.± ´ °.Á�ÏR¾�°?µ ´ µ ± ¸R°+±A·�°?µ »�¸R¹ µAÏR·�°2À6¸J¹ ¸R¼.½?ÏR¸R¼2À+Î¸ ä?¶?Í ¾�´ ± ´ °.Á"µ ¶)¸RÏR´ ·�Í6¶.¹ ¾�¶)¸R¹ ± ´ ¸Rµ�¾�¿�± ³.¸�Á�´ Ì�¸R°
µ ¸R±�¾�¿`á1Jµ�¾�¹�± ³.¸JÁ�´ Ì�¸R°2´ °.µ ± ·�°.ÏR¸Rµ<Ð�¯ °/5?¸RÏR± ´ ¾�°/´�»�¸J¼.´ µ ÏR½.µ µ�¹ ¸RÍ ·�± ¸R¼�·�°.¼¿ ½.¹ ± ³.¸R¹�»�¾�¹ Ö)Ð

µ·¶�¸±¹)® »º'ª�¨)® ªA§I¹
¯ °�± ³?´ µ�¶?·�¶6¸R¹�»�¸A·�µ µ ½.É"¸A± ³.·�±�»�¸J³?·�Ì�¸A·�æ?ä?¸R¼�¼.·�± ·�À?·�µ ¸Aµ Ï ³.¸RÉ"·"ÏR¾�°3± ·�´ °.´ °.Á�¾�°.Í Î�¾�°?¸A¹ ¸RÍ ·�± ´ ¾�°
µ Ï ³?¸RÉ�·�¼ »�´ ± ³�± ³.¸Jµ ¸R±�¾�¿�·�± ± ¹ ´ À.½?± ¸Rµ4½�ÐO[�¸�»�´ Í Í)¼.¸R°?¾�± ¸�¸RÍ ¸RÉ"¸R°+± µ�¾�¿O½mÀ+ÎX¾�¿ ÀX¿�Á�Á�Á<º.µ ½.À?µ ¸R± µ
¾�¿�½ À+Î�Â/¿ Ã\¿�Á�Á�Á�º�·�°.¼�± ³.¸�½.°?´ ¾�°²¾�¿�Â
·�°?¼SÃÕÀ+Î�ÂZÃÐ�[�¸·�Í µ ¾�³?·<Ì�¸± »�¾�æ.ä+¸R¼Pº�¼.´ µ T ¾�´ °+±
´ °+æ)°?´ ± ¸�¼.·�± ·�À.·�µ ¸�¼.¾�É�·�´ °.µ�PZÄÅ. ½.°.´ °+± ¸R¹ ¶?¹ ¸R± ¸R¼�ÏR¾�°.µ ± ·�°3± µ 0"·�°.¼KÆÇ. ¹ ·�± ´ ¾�°?·�Í�°+½.É�À)¸R¹ µ 0 ÐK[�¸
·�µ µ ½.É"¸2± ³?·�±¸RÍ ¸RÉ�¸R°+± µ�¾�¿J± ³.¸�¼.¾�É�·�´ °.µ�»�´ ± ³�¼.´ â6¸R¹ ¸R°3±�°?·�É�¸Rµ�·�¹ ¸2¼?´ â6¸R¹ ¸R°+±RÐsÓ�³?¸2¼?·�± ·�À.·�µ ¸
´ °?µ ± ·�°?ÏR¸RµÏR·�°XÀ)¸2µ ¸R¸R°1·�µ�æ)°?´ ± ¸æ)¹ µ ± Ô ¾�¹ ¼.¸R¹�µ ± ¹ ½?ÏR± ½.¹ ¸Rµ± ³?·�±µ ³.·�¹ ¸�± ³.¸2¼.¾�É�·�´ °.µ
ÄÊ·�°.¼�Æ²Ð
å�Ì�¸R¹ Î�·�± ± ¹ ´ À.½.± ¸J´ °/½ ´ µ�± Î3¶6¸R¼6º.± ³+½?µA·�Í ÍP± ³?¸�´ °?µ ± ·�°?ÏR¸RµA¾�¿¼bÏR·�°�ÏR¾�°+± ·�´ °2¾�°.Í Î�¸RÍ ¸RÉ"¸R°+± µ�¸R´ ± ³?¸R¹
¾�¿%Ä'¾�¹�¾�¿%Æ ´ °�·�µ ´ °.Á�Í ¸�·�± ± ¹ ´ À.½?± ¸�Ð\5+´ °.ÏR¸�¸R·�Ï ³�´ °.µ ± ·�°.ÏR¸�´ µ�æ)°.´ ± ¸�º3´ ±�³.·�µ�·Jæ.°.´ ± ¸�·�ÏR± ´ Ì�¸A¼.¾�É"·�´ °
»�³?´ Ï ³2´ µJ·�µ ½?À.µ ¸R±�¾�¿\Ä¬ÈZÆ²Ð4,�µJ½.µ ½?·�Í º)»�¸"·�Í Í ¾<» À?½.´ Í ± Ô ´ °¶.¹ ¸R¼.´ ÏR·�± ¸RµI. ÉI¿>ÊÉ�¿�Ë�¿�Ì4¿�Í�¿�Î�0A¾<Ì�¸R¹

L

Æ ± ³.·�±�³.·<Ì�¸�´ °+æ)°.´ ± ¸�º6æ?ä?¸R¼]¸ ä?± ¸R°?µ ´ ¾�°.µ<Ð�Ó�³.¸R¹ ¸�´ µ�·�Í µ ¾�·�µ ¸R±�¾�¿�´ °+± ¸RÁ�¹ ´ ± Î2ÏR¾�°.µ ± ¹ ·�´ °+± µ�Ï ¾<Ì�¸R¹
¼ ± ³?·�±JÏR·�¶?± ½.¹ ¸RµJ± ³?¸"µ ¸RÉ�·�°+± ´ ÏRµJ¾�¿�± ³?¸"¼?·�± ·�À.·�µ ¸�ÐJå�Ð Á?Ð ºP´ ±�É�·<Î�¸ ä?¶.¹ ¸Rµ µA± ³.¸�¶.¹ ¾�¶)¸R¹ ± Î± ³.·�±A·�°
¸RÉ�¶?Í ¾<Î�¸R¸�³?·�µA¾�°?Í Î�·�µ ´ °.Á�Í ¸Jµ ·�Í ·�¹ Î�Ð�Ó�³.¸J´ °?µ ± ·�°.ÏR¸Rµ�¾�¿�± ³?¸�¼.·�± ·�À?·�µ ¸�¼?¾�°?¾�±A³?·<Ì�¸�± ¾�µ ·�± ´ µ ¿ Î
Ï�Ð
,s¼.·�± ·�À?·�µ ¸�± ³?·�±�µ ·�± ´ µ æ)¸Rµ�·�Á�´ Ì�¸R°µ ¸R±�¾�¿P´ °3± ¸RÁ�¹ ´ ± Î�ÏR¾�°?µ ± ¹ ·�´ °+± µ±Ï"º?¼.¸R°.¾�± ¸R¼À3Î
ÐIÑ É�Ï"º?´ µ�ÏR·�Í Í ¸R¼
Â Ã�Ä+ÅRÆ ÅRÇ ÈRÄ?Ç º6¾�± ³?¸R¹ »�´ µ ¸"Æ Ä)Â Ã�Ä+Å Æ Å Ç È<Ä?Ç ÐA¯ °�± ³.´ µ�¶.·�¶)¸R¹A»�¸�ÏR¾�°?µ ´ ¼.¸R¹�¾�°.Í Î´ °+± ¸RÁ�¹ ´ ± ÎÏR¾�°+± ¹ ·�´ °+± µA± ³?·�±
·�¹ ¸�Ü Ý+Ä)ÂRÇ Æ Ã�Ä.Û>=Pß3È B?ÈRÄ)ß�ÈRÄ)ÂRÆ È Å�. á1Aµ 0 Ð
Ò-Ó Ô r2,.U�&PZ (35
Ó�³?¸J¿ ¾�Í Í ¾<»�´ °?Á"¼?¸ æ)°?´ ± ´ ¾�°?µ�·�¹ ¸J·�¼.·�¶?± ¸R¼2¿ ¹ ¾�ÉÕJ L�M Ð
ÖXpR×-Ø�Ù Ú�Ù Û'Ø�q��PÃ�Ú�Ç i+È�Æ Ä?Å Ç Û�Ä)Â È Å2Ð�¿ Ð>Ü ¿ Ð�Ü Üt�Ð>Ü'Í±ÝOÐ�Ü Ü�Æ Ü±Ð4Þ6Ð>ÜVßKÐ�Þ6Ð>Ü Ü à °
ÖXpR×-Ø�Ù Ú�Ù Û'Ø�à¯v�Æ ��ÈRÄ�Û�ÅRÈ<ÇJÃ Ü�Æ Ä?Ç È Ù3Ú Æ Ç +�Â Ã�Ä+ÅRÇ Ú Û�Æ Ä?Ç ÅIÏ Û�Ä.ß�ß3Û�Ç Û>� Û�ÅRÈ�Æ Ä+ÅRÇ Û�Ä)Â È Å�Ð�Û�Ä)ß
Ð�Ü t4C�È
ÅRÛ>+�Ç i+Û�ÇÐ>Ü�Æ Å�Û�¹ ¸R¶?·�´ ¹"Ã Ü2ÐZC�à ÚRà Ç à2Ï Æ Ü±Ð>Ü8áXÏÒÛ�Ä)ß�Ð�Ü�Æ Å�Í±Ý�W Þ�Æ Ä.Æ Þ"Û>=PÆ Ä2Ç i?È"Â�= Û<Å Å"Ã Ü�ß�Û�Ç Û(� Û<Å<È
Æ Ä+ÅRÇ Û�Ä)Â È Å�Ç i+Û�Ç�ÅRÛ�Ç Æ Å Ü +�Ï�à °
[�¸�¼.¸R°?¾�± ¸"À3ÎZâ�È B?Û�Æ Ú Å�ã±. Ð>0�± ³.¸�µ ¸R±A¾�¿�¹ ¸R¶?·�´ ¹ µ�¾�¿-Ð�»JÐ ¹<Ð ±RÐ�Ï"ÐAå�ä?·�É�¶?Í ¸Rµ�)
. ¸R·�¹ Í ´ ¸R¹ 0�·�°.¼6:

. À)¸RÍ ¾<»�0�´ Í Í ½?µ ± ¹ ·�± ¸J± ³?¸J°.¾�± ´ ¾�°¾�¿�¹ ¸R¶.·�´ ¹<Ð
3�¸RÏR·�½.µ ¸�»�¸�ÏR¾�°.µ ´ ¼?¸R¹A¾�°?Í Î�¿ ½.°.ÏR± ´ ¾�°.·�Í6¼.¸R¶)¸R°.¼.¸R°?ÏR´ ¸Rµ�³.¸R¹ ¸J·�°.¼�¿ ¾�¹�µ ½?Ï ³2ÏR¾�°.µ ± ¹ ·�´ °3± µA·�Í ÍP± ³.¸

¹ ¸R¶?·�´ ¹ µ"¾�¿�·�°�´ °?µ ± ·�°?ÏR¸�·�¹ ¸¾�À?± ·�´ °.¸R¼²À+Î]¼.¸RÍ ¸R± ´ °?Á2± ½.¶?Í ¸Rµ�¿ ¹ ¾�É ´ ±Rº�± ³.¸�°.¾�± ´ ¾�°�¾�¿�¹ ¸R¶.·�´ ¹�¿ ¹ ¾�É
J L�M�ÏR·�°]À)¸�µ ´ É"¶.Í ´ æ)¸R¼�³?¸R¹ ¸�Ð�,b¹ ¸R¶?·�´ ¹A´ µJµ ´ É�¶?Í Î·É"·�ä?´ É"·�Í�ÏR¾�°?µ ´ µ ± ¸R°+±Jµ ½?À.µ ¸R±J¾�¿�·�°�´ °.µ ± ·�°.ÏR¸�Ð
ä Í ¸R·�¹ Í Î�º+± ³?¸R¹ ¸A·�¹ ¸A¾�°.Í Î�æ)°?´ ± ¸RÍ Î�É�·�°+Î"¹ ¸R¶.·�´ ¹ µRº+µ ´ °?ÏR¸A± ³?¸A¹ ¸RÍ ·�± ´ ¾�°?µ�·�¹ ¸�æ)°?´ ± ¸�Ð,AÍ µ ¾?º+´ °�± ³?´ µ�ÏR·�µ ¸
± ³.¸A½.°?´ ¾�°�¾�¿P·�Í Í)¹ ¸R¶.·�´ ¹ µ�¾�¿P·�°+Î�´ °?µ ± ·�°?ÏR¸�Ð�´ µ�¸ G ½?·�Í6± ¾IÐ?Ð�Ó�³.¸Rµ ¸A¶.¹ ¾�¶6¸R¹ ± ´ ¸Rµ�·�¹ ¸J°.¾�±�°.¸RÏR¸Rµ µ ·�¹ ´ Í Î
µ ³?·�¹ ¸R¼À+Î�¾�± ³.¸R¹�ÏRÍ ·�µ µ ¸Rµ�¾�¿`´ °3± ¸RÁ�¹ ´ ± Î�ÏR¾�°.µ ± ¹ ·�´ °3± µ<Ð

ÖXpR×-Ø�Ù Ú�Ù Û'Ø�åæA�i+ÈAÏR¾�¹ ¸Ã Ü2ÐÆ Å�ß3È U�Ä.È ßÛ<Å
E Ã�Ú È ã . Ð>0\É çÝ è é>êVë ì í î ï ð ñVò Ý ó Ð

Ü Á

°
Ó�³.¸Â Ã�Ú ÈJ´ µA·�°.¸R»m¼.·�± ·�À?·�µ ¸�´ °?µ ± ·�°.ÏR¸�ÐA¯ ¿-Ð�ÏR¾�°.µ ´ µ ± µA¾�¿�·�µ ´ °.Á�Í ¸�¹ ¸RÍ ·�± ´ ¾�°6º)± ³.¸R°2± ³.¸�ÏR¾�¹ ¸�´ µ

± ³.¸J´ °+± ¸R¹ µ ¸RÏR± ´ ¾�°�¾�¿`·�Í Í6± ³.¸�¹ ¸R¶.·�´ ¹ µ�¾�¿Ð?Ð�Ó�³.¸JÏR¾�¹ ¸J¾�¿Ð�´ ± µ ¸RÍ ¿P´ µ�°?¾�±�°.¸RÏR¸Rµ µ ·�¹ ´ Í Î�·"¹ ¸R¶.·�´ ¹�¾�¿Ð+Ð
j�k%l'm�n-o p/àsØ ÄZô\r3Û�Þ2B'= È ~ t�Ç i?È�Ú È�= Û�Ç Æ Ã�ÄX3�¹ ¾<»�°8x�¾�± ¸Rµ�i?Û<Å�Ç C�Ã�Ú È B?Û�Æ Ú Å

Ð>õ
E Ã�Ý+Ä.Ç +{z�Û�Ç È|A)Û�= = +
} ~>~ �'�8��� �'~
u ~>~ �'�8���(�>�

Ð�ö
E Ã�Ý?Ä?Ç +{z�Û�Ç È|A)Û�= = +
} ~>~ �%~>~��(�>�
u ~>~ �%�R���R���

A�i?È"Â Ã�Ú È�Ã ÜJÇ i?È�Ú È�= Û�Ç Æ Ã�ÄX3�¹ ¾�»�°Vx�¾�± ¸Rµ�Â Ã�Ä+Å Æ Å Ç Å"Ã ÜJÇ i?È�Å Æ Ä3Ù(= È�Ç Ý�B'= È
E Ã�Ý?Ä?Ç +{z"Û�Ç È|A)Û>= = +
u ~(~ �%�8�{�R�>�

Û�Ä.ß²Æ Å�Ä)Ã�Ç�Û²Ú È B+Û�Æ ÚRàXØ ÇJÅ<Û�Ç Æ Å U�È Å�Ç i?È�Ü Ý?Ä.Â<Ç Æ Ã�Ä)Û�=Aß�È B+ÈRÄ)ß3ÈRÄ.Â�+ E Ã�Ý+Ä.Ç +��÷A.Û>= = +<�RÝ+Ç�Æ Å�Ä.Ã�Ç"Û
Þ"Û�r�Æ Þ"Û>=`Â Ã�Ä?Å Æ Å Ç ÈRÄ.Ç�Å ÝV� ÅRÈRÇ�Ã ÜJÇ i?È"Ã�Ú Æ Ù�Æ Ä)Û�=PÆ Ä+Å Ç Û�Ä)Â È<à °
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à�� à�� q���Ù 	�
�Ú��	���p�	�����p�	>Ù p�

7J½?¸R¹ Î�·�°?µ »�¸R¹ µ�¿ ¾�¹�æ)¹ µ ±�¾�¹ ¼.¸R¹ G ½.¸R¹ ´ ¸Rµ�·�¹ ¸J¼.¸ æ.°.¸R¼´ °�± ³.¸Jµ ± ·�°.¼?·�¹ ¼�»�·�Î�Ð
ÖXpR×-Ø�Ù Ú�Ù Û'Ø�� } Ù�Ú Ã�Ý+Ä)ß2Ç Ý�B'= È�� Æ Å�Û�Ä�·�°?µ »�¸R¹�Ç Ã�Û/N<Ý?ÈRÚ +��. �� 0�Æ Ä�Û�ß�Û�Ç Û>� Û<ÅRÈ�Æ Ä?Å Ç Û�Ä)Â ÈIÐ�Æ ÜÐ4á���. �� 0 t�Æ à È<à t�Ç i+ÈINRÝ.ÈRÚ +���. �� 0�Æ ÅJÇ Ú Ý.È"Ã Ü��� Æ Ä2Ç i?È�Æ Ä?Å Ç Û�Ä.Â È�Ð?à °
ä ¾�°.µ ´ µ ± ¸R°3± G ½.¸R¹ Î·�°.µ »�¸R¹ µA»�¸R¹ ¸�æ)¹ µ ±�¼.¸ æ)°?¸R¼�´ °SJ L�M Ð�[�¸"¶?¹ ¸Rµ ¸R°+±A³.¸R¹ ¸�·�µ Í ´ Á�³3± Í Î�É�¾+¼?´ æ)¸R¼

À.½?±�¸ G ½.´ Ì�·�Í ¸R°3±�¼?¸ æ)°.´ ± ´ ¾�°6Ð
ÖXpR×-Ø�Ù Ú�Ù Û'Ø�� } Ù3Ú Ã�Ý+Ä)ß�Ç Ý�B'= È �� Æ Å�ÛJÏR¾�°.µ ´ µ ± ¸R°+±�·�°?µ »�¸R¹JÇ Ã�Û
NRÝ?ÈRÚ +���. �� 0�C�Æ Ç i�Ú È Å B?È ÂRÇ�Ç Ã�Û"ÅRÈRÇ
Ã Ü�Æ Ä?Ç È Ù3Ú Æ Ç +Â Ã�Ä+ÅRÇ Ú Û�Æ Ä?Ç Å4Ï Æ Ä]Ûß�Û�Ç Û(� Û<Å<È"Æ Ä?Å Ç Û�Ä.Â È4Ð�Æ Ü�Ü Ã�Ú�È���ÈRÚ +�Ð�Ü��/â�È B?Û�Æ Ú Å�ã±. Ð>0 t-Ð�Ü8á���. �� 0Rà 2È�ß3ÈRÄ.Ã�Ç È"Ç i+È�ÅRÈ<Ç�Ã Ü�Â Ã�Ä+ÅRÆ ÅRÇ ÈRÄ?Ç�Û�Ä?Å C�ÈRÚ Å�Ç Ã��æC�à ÚRà Ç àOÏ Æ Ä
ÐZ��+ E N<Û�!ã . Ð>0Rà °
j�k%l'm�n-o p/å¯A�i?ÈINRÝ.ÈRÚ +
f(�R�(�8b(e#" ¡(¢ c�]�£R¤R¥>¦R§8g8¥>¨8©Vª
i?Û<Å�Ç i+È�ÜRÃ>= = Ã>C�Æ Ä3ÙÂ Ã�Ä?Å Æ Å Ç ÈRÄ.Ç�Û�Ä+Å�C�ÈRÚ�Æ Ä2Ç i+È�Æ Ä?Å Ç Û�Ä)Â È�Ã Ü�ô\r3Û�Þ2B'= È ~ w

u�Ú Ã>C�Ä�u ~(~ �'�8���(�>�
Ø Ä2Ç i?È�ÅRÛ�Þ"È�Æ Ä?Å Ç Û�Ä)Â È�Ç i?ÈINRÝ?È<Ú +
f(�R�(�8b(e�bR¥%$R§8¨(� ¡(¢ c>]�£R¤8¥>¦(§8g8¥(¨8©8ª'&�(8� ¢ ��e8�(�R�(�#)�*,+�+
i?Û<Å¾mÛ�Å�Ç i?È�Ã�ÄV= +JÂ Ã�Ä?Å Æ Å Ç ÈRÄ.ÇPÛ�Ä?Å C�ÈRÚRà\®�Ã�Ç Æ Â È�Ç i?Û�Ç6Ç i3Æ Å�Û�Ä?Å C�ÈRÚ�Â Û�Ä.Ä.Ã�Ç�� È�Ã(�RÇ Û�Æ Ä)È ß���+AÈ���Û>= Ý?Û�Ç Æ Ä3Ù
Ç i?ÈINRÝ?ÈRÚ +�Æ Ä2Ç i?È"Ã�Ú Æ Ù�Æ Ä.Û>=PÆ Ä?Å Ç Û�Ä)Â È�Ü Ú Ã�ÞæCi+Æ Â i�Ç i+È"Â Ã�Ä�D�Æ Â<Ç Æ Ä+Ù�Ç Ý�B'= È Å4i?Û���ÈI� È ÈRÄ2Ú ÈRÞ�Ã���È ß�à °
à�� à�� à.-/0/0	�p�/VlVÚ�Ù Û'Ø1��%p�	>Ù p�

Ó�³?¸J·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸Rµ�»�¸JÏR¾�°.µ ´ ¼.¸R¹�·�¹ ¸ G ½?¸R¹ ´ ¸Rµ�¾�¿`± ³?¸�¿ ¾�¹ É
f(�R�(�8b(e12 ¡>¢ c>] ¢
»�³?¸R¹ ¸�2´ µ�¾�°?¸J¾�¿ P]'^�_-� `' 3º(]R`Ra-� `' 3º8b(c>d8_Re-� `' +ºRf>dR]\� `' +º(`RgRh-� `' +º3¾�¹2b(c>d8_Re-� "8 +º3»�³?¸R¹ ¸�`"´ µ�·�°
·�± ± ¹ ´ À.½?± ¸�¾�¿�± ³.¸�µ Ï ³?¸RÉ�·Z¼"Ð�Ó�³.¸Rµ ¸ G ½?¸R¹ ´ ¸Rµ�¹ ¸R± ½?¹ °]µ ´ °.Á�Í ¸"°+½.É"¸R¹ ´ ÏR·�Í�Ì�·�Í ½?¸Rµ�À+Î�·�¶?¶.Í Î+´ °?Á± ³.¸
ÏR¾�¹ ¹ ¸Rµ ¶)¾�°.¼?´ °.Á�ÅRÂ Û>= Û�Ú�Ü Ý?Ä.ÂRÇ Æ Ã�Ä?º)´ Ð ¸�Ð º)¿ ¾�¹2]%^�_-� `' �± ³.¸�É"´ °.´ É�½.É»`�Ô Ì�·�Í ½?¸�´ °�± ³.¸�Á�´ Ì�¸R°2´ °.µ ± ·�°.ÏR¸�º
¸R± Ï�Ð�¯ °Á�¸R°.¸R¹ ·�Í º022»�´ Í Í)·�Í µ ¾�¼.¸R°?¾�± ¸�·�°�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ Î6. ¾�¹�·�µ ÏR·�Í ·�¹�¿ ½?°.ÏR± ´ ¾�°´ ± µ ¸RÍ ¿ 0 Ð�Ó�³3½.µ<º2-. Ð>0�»�´ Í Í6¼?¸R°.¾�± ¸J± ³?¸�¹ ¸Rµ ½.Í ±�¾�¿`·�¶.¶?Í Î+´ °.Á322± ¾"± ³.¸JÁ�´ Ì�¸R°�´ °.µ ± ·�°?ÏR¸4Ð"¾�¿�¼"Ð
¯ °�ÏR¾�°+± ¹ ·�µ ±�»�´ ± ³�æ.¹ µ ± Ô ¾�¹ ¼.¸R¹ G ½?¸R¹ ´ ¸Rµ<º3± ³?¸R¹ ¸�´ µ�°.¾Jµ ´ °.Á�Í ¸�´ °+± ½.´ ± ´ Ì�¸�°.¾�± ´ ¾�°"¾�¿)ÏR¾�°.µ ´ µ ± ¸R°+± G ½?¸R¹ Î

·�°.µ »�¸R¹�¿ ¾�¹�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸RµRÐ�¯ ±�´ µ�Í ´ Ö�¸RÍ Î6. µ ¸R¸�å�ä+·�É�¶.Í ¸�³"À)¸RÍ ¾<»�0�± ³?·�±�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸Rµ
¹ ¸R± ½?¹ °�¼.´ â6¸R¹ ¸R°3±�·�°?µ »�¸R¹ µ�´ °�¼.´ â)¸R¹ ¸R°+±�¹ ¸R¶?·�´ ¹ µ<º�·�°.¼1± ³+½?µ�± ³.¸R¹ ¸�»�´ Í Í�À)¸�°.¾]µ ´ °.Á�Í ¸�ÏR¾�°?µ ´ µ ± ¸R°+±
·�°.µ »�¸R¹�´ °�± ³?¸�µ ¸R°?µ ¸"¾�¿O1J¸ æ.°.´ ± ´ ¾�°�³+Ð�¯ °]¾�¹ ¼.¸R¹J± ¾2¾�À?± ·�´ °�É�¾�¹ ¸"´ °?¿ ¾�¹ É"·�± ´ Ì�¸"·�°.µ »�¸R¹ µJ¸RÌ�¸R°]´ °
µ ½?Ï ³�·�ÏR·�µ ¸�º+»�¸A¸ ä+¶.Í ¾�¹ ¸�± ³.¸R¹ ¸R¿ ¾�¹ ¸Aµ ¸RÌ�¸R¹ ·�Í)·�Í ± ¸R¹ °?·�± ´ Ì�¸A¼?¸ æ)°?´ ± ´ ¾�°?µ�¾�¿6ÏR¾�°?µ ´ µ ± ¸R°+± G ½?¸R¹ Î"·�°?µ »�¸R¹ µ<Ð
ÖXpR×-Ø�Ù Ú�Ù Û'Ø�4¯v�Æ ��ÈRÄÛ�ÅRÈRÇ`Ã Ü�Æ Ä.Ç È Ù�Ú Æ Ç +"Â Ã�Ä?Å Ç Ú Û�Æ Ä.Ç ÅOÏIt�Û�ÄÛ<Ù<Ù�Ú È Ù3Û�Ç Æ Ã�ÄZNRÝ.ÈRÚ +52]Û�Ä.ß"Û"ß�Û�Ç Û(� Û<Å<È
Æ Ä+ÅRÇ Û�Ä)Â È�Ð(t�Ç i?ÈAµ ¸R±�¾�¿�¶)¾�µ µ ´ À?Í ¸A·�°?µ »�¸R¹ µ�6�Ã�Å Å�7ã . Ð>0JÆ Å�ß3È U�Ä)È ßÛ�Å

6AÃ<Å Å 7ã . Ð>0-É98�2-. Ð Ü 02Ñ�Ð Ü �Zâ�È B?Û�Æ Ú Å ã . Ð>0 :(Á

³

A�i?ÈAÁ�¹ ¸R·�± ¸Rµ ± Ô Í ¾�»�¸R¹ Ô À)¾�½.°.¼<. Á�Í À'0�·�°.µ »�¸R¹JÙ(= ��7ã . Ð>0�Ç Ã32SC�à Ú à Ç àOÏ Æ Ä
Ð�Æ Å�ß�È U�Ä)È ßÛ<Å
Ù>= � 7ã . Ð>0\ÉXÙ>= �36�Ã�Å Å 7ã . Ð>0 Á

A�i?ÈAÍ ¸R·�µ ± Ô ½?¶.¶)¸R¹ Ô À)¾�½.°.¼/. Í ½.ÀV0�·�°?µ »�¸R¹�= Ý8��7ã . Ð>0�Ç Ã�2KC�à ÚRà Ç àOÏ Æ Ä
Ð�Æ Å�ß3È U�Ä.È ßÛ<Å
= Ý8� 7ã . Ð>0\ÉQ= Ý8�36AÃ<Å Å 7ã . Ð(0 Á

°
j�k%l'm�n-o p��mØ Ä�Ç i+È�Æ Ä?Å Ç Û�Ä.Â È�Ã Ü2ô\r3Û�Þ2B'= È ~ Û�Ä)ß�Ç i+ÈINRÝ.ÈRÚ +
f(�R�(�8b(e�f>dR]\� eR�R�R�(�'  ¡(¢ c>]�£R¤R¥>¦R§8g8¥>¨8©Vª
Ç i?È"ÅRÈRÇAÃ Ü2B?Ã<Å ÅRÆ ��= ÈÛ�Ä?Å C�ÈRÚ Å�Æ Å�8�;�²(LR¿ ;>´>:<:>t�Ç i+È�Ù>= ��W Û�Ä+Å�C�ÈRÚ"Æ Å�;�²(L²Û�Ä.ß�Ç i?È�= Ý8��W Û�Ä?Å C�ÈRÚ"Æ Å�;>´>:?à
°
3�·�µ ¸R¼1¾�°�1J¸ æ.°.´ ± ´ ¾�°�´+ºA¾�°?¸2ÏR·�°1¸R°+Ì+´ µ ´ ¾�°�µ ¸RÌ�¸R¹ ·�ÍJ¶)¾�µ µ ´ À?Í ¸�°?¾�± ´ ¾�°?µ�¾�¿JÏR¾�°.µ ´ µ ± ¸R°3± G ½?¸R¹ Î

·�°.µ »�¸R¹�¿ ¾�¹�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸Rµ�P
)�Ð�± ³.¸Jµ ¸R±�¾�¿P¶6¾�µ µ ´ À?Í ¸A·�°?µ »�¸R¹ µ56�Ã�Å Å 7ã . Ð(0 º
:+Ð�± ³.¸J¹ ·�°.Á�¸J¾�¿`¶)¾�µ µ ´ À.Í ¸A·�°.µ »�¸R¹ µ�J Ù(= � 7ã . Ð>0 ¿�= Ý8� 7ã . Ð>0 M º
L+Ð�µ ¾�É"¸�·�Á�Á�¹ ¸RÁ�·�± ¸�º)¿ ¾�¹�¸ ä?·�É�¶?Í ¸J·<Ì�¸R¹ ·�Á�¸�º)¾�¿`·�Í Í6¶)¾�µ µ ´ À?Í ¸A·�°?µ »�¸R¹ µ<º?¾�¹
²?Ð�µ ¾�É"¸�¹ ¸R¶?¹ ¸Rµ ¸R°+± ·�± ´ ¾�°¾�¿�± ³?¸�¼.´ µ ± ¹ ´ À.½?± ´ ¾�°�¾�¿`·�Í Í6¶)¾�µ µ ´ À.Í ¸A·�°.µ »�¸R¹ µRÐ
[�¸"ÏR¾�°>T ¸RÏR± ½?¹ ¸"± ³.·�±�¸R·�Ï ³]¾�¿�± ³.¾�µ ¸"°?¾�± ´ ¾�°?µ�É�·�Ö�¸Rµ�µ ¸R°.µ ¸"´ °�± ³.¸"ÏR¾�°+± ¸ ä+±�¾�¿�µ ¾�É�¸"·�¶.¶?Í ´ ÏR·�Ô

± ´ ¾�°6Ð�¯ °�± ³?´ µJ¶.·�¶)¸R¹<º6»�¸"µ ± ½.¼?Î�± ³.¸"µ ¸RÏR¾�°?¼]°?¾�± ´ ¾�°Pº6± ³?·�±�¾�¿�± ³.¸"¹ ·�°.Á�¸"¾�¿�·�Í Í�¶6¾�µ µ ´ À.Í ¸�·�°?µ »�¸R¹ µ
J Ù>= ��7ã . Ð>0 ¿�= Ý8�%7ã . Ð(0 M º?¿ ¾�¹�± ³.¸J¹ ¸R·�µ ¾�°.µ�¾�½.± Í ´ °?¸R¼À)¸RÍ ¾<»�Ð
j�k%l'm�n-o p�� E Ã�Ä?Å Æ ß�ÈRÚ�Ç i?È6Ü Ý+Ä)ÂRÇ Æ Ã�Ä)Û>=+ß�È B+ÈRÄ)ß3ÈRÄ.Â�+O¾�� À Û�Ä.ßJÇ i?È)ÜRÃ>= = Ã>C�Æ Ä3Ù�ÜRÛ�Þ�Æ = +JÃ Ü�Ú È�= Û�Ç Æ Ã�Ä
Æ Ä+ÅRÇ Û�Ä)Â È Å�Ð>=Vt@?6ÌBAVw

¾ À
)CA
) )
:DA
: :
E>E>EFGAF�:�H I õ
E>E>E?GA?�: = I õ

´

[�¸½.µ ¸± ³?´ µ�¸ ä?·�É�¶?Í ¸�± ¾�´ Í Í ½.µ ± ¹ ·�± ¸�± »�¾�¶6¾�´ °+± µ<Ð�á�´ ¹ µ ±Rº�± ³?¸´ °.µ ± ·�°?ÏR¸XÐ = ³.·�µ�: = ¼?´ â6¸R¹ ¸R°+±
¹ ¸R¶?·�´ ¹ µ<Ð`Ó�³.¸R¹ ¸R¿ ¾�¹ ¸�º+± ³?¸A·�¶?¶.¹ ¾�·�Ï ³�± ¾�ÏR¾�É"¶.½?± ´ °.ÁJÏR¾�°.µ ´ µ ± ¸R°3± G ½.¸R¹ Î"·�°?µ »�¸R¹ µ�± ¾�·�°+Î"·�Á�Á�¹ ¸RÁ�·�± ´ ¾�°
G ½?¸R¹ Î�. ¾�¹`·�°+Î�¾�± ³?¸R¹ G ½?¸R¹ ÎJ¿ ¾�¹`± ³.·�±PÉ�·�± ± ¸R¹ 0PÀ+ÎJ¸RÌ�·�Í ½.·�± ´ °.ÁA± ³?¸ G ½.¸R¹ ÎJ´ °�¸RÌ�¸R¹ ÎJ¹ ¸R¶?·�´ ¹`µ ¸R¶.·�¹ ·�± ¸RÍ Î
·�°.¼"± ³?¸R°"ÏR¾�Í Í ¸RÏR± ´ °.ÁA± ³.¸�¹ ¸Rµ ½.Í ± µ`´ µ�´ °.¿ ¸R·�µ ´ À.Í ¸�Ð5+¸RÏR¾�°.¼Pº�°?¾�± ¸�± ³.·�±�± ³?¸�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ Î�f>dR]\� £V 
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Æ Ä?Ç È Ù�Ú Æ Ç +Â Ã�Ä?Å Ç Ú Û�Æ Ä.Ç Å t�Ç i?È�¼.·�± ·"ÏR¾�É�¶?Í ¸ ä?´ ± Î]Ã Ü�Â Ã�Þ2B)Ý+Ç Æ Ä3ÙÂ Ã�Ä?Å Æ Å Ç ÈRÄ.Ç±NRÝ.ÈRÚ +�Û�Ä?Å C�ÈRÚ Å�Æ Å�ß�È U�Ä)È ß
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Á�Í À�¾�¿\bRc�d8_Re-� `V �À.½?±�± ³.¸�·�Í Á�¾�¹ ´ ± ³?É ´ µ�´ °?ÏR¾�¹ ¹ ¸RÏR±RÐ�ÓP¾�µ ¸R¸�± ³.´ µ�ÏR¾�°.µ ´ ¼.¸R¹�± ³.¸�µ ¸R±A¾�¿�Ñ�F�Ô ¾�À8T ¸RÏR± µa�É#83�4¼�. J'¿ K�0 ¿ �4¼�. J'¿ ��0 ¿ �4¼�. J'¿ CR0 ¿ K�¿ ��¿ C,:RÁ?Ó�³.¸�·�Í Á�¾�¹ ´ ± ³?É »�´ Í Í+ÏR¾�É�¶?½.± ¸O²J·�µ�± ³.¸�Í ¾<»�¸R¹�À)¾�½.°.¼
¾�°�± ³.¸J°+½.É�À)¸R¹�¾�¿`¼.´ â)¸R¹ ¸R°+±�Ì�·�Í ½.¸Rµ�± ³.·�±�ÏR¾<Ì�¸R¹A·�Í Í6± ³.¸�Ñ�F�Ô ¾�À8T ¸RÏR± µA´ °�a�Ð�×A¾<»�¸RÌ�¸R¹Rº)± ³.´ µ�À)¾�½.°.¼
´ µ�·�ÏR± ½?·�Í Í ÎXL�É Ñ 8�K�¿ ��¿ C,:RÑ Ð
Ó�³.¸R¹ ¸J·�¹ ¸Jµ ¸RÌ�¸R¹ ·�ÍP¶.¹ ¾�¶)¾�µ ·�Í µ�¿ ¾�¹�Í ·�°?Á�½.·�Á�¸JÏR¾�°.µ ± ¹ ½.ÏR± µ�µ ¶)¸RÏR´ ¿ Î+´ °.Á�°.¾�°?¼.¸R± ¸R¹ É"´ °?´ µ ± ´ Ï G ½.¸R¹ ´ ¸Rµ

± ³.·�±J·�¹ ¸"¹ ¸RÍ ·�± ¸R¼�± ¾�¾�½?¹�·�¶.¶?¹ ¾�·�Ï ³�. C�Æ Ç Ä)È Å Å�J ) M º�Â i?Ã�Æ Â È�J )�³?º-)�´?º-)�;�M 0 Ð"å�µ µ ¸R°+± ´ ·�Í Í Î�ºP± ³.¸"´ ¼?¸R·´ µ
± ¾�ÏR¾�°.µ ± ¹ ½?ÏR±"·2É�·�ä?´ É�·�Í�µ ½.À?µ ¸R±�¾�¿A·2Á�´ Ì�¸R°�¹ ¸RÍ ·�± ´ ¾�°�± ³?·�±"µ ·�± ´ µ æ.¸Rµ"·2Á�´ Ì�¸R°�µ ¸R±"¾�¿�¿ ½.°?ÏR± ´ ¾�°.·�Í
¼.¸R¶)¸R°.¼?¸R°.ÏR´ ¸Rµ<Ð45+´ °.ÏR¸�± ³.¸R¹ ¸�´ µA½.µ ½?·�Í Í ÎÉ"¾�¹ ¸�± ³.·�°2¾�°.¸�µ ½.Ï ³2µ ½?À.µ ¸R±Rº)± ³.¸�·�¶.¶?¹ ¾�·�Ï ³�Î+´ ¸RÍ ¼.µ�°?¾�°?Ô
¼.¸R± ¸R¹ É�´ °.´ µ ± ´ Ï G ½.¸R¹ ´ ¸Rµ�´ °�·�°?·�± ½.¹ ·�Í6»�·<Î�Ð ä Í ¸R·�¹ Í Î�º?É�·�ä?´ É�·�Í6ÏR¾�°.µ ´ µ ± ¸R°+±�µ ½?À.µ ¸R± µ�. Ï ³.¾�´ ÏR¸�É�¾+¼?¸RÍ µJ )�³�M 0�ÏR¾�¹ ¹ ¸Rµ ¶)¾�°.¼2± ¾�¹ ¸R¶?·�´ ¹ µ<Ð�1A·�± ·�Í ¾�Á»�´ ± ³2Ï ³.¾�´ ÏR¸ZJ )�³�M�´ µ<º)´ °2·�µ ¸R°.µ ¸�º6É�¾�¹ ¸�Á�¸R°.¸R¹ ·�Í�± ³?·�°�¾�½?¹
·�¶.¶?¹ ¾�·�Ï ³Pº+µ ´ °.ÏR¸�´ ±�ÏR¾�É�À?´ °?¸Rµ�¸R°.¿ ¾�¹ ÏR´ °?Á�¿ ½.°.ÏR± ´ ¾�°.·�Í?¼.¸R¶)¸R°.¼.¸R°?ÏR´ ¸Rµ�»�´ ± ³�´ °.¿ ¸R¹ ¸R°.ÏR¸�½?µ ´ °?Á�1A·�± ·�Í ¾�Á
¹ ½?Í ¸RµRÐ,A°.µ »�¸R¹ ´ °.Á G ½.¸R¹ ´ ¸Rµ�´ °"·�Í Í.Ï ³.¾�´ ÏR¸�É�¾+¼?¸RÍ µ�. 5�]AÔ G ½?¸R¹ ´ ¸Rµ2J )�;�M 0�ÏR¾�¹ ¹ ¸Rµ ¶6¾�°?¼.µ�± ¾�¾�½.¹�°.¾�± ´ ¾�°�¾�¿
ÏR¾�É�¶?½.± ·�± ´ ¾�°2¾�¿`ÏR¾�°.µ ´ µ ± ¸R°+± G ½.¸R¹ Î�·�°.µ »�¸R¹ µ�¿ ¾�¹�æ)¹ µ ± Ô ¾�¹ ¼.¸R¹ G ½.¸R¹ ´ ¸Rµ�. 1J¸ æ.°.´ ± ´ ¾�°/³>0 Ð�×A¾<»�¸RÌ�¸R¹<º.´ °J )�;�M?± ³.¸�¿ ¾�¹ É�¸R¹`¶.¹ ¾�À?Í ¸RÉm´ µ�µ ³.¾<»�°�± ¾AÀ6¸�ÏR¾�Ô N2Y�Ô ÏR¾�É"¶.Í ¸R± ¸�·�°.¼�°.¾A± ¹ ·�ÏR± ·�À?Í ¸�ÏR·�µ ¸Rµ�·�¹ ¸�´ ¼.¸R°3± ´ æ)¸R¼6Ð
ÑJ°?¸�¾�¿�± ³?¸�µ ¾�½.¹ ÏR¸RµA¾�¿�ÏR¾�É"¶.Í ¸ ä?´ ± Î´ °± ³.´ µ�ÏR·�µ ¸�´ µ�± ³.¸�¶.¹ ¸Rµ ¸R°?ÏR¸�¾�¿-1A·�± ·�Í ¾�Á�¹ ½.Í ¸Rµ<º?·�À?µ ¸R°+±�¿ ¹ ¾�É
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¾�½.¹A·�¶.¶?¹ ¾�·�Ï ³PÐ�ç2¾�¹ ¸R¾<Ì�¸R¹<ºP± ³.¸�¶.¹ ¾+ÏR¸R¼.½?¹ ¸�¶?¹ ¾�¶)¾�µ ¸R¼2´ °SJ )�;�M�¹ ½.°.µA´ °�¸ ä?¶6¾�°?¸R°+± ´ ·�Í`± ´ É"¸"´ ¿�± ³?¸R¹ ¸
·�¹ ¸�¸ ä?¶)¾�°.¸R°+± ´ ·�Í Í Î�É�·�°+Î]¹ ¸R¶?·�´ ¹ µ<º`·�µ"´ °²å�ä?·�É"¶.Í ¸
³+Ð�,AÍ µ ¾?º�¾�°?Í Î�ÏR¾�°�T ½.°?ÏR± ´ ¾�°.µ�¾�¿�Í ´ ± ¸R¹ ·�Í µ�·�¹ ¸
ÏR¾�°.µ ´ ¼?¸R¹ ¸R¼·�µ G ½.¸R¹ ´ ¸Rµ�´ °�J )�;�M Ð\,�¹ À.´ ± ¹ ·�¹ Î�æ.¹ µ ± Ô ¾�¹ ¼.¸R¹�¾�¹�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ ´ ¸Rµ�·�¹ ¸�°?¾�±�µ ± ½.¼.´ ¸R¼PÐ,�µ`É"¸R°+± ´ ¾�°?¸R¼�¸R·�¹ Í ´ ¸R¹<º<± ³.¸�¶.·�¶)¸R¹OJ L�M?ÏR¾�°3± ·�´ °.µP·�Á�¸R°.¸R¹ ·�Í3É�¸R± ³.¾3¼�¿ ¾�¹P± ¹ ·�°?µ ¿ ¾�¹ É�´ °.Á�æ)¹ µ ± Ô ¾�¹ ¼.¸R¹
G ½?¸R¹ ´ ¸RµA´ °�µ ½.Ï ³�·�»�·<Î2± ³.·�±J± ³?¸"± ¹ ·�°.µ ¿ ¾�¹ É"¸R¼ G ½?¸R¹ ÎÏR¾�É�¶.½?± ¸RµJ± ³.¸�ÏR¾�°.µ ´ µ ± ¸R°3±J·�°?µ »�¸R¹ µJ± ¾± ³.¸
¾�¹ Á�´ °.·�Í G ½.¸R¹ Î�Ð`¯ °�± ³.·�±P¶?·�¶6¸R¹Rº�µ ¾�½.°?¼.°.¸Rµ µ<ºRÏR¾�É�¶.Í ¸R± ¸R°.¸Rµ µ`·�°?¼�± ¸R¹ É�´ °.·�± ´ ¾�°J¾�¿?± ³?¸�± ¹ ·�°.µ ¿ ¾�¹ É"·�± ´ ¾�°
·�¹ ¸Aµ ± ½?¼.´ ¸R¼Pº+·�°?¼µ ¾�É�¸AÏRÍ ·�µ µ ¸Rµ�¾�¿PÏR¾�°.µ ± ¹ ·�´ °+± µ�·�°.¼ G ½?¸R¹ ´ ¸Rµ�¿ ¾�¹�»�³.´ Ï ³�ÏR¾�°?µ ´ µ ± ¸R°+± G ½.¸R¹ Î�·�°?µ »�¸R¹ µ
ÏR·�°�À)¸"ÏR¾�É"¶.½.± ¸R¼�´ °/Y�Ó�¯ ç�ås·�¹ ¸�´ ¼?¸R°+± ´ æ.¸R¼PÐ4F�¸R¶.¹ ¸Rµ ¸R°+± ´ °.Á�¹ ¸R¶?·�´ ¹ µ�·�µJµ ± ·�À.Í ¸"É"¾+¼.¸RÍ µJ¾�¿�Í ¾�Á�´ Ï
¶.¹ ¾�Á�¹ ·�É"µ�»�´ ± ³�¼.´ µ T ½?°.ÏR± ´ ¾�°�·�°?¼"ÏRÍ ·�µ µ ´ ÏR·�Í+°.¸RÁ�·�± ´ ¾�°"³.·�µ�À)¸R¸R°"¶.¹ ¾�¶6¾�µ ¸R¼"´ °XJ ².ºR)�X�M Ð`Ó�³?¾�µ ¸�¶.·�¶)¸R¹ µ
ÏR¾�°.µ ´ ¼?¸R¹6ÏR¾�É�¶.½?± ´ °?Á�ÏR¾�°.µ ´ µ ± ¸R°+±6·�°.µ »�¸R¹ µ6± ¾�æ.¹ µ ± Ô ¾�¹ ¼.¸R¹ G ½.¸R¹ ´ ¸RµO. À?½.±6°.¾�±6± ¾�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ ´ ¸Rµ 0 ÐNA¾�± ¹ ·�ÏR± ·�À?Í ¸�ÏR·�µ ¸Rµ�À6¸RÎ�¾�°?¼²± ³?¾�µ ¸�¾�¿�J L�M�·�¹ ¸�´ ¼?¸R°+± ´ æ.¸R¼�´ °�J ²?º\)�X�M º`»�³.´ Ï ³�´ µ�°.¾�±Jµ ½?¹ ¶.¹ ´ µ ´ °.Á�´ °
Ì+´ ¸R»s¾�¿ ä ¾�¹ ¾�Í Í ·�¹ Î
:+Ð
ç�·�°+ÎJ¿ ½.¹ ± ³.¸R¹ G ½.¸Rµ ± ´ ¾�°.µ6µ ½?Á�Á�¸Rµ ±P± ³?¸RÉ�µ ¸RÍ Ì�¸Rµ<ÐPá�´ ¹ µ ±Rº<´ µP´ ±6¶6¾�µ µ ´ À.Í ¸`± ¾�´ ¼?¸R°+± ´ ¿ Î�É"¾�¹ ¸�± ¹ ·�ÏR± ·�À.Í ¸

ÏR·�µ ¸RµA·�°.¼�± ¾�¹ ¸R¼.½?ÏR¸�± ³.¸�¼.¸RÁ�¹ ¸R¸�¾�¿�± ³?¸�¶)¾�Í Î3°.¾�É�´ ·�ÍP´ °�± ³.¾�µ ¸�·�Í ¹ ¸R·�¼.Î�´ ¼?¸R°+± ´ æ.¸R¼���5+¸RÏR¾�°.¼6º)´ µ�´ ±
¶)¾�µ µ ´ À.Í ¸�± ¾J½.µ ¸�·�¶.¶.¹ ¾Rä?´ É"·�± ´ ¾�°"´ °�± ³.¸�´ °+± ¹ ·�ÏR± ·�À?Í ¸�ÏR·�µ ¸Rµ ��Ó�³.¸�¯ N�1AåOY�å N�1Aå NAÓ�5?å�Ó�¶.¹ ¾�À.Í ¸RÉ
´ µ�°?¾�± ¾�¹ ´ ¾�½?µ Í Î�³?·�¹ ¼]± ¾2·�¶.¶?¹ ¾Rä?´ É�·�± ¸6J ) ��M º�À?½.±�¶6¸R¹ ³.·�¶?µ�± ³.¸�µ ¶)¸RÏR´ ·�Í�µ ± ¹ ½.ÏR± ½.¹ ¸�¾�¿�± ³.¸�ÏR¾�°?ã.´ ÏR±
Á�¹ ·�¶?³�É�·<Î2À)¸"³?¸RÍ ¶?¿ ½.Í ÐJá�´ °.·�Í Í Î�º6´ ±A»�¾�½.Í ¼�À)¸�Ì�¸R¹ Î2´ °+± ¸R¹ ¸Rµ ± ´ °.Á�± ¾µ ¸R¸"´ ¿�¾�½.¹J·�¶.¶?¹ ¾�·�Ï ³]ÏR·�°�À6¸
Á�¸R°.¸R¹ ·�Í ´ HR¸R¼�± ¾�À.¹ ¾�·�¼.¸R¹�ÏRÍ ·�µ µ ¸Rµ�¾�¿ G ½?¸R¹ ´ ¸Rµ�·�°.¼"´ °+± ¸RÁ�¹ ´ ± Î"ÏR¾�°?µ ± ¹ ·�´ °+± µRÐ�¯ °"É�¾�µ ±�´ É"¶.Í ¸RÉ�¸R°+± ·�± ´ ¾�°.µ
¾�¿�5V7�9-:+º�¾�°?Í Î�¿ ½.°?ÏR± ´ ¾�°.·�Í�¼.¸R¶)¸R°.¼?¸R°.ÏR´ ¸Rµ�´ °S3 ä N�ám·�¹ ¸�µ ½?¶.¶)¾�¹ ± ¸R¼�. ½?µ ´ °?Á_K ¢ ^�]8` ¢ J��8�$J�·�°.¼
d8_'^��>d8��ÏR¾�°.µ ± ¹ ·�´ °3± µ 0 Ð"Ó�³?¸R¹ ¸R¿ ¾�¹ ¸�ºP± ³.¸�·�¶?¶.¹ ¾�·�Ï ³?¸Rµ�¼?¸Rµ ÏR¹ ´ À6¸R¼�´ °�5?¸RÏR± ´ ¾�°<³�É�·<Î2À6¸"·�¶?¶.Í ´ ÏR·�À.Í ¸
± ³.¸R¹ ¸�Ð�¯ ±�´ µ�°.¾�±"¾�À+Ì+´ ¾�½.µ<º�³.¾<»�¸RÌ�¸R¹<º�³?¾<» ± ¾�Á�¸R°.¸R¹ ·�Í ´ HR¸¾�½.¹"·�¶.¶.¹ ¾�·�Ï ³1± ¾]À?¹ ¾�·�¼.¸R¹"ÏRÍ ·�µ µ ¸Rµ�¾�¿
G ½?¸R¹ ´ ¸RµRÐ�¯ µ�´ ±�¶6¾�µ µ ´ À.Í ¸�± ¾�ÏR¾�É�À?´ °.¸J± ³?¸J·�¶.¶?¹ ¾�·�Ï ³�¾�¿`± ³.´ µ�¶.·�¶)¸R¹�»�´ ± ³± ³.·�±�¾�¿2J L�M �
Ó�³.¸R¹ ¸�´ µ�µ ¾�É"¸A¹ ¸RÏR¸R°+±�»�¾�¹ Ö"¼?¾�°.¸�¾�°�¹ ¸R»�¹ ´ ± ´ °?ÁJ·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸Rµ�´ °"± ¸R¹ É�µ�¾�¿�Û<Ù<Ù�Ú È Ù3Û�Ç Æ Ã�Ä�<Æ È�C`Å4J : �+º')>A.º')>)�M Ð�¯ ±�»�¾�½?Í ¼�À)¸A´ °3± ¸R¹ ¸Rµ ± ´ °.Á�± ¾�¸ ä?¶?Í ¾�¹ ¸�³.¾<»X± ¾"± ·�Ö�¸J·�¼?Ì�·�°+± ·�Á�¸J¾�¿P± ³.¾�µ ¸J¹ ¸Rµ ½?Í ± µ

»�³?¸R°�ÏR¾�É"¶.½?± ´ °.Á�ÏR¾�°?µ ´ µ ± ¸R°+±A·�°.µ »�¸R¹ µJ± ¾�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½.¸R¹ ´ ¸RµRÐ4,A°.¾�± ³?¸R¹J¶)¾�µ µ ´ À.Í ¸�·<Ì�¸R°+½?¸�´ µ�± ¾
ÏR¾�°.µ ´ ¼?¸R¹�Û<Ù<Ù�Ú È Ù+Û�Ç Æ Ã�Ä]Â Ã�Ä?Å Ç Ú Û�Æ Ä.Ç Å�J :�²?ºV:%X�M Ð
á`´ °?·�Í Í Î�º?·�Í ± ¸R¹ °.·�± ´ Ì�¸�¼?¸ æ)°.´ ± ´ ¾�°?µ�¾�¿`¹ ¸R¶?·�´ ¹ µ�·�°?¼�ÏR¾�°?µ ´ µ ± ¸R°+± G ½.¸R¹ Î�·�°?µ »�¸R¹ µA± ³?·�±�´ °.ÏRÍ ½?¼.¸�º+¿ ¾�¹

¸ ä?·�É"¶.Í ¸�º�¶.¹ ¸R¿ ¸R¹ ¸R°?ÏR¸Rµ�·�¹ ¸�Í ¸R¿ ±�¿ ¾�¹�¿ ½.± ½?¹ ¸�»�¾�¹ Ö)Ð,AÍ µ ¾?º3¾�°?¸�ÏR·�°�·�¶.¶?Í ÎJ¿ ½.¹ ± ³.¸R¹`·�Á�Á�¹ ¸RÁ�·�± ´ ¾�°�± ¾J± ³.¸
¹ ¸Rµ ½.Í ± µ�¾�¿�·�Á�Á�¹ ¸RÁ�·�± ´ ¾�° G ½?¸R¹ ´ ¸Rµ�´ °¼.´ â6¸R¹ ¸R°3±�¹ ¸R¶.·�´ ¹ µRº?¸�Ð Á?Ð º.± ³.¸J·<Ì�¸R¹ ·�Á�¸�¾�¿`·�Í Í%]8`(a-� `' J·�°.µ »�¸R¹ µ<Ð
-XG���Ø�Û$S
o p��p/'m�p8Ø'Ú>
5�S[�¾�¹ Ö"µ ½.¶?¶6¾�¹ ± ¸R¼�´ °�¶?·�¹ ±�À3Î"á`Ñ�N21Jå ä dAÓ y ¹ ·�°+±�)>A%A%A(³ �>L+º,N45+á]Á�¹ ·�°3±
¯ ¯ 5+Ô A8)>) �R)�;>´+ºP·�°.¼ N45+á1Á�¹ ·�°3±J¯ NAÓ�Ô � ��A8)�;%X%X�# ä Ñ�NA¯ ä dJÓ y ¹ ·�°+±I) � �%;<Ô A(:<Ô A<;>L+Ð"Ó�³?¸"ÏR¾�É"É�¸R°+± µ
¾�¿`± ³.¸J·�°.¾�°3Î+É�¾�½?µ�¹ ¸R¿ ¸R¹ ¸R¸Rµ�·�¹ ¸JÁ�¹ ·�± ¸R¿ ½?Í Í Î�·�Ï Ö+°?¾�»�Í ¸R¼?Á�¸R¼PÐ

() 7%D �©, �§"" \¹
J ) MI56Ð>,AÀ?´ ± ¸RÀ)¾�½.Í º>F�Ð�×A½?Í Í º�·�°.¼Ix�Ð>xA´ ·�°+½PÐV�`Ã�Ý?Ä.ß3Û�Ç Æ Ã�Ä+Å�Ã Ü\z�Û�Ç Û>� Û<ÅRÈRÅ Ð',A¼.¼?´ µ ¾�°?Ô [�¸Rµ Í ¸RÎ�ºV) � �>³+Ð
J :�MI56Ð-,AÁ�·�¹ »�·�Í º2,�Ð ç]Ð $�¸RÍ Í ¸R¹<º y Ð\[1´ ¸R¼?¸R¹ ³?¾�Í ¼Pº�·�°.¼
$"Ð±5+·�¹ ·�µ »�·�±RÐXá�Í ¸ ä?´ À?Í ¸XF�¸RÍ ·�± ´ ¾�°�P/,�°
,A¶.¶?¹ ¾�·�Ï ³1¿ ¾�¹¯ °+± ¸RÁ�¹ ·�± ´ °.Á<1A·�± ·�¿ ¹ ¾�É ç2½?Í ± ´ ¶?Í ¸�ºOY�¾�µ µ ´ À.Í Î�¯ °.ÏR¾�°.µ ´ µ ± ¸R°+±�1J·�± ·�À?·�µ ¸Rµ<Ð ¯ °
Ø ô\ôOô�Ø Ä.Ç ÈRÚ Ä)Û�Ç Æ Ã�Ä.Û>= E Ã�Ä<ÜRÈRÚ ÈRÄ.Â È"Ã�ÄXz"Û�Ç ÛIô�Ä3Ù3Æ Ä)È ÈRÚ Æ Ä+Ù�º%) � �>³+Ð

J L�M�ç²Ð�,�¹ ¸R°.·�µRº9�Ð%3�¸R¹ ± ¾�µ µ ´ º`·�°?¼��?Ð ä ³.¾�É�´ Ï Ö+´ Ð ä ¾�°.µ ´ µ ± ¸R°+±�7J½?¸R¹ ÎZ,A°.µ »�¸R¹ µ�´ °�¯ °.ÏR¾�°?µ ´ µ ± ¸R°+±
1J·�± ·�À?·�µ ¸RµRÐ6¯ ° }IE � sV+�Þ2B?Ã<Å Æ Ý?Þ'Ã�Ä36�Ú Æ Ä.Â<Æ B'= È ÅAÃ Ü\z"Û�Ç Û(� Û�ÅRÈ2s'+<ÅRÇ ÈRÞ�Å º+¶?·�Á�¸RµO´%;<Ë�X �+º%) � � �+Ð

J ²�M�ç²Ð',A¹ ¸R°.·�µRº'9�Ð'3�¸R¹ ± ¾�µ µ ´ º)·�°?¼��?Ð ä ³?¾�É�´ Ï Ö+´ Ð�5+¶6¸RÏR´ ¿ Î+´ °?Á"·�°.¼67A½.¸R¹ Î+´ °?Á�1A·�± ·�À.·�µ ¸�F�¸R¶.·�´ ¹ µ
0Aµ ´ °.Á49P¾�Á�´ Ï±Y�¹ ¾�Á�¹ ·�É"µ�»�´ ± ³"å�ä?ÏR¸R¶.± ´ ¾�°.µ<Ð.¯ °�Ø Ä.Ç ÈRÚ Ä.Û�Ç Æ Ã�Ä)Û>= E Ã�ÄRÜRÈRÚ ÈRÄ)Â È�Ã�Ä��\= È r�Æ ��= È	��Ý.ÈRÚ +
} Ä+Å�C�ÈRÚ Æ Ä+ÙIs'+<ÅRÇ ÈRÞ�Å º)¶?·�Á�¸Rµ�:%X<Ë(²8)�Ð%5?¶?¹ ´ °?Á�¸R¹ Ô x�¸R¹ Í ·�Á?º8:�A%A%A?Ð

:>³

J ³�M�ç²Ð�,A¹ ¸R°.·�µRº�9�Ð�3�¸R¹ ± ¾�µ µ ´ º�·�°.¼
�?Ð ä ³.¾�É�´ Ï Ö+´ Ð 5?ÏR·�Í ·�¹/,AÁ�Á�¹ ¸RÁ�·�± ´ ¾�° ´ °sá1AÔ ¯ °?ÏR¾�°.µ ´ µ ± ¸R°3±
1J·�± ·�À?·�µ ¸RµRÐ¯ °²Ø Ä?Ç È<Ú Ä)Û�Ç Æ Ã�Ä)Û�= E Ã�ÄRÜRÈRÚ ÈRÄ)Â È�Ã�Ä�z�Û�Ç Û>� Û�ÅRÈ�A�i+È Ã�Ú +�º�¶.·�Á�¸Rµ�L �<ËR³>L+Ð\5+¶.¹ ´ °.Á�¸R¹ Ô
x�¸R¹ Í ·�Á?ºV9@N ä 5/) �%X>L+º':�A%A8)�Ð

J ´�M ä Ð83�·�¹ ·�Í º%5)Ð�$�¹ ·�½.µRº��?Ð.ç2´ °?Ö�¸R¹<º.·�°.¼Zx�Ð 5)Ð%5+½.À?¹ ·�³.É"·�°.´ ·�°PÐ ä ¾�É�À.´ °.´ °.Á�$�°?¾<»�Í ¸R¼?Á�¸�3�·�µ ¸Rµ
ä ¾�°?µ ´ µ ± ´ °?Á�¾�¿�á`´ ¹ µ ± Ô ÑA¹ ¼.¸R¹�Ó�³.¸R¾�¹ ´ ¸Rµ<Ð E Ã�Þ2B)Ý+Ç Û�Ç Æ Ã�Ä)Û�=PØ Ä?Ç È�= = Æ Ù3ÈRÄ)Â ÈRº ;RP ²(³<Ë�XR)�º) � �>:+Ð

J X�M�á�Ð83�¹ Î�ÐO7J½.¸R¹ Î�,A°.µ »�¸R¹ ´ °.Á"´ °¯ °.¿ ¾�¹ É�·�± ´ ¾�°Z5?Î+µ ± ¸RÉ�µ�»�´ ± ³¯ °+± ¸RÁ�¹ ´ ± Î ä ¾�°?µ ± ¹ ·�´ °+± µRÐ�¯ °�Ø ��Ø 6 �v ~(~ à �  2Ã�Ú ;�Æ Ä+Ù E Ã�ÄRÜRÈRÚ ÈRÄ)Â ÈJÃ�Ä"Ø Ä.Ç È Ù�Ú Æ Ç +�Û�Ä)ß E Ã�Ä?Ç Ú Ã>=.Æ Ä�Ø Ä<ÜRÃ�Ú Þ�Û�Ç Æ Ã�Ä
s'+<Å Ç È<Þ�Å Ð ä ³.·�¶?Ô
É�·�°�J×A·�Í Í º') � �%X+Ð

J ;�M�,�Ð�$�Ð ä ³.·�°?¼.¹ ·"·�°.¼Z1"Ð.×A·�¹ ¸RÍ Ð ä ¾�É"¶.½.± ·�À?Í ¸�7A½.¸R¹ ´ ¸Rµ�¿ ¾�¹2FA¸RÍ ·�± ´ ¾�°?·�Í�1A·�± ·�À.·�µ ¸RµRÐ��?Ã�Ý?Ú Ä)Û>=
Ã Ü E Ã�Þ2B)Ý+Ç È<Ú�Û�Ä)ßIs'+<ÅRÇ ÈRÞ¯s)ÂRÆ ÈRÄ)Â È ÅRºV:R)>P )�³>´<ËV)�X%;+º-) �%;�A?Ð

J ��M�,�ÐV9�Ð8Y`Ð ä ³.¸R°Pº���Ô 5)Ð ä ³.´ ½Pº+·�°?¼�á�Ð'5)Ð ä Ð.Ó�µ ¸R°?Á?Ð�å�Ì<·�Í ½.·�± ´ °.ÁI,AÁ�Á�¹ ¸RÁ�·�± ¸"ÑJ¶)¸R¹ ·�± ´ ¾�°.µ�ÑAÌ�¸R¹
¯ É�¶?¹ ¸RÏR´ µ ¸�1A·�± ·?Ð2Ø ô\ô\ô A.Ú Û�Ä?ÅRÛ3ÂRÇ Æ Ã�Ä?Å�Ã�Ä���Ä)Ã�C±= È ß<Ù3È�Û�Ä)ßZz�Û�Ç ÛXô�Ä3Ù3Æ Ä)È ÈRÚ Æ Ä+Ù�ºQ;8. :>0 P :%X>L<Ë
:%;�²?º�) � �>´+Ð

J )>A�MI56Ð ä ¾�³.¸R°Pº8[sÐ0NA½?± ±Rº.·�°.¼X,�Ð'5+¸R¹ ¸RÀ?¹ ¸R°.´ Ö)ÐF�¸R»�¹ ´ ± ´ °.Á�,AÁ�Á�¹ ¸RÁ�·�± ¸I7A½.¸R¹ ´ ¸RµG0Aµ ´ °.ÁIx�´ ¸R»�µRÐ�¯ °6�Ú Ã<Â<à }IE � 64�\z4s�� ����º?¶?·�Á�¸Rµ�)�³>³<ËV)�´>´+º) � � �+Ð
J )>) MI56Ð ä ¾�³?¸R°Pº�[sÐ�NA½.± ±Rº6·�°.¼6,�Ð�5?¸R¹ ¸RÀ?¹ ¸R°?´ Ö)Ð4,AÍ Á�¾�¹ ´ ± ³.É"µJ¿ ¾�¹�F�¸R»�¹ ´ ± ´ °?Á
,AÁ�Á�¹ ¸RÁ�·�± ¸X7A½.¸R¹ ´ ¸Rµ

0Aµ ´ °.Á4xA´ ¸R»�µ<Ð)¯ °6�Ú Ã<Â<à%s'+�Þ2B?Ã�Å Æ Ý+Þ Ã�Ä } ß���Û�Ä)Â È ÅAÆ Ä�z�Û�Ç Û(� Û<Å<È Å�Û�Ä)ßJØ Ä<ÜRÃ�Ú Þ�Û�Ç Æ Ã�ÄXs'+<ÅRÇ ÈRÞ�Å
� } z4u�Ø s'W z } s8� }�} � �R�(�>� ��tQ6�Ú Û<Ù�Ý?È�t-s6È B)Ç àO� Ç ÃÛ B(B?È Û�Ú ��º%:�A%A%A?Ð

J )�:�M�9�Ð y Ð%1J¸�ç2´ Ï ³?´ ¸RÍ Ð�6�È<Ú ÜRÃ�Ú Þ�Æ Ä3Ù
z"Û�Ç Û(� Û�ÅRÈ/�B+È<Ú Û�Ç Æ Ã�Ä?Å�Ã>��ÈRÚ��]Æ ÅRÞ"Û�Ç Â i+È ß
z�Ã�Þ"Û�Æ Ä+ÅRÐ�Y�³V1
± ³.¸Rµ ´ µ<ºV5+± ·�°.¿ ¾�¹ ¼�0A°.´ Ì�¸R¹ µ ´ ± Î�º%) �%; �+Ð

J )�L�M�Y�³.·�°�ç2´ °.³�1A½.°.Á?Ð6¯ °+± ¸RÁ�¹ ·�± ´ °.Á�1A·�± ·"¿ ¹ ¾�É»Y`¾�µ µ ´ À?Í Î�¯ °.ÏR¾�°?µ ´ µ ± ¸R°+±\1J·�± ·�À?·�µ ¸RµRÐ`¯ °Ø Ä?Ç È<Ú Ä)Û>W
Ç Æ Ã�Ä.Û>= E Ã�ÄRÜRÈRÚ ÈRÄ)Â È"Ã�Ä E Ã<Ã B?ÈRÚ Û�Ç Æ ��È�Ø Ä<ÜRÃ�Ú Þ"Û�Ç Æ Ã�Ä/s'+<ÅRÇ ÈRÞ�Å º'3�¹ ½?µ µ ¸RÍ µ<ºR3�¸RÍ Á�´ ½?É�º%) � �>´+Ð

J )�²�M�ç²ÐRF�Ð y ·�¹ ¸RÎ�·�°.¼�1"Ð85)Ð��3¾�³?°.µ ¾�°PÐ E Ã�Þ2B)Ý+Ç ÈRÚ Å�Û�Ä)ß�Ø Ä.Ç Ú Û�ÂRÇ Û(�RÆ = Æ Ç +>w } v�Ý+Æ ß3ÈJÇ Ã�Ç i?È�A�i?È Ã�Ú +
Ã Ü2®56 E Ã�Þ�BV= ÈRÇ ÈRÄ)È Å ÅRÐ\[mÐ?×�Ð?á.¹ ¸R¸RÉ�·�°2·�°?¼ ä ¾?Ð º%) �%X �+Ð

J )�³�M�á�Ð y ´ ·�°?°.¾�± ± ´ º(56Ð y ¹ ¸RÏR¾?ºR1"Ð(5+·�ÏRÏR·?º+·�°.¼ ä Ð��6·�°?´ ¾�Í ¾?Ð8Y�¹ ¾�Á�¹ ·�É�É"´ °?ÁJ»�´ ± ³3NA¾�°+Ô ¼.¸R± ¸R¹ É"´ °?´ µ É
´ °<1A¸R¼.½?ÏR± ´ Ì�¸
1A·�± ·�À.·�µ ¸Rµ<Ð } Ä.Ä.Û>= ÅÃ Ü��]Û�Ç i?ÈRÞ�Û�Ç Æ Â Å�Û�Ä.ß } Ú Ç Æ U�ÂRÆ Û>=�Ø Ä?Ç È�= = Æ Ù3ÈRÄ)Â ÈRº±) �8. L<Ô ²(0 º
) � �%X+Ð

J )�´�M�á�Ð y ´ ·�°?°.¾�± ± ´A·�°.¼�1�Ð±Y�¸R¼?¹ ¸Rµ Ï ³?´ Ð¬1J·�± ·�Í ¾�Á�»�´ ± ³�NA¾�°?Ô ¼?¸R± ¸R¹ É�´ °.´ µ ± ´ Ï ä ³.¾�´ ÏR¸ ä ¾�É�¶?½.± ¸RµN�1�3�Ô Y�Ó�¯ ç2å�Ð��?Ã�Ý?Ú Ä.Û>=`Ã Ü9�PÃ Ù�Æ Â�6�Ú Ã Ù�Ú Û�Þ"Þ�Æ Ä3Ù3º'L>³RP X>³<ËV)>A8)�º-) � �%;+Ð
J )�X�M y Ð y ¹ ¸RÏR¾?º856Ð y ¹ ¸RÏR¾?º?·�°?¼�å�Ð��6½.É"¶.·�°?¾?Ð%,�9`¾�Á�´ Ï2Y�¹ ¾�Á�¹ ·�É"É�´ °?Á�,A¶.¶?¹ ¾�·�Ï ³�± ¾�± ³?¸A¯ °+± ¸RÁ�¹ ·�Ô
± ´ ¾�°6º'F�¸R¶.·�´ ¹ ´ °?Á�·�°?¼67J½?¸R¹ Î+´ °.Á"¾�¿�¯ °.ÏR¾�°.µ ´ µ ± ¸R°+±21J·�± ·�À?·�µ ¸Rµ<ÐJ¯ °]Ø Ä?Ç È<Ú Ä)Û�Ç Æ Ã�Ä)Û�= E Ã�ÄRÜRÈRÚ ÈRÄ)Â È
Ã�Ä��PÃ Ù�Æ Â�6�Ú Ã Ù�Ú Û�Þ"Þ�Æ Ä3Ù3º.¶.·�Á�¸Rµ�L�²<;<ËRL>´�²?Ð�5+¶.¹ ´ °.Á�¸R¹ Ô x�¸R¹ Í ·�Á?º89pN ä 5X:>:>L%X+º':�A%A8)�Ð

J )�;�MI56Ð y ¹ ¸RÏR¾?º±1�ÐO5?·�ÏRÏR·?º�·�°?¼ ä Ð��6·�°.´ ¾�Í ¾?ÐS1A·�± ·�Í ¾�ÁS7A½.¸R¹ ´ ¸Rµ"»�´ ± ³K5?± ¹ ·�± ´ æ)¸R¼BNA¸RÁ�·�± ´ ¾�°�·�°.¼
ä ³?¾�´ ÏR¸>P`¿ ¹ ¾�É��m± ¾�Ä���Ð6¯ °�Ø Ä.Ç ÈRÚ Ä)Û�Ç Æ Ã�Ä.Û>= E Ã�Ä<ÜRÈRÚ ÈRÄ)Â È�Ã�Ä
z�Û�Ç Û>� Û<ÅRÈ
A�i?È Ã�Ú +�º?¶?·�Á�¸RµU;>:<Ë$�>´+Ð
5?¶?¹ ´ °?Á�¸R¹ Ô x�¸R¹ Í ·�Á?º') � �>³+Ð

J ) ��M�1"Ð 5)Ð6×A¾+Ï ³+À?·�½.É�Ð�,A¶?¶.¹ ¾Rä?´ É�·�± ´ °.Á ä ¾<Ì�¸R¹ ´ °.Á·�°.¼6Y`·�Ï Ö+´ °?ÁXY�¹ ¾�À.Í ¸RÉ�µ�P�5+¸R± ä ¾<Ì�¸R¹<º�x�¸R¹ ± ¸ ä
ä ¾<Ì�¸R¹<º.¯ °.¼?¸R¶6¸R°?¼.¸R°+±25+¸R±Rº)·�°.¼ZF�¸RÍ ·�± ¸R¼/Y�¹ ¾�À.Í ¸RÉ"µ<Ð�¯ °/1"Ð'5)Ð.×A¾+Ï ³+À?·�½.Éº)¸R¼.´ ± ¾�¹<º } B(B.Ú Ã�r�Æ W
Þ�Û�Ç Æ Ã�Ä } = Ù3Ã�Ú Æ Ç i+Þ�Å�ÜRÃ�Ú�®56±W 4�Û�Ú ß�6�Ú Ã>��= È<Þ�Å ÐVYO[�5XY�½.À?Í ´ µ ³.´ °.Á ä ¾?Ð º�) � �%X+Ð

:>´

J :�A�M �?Ð`å�Ð6×A¾�¶6ÏR¹ ¾�¿ ±�·�°.¼�F�ÐPç²Ð�$�·�¹ ¶PÐ
,�°���. ? � � ö 0�,�Í Á�¾�¹ ´ ± ³.É ¿ ¾�¹�ç2·�ä?´ É�½.ÉÒç2·�± Ï ³?´ °.Á�µ�´ °
3�´ ¶.·�¹ ± ´ ± ¸ y ¹ ·�¶.³?µ<ÐOs?Ø } �!�?Ã�Ý+Ú Ä.Û>=`Ã�Ä E Ã�Þ2B)Ý+Ç Æ Ä+Ù�º':RP :>:>³<ËR:>LR)�º) �%X>L+Ð

J :R) M�Ó�Ð3¯ É"´ ¸RÍ ´�"°.µ Ö+´?·�°?¼
[mÐR9P´ ¶.µ Ö3´ Ð)¯ °?ÏR¾�É�¶?Í ¸R± ¸�¯ °.¿ ¾�¹ É�·�± ´ ¾�°�´ °�F�¸RÍ ·�± ´ ¾�°.·�ÍV1J·�± ·�À?·�µ ¸Rµ<Ð��?Ã�Ý?Ú Ä)Û>=
Ã ÜJÇ i?È }�E ��º8LR)(. ²(0 P X>´R) Ë�X �R)�º\) �%;�²?Ð

J :>:�M�Ó�ÐP¯ É"´ ¸RÍ ´�"°.µ Ö+´ º�5)ÐpN�· G Ì+´ º`·�°.¼�$"Ðx�·�¼.·�¶?·�¹ ± Î�Ð�¯ °.ÏR¾�É"¶.Í ¸R± ¸�ÑAÀ8T ¸RÏR± µ�Ô�,»1J·�± ·2ç2¾+¼?¸RÍ�¿ ¾�¹1J¸Rµ ´ Á�°�·�°.¼SY�Í ·�°?°.´ °?Á/,A¶?¶.Í ´ ÏR·�± ´ ¾�°?µ<Ð²¯ ° }IE � s?Ø�v7�S�\z Ø Ä.Ç ÈRÚ Ä.Û�Ç Æ Ã�Ä)Û>= E Ã�Ä<ÜRÈRÚ ÈRÄ)Â È2Ã�Ä
�]Û�Ä)ÛRÙ3È<Þ"ÈRÄ.Ç�Ã Ü�z�Û�Ç Û�º.¶.·�Á�¸Rµ�:%;%;<ËR: �%X+º'1J¸R°3Ì�¸R¹<º ä ¾�Í ¾�¹ ·�¼.¾?º?ç�·�Î6) � �R)�Ð

J :>L�M�å�Ð9�Ð9P·<»�Í ¸R¹<Ð E Ã�ÞI�RÆ Ä)Û�Ç Ã�Ú Æ Û>=4�B)Ç Æ Þ"Æ ?<Û�Ç Æ Ã�ÄVwX®�ÈRÇ C�Ã�Ú ;<Å�Û�Ä)ß��²Û�Ç Ú Ã�Æ ß�Å Ð�×�¾�Í ±Rº-F�´ °?¸R³.·�¹ ±
·�°.¼X[1´ °?µ ± ¾�°Pº%) �%X>´+Ð

J :�²�M�,�Ð=d"ÐV9`¸RÌ3Î�·�°.¼�¯ Ð%5?´ °.Á�³�ç2½?É�´ Ï Ö)Ð2F�¸R·�µ ¾�°?´ °?Á�»�´ ± ³/,�Á�Á�¹ ¸RÁ�·�± ´ ¾�° ä ¾�°.µ ± ¹ ·�´ °3± µ<Ð�¯ ° 6�Ú ÃRÂ�à
ô\z4u�A`º?¶.·�Á�¸Rµ�³R)�²�ËR³>L�²?º) � �>´+Ð

J :>³�M �?Ð-9`´ °�·�°.¼S,�Ð�Ñ"Ð�ç2¸R°?¼.¸RÍ HR¾�°PÐ�ç2¸R¹ Á�´ °.Á61A·�± ·�À.·�µ ¸Rµ�½.°?¼.¸R¹ ä ¾�°?µ ± ¹ ·�´ °+± µ<Ð�Ø Ä?Ç ÈRÚ Ä)Û�Ç Æ Ã�Ä.Û>=
�?Ã�Ý+Ú Ä.Û>=`Ã Ü E ÃRÃ B?ÈRÚ Û�Ç Æ ��È�Ø Ä<Ü Ã�Ú Þ"Û�Ç Æ Ã�Ä6sV+�Å Ç ÈRÞ�Å º0X8. )�0 P ³>³<Ë�X>´+º-) � �>´+Ð

J :>´�M y Ð��.Ð?ç2´ °3± Î�Ð�ÑA°ç2·�ä?´ É"·�ÍP¯ °.¼?¸R¶6¸R°?¼.¸R°+±±5+¸R± µ�¾�¿-x�¸R¹ ± ´ ÏR¸Rµ�´ ° ä Í ·<»�Ô á.¹ ¸R¸ y ¹ ·�¶.³.µRÐ��?Ã�Ý?Ú Ä)Û>=
Ã Ü E Ã�ÞI�<Æ Ä)Û�Ç Ã�Ú Æ Û�=±A�i?È Ã�Ú +IuAºV:%;RP :%;�²�ËRL�A>²?º-) �%;�A?Ð

J :%X�M�$�Ð�,�Ð�F�¾�µ µ<º>1�Ð>5?¹ ´ Ì�·�µ ± ·<Ì�·?º>Y`Ð��.Ð�5?± ½.Ï Ö�¸RÎ�º�·�°.¼I56Ð>5+½.¼.·�¹ µ ³?·�°PÐ3á?¾�½.°?¼.·�± ´ ¾�°?µ�¾�¿8,AÁ�Á�¹ ¸RÁ�·�± ´ ¾�°
ä ¾�°?µ ± ¹ ·�´ °+± µ<Ð�A�i+È Ã�Ú ÈRÇ Æ Â Û>= E Ã�Þ2B)Ý+Ç È<Ú4s)Â<Æ È<Ä.Â È<º%) �>L8. ) Ô :>0 P )�²5�<ËV)�X �+º\) � �%;+Ð

J :%;�M�ç²ÐO5?À?´ ³.´ Ð�,AÍ Á�¾�¹ ´ ± ³?É�¸¼.¸ZF�¸RÏ ³.¸R¹ Ï ³.¸2¼�� ½.°�5+± ·�À.Í ¸¼.¸ ä ·�¹ ¼.´ °.·�Í ´ ±�"¸ç�·�ä?´ É�½?É ¼.·�°?µ�½.°
y ¹ ·�¶.³.¸Jµ ·�°.µ "å�± ¾�´ Í ¸�Ð\z�Æ ÅRÂRÚ ÈRÇ È��²Û�Ç i?ÈRÞ"Û�Ç Æ Â Å º': �RP ³>L<Ë�X>´+º-) �%;�A?Ð

J : ��M�1"Ð�5+¹ ´ Ì�·�µ ± ·<Ì�·?º�56Ð'1J·�¹RºP×�Ð%x�Ð#��·�Á�·�¼?´ µ ³6º6·�°.¼6,�Ð�d�Ð%9`¸RÌ3Î�Ð�,A°.µ »�¸R¹ ´ °.ÁX7J½?¸R¹ ´ ¸RµA»�´ ± ³6,�Á�Ô
Á�¹ ¸RÁ�·�± ´ ¾�°�0�µ ´ °?ÁIxA´ ¸R»�µ<Ð�¯ °�6�Ú ÃRÂ<à����z�u�� � � º?¶.·�Á�¸Rµ�LR)�;<ËRL>: �+º-) � �>´+Ð

J L�A�M�F�Ð�Ì�·�°�¼.¸R¹"ç2¸RÎ3¼.¸R°PÐ<9P¾�Á�´ ÏR·�Í±,A¶.¶?¹ ¾�·�Ï ³.¸Rµ"± ¾�¯ °.ÏR¾�É"¶.Í ¸R± ¸¯ °.¿ ¾�¹ É�·�± ´ ¾�°%P
, 5+½.¹ Ì�¸RÎ.Ð²¯ °
�?Ð ä ³?¾�É�´ Ï Ö3´A·�°?¼ y ÐO5?·�·�Ö�¸�º�¸R¼.´ ± ¾�¹ µ<ºG�PÃ Ù�Æ Â Å�ÜRÃ�Ú
z"Û�Ç Û(� Û�ÅRÈ Å�Û�Ä)ß�Ø ÄRÜRÃ�Ú Þ�Û�Ç Æ Ã�Ä�s'+<ÅRÇ ÈRÞ�Å º
Ï ³.·�¶.± ¸R¹�)>A?Ð $�Í ½3»�¸R¹2,AÏR·�¼?¸RÉ�´ Ï4Y�½?À.Í ´ µ ³?¸R¹ µRºR3�¾�µ ± ¾�°Pº%) � �%;+Ð

J LR) M�ç²Ð5d"Ð(x�·�¹ ¼.´ Ð6Ó�³?¸ ä ¾�É�¶?Í ¸ ä?´ ± Î"¾�¿%F�¸RÍ ·�± ´ ¾�°?·�Í'7J½.¸R¹ ÎI9P·�°.Á�½.·�Á�¸RµRÐP¯ ° }�E � sV+�Þ2B?Ã<Å Æ Ý?Þ Ã�Ä
A�i?È Ã�Ú +Ã Ü E Ã�Þ2B)Ý+Ç Æ Ä+Ù�º.¶.·�Á�¸Rµ�)�L%X<ËV)�²(´+º) �%;>:+Ð

:%X Page 61



Consistent Query Answers in Virtual Data

Integration Systems

Leopoldo Bertossi and Loreto Bravo

Carleton University
School of Computer Science

Ottawa, Canada.
{bertossi,lbravo}@scs.carleton.ca

Abstract. When data sources are virtually integrated there is no com-
mon and centralized mechanism for maintaining global consistency. In
consequence, it is likely that inconsistencies with respect to certain global
integrity constraints (ICs) will occur. In this chapter we consider the
problem of de�ning and computing those answers that are consistent wrt
the global ICs when global queries are posed to virtual data integration
systems whose sources are speci�ed following the local-as-view approach.
The solution is based on a speci�cation using logic programs with stable
model semantics of the minimal legal instances of the integration system.
Apart from being useful for computing consistent answers, the speci�ca-
tion can be used to compute the certain answers to monotone queries,
and minimal answers to non monotone queries.

1 Introduction

There is an increasing number of available information sources, many of them on-
line, like organizational databases, library catalogues, scienti�c data repositories,
etc., and in di�erent formats and ranging from highly structured, like relational
databases, to semi-structured, like data on the web. Many applications need to
access and combine information from several databases, in consequence, a user
(or application) is confronted to many di�erent data sources.

One possibility for attacking this problem consists in bringing a possibly
huge amount of data -that might be required by the application- into one single,
physical, material site; and then making the application interact with this only
data repository. This process is costly in term of storage, design, and refreshment,
which would be necessary when the original sources are updated. That is, we
have complexities that are similar to those involved in the processes associated
to data warehouses, but with the di�erence that updating the repository could
be more crucial that in data warehouses, where, most likely, decision support
could be achieved without having completely up-to-date data.

An alternative solution consists in keeping the data in their sources. In this
way, if the application needs answers to a query, it has to interact with the
collection of available sources, �rst determining and selecting those that contain
the relevant information. Next, queries have to be posed to those sources, on an

individual basis; and the di�erent results have to be combined. This can be a
long, tedious, complex and error prone process if performed on an ad hoc basis. It
is better to have a general, robust and uniform implementation that supports this
process on a permanent and regular basis. Ideally, the application will interact
with the data sources via a unique -database like - common interface.

A solution in this line consists in the virtual integration of the data sources
via a mediator [75], that is, a software system that o�ers a common interface to a
set of autonomous, independent and possibly heterogeneous data sources. Under
this paradigm for data integration, the integration is virtual in the sense that the
data stays in the sources, but the user -who interacts with the mediator- feels like
interacting with a single database. The sources most likely do not cooperate with
each other, and the mediator, except for the possibility of asking queries, has
no control on the individual sources. There is no central control or maintenance
mechanism either. It is also desirable that the set of participating sources is
exible and open.

It is clear that combining data from di�erent and independent sources o�ers
many and di�cult challenges. If the integrated system is expected to keep some
correspondence with the reality it is modelling, then it should keep some gen-
eral, global semantic constraints satis�ed. This is di�cult to achieve, because
most likely there will be semantic conicts between pieces of data coming from
di�erent sources. Since there is no central, global integrity enforcement mecha-
nism, and there is no possibility of doing any kind of global data cleaning, as in
the datawarehouse approach to data integration, semantic problems have to be
solved when the application interacts with the integration system.

More speci�cally, in this chapter we describe novel techniques to solve incon-
sistencies when queries posed to the integration system are answered. That is,
only those answers to a global query that are consistent with the given global
integrity constraints are returned. Apart from the problem of de�ning the notion
of consistent answers in this scenario, there is the problem of designing query
plans to consistently answering queries.

The mediator, in order to design query plans, needs to know the correspon-
dence between the global relations o�ered by the mediator’s interface, which de-
termine an external query language, and the relations in the internal databases.
These descriptions of the contents of the internal data sources can be expressed
in di�erent ways. In this chapter we will mostly concentrate to the local as view
approach to data integration, according to which the sources are described as
views of the global relations.

Global integrity constraints (ICs) will be expressed as �rst order formulas,
and database instances are seen as �rst order structures with �nite relations. We
say that a database instance D is consistent wrt to a set IC of ICs if D satis�es
IC (what is denoted by D |= IC , as usual). Of course, the set of global integrity
constraints IC will be assumed to be logically consistent, in the sense that at
least one database instance satis�es it.

This chapter is structured as follows. In Section 2 we consider virtual data
integration systems, describing in general terms the main elements and issues; in
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particular, two alternative ways to specify the data contained in the data sources,
in such a way that the mediator can make use of it. In Section 3 the semantics
of virtual data integration systems with open sources under the local-as-view
approach is given in detail. In Section 5 we briey review the notion of consistent
answer to a query posed to a single relational database, and some methodologies
for computing them. The notion of consistent answer to a query, but now for an
integration system, is de�ned in Section 6. With the goal of computing consistent
answers in integration systems, in Section 7 logic programs with stable model
semantics are used to specify the class of minimal instances of open integration
systems under LAV. The results presented there are interesting in themselves,
independently from consistent query answering, because they can be used to
compute (ordinary) answers to both monotonic and non monotonic queries in
integration systems, which extend previous results in the area. Section 8 shows
how to compute consistent answers to queries posed to integration systems. The
speci�cation of minimal instances presented in Section 7 is extended in Section
9 to the case where in addition to open sources also closed and both closed and
open sources are available. That speci�cation is presented here for the �rst time.
In Section 10, some open research issues are indicated. In Section 11 we �nalize
with a discussion of related work.

2 Virtual Data Integration Systems

2.1 Mediators for data integration

The main features of a mediator based system are: (a) The interaction with
the system via queries posed to the mediator; (b) Updates via the mediator are
not allowed; (c) Data sources are mutually independent and may participate in
di�erent mediated systems at the same time; (d) Sources are allowed to get in
and out; (e) Data is kept in the local, individual sources, and extracted at the
mediator’s request.

Since the mediator o�ers a database like interface to the user or application,
it has a global or mediated schema, consisting of a set of names for relations
(virtual tables) and their attributes. This schema is application dependent and
determines a (family of) query language(s), like in a usual relational databases
from the user point of view. However, the “database” corresponding to the global
schema is virtual.

A user poses queries to the mediator in terms of the relations in the global
schema. However, in order to answer those global queries, the mediator needs
to knows the correspondence between the global schema and the local schemas.
This is achieved by means of a set of source descriptions, i.e. descriptions of
what data can be found in the di�erent sources. Having this information, when
the mediator receives a query , it develops a query plan that determines: (a) the
portions of data that are relevant to the query at hand, (b) their locations in the
relevant data sources, (c) how to extract that data from the sources via queries,
and (d) how to combine the answers received into a �nal answer for the user.
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Wrapper Wrapper Wrapper Wrapper

Global Schema Source Descriptions

Plan Generator

Execution Engine

User Interface
Answers

General Architecture of an Integration System

Fig. 1. Architecture of an Integration System

Figure 1 shows the main elements in the architecture of a mediator for virtual
integration of data sources.

The mediator is responsible of solving problems of redundancy, complemen-
tarity, incompleteness, and consistency of data in the integration system. In this
chapter we will consider this last problem, a very relevant one in this context.
For example, what should the mediator do if it is asked about a person’s ID card
number and it gets two di�erent numbers, each coming from a di�erent source?
The two sources, taken independently and separately, may be consistent, but
taken together, possibly not. Such consistency problems are likely and natural
in virtual data integration. Notice that consistency problems in virtual integra-
tion, unlike the “materialized” approaches to data integration, which o�er data
reconciliation solutions, cannot be solved a priori, at the physical data level.

Another element shown in Figure 1 is the wrapper. This is a module that is
responsible for wrapping a data source in such a way that the latter can interact
with the rest of integration system. It provides the mediator with data from a
source as requested by the execution engine. In consequence, it presents a data
source as a convenient database, with the right schema and data, the one that
is understood and used by the mediator. Notice that this presentation schema
may be di�erent from the real one, the internal to the data source. Actually, it
may be the case that the source is not at all internally structured as a database,
but this should be transparent to the mediator. All this may require preliminary
transformations, cleaning, etc., before the data can be exported to the integration
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system. There is a wrapper (or more) for each data source. In the following, we
will assume that each data source has already a wrapper that presents it as a
relational database.

Example 1. Consider a global schema for a database “containing” information
about music albums: CD(Album,Artist ,Year), Contract(Artist ,Year ,Label),
Songs(Album,Song). Now, a user wants to know the name of the label with
which Norah Jones had a contract during 2002. This is asked issuing the following
query to the global system Q : Ans(L) Contract(NorahJones , 2002 , L).

Here, predicate Ans will contain the answers, that are to be computed using
the expression on the RHS of this rule. In this case, this is the simple selection
SELECTX=NorahJones,Y=2002 Contract(X, Y, L).

It is a problem that the material data is not in the virtual global relation
Contract , but in the data sources DB 1(Album,Artist ,Year),DB2(Album,Artist ,
Year , Label),DB3(Album,Song). In consequence, a query plan is needed in order
to extract and combine the relevant data from the material sources. However,
in order to design such a plan, the mediator needs to know the correspondence
between the virtual global relations and the data sources. �

A key element in the mediator architecture is the set of source descriptions,
i.e. the descriptions of the available sources and their contents (as presented
by the wrapper), which is achieved by establishing the relationships (mappings)
between the global schema and the local schemata. These descriptions are given
by means of a set of logical formulas; similar to the way in which views are
de�ned in terms of base tables in a relational database, i.e. using queries written
in a query language. Usually those query languages use logical formulas or their
SQL versions.

With respect to how mappings are de�ned, there are two main approaches
(and combinations of them): (a)Global as View (GAV), under which the relations
in the global schema are described as views of the collection of local relations
[73]; and (b) Local as View (LAV), under which each relation in a local source is
described as a view of the global schema [61]. GLAV denotes a combination of
GAV and LAV [37] where the rules can have more than one atom in the head.
Another approach, called Both as View (BAV), consists on a speci�cation of the
transformation of the local schema into the given global schema, in such a way
that each schema can be seen as de�ned as in terms of the other schema [65]. In
Section 2.2 we describe and compare the GAV and LAV approaches.

The plan generator gets a user query in terms of global relations and uses
the source descriptions to design a query plan. This is achieved by rewriting the
original query as a set of subqueries that are expressed in terms of the local
relations. The query plan includes prescriptions on how the answers from the
local sources have to be combined. The query rewriting process executed by the
plan generator strongly depends on whether the LAV or the GAV approach is
followed. Still much theoretical and technical research is going on in relation
to query plan generation. The plan is executed by the execution engine. Notice
that it should be the plan generator who takes care of anticipating and solving
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potential inconsistencies. It should solve them in advance, when the plan is being
generated. Later in this chapter, we will explore this issue in detail.

2.2 Description of data sources

The global/local schema mappings or, equivalently, the descriptions of the source
contents are expressed through logical formulas that relate the global and local
relations.

Global as View

In this case, the relations in the global schema are described as views over the
tables in the union of the local schemata. This is conceptually very natural,
because views are usually virtual relations de�ned in terms of material relations
(the tables); and here we have global relations that are virtual and local sources
that are materialized.

Example 2. (example 1 continued) Assume the relation CD is de�ned as the
view

CD(Album,Artist ,Year) DB 1(Album,Artist ,Year)

CD(Album,Artist ,Year) DB 2(Album,Artist ,Year ,Label).

Relation CD is de�ned as the union of the projections of DB 1 and DB2 on
attributes Album,Artist ,Year , i.e. in relational terms, de�ned by

CD = �Album,Artist,Year (DB1) ∪ �Album,Artist,Year (DB2 ).

The global relation Songs and Label are de�ned as follows:

Songs(Album,Song) DB1(Album,Artist ,Year),DB3(Album,Song).

Contract(Artist ,Year ,Label ) DB 2(Album,Artist ,Year ,Label).

The �rst view is de�ned as, �rst, the join of DB 1 and DB3 via attribute Album,
and then, a projection on Album,Song . The second view is de�ned as the pro-
jection of DB2 over Artist ,Year ,Label .

These views have been de�ned by means of rules. Each rule speci�es that in
order to compute the tuples in the relation in the LHS (the head of the rule), one
has to go to the RHS (the body of the rule) and compute whatever is speci�ed
there. The attributes appearing in the head indicate that they are the attributes
of interest, thus the others (in the body) can be projected out at the end. If
there are more that one rule to compute a same relation, we use all of them and
we take the union of the results, as for the relation CD .

Instead of using a rule as above, we could have used relational algebra (or
relational calculus, or SQL2), in the case of the relation Songs ,

Songs = �Album,Song(DB1 onAlbum DB3).

The language of rules is more expressive than relational algebra, e.g. recursive
views can be de�ned using rules, but not with relational algebra [72]. �
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Once the global relations have been de�ned as views, we may start posing global
queries, i.e. queries expressed in terms of the global relations. The problem is to
answer them considering that the global relations do not contain material data.
Under the GAV approach this is simple, all we need to do is rule unfolding.

Example 3. (example 2 continued) Consider the following global query about
the music albums released in the year 2003, with their artists and songs

Ans(Album,Artist,Song) CD(Album,Artist , 2003),Songs(Album,Song).

Since it is expressed in terms of the global schema, the data has to be obtained
from the sources, that is, the query has to be rewritten in terms of the source
relations. We do this by unfolding each global relation, replacing it by its de�ni-
tion in terms of the local relations. We have underlined di�erently the goals in
the body in order to keep track of the rewriting for each of them.

Ans ′(Album,Artist ,Song) DB1(Album,Artist , 2003 ),

DB1(Album,Artist ,Year),DB3(Album,Song).

Ans ′(Album,Artist ,Song) DB2(Album,Artist , 2003 ,Label ),

DB1(Album,Artist ,Year),DB3(Album,Song).

These new queries do get answers directly from the sources; and the �nal answer
is the union of two answer sets, one for each of the rules. �

If, in addition to the view de�nitions, there are ICs that have to be and are
satis�ed by the system, unfolding is not enough for query answering [17, 19] (see
Section 11 for more details).

Local as View

Under the LAV approach, each table in each local data source is described as
a view (i.e. as a query expression) in terms of the global relations. This may
seem somehow unnatural or unusual from the conceptual point of view, and
from perspective of databases practice, because here the views contain the data,
but not the “base tables”. However, as we will see, this approach has some
advantages.

More precisely, in the general situation we have a collection of material data
sources (think of a collection of material relational tables) S1, . . . , Sn, and a
global schema G for the system that integrates data from S1, . . . , Sn. Tables
in S1, . . . , Sn are seen as views over G, and in consequence, they can be de�ned
by query expressions over the global schema.

Example 4. Consider the sources S1, S2 that are de�ned by the view expressions

S1: V1(Album,Artist ,Year) CD(Album,Artist ,Year),

Contract(Artist ,Year , emi),Year � 1990

S2: V2(Album,Song) Songs(Album,Song).
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Source S1 contains a table whose entries are albums produced after 1990 by the
label EMI with their artists and years. Source S2 contains one table with songs
and their albums.

Those relations that are not de�ned as views belong to the global schema G,
in this case, we have the relations: CD(Album,Artist ,Year), Songs(Album,Song),
Contract(Artist ,Year ,Label). �

Notice that from the perspective of S1, there could be other sources containing
information about albums produced by EMI after 1990, and that complementary
information could be exported to the global system. In this sense, the informa-
tion in S1 could be considered as “incomplete” wrt what G contains (or might
contain). In other words, S1 contains only a part of the data of the same kind
in the global system. We will elaborate on this later on. Finally, also notice that
in the example, and this is a general situation under LAV, the de�nition of each
source does not depend on other sources.

Now we want to answer global queries under LAV.

Example 5. (example 4 continued) The following query posed to G asks for the
songs with its album and the year they were released:

Ans(Album,Song ,Year) CD(Album,Artist ,Year),Songs(Album,Song).

This query is expressed as usual, in terms of global relations only, however, it
is not possible to obtain the answers by a simple and direct computation of
the RHS of the query. Now, there is no direct rule unfolding mechanism for the
relations in the body, because we do not have explicit de�nitions for them. And
the data resides in the sources, which are now de�ned as views.

We can see that plan generation to extract information from the sources
becomes more complex under LAV than under GAV. Since a query plan is a
rewriting of the query as a set of queries to the sources and a prescription on
how to combine their answers (what is needed in this example), the following
could be a query plan to answer the original query:

Ans ′(Album,Song ,Year) V1(Album,Artist ,Year), V2(Album,Song).

The query has been rewritten in terms of the views; and in order to obtain the
�nal answer, we �rst extract values for Album,Year from V1; then we extract the
tuples from V2; �nally, at the mediator level, we compute the join via Album.

Notice that due to the limited contents of the sources, we only obtain albums
produced by EMI after 1990. �

In LAV we pose a query in terms of certain relations (the global ones), but we
have to answer using the contents of certain views only (the local relations). In
consequence, query plan generation becomes an instance of a more general and
traditional problem in databases, the one of query rewriting using views.

To see this connection more clearly, assume we have a collection of views
V1, . . . , Vn, whose contents have already been computed, and cached or materi-
alized. When a new query Q arrives, instead of computing its answers directly,
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we try to use the answers (contents) to (of) V1, . . . , Vn. A problem to consider
consists in determining how much from the real answer do we get by using the
pre-computed views only; and also determining what is the maximum we can
get in terms of the kind of views we have available. The research carried out
in query answering using views [60, 2, 49, 51, 50, 35] and query containment
[2, 56, 67, 23] has become quite relevant to the area of data integration.

2.3 Comparison of paradigms

We have seen that under GAV, rule unfolding makes plan generation simple and
direct. On the other hand, GAV is not exible to accept new sources or eliminate
sources into/from the system. Actually, adding or deleting sources might imply
modifying the de�nitions of the global relations.

LAV o�ers more exibility to add new sources or delete old ones into/from
the integration system, because a new source is just a new view de�nition. Other
sources do not need to be considered at this point, because there are no other
sources interfering in the process. Only the plan generator has to be aware of
these changes. On the other side, plan generation is provably more di�cult [2,
58, 18, 73].

2.4 Data integration and consistency

Notice that, so far, we have not considered any integrity constraints at the global
schema level. Since the data sources are autonomous and possibly updated in-
dependently from the integration system in which they participate and from
other data sources, there is not much we can do wrt to data maintenance at
the global level. However, in virtual data integration, one usually assumes that
certain integrity constraints hold at the global level, and they are used in the
plan generation process [48, 30, 45]. Even more, in some cases the generation of
a query plan is possible because certain integrity constraints (are supposed to)
hold [30].

In general, we cannot be sure that such global integrity constraints hold,
because they are not maintained at the global level. A more natural scenario
is the one where integrity constraints are considered when queries are posed to
the system. In this case, we have the problem -to be addressed in Section 6-
of retrieving information from the global system that is consistent wrt certain
global constraints, but the problem has to be solved at query time, as opposed
to the usual approach in single databases, where all the data in the database is
kept and maintained consistent, independently from potential queries.1 This is
an interesting point of view wrt integrity constraints: they constitute constraints
on the answers to queries rather than on the database states.

1 Work reported in [11] departs from this practice and considers a more exible ap-
proach to query answering in databases where databases may be inconsistent, but
only answers to queries are expected to be consistent.
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Notice that the exibility to add/remove sources, in particular under LAV,
is likely to introduce extra sources of inconsistencies we have to take care of.

The global ICs we will consider are �rst order sentences written in the lan-
guage of the global schema. In particular, they will be universal integrity con-
straints, i.e. sentences of the form ∀�xϕ(�x), where ϕ(�x) is a quanti�er-free formula;
and also referential integrity constraints of the form ∀�x(P (�x) → ∃y(Q(�x′, y)),
where �x′ � �x.

3 Semantics of Virtual Data Integration Systems

In the rest of this paper, unless otherwise stated, we will concentrate on the LAV
approach (see Section 11 for references on the GAV approach). The semantics of
virtual data integration systems is given in terms of the intended global instances.
This does not mean that such instances are to be computed, but they will allow
us to give a model theoretic semantics to global integrity constraint satisfaction,
to query answers, etc.

A data integration system G under the LAV approach is speci�ed by a set of
view de�nitions, plus a set of material tables vi corresponding to the views Vi
de�ned:

G : V1( �X1) ϕ1( �X ′
1); v1 (1)

� � � � � � � � �

Vn( �Xn) ϕn( �X ′
n); vn

Here, �Xj � �X ′
j , and each vi is an extension (a material relation) for view Vi,

which in its turn is de�ned as a conjunctive view.
Until further notice we will assume that the system has all its sources open

(also called sound). This means that the information stored in the sources might
be incomplete. The description in (1) plus the openness assumption will deter-
mine a a set of legal global instances. Now we describe how.2

Let D be a global instance, i.e. its domain contains at least the constants
appearing in the source extensions and the view de�nitions; and has relations
(and contents) for the global schema. We denote with ϕi(D) the set of tuples
obtained by applying to D the de�nition of view Vi. This gives an extension for
Vi in (wrt) global instance D, which can be compared with vi. We call a global
instance D legal if the computed extension on D of each view Vi contains the
originally given extension vi:

Legal(G) := { global D | vi j ϕi(D); i = 1, . . . , n},

which captures the incompleteness of the sources, because if a view is applied to
a legal instance, the result will be a superset of the elements in the source. Only
legal instances will determine the semantics of G.

2 A similar semantics can be given in the case of the GAV approach [58].
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Example 6. Consider the system G1 with global relation R(X, Y ) and the fol-
lowing open sources

V1(X, Y ) R(X, Y ); v1 = {(a, b), (c, d)}

V2(X, Y ) R(X, Y ); v2 = {(a, c), (d, e)}.

The global instance D for which the relation R has the extension RD = {(a, b),
(c, d), (a, c), (d, e)}3 is legal, because: (a) v1 � ϕ1(D) = {(a, b), (c, d), (a, c),
(d, e)}; and (b) v2 � ϕ2(D) = {(a, b), (c, d), (a, c), (d, e)}. All supersets of D are
also legal global instances; e.g. {(a, b), (c, d), (a, c), (d, e), (c, e)} ∈ Legal (G), but
no subset of D is legal, e.g. {(a, b), (c, d), (a, c)} /∈ Legal(G). �

Example 7. Let D = {a, b, c, . . . } be the underlying domain. Consider the inte-
gration system G2 de�ned by

V1(X, Z) P (X, Y ), R(Y, Z); v1 = {(a, b)}

V2(X, Y ) P (X, Y ); v2 = {(a, c)}.

Each global instance D of the form {P (a, c), P (a, z), R(z, b)}, with z ∈ D is a
legal instance, because v1 � ϕ1(D) = {(a, b)} and v2 � ϕ2(D) = {(a, c), (a, z)}.
Any superset of D is also legal, but none of its subsets is. �

Now we can de�ne the intended answers to a global query Q. They are the
certain answers, those that can be obtained from every legal global instance [2]:

CertainG(Q) := {�t | �t is an answer to Q in D for all D ∈ Legal(G)}.

Example 8. (example 6 continued) Consider the following global query Q posed
to system G1: Ans(X, Y ) R(X, Y ). In this case, CertainG1

(Q) = {(a, b), (c, d),
(a, c), (d, e)}. �

The algorithms for constructing query plans should be sound and complete wrt
this semantics, more precisely they should be able to produce plans whose execu-
tion will allow us to get all and only the certain answers from a data integration
system; of course, without explicitly computing all the legal instances and query-
ing them.

4 Query plans

There are several algorithms for generating query plans. See [62, 51] for survey
of di�erent techniques. In [45] a deductive methodology is presented. Here we
will briey describe the inverse rules algorithm (IRA) [29, 30]. This algorithm is

3 In the rest of this chapter we will use a simpler description for an instance of this
kind. We simple write D = {(a, b), (c, d), (a, c), (d, e)}, because there is only one
global relation. If there were another relation, we write D = {R(a, b), R(c, d), ...}.
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conceptually simple, shows the main issues, and will be used later in this chap-
ter in our solution to the problem of consistent query answering in integration
systems.

Our framework is as follows. We are given a global query Q posed in terms
of the global schema, but we need to go to the sources for the data required to
evaluate Q. The problem is how to do this, or more precisely, how to rewrite Q
in terms of the views available, i.e. in terms of the relations in the sources.

We will assume that we have a set of rules describing the source relations as
conjunctive (Select-Project-Join) views of the global schema [1]. We also assume
that the sources are open.

The input to our problem is a global query expressed, e.g. in Datalog (may be
recursive, but without negation). The expected output is a new Datalog program
expressed in terms of the source relations.

Example 9. Consider the local relations V1, V2 in sources S1, S2, resp., and the
global relations R1, R2, R3. The set of source descriptions contains

S1: V1(X, Z) R1(X, Y ), R2(Y, Z), (2)

S2: V2(X, Y ) R3(X, Y ). (3)

The idea behind IRA consists in obtaining, from these descriptions, “inverse
rules” describing the global relations. Let us start from (3). Since V2 is open, it
is contained in the “extension” of the global relation R3. That is, the only way
to get tuples for V2 is by going to pick up tuples from the RHS of (3). In other
terms, we can say that V2 “j” R3, or, equivalently, V2 “⇒” R3. More precisely,
we invert the rule in the description of V2, obtaining

R3(X, Y ) V2(X, Y ),

now, a rule describing R3, which we wanted. If there are (not in this case though)
other rules of this kind describing R3 (from other source description rules con-
taining R3 on the RHS), we just take the union.

Now, wrt inverting rule (2), a �rst attempt could be

R1(X, Y ), R2(Y, Z) V1(X, Z),

but this is a strange rule, with a strange head. There are several problems. If
the head is seen as a conjunction, then we may split it into two rules, namely
R1(X, Y ) V1(X, Z) and R2(Y, Z) V1(X, Z), but now the two occurrences
of variable Y are independent, and before it was a shared variable that allowed
us to combine tables R1, R2 by means of a join. This connection is lost now.
Another problem has to do with the unrestricted occurrence of Y in the heads;
there are no conditions on Y in the bodies (this kind of rules are considered
unsafe in databases [72]). It should not be the case that any value for Y is
admissible.

A better approach is as follows: V1(X, Z) R1(X, Y ), R2(Y, Z) is equiva-
lent to V1(X, Z) ∃Y (R1(X, Y )∧R2(Y, Z)) (a join followed by a projection).
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Inverting, we obtain ∃Y (R1(X, Y )∧R2(Y, Z)) V1(X, Z). This rule has an im-
plicit universal quanti�cation on X, Z, then each value for Y possibly depends
on the values for X, Z, i.e. Y is a function of X, Z. To capture this dependence,
we replace Y by a function symbol f(X, Z) (a so-called “Skolem function”),
obtaining

R1(X, f(X, Z)) ∧ R2(f(X, Z), Z)  V1(X, Z).

As before, we split the conjunction, obtaining the rules R1(X, f(X, Z))  
V1(X, Z) and R2(f(X, Z), Z) V1(X, Z). In this way, we obtain the following
set V−1 of inverse rules

R1(X, f(X, Z)) V1(X, Z)

R2(f(X, Z), Z) V1(X, Z)

R3(X, Y ) V2(X, Y ),

which can be used to compute answers to global queries.

Notice that we may need other symbolic functions, for dependencies between
variables in the same or other rules. More precisely, we introduce one function
symbol for each variable in the body of a view de�nition that is not in the head;
and that function appears evaluated in the variables in the head.

Now, assume the following global query Q is posed to the integration system

Ans(X, Z) R1(X, Y ), R2(Y, Z), R4(X)

R4(X) R3(X, Y )

R4(X) R7(X)

R7(X) R1(X, Y ), R6(X, Y ).

We can see that the goal R6 cannot be computed, because there is no de�nition
for it in V−1. Then, R7 cannot be evaluated either; and the rule de�ning it can
be deleted. For the same reason, the third rule in the query cannot be evaluated;
and can be deleted. In this way we obtain a pruned query Q−:

Ans(X, Z) R1(X, Y ), R2(Y, Z), R4(X)

R4(X) R3(X, Y ).

In consequence, the �nal query produced by the plan generator, using the IRA,
is Q− ∪ V−1. This is a sort of Datalog program, but with functions.

This is all and the best we have to answer the original query. With the new
query program we can compute some answers to Q, but actually, “the most” we
can. The plan can be evaluated, e.g. bottom-up, from concrete source contents
[72]. The �nal answer may contain some tuples with the function symbol f in
them; but they are eventually deleted.

We will illustrate this process with a di�erent query. Assume that the source
contents are v1 = {(a, b), (a, a), (c, a), (b, a)} and v2 = {(a, c), (a, a), (c, d),
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(b, b)}; and the query is now Q′:

Ans(X) R1(X, Y ), R2(Y, Z), R4(X)

Ans(X) R2(X, Y )

R4(X) R3(X, Y )

R4(X) R1(X, a).

We have the same set V−1 of inverse rules as above, they are the same for all
the queries. So, �rst we prune the query rules that cannot be evaluated from the
inverse rules. We delete the last rule in the query, because it does not contribute
to R4 (a cannot be an f -value). We obtain the �nal query consisting of the
rules in V−1 plus the �rst three rules in Q′. It can be evaluated bottom-up. The
mediator will use the inverse rules applied to the sources, which requires sending
one query to each source, and will obtain

R1 = {(a, f(a, b)), (a, f(a, a)), (c, f(c, a)), (b, f(b, a))}

R2 = {(f(a, b), b), (f(a, a), a), (f(c, a), a), (f(b, a), a)}

R3 = {(a, c), (a, a), (c, d), (b, b)}.

Using the third rule of Q′, we obtain R4 = {a, c, b}. Now we can evaluate
the �rst rule in Q′, whose body becomes �X(R1 on R2) ∩ R4 = {a, c, b} ∩
{a, c, b} = {a, c, b}. Then, a, c, b ∈ Ans. From the second rule in Q′ we obtain
f(a, b), f(a, a), f(c, a), f(b, a) ∈ Ans, but these tuples are not considered, because
all the tuples containing function symbols are eliminated from the �nal answer
set. So, �nally Ans = {a, c, b}. �

Given a Datalog query, the query plan obtained for it is a new Datalog program,
but may contain function symbols (strictly speaking, for this reason, it is not
a Datalog program). If the original query does not contain recursion, neither
does the �nal query. The query plan: (a) does not contain negation, (b) can be
evaluated in a bottom-up manner and always has a unique �x point, (c) can be
constructed in polynomial time in the size of the original query and the source
descriptions.

The plan obtained is the best we can get under the circumstances, i.e. given
the query, the sources and their descriptions. More precisely, for a Datalog query
Q and a set of sources de�ned as conjunctive views, the query plan generated
with the IRA is maximally contained [2] in the original query Q [30]. In other
words, there is no other query plan that retrieves a set of answers to Q that is
a proper superset of answers to Q produced by IRA.

It is possible to prove [2] that for conjunctive views and Datalog queries (and
open sources), a maximally contained query plan computes all the certain an-
swers. In consequence, the inverse rules algorithm returns all the certain answers
to Datalog queries [30].

We have seen in this section and also in Section 2.2 for the GAV approach,
that the query plan prescribes how to rewrite the original, global, conjunctive
query as a new query expressed in terms of the source relations. The new query
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is also a �rst order or Datalog query. However, for more complex queries, the
“rewriting” may need to be expressed in more expressive languages, e.g. dis-
junctive logic programs with stable model semantics, as in Section 7, in order to
capture a higher data complexity of query answering (see [22] for a discussion
about what should qualify as a query rewriting).

Now, if in addition to the source descriptions, we have a set IC of global
integrity constraints; it is quite likely that they are not going to be satis�ed
by (all) the legal instances. In consequence, instead of retrieving the certain
answers to a global query, we might be interested in retrieving those answers
that are consistent wrt IC . This notion is still to be formalized (see Section
6), but having done that, we would expect that the query plans generated by
the mediator should incorporate new elements, responsible for enforcing the
satisfaction of the ICs at the query answer level.

In order to formally de�ne what is a consistent answer to a query to the
integration system, we will appeal to some notions and techniques introduced,
in the context of single, stand alone relational databases, to characterize and
compute answers to queries that are consistent wrt to integrity constraints that
the database may fail to satisfy. We review some of those relevant notions and
techniques in Section 5.

5 Consistent Query Answering for Single Databases

Assume we have a single relational database instance D and a set of integrity
constraints (ICs) that D may fail to satisfy. This inconsistent database can still
give us “correct” answers to queries, because not all the data in it participates
in the violation of the ICs. It becomes necessary to de�ne in precise terms what
is the “correct” or “consistent” information in the database; and in particular,
which are the “correct answers” to a query. Having done this, it is necessary to
develop mechanisms for retrieving such consistent answers; but without changing
the database, restoring its consistency. See [11] for an extended discussion about
why this is a natural and important problem. Here we briey review some notions
and techniques that have been given to attack these problems.

Given a relational database instance D, a query Q, and a set IC of ICs, we
say that a tuple �t is a consistent answer to Q in D wrt IC whenever �t is an
answer to Q in every repair of D, where a repair of instance D is a database
instance D′, over the same schema and domain, that satis�es IC , and di�ers
from D by a minimal set of changes (insertions/deletions of whole tuples) wrt
to set inclusion [3].

Intuitively speaking, consistent answers are invariant under minimal ways of
restoring consistency. Repairs are just an auxiliary concept, used to characterize
the consistent answers, but we we are not interested in repairs per se. Actually we
may try to avoid to (explicitly and completely) compute them whenever possible,
because this is an expensive process. In consequence, the ideal situation is the
one in which we are able to compute the consistent answers to Q by posing a
-hopefully- simple new query Q′ to the inconsistent instance D, in such a way
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that the standard answers to Q′ are precisely the consistent answers to Q. In
some cases it is possible to generate a new �rst order query Q′ with that property,
however in other situations, the query Q′ has to be written in some extension of
Datalog, possibly as disjunctive normal programs [41, 27].

Example 10. Consider the database instance D = {P (a), P (b), R(a), R(c)} and
the integrity constraint IC : ∀x(¬P (x) ∨ ¬R(x)), stating that tables P and R
do not intersect. The instance is inconsistent wrt to IC . The two repairs of
D are D1 = {P (a), P (b), R(c)}, D2 = {P (b), R(a), R(c)}. The query Q(x) :
Ans(x)  P (x) has b as only consistent answer, because P becomes true only
of b in both repairs. The query Q′ consisting of the rules Ans(x)  P (x) and
Ans(x)  R(x), has a, b, c as consistent answers, what shows that data is not
cleaned from inconsistencies: the problematic tuple a is still recovered. �

In [11], an alternative repair based semantic was used in the presence of ref-
erential integrity constraints. There, if a tuple is inconsistent (participates in
a violation), the possible ways to repair are deleting the inconsistent tuple or
adding a tuple with null values in the existentially quanti�ed attributes of the
constraint.

In order to compute the consistent answers to queries, two main approaches
have been introduced. One of them is �rst order (FO) query rewriting (if the
original query is �rst order) [3, 25, 13]; and the other consists in speci�cation of
database repairs using disjunctive logic programs with stable model semantics
[4, 47, 7]. The later approach is more general, but more expensive than FO query
rewriting. Despite their higher data complexity, disjunctive programs have to be
applied, also to some �rst order queries, because in some cases, for complexity
reasons, there is no FO rewriting [26, 20, 38].

5.1 Query rewriting

Example 11. (example 10 continued) Consider again query Q. Notice that a
tuple �t is an answer to the query and at the same time consistent wrt to IC if it
is not in R. In consequence, instead of posing the original query to the original
database, we pose the new query (P (x) ∧ ¬R(x)), which gives us the expected
answer, b, in D.

The extra condition ¬R(x) imposed on the original query is the so-called
residue of the literal P (x) wrt the IC . Notice that this residue can be obtained
by resolution between the query literal and the IC . We write T 1(Q) = (P (x) ∧
¬R(x)). In principle, the new literal appended may have residues of its own
wrt IC . We do not have any in this case, but if we had, we would append
its residues, obtaining T 2(Q), etc. Here, the iteration stopped and we write
Tω(Q) = (P (x) ∧ ¬R(x)). See [3, 25] for details. �

The FO query rewriting based methodology introduced in [3] via the T operator
has some limitations [3, 25]. It cannot be applied to existential or disjunctive
queries, like query Q′ in Example 10, and only universal integrity constraints
can be involved.
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5.2 Logic programming

The second approach consists in representing in a compact form the collection
of all database repairs. This is like axiomatizing a class of models, namely as the
intended models of a disjunctive logic program under the stable model seman-
tics [41]. That is, the repairs correspond to certain distinguished models of the
program, namely, to its stable models.

Once the speci�cation has been given, in order to obtain consistent answers
to a, say, FO query Q, the latter is transformed into a query written as logic
program, which is a standard process [64, 1]; and then, this query program is
“run” together with the program that speci�es the repairs. This evaluation can
be implemented on top of DLV, for example; a logic programming system that
computes according to the stable models semantics [31, 59]. We illustrate the
methodology presented in [6] by means of an example. In order to capture the
repair process, the program uses annotation constants, whose intended semantics
is shown in Table 1.

Annotation Atom The tuple P (�a) is...

td P (�a, td) a fact of the database
fd P (�a, fd) a fact not in the database

ta P (�a, ta) advised to be made true
fa P (�a, fa) advised to be made false

t?
P (�a, t?) true or becomes true

f?
P (�a, f?) false or becomes false

t??
P (�a, t??) true in the repair

f??
P (�a, f??) false in the repair

Table 1. Semantic of Annotation Constants

Example 12. (example 10 continued) The repair program �(r, IC ) consists of:

1. Facts: P (a, td), P (b, td), R(a, td), R(c, td).

Whatever was true (false) or becomes true (false), gets annotated with t? (f?):

2. P (X, t?) P (X, td)
P (X, t?) P (X, ta)
P (X, f?) not P (X, td)
P (X, f?) P (X, fa) ... the same for R ...

3. P (X, fa) ∨ R(X, fa)  P (X, t?), R(X, t?)

One rule per IC; that says how to repair the IC, in this case, if x belongs both
to P and R, either delete the tuple from P or from R. Passing to annotations
t? and f? allows to keep repairing the DB wrt to all the ICs until the whole
process stabilizes.

Repairs must be coherent: we use denial constraints at the program level, to
prune the models that do not satisfy them
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4.  P (X, ta), P (X, fa)
 R(X, ta), R(X, fa)

Finally, annotations constants t?? and f?? are used to read o� the literals that
are inside (outside) a repair, i.e. they are used to interpret the stable models of
the program as database repairs.

5. P (X, t??) P (X, ta)
P (X, t??) P (X, td), not P (X, fa)
P (X, f??) P (X, fa)
P (X, f??) not P (X, td), not P (X, ta). ... etc.

The program has two stable models (and two repairs):

{P (a, td), P (a, t?), P (a, t??), P (b, td), P (b, t?), P (b, t??), R(a, td), R(a, fa),
R(a, f?), R(a, f??), R(c, td), R(c, t?), R(c, t??)} � {P (a), P (b), Q(c)}.

{P (a, td), P (a, fa), P (a, f?), P (a, f??), P (b, td), P (b, t?), P (b, t??),
R(a, td), R(a, t?), R(a, t??), R(c, td), R(c, t?), R(c, t??)} � {P (b), Q(a), Q(c)}.

If we want the consistent answers to the query (P (�x) ∧ R(�x)), for example,
we run the repair program �(r, IC ) together with query program Ans(X)  
P (X, t??), Q(X, t??), obtaining the answer Ans = ∅, as expected. With the
query Ans(X)  P (X, t??), Q(X, f??), we obtain the answer Ans = {b}. Fi-
nally, we can pose the disjunctive query Q′ we had in Example 10 by means
of the two rules Ans(X)  P (X, t??) and Ans(X)  R(X, t??), obtaining
Ans = {a, b, c}. �

This approach can be used for Datalog∨,¬ queries and universal constraints. The
extension for referential constraints can be found in [11]. We have successfully
experimented with consistent query answering (CQA) based on speci�cation of
database repairs using the DLV system [31].

6 Semantics of CQA in Integration Systems

In this section we will assume that we are working under the LAV approach.
Actually, this scenario is more challenging than GAV and inconsistency issues
are more relevant due to the exibility to insert/delete sources into/from the
system.

Let us �rst consider an example that will help us motivate our notions of
consistency of an integration system and consistent query answering.

Example 13. (example 8 continued) We found for query Q: R(X, Y ), that
CertainG1

(Q) = {(a, b), (c, d), (a, c), (d, e)}. Now assume that we have global
functional dependency FD : X → Y . It is not satis�ed by D = {(a, b), (c, d), (a, c),
(d, e)}, nor by its supersets, i.e. no legal instance satis�es it. Since the tuples

18

(a, b), (a, c) participate in the violation of FD , only (c, d), (d, e) should be con-
sistent answers to the query.

Notice that the local functional dependencies V1 : X → Y , V2 : X → Y
are satis�ed by the sources. �

A virtual integration system does not have data at the global level. In spite of
this, we would like to be able to characterize such a system as consistent or
not, but we would like to do this on the basis of the data at hand, the one that
is forced to be in the system, avoiding problems of consistency caused by data
that is only potentially contained in the integration system. In this direction we
concentrate on the minimal instances. We will see that this shift of semantics
does not have an impact on query answering for relevant classes of queries in
comparison to the semantics based on the whole class of legal instances.

De�nition 1. [10] (a) A minimal global instance of an integration system G is a
legal instance that does not properly contain any other legal instance. We denote
by Mininst(G) the set of minimal instances of G.
(b) We say G is consistent wrt a set of global ICs IC if for every D ∈ Mininst(G)
it holds D |= IC . �

Example 14. (example 13 continued) System G1 has only D = {(a, b), (c, d), (a, c),
(d, e)} as minimal instance. There FD does not hold; in consequence, G1 is in-
consistent. �

The minimal instances will play a special role in our treatment of inconsistent
integration systems. Since we have a well de�ned subclass of legal instances, it
is natural to consider those answers to queries that hold for all the instances in
the class.

De�nition 2. [10] The minimal answers to a global query Q posed to an in-
tegration system G are those answers that can be obtained from every minimal
instance. We denote them by Minimal G(Q). �

Example 15. (example 14 continued) For the query Q : Ans(X, Y )  R(X, Y ),
we have MinimalG1

(Q) = {(a, b), (c, d), (a, c), (d, e)}, which can be obtained by
querying the only minimal instance. In this case the minimal answers coincide
with the certain answers.

Now consider the query Q′ : Ans(X, Y ) ¬R(X, Y ). On the basis of the un-
derlying domain, we have (a, e) ∈ MinimalG1

(Q′), because the minimal instance
does not contain the tuple (a, e). However, (a, e) /∈ CertainG1

(Q′), because there
are -non minimal- legal instances that contain the tuple (a, e). �

What was shown in the previous example holds in general, namely CertainG(Q)
j MinimalG(Q); and for monotone queries [1] they coincide; but for queries with
negation, possibly not.

As in the case of a single database, consistent answers will be the answers
that are invariant under the repairs of the system. We make these intuitions
precise.

19

De�nition 3. [10] Let G be an integration system and IC a set of global ICs.
(a) A repair of G wrt to IC is a global instance that satis�es IC , and minimally
di�ers from a minimal instance (wrt to inclusion of sets of tuples). We denote
by Repairs IC (G) the set of repairs of G wrt IC .
(b) A ground tuple �t is a consistent answer to a global query Q wrt IC if for
every D ∈ RepairsIC (G), it holds D |= Q[�t], i.e. �t is an answer to Q in D. We
denote by Consis ICG (Q) set of consistent answers to Q. �

Example 16. (example 14 continued) Consider system G1 with the global FD : X
→ Y . Since D = {(a, b), (c, d), (a, c), (d, e)} is the only minimal instance, and
it does not satisfy FD , the system has two repairs wrt FD , namely D1 =
{(a, b), (c, d), (d, e)} and D2 = {(c, d), (a, c), (d, e)}.

Now, for the query Q : Ans(X, Y )  R(X, Y ), we have ConsisFD

G1
(Q) =

{(c, d), (d, e)}, as expected. For the existential query Q′′(X) : Ans(X) R(X, Y ),
we have ConsisFD

G1
(Q′′) = {a, c, d}. This shows that the value a is not lost

through the repair process and is still recovered as a consistent answer. �

This example shows that repairs may not be legal instances. The two repairs in
it are not. This exibility is necessary to make the system repairable. Remember
that the repairs are just an auxiliary notion that we use to de�ne the consistent
answers to queries.

Here we are considering repairs that treat deletions and insertions of tuples
symmetrically. Other approaches may privilege certain kinds of changes, e.g. in
[20] insertions are preferred to deletions in the presence of referential ICs, with
the purpose of giving a better account of the openness (or incompleteness) of the
sources (see Section 11 for a more detailed discussion of alternative approaches).
However, adapting our speci�cations and methodologies for query answering to
this kind of special repairs is rather straightforward.

Also notice that an alternative de�nition of consistent answer in terms of
being true in all consistent legal instances does not always work, because, in
the presence of functional dependencies, most likely there won’t be any consis-
tent legal instances (see Example 13). Nevertheless, this alternative direction is
studied in [57].

Except for strange cases -that we will exclude- where the set of ICs is non
generic [11], i.e. it entails by itself (independently from the data) that a ground
literal belong (or does not belong) to the database, the consistent answers are real
answers. More precisely, for generic ICs, we have Consis ICG (Q) j MinimalG(Q)

[10]. If G is consistent wrt IC, then Consis ICG (Q) = MinimalG(Q). The problem
with non generic ICs is that they force speci�c data items, which may have not
been in the original instance, to belong (not to belong) to every (any) repair,
something that can be easily achieved without appealing to ICs. This situation
is illustrated in the following example.

Example 17. (example 16 continued) Assume that, in addition to the functional
dependency, IC also contains the non generic constraint ∀x∀y(x = a ∧ y =
e → R(x, y)), saying that tuple (a, e) belongs to R. In this case, there is only
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one repair for G1, namely D3 = {(a, e), (c, d), (d, e)}. Now, Consis ICG1
(Q) =

{(a, e), (c, d), (d, e)} 6� MinimalG1
(Q). �

Having de�ned what a consistent answer is, we need to �nd mechanisms for
computing them.

7 Logic Programming Specification of Minimal Instances

In this section we will show how to specify the minimal instances of a virtual
integration system under LAV using logic programs with stable model semantics
[41, 42]. This speci�cation is -as we will see- interesting and useful in itself, but
in Section 8 it will also be used as the basis for computing consistent answers to
queries.

7.1 The simple speci�cation

We will start by giving a preliminary version of the speci�cation program. This
version is simpler to explain than the general, de�nitive one, and already contains
the key ideas.

Example 18. (example 7 continued) It is easy to verify that the class of minimal
instances for the system is Mininst(G) = {{P (a, c), P (a, z), R(z, b)} | z ∈ D}.
Now, the set V−1 of inverse rules is

P (X, f(X, Z)) V1(X, Z)

R(f(X, Z), Z) V1(X, Z)

P (X, Y ) V2(X, Y ).

Inspired by these inverse rules, we give the following speci�cation program
�(G2):

– Facts: dom(a), dom(b), dom(c), . . . , V1(a, b), V2(a, c).
– P (X, Y ) V1(X, Z), F Y1 (X, Z, Y ),

R(Y, Z) V1(X, Z), F Y1 (X, Z, Y ),
P (X, Y ) V2(X, Y ).

– F Y1 (X, Z, Y ) V1(X, Z), dom(Y ), choice((X, Z), (Y )).

Here, dom(x) is a domain predicate with elements in D, F Y1 is a predicate
corresponding to view V1 and the existential variable Y in its de�nition; and
choice((X, Z), (Y )) is the choice operator introduced in [39], which non-determin-
istically chooses a unique value for Y for each combination of values in (X, Z).
In this way, the functional dependency X, Z → Y is enforced; and inclusion of
redundant tuples in the global instances is (partly) avoided.

A program with choice � can be always transformed into a normal program,
SV(�) [39] with stable model semantics [40]. The so-called choice models of the
original program � are in one-to-one correspondence with the stable models of
its stable version SV(�).
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In our example, the stable models of SV (�(G2)) are

Ma = {dom(a), . . . , V1(a, b), V2(a, c), P (a, c), R(a, b), P (a, a)};

Mb = {dom(a), . . . , V1(a, b), V2(a, c), P (a, c), R(b, b), P (a, b)};

Mc = {dom(a), . . . , V1(a, b), V2(a, c), P (a, c), R(c, b)}; etc.

Here we show only their relevant parts, skipping domain atoms, and atoms con-
taining the F1 predicate. In this example we �nd a one-to-one correspondence
between the models of �(G2) and the minimal instances of G2. �

More generally, the preliminary version of the speci�cation contains the following
elements:

1. Facts: dom(a) for every constant a ∈ D, and Vi(�a) whenever �a ∈ vi for a
source extension vi in G.

2. For every view (source) predicate Vi with de�nition Vi( �X)  P1( �X1), . . . ,
Pn( �Xn), the rule

Pj( �Xj) Vi( �X),
∧

Xl∈( �Xj\ �X)

FXl

i ( �X, Xl).

3. For every predicate FXl

i ( �X, Xl) introduced in 2., the rule

FXl

i ( �X, Xl) Vi( �X), dom(Xl), choice(( �X), (Xl)).

It can be proved [16] that

Mininst(G) � class of stable models of SV(�(G)) � Legal(G). (4)

Queries expressed as logic programs can be answered by running them together
with �(G) under the cautious stable model semantics (that sanctions as true
what is true of all stable models). As a consequence of (4) we obtain that for
monotone queries Q the answers obtained using �(G) coincide with CertainG(Q)
and MinimalG(Q).

The inclusions in (4) suggest that equality may not be achieved. The following
example shows that that is the case.

Example 19. Let D = {a, b, c, . . . } be the underlying domain. The system G3 is
de�ned by

V1(X) P (X, Y ); v1 = {a}

V2(X, Y ) P (X, Y ); v2 = {(a, c)}.

Here we have Mininst(G3) = {{P (a, c)}}, however, the legal global instances
corresponding to stable models of �(G3) are of the form {{P (a, c), P (a, z)} | z ∈
D}, that is, we obtain from the program more legal instances (or stable models)
than the minimal instances. The reason is that V2, being open, forces P (a, c) to be
in all legal instances, what makes the same condition on V1 being automatically
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satis�ed, i.e. no other values for Y are needed. Nevertheless, the choice operator,
as used above, may still choose, and it does, other values z ∈ D.

As mentioned before, the simple version of the speci�cation program for this
system -even not being sound as a speci�cation of the class of minimal instances-
can be used to correctly compute minimal and certain answers to monotone
queries. For instance, consider the following monotonic queries containing com-
parisons

Ans  P (X, Y ), Y 6= c (5)

Ans(Y ) P (a, Y ), Y 6= c. (6)

The boolean query (5) has answer false in the class {{P (a, c), P (a, z)} | z ∈ D},
because it is not true of all the instances in it. Query (6) has empty answer in
the same class. In the minimal instance {P (a, c)}, the queries have answer false,
and ∅, respectively. We can see that these queries are correctly answered. �

At this point we could compare what can be obtained using the simple spec-
i�cation of minimal instances and what could we obtain by trying to use the
inverse rules algorithm. Notice that the latter algorithm does not consider com-
parisons other than equalities [30]. The inverse rules can be seen as de�ning a
sort of generic, symbolic instance, which is obtained by propagating the source
contents through the inverses rules (from the bodies to the heads in them) and
the function symbols.

For example, the set V−1 of inverse rules for the system in Example 19
consists of P (X, f(X))  V1(X) and P (X, Y )  V2(X, Y ). If we propagate
the values in the sources, we obtain a “generic instance” containing f -values,
namely

Df = {P (a, c), P (a, f(a))}, (7)

that represents a family of legal instances, each of which can be obtained by
interpreting f on the underlying domain D. Basically, this class coincides with
the class we obtained using the program above (and then it represents a superset
of the minimal instances, but a subset of the legal instances). A di�erence is that
with the speci�cation program we obtain the instances explicitly.

If we attempt to use “instance” (7) to evaluate the queries (5) and (6) (this
is the idea behind the IRA for conjunctive, built-in free queries in [30]), we
obtain, assuming that f(a) is di�erent from c because they are syntactically
di�erent, that the answer to (5) is Ans = true, whereas query (6) gets the
answer Ans = {f(a)}, which, after elimination of the f -value, becomes Ans = ∅.

The problem with this methodology for query answering based on generic
instances with functional values we just attempted, is that it does not capture
the minimal instances, actually the only minimal instance {P (a, c)} is missed by
the assumption that f(a) 6= c. In order to make this approach work, we would
have to consider alternative values for function f . Our explicit approach based
on the choice operator achieves this, and can be naturally extended -as we will
do in Section 7.2- in such a way that not only monotonic queries, but also non
monotonic queries containing negation, can be handled correctly (the latter, wrt
the minimal answer semantics).
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Example 20. (example 19 continued) Assume G3 is extended with the source
de�nition V3(X, Y )  R(X, Y ); v3 = {(a, c)}. Then, the minimal instance is
{{P (a, c), R(a, c)}}, and the instances obtained from the program are {{P (a, c),
P (a, z), R(a, c)} | z ∈ D}. Now the query

Ans  P (X, Y ), not R(X, Y ) (8)

has answer false both in the minimal instance and in the class of the instances
obtained from the speci�cation program. In the later case, in the sense that the
query is not true in all the models of the program. That is, also in this case the
simple speci�cation is giving us the right minimal answers.

On the other side, the same query evaluated in the new IRA-induced, generic
instance Df = {P (a, c), P (a, f(a)), R(a, c)} has answer true if the functional
term is assumed to be di�erent from c. �

This example shows that even for some non monotonic queries, the simple spec-
i�cation program returns the correct minimal answers. It is an interesting open
problem to characterize the class of system descriptions and non monotonic
queries for which the simple speci�cation returns the correct minimal answers
(however, see [16] for some results in this direction). On the other side, a naive
application of the IRA to a query containing negation, as (8), does not give the
correct answer.

It is a natural question as to whether the program with Skolem functions
introduced by IRA (as in [30]) could be used, instead of the functional predicates,
for specifying the repairs, pruning at the end the ground functional terms when
queries are answered. In [16] it is shown -and this applies to both the simple and
re�ned version of the speci�cation program- that doing so does not necessarily
capture the repairs of the system. The intuitive reason behind is that using the
function symbols may prevent us from detecting violations to the ICs by the
minimal instances. Actually, as Examples 19 and 20 already show, keeping the
functional symbols may fail to properly capture the minimal instances, which is
a problem when queries with negations or comparisons are to be answered.

In this work, when we answer non monotone queries, we are interested in the
minimal answers. Actually, the consistent answers as de�ned here are a subset of
the minimal answers (see Section 6). Wrt to the certain answers to non monotone
queries, we can see that negated sub-queries can always be made false by adding
extra data to the legal instances of an integration system with open sources. We
believe that the notion of minimal answer to a non monotone query posed to
an open system is the natural notion to use4, instead of the notion of certain
answer.

7.2 The re�ned speci�cation

If we want �(G) to specify only the minimal instances, then the program has to
be re�ned. The new version �(G) detects in which cases it is necessary to use the

4 Assuming, as we have done in this chapter, that the sources are de�ned as conjunctive
views or disjunctions thereof. In particular, they are de�ned without negation.
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function predicates. This is achieved by means of a stronger condition, addVi
( �X),

in the choice rules, i.e. FXl

i ( �X, Xl)  addVi
( �X), dom(Xl), choice(( �X), (Xl)),

where addVi
( �X) is true only when the openness of Vi is not satis�ed through

other views; and this can be further speci�ed by means of extra rules. The general
re�ned version is described and analyzed in detail in [16]. For it, the class of
stable models of the program provably coincides with the minimal instances. In
consequence, the program can be used to compute minimal answers to arbitrary
queries and certain answers to monotone queries.

The re�ned version of the program uses annotation constants to be placed
in an extra argument added to the global relations. Their intended semantics is
given in Table 2. Annotation td is used to read o� the atoms in the minimal
instances. The others are annotations that are used to compute intermediate
atoms. We illustrate the re�ned version by means of an example.

annotation atom the tuple P (�a) is ...

td P (�a, td) an atom of the minimal legal instances

o P (�a,o) an obligatory atom in all the minimal legal instances

vi P (�a,vi) an optional atom introduced to satisfy the openness of
view Vi

nvi P (�a,nvi) an optional atom introduced to satisfy the openness of a
view other than Vi

Table 2. Semantic of Annotation Constants for Minimal Models

Example 21. (example 19 continued) The re�ned program �(G3) is:

dom(a), dom(c), ..., V1(a), V2(a, c). (9)

P (X, Y,v1) addV1
(X), F Y1 (X, Y ). (10)

addV1
(X) V1(X), not auxV1

(X). (11)

auxV1
(X) varV1,Z(X, Z). (12)

varV1,Z(X, Z) P (X, Z,nv1). (13)

F Y1 (X, Y ) addV1
(X), dom(Y ), choice((X), (Y )). (14)

P (X, Y,o) V2(X, Y ). (15)

P (X, Y,nv1) P (X, Y,o). (16)

P (X, Y, td) P (X, Y,v1). (17)

P (X, Y, td) P (X, Y,o). (18)

Rules (10) to (13) ensure that if there is an atom in source V1, e.g. V1(�a), and if
an atom of the form P (�a, Y ) was not added by view V2, then it is added by rule
(10) with a Y value given by the functional predicate F Y1 (�a, Y ). This function
predicate is calculated by rule (14). Rule (15) enforces the satisfaction of the
openness of V2 by adding obligatory atoms to predicate P , and rule (16) stores
this atoms with the annotation nv1 implying that they were added by a view
di�erent from V1. The last two rules gather with annotation td the elements that
were generated by both views. Those are the atoms in the minimal instances.
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The only stable model of this program is {dom(a), dom(c), . . . , V1(a), V2(a, c),
P (a, c, td), P (a, c,o), P (a, c, nv1), auxV1

(a)}, which corresponds to the only
minimal legal instance {P (a, c)}. �

We have obtained an answer set programming speci�cation of the minimal in-
stances of an open integration system under LAV. From it, the minimal answers
to complex queries, e.g. non strati�ed Datalog queries [1], can be computed us-
ing the cautions or skeptical answer set semantics that sanctions as true what
is true of all stable models. Notice that the re�ned version (and also the simple
version) of the speci�cation program �(G) is a non strati�ed program, whose
data complexity [1] is likely to be higher than polynomial [27]. As with the sim-
ple program, the re�ned program can be used to compute the certain answers
to monotone queries.

It is interesting to observe that the speci�cation �(G) we just gave can be
seen as a considerable extension of the original IRA algorithm since it can be
used to obtain the certain answers to monotone queries involving comparisons
(see Example 19), and the minimal answers to non-monotone queries.

There are several issues and possible extensions that are discussed in detail
in [16]. We briey mention some of them here. First, we do not need to make
any assumption about the underlying domain for the logic programming based
speci�cations of minimal instances to work properly. All we need is that it -
possibly properly- contains the active domains of the sources and the constants
that may appear in the view de�nitions. However, if the program is to be run with
a system like DLV, we need to have a �nite number of elements in the domain. We
can always simulate the potential in�niteness of the underlying domain by means
of a su�ciently large �nite domain [16]. This can be achieved by introducing fresh
constants. This subject related to a �nite vs. in�nite underlying domain certainly
deserves further investigation. Any case, computing with in�nite stable models
has started to receive attention from the answer set programming community
[14].

A possible extension, also discussed in [16], consists in having views de�ned
by disjunctions of conjunctive queries. Inspiration for the speci�cation programs
can be found in the extension of the IRA to the case of disjunctive sources [29].

We will use the speci�cation of minimal instances as a basis for the com-
putation of consistent answers (see Section 8). In Section 9, the speci�cation
is extended to the case where also closed sources participate in the integration
system.

8 Computing Consistent Answers in Integration Systems

We will see two methodologies for consistently answering queries posed to virtual
integration systems under LAV. The �rst one, in Section 8.1, is based on �rst-
order query rewriting. The second one, to be presented in Section 8.2, is much
more general, and provides a solution based on the speci�cation of the repairs
of the minimal instances of an open integration systems. Both methodologies
eventually rely on the speci�cation of minimal instanced presented in Section 7.
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8.1 Query Rewriting for CQA

In this section we will describe a methodology, �rst presented in [10], that pro-
vides a partial solution to the problem of CQA under the LAV approach. It builds
upon the query rewriting approach to CQA for single relational databases de-
scribed in Section 5.1. The limitations of that approach are inherited by the
solution for the case of integration of data sources. In consequence, this solution
applies to queries Q that are conjunctions of literals, but without projection (or
existential quanti�cation); and global integrity constraints that are universal. In
consequence, referential ICs are excluded.

The high level description of the rewriting based algorithm for CQA in in-
tegration system is as follows: Given as input a set IC of global integrity con-
straints, and global query Q that is a conjunction of literals, we do the following

Meta�Algorithm (19)

1. Rewrite Q( �X) into the �rst-order query T ω(Q( �X)) using IC .5

2. Transform Tω(Q( �X)) into a recursion-free Datalog¬ query program �(T ω(
Q)) (this is straightforward [64]).

3. Find a query plan, P lan(�(T ω(Q))) to answer the query �(T ω(Q)) posed
to the global system.

4. Evaluate the query plan on the view extensions of G to compute the answer
set.

A problem with this algorithm is that the program �(T ω(Q)) may contain
negation, that is introduced at the �rst step. We give some examples.

Example 22. Consider the integration system

V1(X, Y ) P (X, Y ); v1 = {(a, d)}

V2(X, Z) P (X, Y ), R(Y, Z); v2 = {(a, b), (b, c)}.

The minimal instances are of the form Duv = {P (a, u), R(u, b), P (b, v), R(v, c),
P (a, d)}, with u, v ∈ D. Now consider the global IC IC : ∀x∀y(¬P (x, y) ∨
¬R(x, y)). The system is inconsistent, because the minimal instances obtained
with u = c, v = a, i.e. Dca = {P (a, c), R(c, b), P (b, a), R(a, c), P (a, d)} is incon-
sistent. The same happens with Dbb. The other minimal instances are consistent.
Then, the repairs are all the Du,v above, except for the last two combinations,
which in their turn contribute with the repairs D1

ca = {R(c, b), P (b, a), R(a, c),
P (a, d)}, D2

ca = {P (a, c), R(c, b), P (b, a), P (a, d)}, D1
bb = {P (a, b), R(b, b), R(b, c),

P (a, d)} D2
bb = {P (a, b), P (b, b), R(b, c), P (a, d)}. Now, consider the query Q :

P (X, Y )?. The only answer to this query in common to all repairs is {P (a, d)},
then this is the only consistent answer.

5 We are assuming here that T
ω(Q( �X)) produces a �nite formula. Conditions for this

to happen in terms of Q and IC are studied in [3, 25]. However, those conditions are
satis�ed by the most common universal ICs found in database practice.
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On the rewriting side, if we want the consistent answers to the same query
relative to IC , we rewrite the query as follows T (Q) : (P (X, Y ) ∧ ¬R(X, Y ))
(see Example 11), which produces the following query program that contains
negation: Ans(X, Y ) P (X, Y ), not R(X, Y ). �

Example 23. (example 6 continued) FD can be written in the form

∀x∀y∀z(¬R(x, y) ∨ ¬R(x, z) ∨ y = z). (20)

If the query Q : R(X, Y )? is posed to the system, we have to �nd the residues of
R(X, Y ) wrt (20), and we obtain after the �rst step the rewritten query

Tω(Q(X, Y )) : R(X, Y ) ∧ ¬∃Z(R(X, Z) ∧ Z 6= Y ). (21)

Query (21) is translated into the following Datalog¬ program �(Tω(Q(X, Y ))):

Ans(X, Y ) R(X, Y ), not S(X, Y ) (22)

S(X, Y ) R(X, Z), dom(Y ), Y 6= Z (23)

dom(a), dom(b), dom(c), dom(d), dom(e), ... (24)

The domain extends the active domain [1] that contains the constants in the
sources and those that may appear in the view de�nitions. This is a form of
materialization of a domain closure assumption, however we are not necessar-
ily closing wrt the active domain, but wrt a superset of it that contains fresh
constants. This allows us to correctly compute certain answers (see [16] for a
detailed discussion of this issue). The introduction of the dom predicate in pro-
grams is a general way to make the rules safe [72]. Despite these considerations,
in this example, the domain predicate is not necessary, because (21) is logically
equivalent to

Tω(Q(X, Y )) : R(X, Y ) ∧ ¬∃Z(R(X, Y ) ∧ R(X, Z) ∧ Z 6= Y ).

In consequence, program �(T ω(Q(X, Y ))) can be written as the set of safe rules
Ans(X, Y ) R(X, Y ), not S(X, Y ) and S(X, Y ) R(X, Y ), R(X, Z), Y 6= Z.

At step 3. of algorithm (19), we need a query plan to answer the query
expressed by (22)-(24). As we can see, the query contains negation and compar-
isons. �

Algorithms like IRA are designed to deal with negation-free queries without
comparisons [30]. On the other side, �(T ω(Q)) does not contain recursion but
contains negation. In consequence, an algorithm like IRA, if it is going to be
applied in this context, has to be extended in order to handle queries that are,
e.g. non recursive Datalog programs with negation and comparisons.

Some very limited extensions of the IRA algorithm have been proposed in
order to include negation [10, 74, 35]. However, we can use our speci�cation
of the minimal instances (see Section 7) as a general query plan mechanism
for eventually computing consistent answers to queries. In Algorithm (19) that
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speci�cation can be used in the third step. All one needs to do is combine the
query obtained after the second step (with its predicates expanded with a new,
�nal argument with the annotation td in it) with the speci�cation of the min-
imal instances. The combined program is run under the cautions stable model
semantics.

Example 24. (example 22 continued) The query Ans(X, Y )  P (X, Y ),
not R(X, Y ) has to be combined with the speci�cation of the minimal in-
stances of the integration system, which is essentially the same as the one given
in Example 18. If we want or need6 to use the re�ned version of the speci�-
cation of minimal instances, then the query has to be �rst transformed into
Ans(X, Y ) P (X, Y, td), not R(X, Y, td). �

8.2 CQA from speci�cations of repairs

A more general methodology that the one presented in Section 8.1 is based on
a logic programming speci�cations of the repairs of the minimal instances of
an integration system. First results were presented in [15], and full details can
be found in [16]. This methodology works for queries expressed in extensions
of Datalog, in particular, for �rst-order queries; and universal ICs combined
with acyclic sets of referential ICs. In the rest of this section, we will assume
that sources are open, and de�ned as conjunctive views over the global schema.
However the solution can be extended to combinations of closed and open sources
(see Section 9), and views de�ned as disjunctions of conjunctive queries [16].
Figure 2 describes the methodology in general terms. In order to compute the
consistent answer to a global query, the query is expressed as a query program,
which is run in combination with other programs that speci�es, in two layers, the
minimal instances of the integration systems, �rst, and then, the repairs of the
minimal instances. Of course, the same speci�cation program can be used with
di�erent queries. The speci�cation of minimal instances is the one presented in
Section 7.

What we have so far is a speci�cation of minimal instances of an open in-
tegration system, but they may not satisfy certain global ICs. In consequence,
we may consider specifying their repairs wrt those ICs. For this we can apply
the ideas and techniques developed to specify repairs of single databases (Sec-
tion 5). Actually, we can combine into a repair program, �(G, IC), the program
that speci�es the minimal instances with a program that speci�es the repairs of
each minimal instance. This is because a minimal instance can be seen as (or
is) a single database instance. Instead of a full treatment (see [16]), we give an
example.

Example 25. (example 21 continued) Consider system G3, but now with the
global integrity constraint Sym: ∀x∀y(P (x, y)→ P (y, x)). Since Mininst(G3) =

6 In this example this is not necessary, because the simple program correctly speci�es
the class of minimal instances. In [16] su�cient conditions are identi�ed for this to
happen.
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{{P (a, c)}}, an the only instance does not satisfy Sym, the system is inconsis-
tent.

The repair program, �(G3,Sym), consists of two layers. The �rst one is
exactly program �(G3) in Example 21 that speci�es the minimal instances; and
the second layer is the following subprogram that repairs the minimal instances;
it builds on the atoms annotated with td in the �rst layer:

P (X, Y, t?) P (X, Y, ta), dom(X), dom(Y ).

P (X, Y, t?) P (X, Y, td), dom(X), dom(Y ).

P (X, Y, f?) dom(X), dom(Y ), not P (X, Y, td).

P (X, Y, f?) P (X, Y, fa), dom(X), dom(Y ).

P (X, Y, fa) ∨ P (Y, X, ta) P (X, Y, t?), P (Y, X, f?), dom(X), dom(Y ).

P (X, Y, t??) P (X, Y, ta), dom(X), dom(Y ).

P (X, Y, t??) P (X, Y, td), dom(X), dom(Y ), not P (X, Y, fa).

P (X, Y, f??) P (X, Y, fa), dom(X), dom(Y ).

P (X, Y, f??) dom(X), dom(Y ), not P (X, Y, td),

not P (X, Y, ta).

 P (X, Y, ta), P (X, Y, fa).

The stable models of this program are:
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M1 = {dom(a), dom(c), . . . , V1(a), V2(a, c), P (a, c,nv1), P (a, c,v2),
P (a, c, td), P (a, c, t?), auxV1

(a), P (a, a, f?), P (c, a, f?), P (c, c, f?),
P (a, a, f??), P (c, a, ta), P (c, c, f??), P (a, c, t??), P (c, a, t?),
P (c, a, t??)}.

M2 = {dom(a), dom(c), . . . , V1(a), V2(a, c), P (a, c,nv1), P (a, c,v2),
P (a, c, td), P (a, c, t?), auxV1

(a), P (a, a, f?), P (c, a, f?), P (a, c, f?),
P (c, c, f?), P (a, a, f??), P (c, a, f??), P (a, c, f??), P (c, c, f??),
P (a, c, fa)}.

By reading the literals annotated with t??, we see that the �rst model corre-
sponds to the repair {P (a, c), P (c, a)}; the second one, to the empty repair. �

Repair programs can be given for specifying the repairs of any open integration
system under the LAV approach with conjunctive view de�nitions; and for any
set of ICs containing universal and acyclic referential integrity constraints [15,
16].

The restriction to sets of ICs that do not contain cycles in its referential
ICs has to do with limitations of the logic programming based approach to the
speci�cation of repairs of single relational databases as presented in Section 5.
Fundamental, theoretical reasons behind these limitations, that are inherited by
our repair programs for integration systems, are studied in depth in [26, 20, 38].

With the repair programs, we can now compute consistent answers to global
queries. Let Q(�x) be a query posed to an integration system G. The methodology
is as follows. First the query gets its literals annotated with t??, f??, e.g. if the
query is �rst order, say Q(� � �P (�u) � � � ¬R(�v) � � � ), we pass to Q′ := Q(� � �P (�u,
t??) � � � R(�v, f??) � � � ). Next, a query program �(Q′) with an Ans( �X) predicate is
produced from Q (this is standard [64]). Finally, the program � := �(Q′) ∪�(G,
IC) is run under the stable model semantics; and the ground atoms Ans(�t) ∈⋂
{S | S is a stable model of �} are collected in the answer set to be returned

to the user.

Example 26. (example 25 continued) Consider G3 and the global query Q :
P (X, Y )? From it we generate Q′ : P (X, Y, t??), which in its turn is trans-
formed into the query program �(Q′) : Ans(X, Y )  P (X, Y, t??). Next, we
form � = �(G3,Sym) ∪�(Q′), with �(G3,Sym) as in Example 25.

Now, the models of program � are those of �(G3,Sym) but extended with
ground Ans atoms, namely they are:M1 =M1 ∪ {Ans(a, c), Ans(c, a)};M2 =
M2 ∪∅. Since there are no Ans atoms in common, then query has no consistent
answers (as expected). �

Example 27. (example 16 continued) The program that computes the consistent
answers to query Q(X, Y ) : R(X, Y )? from system G1 wrt FD is:

Subprogram for minimal instances:

dom(a). dom(b). dom(c). dom(d). dom(e). . . . V1(a, b). V1(c, d). V2(c, a). V2(e, d).
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R(X, Y, td) V1(X, Y ).

R(Y, X, td) V2(X, Y ).

Repair subprogram:

R(X, Y, t?) R(X, Y, ta), dom(X), dom(Y ).

R(X, Y, t?) R(X, Y, td), dom(X), dom(Y ).

R(X, Y, f?) dom(X), dom(Y ), not R(X, Y, td).

R(X, Y, f?) R(X, Y, fa), dom(X), dom(Y ).

R(X, Y, fa) ∨ R(X, Z, fa) R(X, Y, t?), R(X, Z, t?), Y 6= Z,

dom(X), dom(Y ), dom(Z).

R(X, Y, t??) R(X, Y, ta), dom(X), dom(Y ).

R(X, Y, t??) R(X, Y, td), dom(X), dom(Y ), not R(X, Y, fa).

 R(X, Y, fa), R(X, Y, ta).

Query subprogram:

Ans(X, Y ) R(X, Y, t??).

The Ans atom in common to the two stable models are Ans(c, d), Ans(d, e),
then the set of consistent answers to the query is {(c, d), (d, e)}.

Here we have used the simple version of the program that speci�es the min-
imal instances. In this case the speci�cation is sound, i.e. it does not compute
any model that does not correspond to a minimal instance. Classes of system
descriptions for which the simple speci�cation has a sound behavior wrt the class
of minimal instances are studied in [16]. The example here falls into one of those
classes. �

The speci�cations we have presented are sound and complete for CQA for sets
of ICs consisting of universal integrity constraints and acyclic sets of referential
integrity constraints [16]. Views can be de�ned by disjunctions of conjunctive
formulas; and queries can be arbitrary Datalog¬ queries.

9 Specification of Minimal Instances: Mixed Case

So far we have assumed that all the sources are open. Now we will consider the
mixed case, where some of the sources may be closed or closed and open (clopen).
In consequence, a virtual data integration system will have a description like the
one in (1), but each source will have a label indicating if it is open, closed or
clopen [43]. Intuitively speaking, a closed source contains a superset of the data
of its kind in the system, and the clopen source contains exactly all the data of
its kind in the system.
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More precisely, if a material source relation v, de�ned as the view V ( �X) 
ϕ

V
( �X) of the global system, has been de�ned as a closed (clopen) source, then

in any legal instance D, it must hold v ⊇ ϕ
V
(D) (resp. v = ϕ

V
(D)).

In this section we will describe how to modify the program that speci�es the
minimal instances presented in Section 7 when some of the sources are declared
closed or clopen.

Example 28. For the domain D = {a, b, c, . . . }, consider the integration system
G4:

V1(X, Z) P (X, Y ), R(Y, Z); v1 = {(a, b)} open (25)

V2(X, Y ) P (X, Y ); v2 = {(a, c)} clopen (26)

In Example 18 we had the same sources and de�nitions, but then they were
all declared open; and we had Mininst(G2) = {{P (a, c), P (a, z), R(z, b)} | z ∈
D}. Now, the label on the second sources forces relation P to be {(a, c)}. In
consequence, we obtain Mininst(G4) = {{P (a, c), R(c, b)}}. �

It is clear that the closed and clopen labels will impose additional restrictions on
the legal instances we had for the purely open case, when all sources are open. In
particular, these labels will never force to add new tuples to the legal instances.
Actually, if a source is declared closed, then that source will contribute with the
empty set of tuples to the minimal instances of the integration system.

With open, closed and clopen sources, the sets of legal and minimal instances
will always be subsets of the same sets for the case where the same sources are
all declared open. In order to obtain the minimal instances in the mixed case, all
we have to do is �lter out some of the minimal instances obtained in the purely
open case, namely those that violate the closedness condition for some of the
sources. This can be captured at the logic program speci�cation level by means
of a program denial constraint, which has the e�ect of discarding some of the
stable models.

In the mixed case, the program �mix(G) that speci�es the minimal in-
stances consists of the program �(G) we had for the open case in Section
7 (as if all the sources were open) plus a denial constraint of the form  
P1( �X1), . . . , Pn( �Xn), not V ( �X), for each closed (or clopen) source v with view
de�nition V ( �X)  P1( �X1), . . . , Pn( �Xn). That is, the open sources contribute
with rules to the program, the clopen sources both with rules and program
constraints, and the closed sources with program constraints only.

With these modi�cations, the obtain the same correspondence between the
stable models of the program �mix(G) and the minimal instances of the mixed
integration system G.

Example 29. (example 28 continued) The program �mix(G4) that speci�es the
minimal instances of system G4 is:

dom(a). dom(b). dom(c). . . . V1(a, b). V2(a, c).
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P (X, Y ) V1(X, Z), F Y1 (X, Z, Y )

R(Y, Z) V1(X, Z), F Y1 (X, Z, Y )

P (X, Y ) V2(X, Y )

F Y1 (X, Z, Y ) V1(X, Z), dom(Y ), choice((X, Z), (Y ))

 P (X, Y ), not V2(X, Y ).

This program, excluding the last denial, coincides with program �(G2) in Exam-
ple 18, where the same sources and de�nitions are considered, but all the sources
are open only. With the denial constraint, that enforces the closeness of source
V2, the only stable model of �mix(G4) is {dom(a), . . . , V1(a, b), V2(a, c), P (a, c),

F Y1 (a, b, c), R(c, b)}, which corresponds to the only minimal instance {{P (a, c),
R(c, b)}}. �

Notice that the solution we have reached via logic programs is similar in spirit to
the solution presented in [43], where the mixed case is treated. There tableaux
with constraints are used to compactly represent the legal instances and obtain
certain answers. The tableaux capture the open part, and the constraints, as in
our solution, the closed part.

10 Ongoing and Future Work

There are still many relevant open issues in this line of research. Consistency
issues have barely investigated in the context of virtual data integration systems.
Other research results obtained by other authors in this direction are described
in Section 11.

The solution to the problem of certain and consistent query answering in
virtual data integration system under the LAV approach presented in Sections
7 and 8.2, resp. are quite general, and conceptually clear, however many imple-
mentation issues are still open. They have to be addressed in order to use those
solutions in real database applications.

A �rst step would be to implement certain and consistent query answering
for the most common queries and constraints found in database practice. Ad
hoc mechanisms could be derived from the logic programming speci�cations. In
this direction, [13] shows how to derive, for some classes of queries, �rst order
rewritings from the logic programs that specify repairs of single databases. Of
course, by complexity reasons, this is not always possible [11].

In more general terms, the research should be focused on the specialization,
optimization, and evaluation of the logic programs we have presented. Special-
ization has to do with deriving program for particular classes of queries and
constrains from the general ones, that are better behaved in terms of evaluation.
Optimization has to do with producing equivalent programs that can be more
easily evaluated, in particular, the interaction of the logic programming system
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with the underlying databases has to be optimized. Some optimizations for CQA
in single databases are introduced in [7, 13].

Evaluation issues are also extremely relevant. They have to do with split-
ting the program, caching intermediate results, reusing previous computations,
localizing computations to the relevant parts of the data sources. Answering a
particular query may not require a full computation of the repairs, but only
partial computation could su�ce. It becomes important to detect which are the
relevant portions of data [32].

Query evaluation is a crucial point. Current implementations of answer set
programming are not oriented to the problem of query answering as found in
databases, where open queries are usually posed and a set of answers is returned
to the user. Instead, the emphasis in answer set programming has been placed
on computation of (some) models, and answering ground queries. Actually, the
evaluation methodology in such systems is, in general terms, based on massive
grounding of the program, full computation of stable models, and recollection
of atoms in the intersection of all of them. Grounding is already a problem
if the program is to be grounded on the full active domain of the databases,
because the ground program generated can be huge. See [31, 59] for a discussion
of implementation details.

Query evaluation methodologies that are directed by the query seem to be
necessary for applications in databases, in particular, the development and im-
plementation of “magic sets” methods [1] for disjunctive logic programs under
the stable model semantics is a promising area of research. Recent research has
started addressing this problem [46].

Most of the research around query answering in virtual data integration sys-
tems starts from a �xed class of mappings that describe the contents of the
sources. Given a class, the semantics and query answering mechanisms are pro-
vided. However, in spite of the fact that design issues of data integration systems
have been studied [8, 9, 71], the analysis of the impact of particular forms of
design on the syntax of the mappings and on query answering has been largely
neglected. In particular, if would be interesting to investigate how the integra-
tion system is to be designed if certain restrictions on the mappings are to be
satis�ed. Determining what is a good design for a virtual data integration in
terms of the query answering features of the system is something that deserves
further investigation.

11 Related Work

Here we will mention only those papers that more or less explicitly consider
consistency issues in virtual data integration systems. Other important papers
on virtual data integration have been cited in the main body of this paper,
including those that assume that certain integrity constraints hold when query
plans are derived.

An early approach to virtual data integration is presented in [68]. There, op-
erations on the relations and attributes in the sources are de�ned, e.g. meet, join,
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aggregate, add. These operators applied to a set of source databases generate
a global virtual database schema. In this way, mappings are derived and ex-
press the global relations as results of a set of operations on the source relations.
When a query is posed, it is translated to the sources relations by considering
the operators in the inverse order in which they where applied.

In [69], a model is presented where the integration system is considered to
have a real global database, and the sources are views obtained by applying
projections and selections to this global database. In this framework, the pos-
sibility of having inconsistencies in the instances is considered. Inconsistency is
reected in the fact that it can be impossible for the sources to be views of this
single global database instance. For example. Consider the global schema with
a binary relation R with attributes A, B. Let source I have elements {a}, and
source II, elements {b}, and the respective views V1 = �A(R), V2 = �A(R). In
this case, there is an instance inconsistency, because even though both sources
are views of the single global database and they have the same view de�nitions,
their elements are di�erent. In order to handle this situation, the notion of ap-
proximate answer is introduced, actually a lower bound and an upper bound
are given, corresponding, respectively, to the intersection and union of all the
possible answers of the rewriting of the query using the views. No complexity
analysis is provided. Global integrity constraints are not considered.

In [19], the use of integrity constraints in a data integration system under
the GAV approach for clopen and open sources is studied. In the clopen7 case,
the authors argue that the integration system can be seen as a single database,
and therefore, the query answering process in the presence of ICs can be done
appealing to the concept of repair [3] and CQA mechanisms for single databases
[3, 47, 6]. If the sources are open and there are no ICs, queries can be answered
by unfolding. If there are ICs, the semantic is given by the set of legal instances
that satisfy both the open mappings and the integrity constraints. Their legal
instances can be seen as repairs (in our sense) of the retrieved global database that
is obtained by propagating the source elements through the mapping. Repairs
admit only tuple insertions. Since [19] considers as legal those databases that
satisfy the ICs, it holds that their “certain answers” correspond to our consistent
answers. If there are no legal instances (in their sense), the integration system
is said to be “inconsistent”. In this case, tuple deletions are also needed in order
to achieve consistency.

In [17] the same semantics as in [19] is consider, for GAV and open sources.
There they present an algorithm for rewriting a conjunctive query [1] in order to
retrieve the “certain answers” (our consistent answers). This algorithm handles
foreign key constraints and assumes that the key constraints are preserved by
the mapping, i.e. that the retrieved global instance will not violate the key
constraints. For these integrity constraints there will always be legal instances
(in their sense), and therefore the integration system is consistent. The rewritten
query can be unfolded with the mapping in order to calculate their “certain

7 In several papers, instead of open, clopen and closed, the terms sound, exact and
complete are used, resp.
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answers”. In [19] an implementation of this method is presented. The complexity
of the rewriting is polynomial wrt data complexity.

According to the semantic considered in [17, 19], if a key constraint is not
satis�ed, then there is no legal instance. This is why in [57] the loosely-sound
semantic (in opposition to the previous strictly-sound semantic) is introduced.
Now, a database is legal if it is satis�es the integrity constraints and if there is
no other database that is better. A database is better than another if the portion
of the former that is contained in the retrieved global database is greater that
the one of the latter. In this way, we have that the inconsistencies wrt foreign
key constraints are solved by adding tuples to the retrieved global database, and
those wrt key constraints, by deleting a minimal number of tuples from it. The
global instances in this case correspond to a subclass of the repairs introduced
in [10] for integration systems.

In order to compute the legal instances for the loosely-sound semantic, a
Datalog¬ program under cautious stable model semantics is used. This program
calculates a maximal superset of the retrieved global database that satis�es the
key constraints. In order to retrieve the certain answers, the query is transformed
as de�ned in [17] and added to that program. This approach works for global
relations de�ned by Datalog queries (and then, GAV is followed). The complexity
of retrieving the “certain answers” becomes co-NP-complete.

Still under the GAV approach, the results in [57] were extended in [21],
considering key constraints and inclusion dependencies, and also queries that
are expressed as unions of conjunctive queries. For the strictly-sound semantics
two cases are analyzed. In the �rst case, where only inclusion dependencies (IDs)
are considered, the integration system cannot be “inconsistent”; so there is at
least one legal database. The rewriting of a query becomes the mapping rules
plus the query that is successively unfolded by rules that represent the inclusion
dependencies. The second case considers the combination of key dependencies
(KDs) and non-key-conicting IDs (NKC), i.e. IDs where the target (global)
relation has no key dependencies or where the target attributes are not a strict
superset of the key of the target relation. The rewriting of a query is the same
as in the �rst case plus some rules that enforce that if a global relation violates
a KD, then all the tuples are an answer to the query.

For the loosely-sound semantics, the rewriting in [21] is expressed with the
same Datalog¬ program presented in [57]. In order to repair wrt the IDs, this
program is coupled with the query rewriting for the case of only IDs and strictly-
sound semantics. The data complexity under the strictly-sound semantics for
NKC integration systems is PTIME. For loosely-sound semantics, it becomes
coNP-complete.

In [32] logic programs for consistent query answering in virtual integration
systems are presented. The GAV approach is followed and the global relations
can be de�ned using strati�ed Datalog¬ queries. The ICs considered are universal
integrity constraints and the queries are expressed in non-recursive Datalog¬.
The speci�cation program is a disjunctive Datalog¬ program consisting of three
hierarchically evaluated modules. The �rst one uses the mapping and the data
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sources to compute the “retrieved global database” (as in [19]). The second one
enforces the satisfaction of the integrity constraints through repair rules; and
the third one corresponds to the query. The structure of each of them depends
on the mappings, ICs and query, respectively.

The source of complexity for the program in [32] comes from the second
module. In consequence, optimizations are introduced. The optimization process
consists of three steps: pruning the rules that are not relevant for computing the
answers to the query, next determining and computing the set of facts that need
to be repaired, and �nally, recombining the repairs in order to compute the
answers. The second step decomposes the facts in two sets, those that might be
repaired and those that for sure are not going to be repaired. The recombination
process presents the repairs in a compact way in order to query them as a
relational database. For this, an extra attribute marking each fact is added to
each relation. This attribute is a string of zeros and ones. A one (zero) in position
i means that the fact is (not) in the repair i. The facts for which no repairs are
calculated in the second step are marked with ‘111 . . .11’. The query needs to be
reformulated in order to pose it directly to the marked database. Experiments
show that the optimizations signi�cantly improve the performance of the naive
and direct techniques.

It seems that the optimizations presented in [32] can be adapted to the logic
programs we have presented for CQA.

Finally, we will just mention that there seem to be interesting connections
between the area of consistently querying virtual data integration systems and
other areas, like querying incomplete databases [66, 44], merging inconsistent
theories [63, 5], semantic reconciliation of data [54], schema mapping [71, 28, 70],
data exchange [33, 34], and query answering in peer-to-peer systems [55, 52, 53,
36, 12, 24].
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Abstract. We address the problem of retrieving certain and consistent
answers to queries posed to a mediated data integration system under
the local-as-view paradigm with open sources and conjunctive and dis-
junctive view de�nitions. For obtaining certain answers a query program
is run under the cautious stable model semantics on top of a normal
deductive database with choice operator that speci�es the class of min-
imal legal instances of the integration system. This methodology works
for all monotone Datalog queries. To compute answers to queries that
are consistent wrt given global integrity constraints, the speci�cation of
minimal legal instances is combined with another disjunctive deductive
database that speci�es the repairs of those legal instances. This allows
to retrieve the answers to any Datalog¬ query that are consistent wrt
global universal and referential integrity constraints.

1 Introduction

Usually independent and autonomous data sources are virtually integrated by
means of a mediator, which is a program that provides a global schema as an
interface, and is responsible for generating query plans to answer global queries
by retrieving data sets from the sources and combining them into a �nal answer
set to be given back to the user.

The “Local-As-View” (LAV) approach to virtual data integration requires
that each data source is described as a set of views over the global schema.
On the other side, the “Global-As-View” (GAV) approach, de�nes every global
relation as a view of the set of relations in the sources (see [33] for a survey on
these and mixed approaches). Query answering is harder under LAV [2]. On the
other side, LAV o�ers more exibility to accept or release sources into/from an
existing system.

In these virtual integration setting, inconsistencies wrt to global integrity
constraints (ICs), i.e. that refer to the relations at the virtual level, are likely
to occur. This is due to the autonomy of the participating sources, the lack of
a central maintenance mechanism; and also to the exibility to add or delete
sources, without having to consider the other sources in the system.

Example 1. Consider the LAV based global integration system G1 with a global
relation R(X,Y ) and two source relations v1 = {V1(a, b), V1(c, d)} and v2 =
{V2(a, c), V2(d, e)} that are described by the view de�nitions V1(X,Y ) R(X,
Y ); V2(X,Y )  R(X,Y ). The global functional dependency (FD) R : X → Y
is violated through the pair of tuples {(a, b), (a, c)}. �

Inconsistencies are not exclusive to integration systems. For several reasons also
single databases may become inconsistent wrt certain ICs. Restoring consistency
may be undesirable, di�cult or impossible [10]. In such a situation, possibly
most of the data is still consistent and can be retrieved when queries are posed
to the database. In [3] consistent data in a stand-alone relational database is
characterized as the data that is invariant under all minimal restorations of
consistency, i.e. as data that is present in all repaired versions of the original
instance (the repairs). In particular, an answer to a query is de�ned as consistent
when it can be obtained as a standard answer to the query from every possible
repair.

In [3, 17, 30, 4, 5], some mechanisms have been developed for consistent query
answering (CQA), i.e. for retrieving consistent answer when queries are posed
to such an inconsistent database. All those mechanisms, in di�erent degrees,
work only with the original, inconsistent database, without restoring its consis-
tency. That is, inconsistencies are solved at query time. The above mentioned
repairs provide an auxiliary concept that allows de�ning the right semantics for
consistent query answers. Furthermore, in some of the query evaluation method-
ologies, repairs are also an auxiliary computational intermediate step that, for
complexity reasons, has to be kept to a minimum.

In virtual data integration systems, there is also an intuitive notion of con-
sistent answer to a query.

Example 2. (example 1 continued) If we pose to the global system the query
Q : Ans(X,Y ) R(X,Y ), we obtain the answers {Ans(a, b), Ans(c, d), Ans(a,
c), Ans(d, e)}. However, only the tuples Ans(c, d), Ans(d, e) should be returned
as consistent answers wrt the FD R : X → Y . �

Several algorithms for deriving query plans to obtain query answers from virtual
data integration systems have been proposed in the last few years (see [36] for
a survey). However they are not designed for obtaining the consistent answers
to queries. Even more, some of those algorithms assume that certain ICs hold
at the global level [31, 21, 29]; what may not be a realistic assumption due to
the independence of the di�erent data sources and the lack of a central, global
maintenance mechanism. Only a few exceptions, including this paper, consider
the problem of CQA in virtual integration systems [32, 9, 13, 16].

In a virtual data integration system, the mediator should solve potential
inconsistencies when the query plan is generated; again without attempting to
bring the whole system into a global consistent material state. Such an enhanced
query plan generator should produce query plans that are guaranteed to retrieve
all and only the consistent answers to global queries.
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In this spirit and under the LAV approach, in [9] a methodology for gener-
ating query plans to compute answers to limited forms of queries that are con-
sistent wrt an also restricted class of universal ICs was presented. This method
uses the query rewriting approach to CQA presented in [3]; and in consequence
inherits its limitations in terms of the queries and ICs that it can handle, actu-
ally queries that are conjunctions of tables and universal ICs. Once the query is
transformed, query plans are generated for the new query. However, [9] provides
the right semantics for CQA in mediated integrated systems (see Section 2).

In this paper, under the LAV approach and assuming that sources are open
(or incomplete) [2], we solve the problem of retrieving consistent answers to
global queries. We consider arbitrary universal ICs and referential ICs; that is,
the ICs that are most used in database praxis [1]. View de�nitions are conjunctive
queries, and disjunctions thereof. Global queries are expressed in Datalog and
its extensions with negation.

The methodology can be summarized as follows. In a �rst stage, we specify,
using a deductive database with choice operator [25] and stable model semantics
[24], the class of all minimal legal global instances of a virtual integration system.
This approach is inspired by the inverse-rules algorithm [21] and uses auxiliary
Skolem predicates whose functionality is enforced with the choice operator.

In order to obtain answers to global queries from the integration system, a
query program has to be combined with the deductive database that speci�es
the minimal instances as its stable models, and then be run under the skeptical
stable model semantics. It turns out that minimal answers, i.e. answers that
are true in all minimal instances, can be retrieved for Datalog¬ queries. The
certain answers, i.e. those true in all legal global instances, can be obtained for
all monotone queries, a result that generalizes those found so far in the literature.

In a second stage, we address the computation of consistent answers. We
�rst observe that an integration system is consistent if all of its minimal legal
instances satisfy the integrity constraints [9]. Consistent answers from an incon-
sistent integration systems are those that can be obtained from all the repairs
of all the minimal legal instances wrt the global ICs [3, 9]. In consequence, in
order to retrieve consistent answers, the speci�cation of the minimal instances
has to be combined with a speci�cation of their repairs wrt to given ICs. The
latter is a disjunctive deductive database that speci�es the repairs as its stable
models; and uses annotation constants as in the case of repairs of single rela-
tional databases [3] as presented in [6, 5]. We have experimented with this query
answering mechanism (and the computation of minimal instances and their re-
pairs) with the DLV system [22, 35], which implements the stable model and
answer set semantics of disjunctive extended deductive databases.

The paper is structured as follows. In Section 2 we review some basic no-
tions we need in the rest of this paper. In Section 3, the minimal legal global
instances of a mediated system are speci�ed by means of logic programs with a
stable model, or answer sets, semantics. In Section 4, the repairs of the minimal
global instances are speci�ed as the stable models of disjunctive logic programs
with annotation constants, like those used to specify repairs of single relational
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databases for CQA [6]. In Section 5, consistent answers to queries are obtained
by running a query program in combination with the previous two speci�cation
programs. In Section 6 several issues and possible extensions around the spec-
i�cation presented in the previous sections are discussed in detail. Finally, in
Section 7, we draw some �nal conclusions, and we point to related and future
work. Appendix A.1 contains the proofs of the main results in this paper.

This paper is an extended version of [13] that now includes the most general
speci�cation of minimal instances, the proofs, an extension to disjunctive view
de�nitions, and an analysis of: complexity, the underlying assumptions about
the domain, a comparison between the use of the choice operator and the use of
Skolem functions.

2 Preliminaries

2.1 Global schemas and view de�nitions

A global schema R consists of a �nite set of relations {R1, R2, ..., Rm} over a
�xed, possibly in�nite domain U . With these relation symbols and the elements
of U treated as constants, a �rst-order language L(R) can be de�ned. This
language can be extended with de�ned and built-in predicates, like (in)equality.
In particular, we will extend the global schema with a local schema S, i.e. a
�nite set of new view predicates V1, V2, ..., Vn, that will be used to describe the
relations in the local sources.

A view, denoted by a new predicate V , is de�ned by means of conjunctive
query [1], i.e. an L(R ∪ S)-formula ϕ

V
of the form V (�t)  body(ϕ

V
), where �t

is a tuple containing variables and/or constants, and body(ϕ
V
) is a conjunction

of R-atoms. In general, V ∈ S.
A database instance D over schema R can be considered as a �rst-order

structure with domain U , where the extensions of the relations Ri are �nite.
The extensions of built-in predicates may be in�nite, but �xed. A global integrity
constraint (IC) is an L(R)-sentence  . An instanceD satis�es  , denotedD |=  ,
if  is true in D.

Given a database instance D over schema R, and a view de�nition ϕ
V
,

ϕ
V
(D) denotes the extension of V obtained by applying the de�nition ϕ

V
to

D. If the view already has an extension v (corresponding to the contents of a
data source), it is possible that v is incomplete and stores only some of the tuples
in ϕ

V
(D); i.e. v � ϕ

V
(D), and we say the view extension v is open wrt D [2].

Most mechanisms for deriving query plans assume that sources are open, e.g.
[21].

A source S is a pair 〈ϕ, v〉, where ϕ is the view de�nition, and v is an extension
for the view de�ned by ϕ. An open global system G is a �nite set of open sources.
The global schema R consists of the relation names that do not have a de�nition
in the global system. The underlying domain U for R is a proper superset of
the active domain, which consists of all the constants appearing in the view
extensions vi of the sources, and in their de�nitions. When considering global
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integrity constraints the active domain also includes the constants in them. A
global system G de�nes a set of legal global instances [33].

De�nition 1. Given an open global system G = {〈ϕ1, v1〉, . . . , 〈ϕn, vn〉}, the set
of legal global instances is Linst(G) = {D instance over R | vi � ϕi(D), i =
1, . . . , n}. �

Example 3. (example 2 continued) Let us denote by ϕ
1
, ϕ

2
the view de�nitions

of V1, V2, resp. in G1. D = {R(a, b), R(c, d), R(a, c), R(d, e)} is a legal global
instance, because v1 = {V1(a, b), V1(c, d)} � ϕ

1
(D) = {V1(a, b), V1(c, d), V1(a,

c), V1(d, e)} and v2 = {V2(a, c), V2(d, e)} � ϕ
2
(D) = {V2(a, b), V2(c, d), V2(a,

c), V2(d, e)}. Supersets of D are also legal instances; but proper subsets are not.
�

The semantics of query answers in mediated integration systems is given by the
notion of certain answer. In this paper we will consider queries expressed in
Datalog and its extensions with negation.

De�nition 2. [2] Given an open global system G and a global query Q( �X) ∈
L(R), a ground tuple �t is a certain answer to Q in G if for every global instance
D ∈ Linst(G), it holds D |= Q[�t].1 We denote with CertainG(Q) the set of
certain answers to Q in G. �

The inverse-rules algorithm [21] for generating query plans under the LAV ap-
proach assumes that sources are open and each source relation V is de�ned as
a conjunctive view over the global schema: V ( �X) P1( �X1), . . . , Pn( �Xn), with
�X �

⋃
i

�Xi. Since the queries posed to the system are expressed in terms of the
global relations, that now appear in the bodies of the view de�nitions (contrary
to the GAV approach), those de�nitions cannot be directly applied. The rules
need to be “inverted”.

For j = 1, . . . n, Pj( �X ′
j) V ( �X) is an “inverse rule” for Pj . The tuple �Xj

is transformed to obtain the tuple �X ′
j as follows: if X ∈ �Xj is a constant or is a

variable appearing in �X, then X is unchanged in �X ′
j . Otherwise, X is a variable

Xi that does not appear in �X, and it is replaced by the term fi( �X), where fi is
a fresh Skolem function. We denote the set of inverse rules of the collection V of
source descriptions in G by V−1.

Example 4. Consider the integration system G2 with global schema R = {P,R}.
The set V of local view de�nitions consists of V1(X,Z)  P (X,Y ), R(Y, Z),
and V2(X,Y )  P (X,Y ). The set V−1 consists of the rules P (X, f(X,Z))
 V1(X,Z); R(f(X,Z), Z) V1(X,Z); and P (X,Y ) V2(X,Y ).

For a view de�nition, we need as many Skolem functions as existential vari-
ables in it. For example, if instead of V1(X,Z)  P (X,Y ), R(Y, Z) we had,
say V1(X,Z)  P (X,Y ), R(Y, Z,W ), we would need two Skolem functions for
that view, and the inverse rules arising from that view would be P (X, f(X,Z))
 V1(X,Z) and R(f(X,Z), Z, g(X,Z)) V1(X,Z). �

1
D |= Q[�t] means that query Q( �X) becomes true in instance D, when tuple of variables
�X is assigned the values in the tuple �t of database elements.
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The inverse rules are then used to answer Datalog queries expressed in terms
of the global relations, that now, through the inverse rules, have de�nitions in
terms of the sources. The query plan obtained with the inverse rule algorithm
is maximally contained in the query [21], and the answers it produces coincide
with the certain answers [2].

2.2 Global systems and consistency

We assume that we have a set of global integrity constraints IC � L(R) that is
consistent as a set of logical sentences, and generic, in the sense that it does not
entail any ground database literal by itself, i.e independently of concrete instance
[10]. ICs used in database praxis are always generic. The ICs can be universal,
i.e. a sentence of the form ∀ϕ, where ∀ is a pre�x of universal quanti�ers and ϕ
a quanti�er-free formula; or referential, i.e. of the form

∀ �X(P ( �X)→ ∃Y Q( �X ′, Y )), �X ′ � �X.2 (1)

De�nition 3. [9] (a) Given a global system G, an instance D is minimal if
D ∈ Linst(G) and is minimal wrt set inclusion, i.e. there is no other instance
in Linst(G) that is a proper subset of D (as a set of atoms). We denote by
Mininst(G) the set of minimal legal global instances of G wrt set inclusion.
(b) A global system G is consistent wrt IC , if for all D ∈ Mininst(G), D |= IC.
�

Example 5. (example 4 continued) Assume that G2 has the source contents v1 =
{V1(a, b)}, v2 = {V2(a, c)}, and that U = {a, b, c, u, ...}. Then, the elements of
Mininst(G2) are of the form Dz = {P (a, z), R(z, b), P (a, c)} for some z ∈ U .
The global FD P (X,Y ) : X → Y is violated exactly in those minimal legal
instances Dz for which z 6= c. Thus, G2 is inconsistent. �

De�nition 4. [9] The ground tuple �a is a minimal answer to a query Q posed
to G if for every D ∈ Mininst(G), �a ∈ Q(D), where Q(D) is the answer set for
Q in D. The set of minimal answers is denoted by MinimalG(Q). �

Clearly CertainG(Q) �MinimalG(Q). For monotone queries [1], the two notions
coincide [9]. Nevertheless, in Example 5 the query Ans(X,Y )  ¬P (X,Y ) has
(b, a) as a minimal answer, but not as a certain answer, because there are legal
instances that contain P (b, a). Since consistency was de�ned wrt minimal global
instances, the notion of minimal answer is particularly relevant.

De�nition 5. [3] (a) Given a database instance D, we denote by �(D) the set
of ground atomic formulas {P (�a) | P ∈ R and D |= P (�a)}.
(b) Let D,D′ be database instances over the same schema and domain. The
distance, �(D,D′), between D and D′ is the symmetric di�erence �(D,D′) =
(�(D) \�(D′)) ∪ (�(D′) \�(D)). �

2 To keep the presentation simple, Y is a single variable, however it could be a tuple
of variables, actually interleaved with those in �X ′.
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We may assume that the original data sources and the global legal instances
do not contain null values, however when dealing with referential integrity con-
straints (RICs), we will consider the possibility of having them, in order to restore
the consistency of the database. If no RICs are present, we will assume that null
values are not available either. However, if necessary, the null value null will be
treated as a new, special constant. Its presence in a tuple means that there is an
unknown value for the correspondent attribute, i.e. we have incomplete informa-
tion. Since we do not have precise information about it, we will consider that no
inconsistencies arise due to its presence. This leads to the following de�nition of
consistency in the presence of null values:

De�nition 6. [6] For a database instance D, whose domain U may contain the
constant null and a set of integrity constraints IC = IC U ∪ ICR, where IC U is
a set of universal integrity constraints and IC R is a set of referential integrity
constraints, we say that D satis�es IC, written D |= IC , i�:

1. For each ∀ϕ ∈ IC U , D |= ϕ[�a] for every ground tuple �a of elements in
(U � {null}), and

2. For each sentence in IC R of the form (1), if D |= P [�a], with �a a ground tuple
of elements in (U � {null}), then D |= ∃Y Q(�a, Y ). �

Example 6. Consider the universal IC ∀xy(P (x, y) → R(x, y)) and the referen-
tial IC ∀x(T (x) → ∃yP (x, y)). The database instance D = {P (a, d), R(a, d),
T (a), T (b), P (b, null)} is consistent. The universal constraint is satis�ed even
in the presence of P (b, null) since the incomplete information cannot generate
inconsistencies. �

De�nition 7. [6] Let D,D′, D′′ be database instances over the same schema
and domain U . It holds D′ �D D′′ i�:

1. For every atom P (�a) ∈ �(D,D′), with �a ∈ (U � {null}),3 it holds P (�a) ∈
�(D,D′′), and

2. For every atom Q(�a, null) ∈ �(D,D′), it holds Q(�a, null) ∈ �(D, D′′) or
Q(�a, b) ∈ �(D,D′′) with �b ∈ (U � {null}). �

De�nition 7 de�nes which databases are closer to the original one in the presence
of null values. This partial order is used in the next de�nition for repairs in the
presence of universal and referential ICs.

De�nition 8. (based on [3]) Let G be a global system and IC a set of global
ICs. A repair of G wrt IC is a global database instance D′, such that D′ |= IC
and D′ is �D-minimal for some D ∈ Mininst(G). �

According to this de�nition the repairs of violations of referential ICs are ob-
tained by either deleting the atom that is generating the inconsistency or by
adding an atom with a null value. In particular, if the instance D is {P (�a)}

3 That �a ∈ (U − {null}) means that each of the elements in tuple �a belongs to (U −
{null}).
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and IC contains only ∀�x(P (�x) → ∃yQ(�x, y)), then {P (�a), Q(�a, null)} will be a
repair, but not {P (�a), Q(�a, b)}, with b ∈ U and b 6= null . In the absence of null
values, i.e. without null values in the original instance nor in the repair process,
De�nitions 7 and 8 coincide with the ones given in [3]. In [4, 5, 15] repairs with
non null values have been considered.

Example 7. Consider the universal integrity constraint ∀xy(P (x, y) → R(x, y))
together with the referential integrity constraint ∀x(T (x) → ∃yP (x, y)) and an
inconsistent minimal instance of an integration system D = {P (a, b), T (c)}. The
repairs for the latter are:

i Di �(D,Di)
1 {P (a, b), R(a, b), T (c), P (c, null)} {R(a, b), P (c, null)}
2 {P (a, b), R(a, b)} {T (c), R(a, b)}
3 {T (c), P (c, null)} {P (a, b), P (c, null)}
4 ∅ {P (a, b), T (c)}

In the �rst repair it can be seen that the atom P (c, null) does not propagate
through the universal constraint to R(c, null). We also have that the instance
D5 = {P (a, b), R(a, b), T (c), P (c, a)}, where we have introduced P (c, a) in or-
der to satisfy the referential IC, does satisfy IC , but is not a repair because
�(D,D1) �D �(D,D7) = {R(a, b), P (c, a)}. �

We can see that a repair of a global system is a global database instance that
satis�es IC and minimally di�ers, in the sense of De�nition 7, from a minimal
legal global database instance. If G is already consistent, then the repairs are
the elements of Mininst(G). In De�nition 8 we are not requiring that a repair
respects the property of the sources of being open, i.e. that the extension of
each view in the repair contains the corresponding view extension in the source.
Thus, it may be the case that a repair – still a global instance – does not belong
to Linst(G). If we do not allow this this exibility, a global system might not
be repairable. Repairs are used as an auxiliary concept to de�ne the notion of
consistent answer.

Example 8. (example 1 continued) The only element in Mininst(G1) is D0 =
{R(a, b), R(c, d), R(a, c), R(d, e)}, that does not satisfy IC. Then, G1 is inconsis-
tent. The repairs are the global instances that minimally di�er from D0 and sat-
isfy the FD, namely D1

0 = {R(a, b), R(c, d), R(d, e)} and D2
0 = {R(a, c), R(c, d),

R(d, e)}. Notice that they do not belong to Linst(G1). �

De�nition 9. [9] (a) Given a global system G, a set of global integrity con-
straints IC, and a global �rst-order query Q( �X), we say that a (ground) tuple �t
is a consistent answer to Q wrt IC i� for every repair D of G, D |= Q[�t]. (b)
We denote by ConsisG(Q) the set of consistent answers to Q in G. �

Example 9. (example 8 continued) For the query Q1(X) : ∃Y R(X,Y ), the
consistent answers are a, c, d. Q2(X,Y ): R(X,Y ) has (c, d), (d, e) as consistent
answers. �
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If G is consistent wrt IC, then ConsisG(Q) = MinimalG(Q). Furthermore, if the
ICs are generic, then for any G it holds ConsisG(Q) �MinimalG(Q) [9]. Notice
also that the notion of consistent answer can be applied to queries expressed in
Datalog or its extensions with built-ins and negation.

3 Speci�cation of Minimal Instances

The speci�cation of the class Mininst(G) for system G is given using normal
deductive databases, whose rules are inspired by the inverse-rules algorithm.
They use auxiliary predicates instead of function symbols, but their functionality
is enforced using the choice predicate [26]. We consider global system all of whose
sources are open.

3.1 The Simple Program

In this section we will present a �rst approach to the speci�cation of legal in-
stances. In Section 3.2 we present the de�nitive program, that re�nes the one
given in this section. We proceed in this way, because the program we give now,
although it may not be suitable for all situations (as discussed later in this sec-
tion), is simpler to understand than its re�ned version, and already contains the
key ideas.

De�nition 10. Given an open global system G, the logic program �(G), con-
tains the following clauses:
1. Fact dom(a) for every constant a ∈ U ; and the fact Vi(�a) whenever �a ∈ vi

for some source extension vi in G.
2. For every view (source) predicate Vi in the system with description Vi( �X) 
P1( �X1), . . . , Pn( �Xn), the rules

Pj( �Xj) Vi( �X),
∧

Zl∈( �Xj\ �X) F
l
i (

�X,Zl), j = 1, . . . n.

3. For every predicate F l
i (

�X,Zl) introduced in 2., the rule
F l

i (
�X,Zl) Vi( �X), dom(Zl), choice(( �X), (Zl)). �

In this speci�cation, the predicate F l
i (

�X,Zl) replaces the Skolem function based
atom f l

i (
�X) = Zl introduced in Section 2.1, and, via the choice predicate, it

assigns values in the domain to the variables in the head of the rule in 3. that are
not in �X. There is a new Skolem predicate for each pair formed by a description
rule as in item 2. above and a di�erent existentially quanti�ed variable in it.
The predicate choice(( �X), (Zl)) ensures that for every (tuple of) value(s) for �X,
only one (tuple of) value(s) for Zl is non deterministically chosen between the
constants of the active domain.

Example 10. (examples 4 and 5 continued) Program �(G2) contains the follow-
ing rules:

1. dom(a). dom(b). dom(c). dom(u). V1(a, b). V2(a, c).
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2. P (X,Z) V1(X,Y ), F1(X,Y, Z).
R(Z, Y ) V1(X,Y ), F1(X,Y, Z).
P (X,Y ) V2(X,Y ).

3. F1(X,Y, Z) V1(X,Y ), dom(Z), choice((X,Y ), (Z)).

In this section we will restrict ourselves to a �nite domain U , what is necessary to
run the program in real implementations. In this example we have U = {a, b, c, u}
(the extension of predicate dom). In section 6.2 we study how to handle in�nite
domains by adding to the active domain a �nite number of extra constants, like
constant u here.4 �

For every program� with the choice operator, there is its stable version SV (�),
whose stable models correspond to the so-called choice models of � [26]. The
program SV (�) is obtained as follows:

(a) Each choice rule r : H  B, choice(( �X), (Y )) in � is replaced by the rule
H  B, chosenr( �X,Y ).
(b) For each rule as in (a), the following rules are added

chosenr( �X,Y ) B,not di�Choice r( �X,Y ).

di�Choicer(
�X,Y ) chosenr( �X,Y ′), Y 6= Y ′.

The rules de�ned in (b) ensure that, for every tuple �X where B is satis�ed, the
predicate chosenr( �X,Y ) satis�es the functional dependency �X → Y .

Example 11. (example 10 continued) Program SV (�(G2)) contains the following
rules:
1. dom(a). dom(b). dom(c). dom(u). V1(a, b). V2(a, c).
2. P (X,Z) V1(X,Y ), F1(X,Y, Z).

R(Z, Y ) V1(X,Y ), F1(X,Y, Z).
P (X,Y ) V2(X,Y ).

3. F1(X,Y, Z) V1(X,Y ), dom(Z), chosen1(X,Y, Z).
4. chosen1(X,Y, Z) V1(X,Y ), dom(Z), not di�Choice 1(X,Y, Z).

di�Choice1(X,Y, Z) chosen1(X,Y, Z
′), dom(Z), Z ′ 6= Z.

Its stable models are:
M1 = {dom(a), dom(b), dom(c), dom(u), V1(a, b), V2(a, c),

P (a, c), di�Choice1(a, b, a), chosen1(a, b, b), di�Choice1(a, b, c),
di�Choice1(a, b, u), F1(a, b, b), R(b, b), P (a, b)}

M2 = {dom(a), dom(b), dom(c), dom(u), V1(a, b), V2(a, c),
P (a, c), chosen1(a, b, a), di�Choice1(a, b, b), di�Choice1(a, b, c),
di�Choice1(a, b, u), F1(a, b, a), R(a, b), P (a, a)}

4 In principle, null could be in the domain, and then we should include dom(null)
among the atoms, and, since we do not want legal instances to contain the null value,
the literal Z 6= null in the body of the rule in 3. Instead, to keep things simpler, we
will not include dom(null) in �(G), even if null belongs to the undelying domain U .
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M3 = {dom(a), dom(b), dom(c), dom(u), V1(a, b), V2(a, c),
P (a, c), di�Choice1(a, b, a), di�Choice1(a, b, b), chosen1(a, b, c),
di�Choice1(a, b, u), F1(a, b, c), R(c, b)}

M4 = {dom(a), dom(b), dom(c), dom(u), V1(a, b), V2(a, c), P (a, c),
di�Choice1(a, b, a), di�Choice1(a, b, b), di�Choice1(a, b, c),
chosen1(a, b, u), F1(a, b, u), R(u, b), P (a, u)}.

The underlined atoms of the models correspond to the elements in which we are
interested, namely the global relations of the integration system. �

De�nition 11. The global instance associated to a choice modelM of �(G) is
DM = {P (�a) | P ∈ R and P (�a) ∈M}. �

Example 12. (example 11 continued) DM1
, DM2

, DM3
, DM4

are the elements
of Mininst(G3), namely {P (a, b), R(b, b), P (a, c)}, {P (a, a), R(a, b), P (a, c)},
{P (a, c), R(c, b)}, {P (a, u), R(u, b), P (a, c)}, respectively. �

Theorem 1. It holds that
Mininst(G) � {DM | M is a choice model of �(G)} � Linst(G). �

From the inclusions in the theorem it is clear that for monotone queries Q,
answers obtained using �(G) under the skeptical or cautious stable model se-
mantics -that sanctions as true what is true of all the stable models of the
program- coincide with CertainG(Q) and MinimalG(Q). This may not be the
case for queries with negation, as pointed out in the remark after De�nition 4.

In Example 12 the stable models are in a one to one correspondence with the
minimal legal instances, but this may not be always the case.

Example 13. Consider an integration system G3 with global schema R = {P}.
The set V of local view de�nitions consists of V1(X)  P (X, Y ), and
V2(X,Y )  P (X,Y ) with source contents v1 = {V1(a)}, v2 = {V2(a, c)}, resp.
We have that Mininst(G3) = {{P (a, c)}}. However, the global instances corre-
sponding to models of �(G3) are of the form {{P (a, c), P (a, z)} | z ∈ U}. As
V2 is open, it forces P (a, c) to be in all legal instances, and with this, the same
condition on V1 is automatically satis�ed, and no other values for Y are needed.
But the choice operator still has freedom to chose other values (the z ∈ U). This
is why we get more legal instances than the minimal ones. �

Now we investigate su�cient conditions under which the simple program of
De�nition 10 captures the minimal instances. This is important because the
general program to be presented in Section 3.2 is much more complex than the
simple version presented so far.

We de�ne a section of a view Vi as a set Sl
i consisting either of all the

predicates in the body of its de�nition that share a same existential variable
Zl or all the atoms without existential variables, in which case l = 0 and the
view section is denoted with S0

i . For example, the view de�ned by V (X,Y )  
P (X,Z1), R(Z1, Y ), T (X,Y ) has two sections: S1

1 = {P (X,Z1), R(Z1, Y )} and
S0

1 = {T (X,Y )}. Sec denotes the set of all view sections for system G.
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Given a view section Sl
i , we denote by Const(Sl

i), UV ar(S
l
i) and EV ar(Sl

i)
the sets of constants, universal variables and existential variables, respectively,
that occur in predicates in Sl

i .
Let µ, ε be two new constants. For a view section S l

i , an admissible mapping
is any mapping h : Const(Sl

i) ∪ UV ar(S
l
i) ∪ EV ar(Sl

i)→ Const(Sl
i) ∪ {µ, ε},

such that: (a) h(c) = c for every c ∈ Const(S l
i); (b) h(X) = D with D ∈

Const(Sl
i) ∪ {µ} for every X ∈ UV ar(Sl

i); (c) h(Z) = F with F ∈ Const(Sl
i) ∪

{µ, ε} for every Z ∈ EV ar(Sl
i).

A particular admissible mapping L is given by (a) L(c) = c for every
c ∈ Const(Sl

i); (b) L(X) = µ for every X ∈ UV ar(Sl
i); (c) L(Z) = ε for every

Z ∈ EV ar(Sl
i). For an admissible mapping h, h(Sl

i) denotes the set of atoms
obtained from Sl

i by applying h to the arguments in Sl
i .

Theorem 2. Given an integration system G, if for every view section S l
i with

existential variables, there is no admissible mapping h for S l
i , such that h(Sl

i)
�

⋃
S∈(Secr{Sl

i
}) L(S), then the instances associated to the stable models of the

simple version of �(G) are exactly the minimal legal instances of G. �

Basically, the theorem says that if there is an admissible mapping, such that
h(Sl

i) �
⋃

S∈(Secr{Sl
i
}) L(S), then it is possible to have some view contents for

which the openness will be satis�ed by the other sections in Sec, and then it
will not be necessary to compute values for the existential variables in section
Sl

i . Since the simple version will always compute values for them, it may specify
more legal instances than the minimal ones.

Example 14. (example 13 continued) The �rst view is de�ned by V1(X)  P (X,
Y ), and has only one section SY

1 = {P (X,Y )}. For the admissible mapping h
de�ned by h(X) = h(Y ) = µ, we have that h(SY

1 ) = {P (µ, µ)} � L(S0
2). The

conditions of the theorem are not satis�ed, and there is no guarantee that the
simple version will calculate exactly the minimal instances of G3. Actually, we
already know that this is not the case. �

Example 15. (examples 4 and 5 continued) There are two view sections: SZ
1 =

{P (X,Z), Q(Z, Y )} and S0
2 = {P (X,Y )}, whereX and Y are universal variables

and Z is an existential variable. It is easy to see that there is no mapping h
for which h(SZ

1 ) � L(S0
2) nor h(S0

2) � L(SZ
1 ). In consequence, for any source

contents, the simple version of�(G2) will calculate exactly the minimal instances
of G2. �

3.2 The Re�ned Program

In the general case, if we want to compute only the elements of Mininst(G), we
need to re�ne the program �(G) given in the previous section. For this we will
introduce auxiliary annotation constants that will be used as extra arguments
in the database predicates. They and their intended semantics are given in the
following table
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annotation atom the tuple P (�a) is ...
td P (�a, td) an atom of the minimal legal instances
to P (�a, to) is an obligatory atom in all the minimal legal instances
vi P (�a,vi) an optional atom introduced to satisfy the openness of

view vi

nvi P (�a,nvi) an optional atom introduced to satisfy the openness of
view that is not vi

De�nition 12. Given an open global system G, the re�ned program�(G), con-
tains the following clauses:

1. Fact dom(a) for every constant a ∈ U

2. Fact Vi(�a) whenever �a ∈ vi for some source extension vi in G.

3. For every view (source) predicate Vi in the system with description Vi( �X) 
P1( �X1), . . . , Pn( �Xn):

(a) For every Pk with no existential variables, the rules

Pk( �Xk, to) Vi( �X).

(b) For every set Sij of predicates of the description’s body that are related
by common existential variables {Z1, . . . , Zm}, the rules,

Pk( �Xk,vij) addvij
( �X ′),

∧
Zl∈( �Xk\ �X′) F

l
i (

�X ′, Zl), for Pk ∈ Sij .

addvij
( �X ′) Vi( �X), not auxvij

( �X ′), where �X ′ = �X ∩ {
⋃

Pk∈Sij
Xk}.

auxvij
( �X ′) 

∧m

l=1 varvijZl
( �XZl

).

varvijZl
( �XZl

) 
∧

Pk∈Sij&Zl∈ �Xk
Pk( �Xk,nvij),

where �XZl
= {

⋃
Pk∈Sij&Zl∈ �Xk

Xk}, for l = 1, . . .m.

4. For every predicate F l
i (

�X ′, Zl) introduced in 3.(b), the rules,

F l
i (

�X ′, Zl) addvijZl
( �X ′), dom(Zl), choice(( �X ′), (Zl)).

addvijZl
( �X ′) addvij

( �X ′), not auxvijZl
( �X ′), for l = 1, . . .m.

auxvijZl
( �X ′) varvijZl

( �XZl
),

∧
Zk 6=Zl&Zk∈ �XZl

F k
i ( �X ′, Zk),

for l = 1, . . . m.

5. For every global relation P ( �X) the rules

P ( �X,nvij) P ( �X,vhk), for {(ij, hk)|P ( �X) ∈ Sij ∩ Shk, ij 6= hk}.

P ( �X,nvij) P ( �X, to), for {(ij)|P ( �X) ∈ Sij}.

P ( �X, td) P ( �X,vij), for {(ij)|P ( �X) ∈ Sij}.

P ( �X, td) P ( �X, to). �
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Example 16. (example 13 continued) The re�ned program �(G3) is:

dom(a). dom(c). (2)

v1(a). v2(a, c). (3)

P (X,Z,v1) addv1
(X), Fz(X,Z). (4)

addv1
(X) v1(X), not auxv1

(X). (5)

auxv1
(X) varv1z(X,Z). (6)

varv1z(X,Z) P (X,Z, nv1). (7)

Fz(X,Z) addv1
(X), dom(Z), chosenv1z(X,Z). (8)

chosenv1z(X,Z) addv1
(X), dom(Z), not di�choice v1z(X,Z). (9)

di�choicev1z(X,Z) chosenv1z(X,Z
′), dom(Z), Z ′ 6= Z. (10)

P (X,Y, to) v2(X,Y ). (11)

P (X,Y,nv1) P (X,Y, to). (12)

P (X,Y, td) P (X,Y,v1). (13)

P (X,Y, td) P (X,Y, to). (14)

Rules (4) to (7) ensure that if there is an atom in source V1, e.g. V1(�a), and
if an atom of the form P (�a, Z) was not added by view V2, then it is added by
rule (4) with a Z value given by the function predicate Fz(�a, Z). This function
predicate is calculated by rules (8) to (10). Rule (11) enforces the satisfaction
of the openness of V2 by adding obligatory atoms to predicate P and rule (12)
stores this atoms with the annotation nv1, implying that they were added by a
view di�erent from V1. The last two rules gather with annotation td the elements
that were generated by both views and that are in the minimal legal instances.
The stable model of this program is {dom(a), dom(c), v1(a), v2(a, c), P (a, c, td),
P (a, c, to), P (a, c, nv1), auxv1

(a)}, which corresponds to the only minimal legal
instance {P (a, c)}. �

Theorem 3. If M is a stable model of SV (�(G)), then DM := {P (�a) | P ∈
R and P (�a, td) ∈ M} ∈Mininst(G). Furthermore, the minimal legal instances
obtained in this way are all the minimal legal instances of G. �

The program�(G) (or its stable version) can be used to compute MinimalG(Q),
where Q is a query expressed as a, say Datalog¬ program �(Q). This can be
done by running the combined program under the skeptical stable model seman-
tics. The following corollary for monotone queries, e.g. a Datalog queries, can
be immediately obtained from Theorem 3 and the fact that for those queries
CertainG(Q) = MinimalG(Q).

Corollary 1. The certain answers to monotone queries posed to an open inte-
gration system G can be computed by running, under the skeptical stable model
semantics, the query program in combination with the program �(G) that spec-
i�es the minimal legal instances of G. �
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We know that under the hypothesis of Theorem 2, the simple and re�ned pro-
grams compute the same legal database instances, namely the minimal ones.
Beyond this, it is worth mentioning that, under the same hypothesis, there is a
simple mechanical, syntactic transformation of the re�ned program into a simple
program (in the sense of Section 3.1) that has the same stable models, and then,
in particular, produces the same database instances (see Appendix A.2).

4 Speci�cation of Repairs of a Global System

In [6], repairs of single relational databases are speci�ed as stable models of
disjunctive logic programs. We briey explain those programs, because they will
be used to specify repairs of instances of integration systems.

First, the database predicates are expanded with an extra argument to be
�lled with one of a set of new annotation constants. An atom inside (outside)
the original database is annotated with td (fd).5 Annotations ta and fa are
considered advisory values, to solve conicts between the database and the ICs.
If an atom gets the derived annotation fa, it means an advise to make it false,
i.e. to delete it from the database. Similarly, an atom that gets the annotation
ta, this is seen as an advice to insert it into the database.

Example 17. (example 7 continued) Consider the ICs ∀x(P (x, y) → R(x, y))
and ∀x(T (x) → ∃yP (x, y)), together with the inconsistent database instance
D = {P (a, b), T (c)} and a domain U = {a, b, c, u} . The logic program should
have the e�ect of repairing the database. Single, local repair steps are obtained
by deriving the annotations ta or fa. This is done when each IC is considered
in isolation, but there may be interacting ICs, and the repair process may take
several steps and should stabilize at some point. In order to achieve this, we use
annotations t?, f?. The latter, for example, groups together the annotations fd
and fa for the same atom (rules 2. and 5. below). These derived annotations are
used to give a feedback to the bodies of the rules that produce the local, single
repair steps, so that a propagation of changes is triggered (rule 3. below).

The annotations t?? and f?? are just used to read o� the literals that are
inside (resp. outside) a repair. This is achieved by means of rules 7. below,
that are used to interpret the models as database repairs. The facts of rule 1.
correspond to all the elements of the domain except for the null constant, which
is left outside of dom. The following is the program:

1. dom(a). dom(b). dom(c). dom(u).
2. P (x, y, f?) P (x, y, fa), dom(x), dom(y).

P (x, y, t?) P (x, y, ta), dom(x), dom(y).
P (x, y, t?) P (x, y, td), dom(x), dom(y). (similarly for R and T )

3. P (x, y, fa) ∨R(x, y, ta)  P (x, y, t?), R(x, y, f?), dom(x), dom(y).
T (x, fa) ∨ P (x,null , ta) T (x, t?),not aux(x), not P (x,null , td), dom(x).

5 The annotation td is the same we had in the previous section, actually the program
there will provide the contents of the minimal instances in terms of td; next, in the
repair process, the new annotations introduced here will be generated.
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aux(x) P (x, y, td), not P (x, y, fa).
aux(x) P (x′, y, ta).

4. P (a, td) .
5. P (x, y, f?) dom(x), dom(y),not P (x, y, td). (similarly for R and T )
6.  P (�x, ta), P (�x, fa).  R(�x, ta), R(�x, fa).
7. P (x, y, t??) P (x, y, ta), dom(x), dom(y).

P (x, y, f??) P (x, y, fa), dom(x), dom(y).
P (x, y, t??) P (x, y, td), not P (x, y, fa), dom(x), dom(y).
P (x, y, f??) dom(x), dom(y), not P (x, y, td), not P (x, y, ta).
(similarly for R and T )

Only rules 3. depend on the ICs. The �rst rule in 3. corresponds to the universal
ICs and the rest to the referential IC. These rules say how to repair the inconsis-
tencies. Rules 4. contain the database atoms. Rules 5. capture the closed world
assumption (CWA) [40]. Rules 6. are denial program constraints to discard mod-
els that contain an atom annotated with both ta and fa. The program has four
stable models. The repairs are obtained from them by selecting the atoms anno-
tated with t??: D1 = {P (a, b), R(a, b)}, D2 = {P (a, b), R(a, b), T (c), P (c, null)}
and D3 = {T (c), P (c, null)}, D4 = ∅. As expected, they coincide with the ones
obtained in Example 7. �

It can be proved [6] in the context of single relational databases that the stable
models of these disjunctive programs are in a one to one correspondence with
the repairs of the original database, for any combination of universal and acyclic
referential integrity constraints. If there are cycles between the referential ICs,
then the speci�cation programs may produce a class of stable models that prop-
erly extends the class of repairs [12]. Those models that do not correspond to
repairs still satisfy the ICs, but may not be minimal repairs. In this case the
stable models that do not correspond to (minimal) repairs can be pruned by
comparison with the other stable models [12]. These properties will be inherited
by our application of this kind of programs to the speci�cation of the repairs of
the minimal instances of an integration system.

The next de�nition combines into one program the re�ned version that spec-
i�es the minimal legal instances and the speci�cation of the repairs of those
minimal instances.

De�nition 13. The repair program, �(G, IC ), of G wrt IC contains the follow-
ing clauses:

1. The same rules as in De�nition 12.

2. For every predicate P ∈ R, the clauses
P ( �X, t?) P ( �X, td), dom( �X).6

P ( �X, t?) P ( �X, ta), dom( �X).
P ( �X, f?) P ( �X, fa), dom( �X).
P ( �X, f?) dom( �X), not P ( �X, td).

6 If �X = (X1, . . . , Xn), we abbreviate dom(X1) ∧ · · · ∧ dom(Xn) with dom( �X).
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3. For every �rst-order global universal IC of the form ∀(Q1( �Y1) ∨ � � � ∨ Qn( �Yn)
 P1( �X1) ∧ � � � ∧ Pm( �Xm) ∧ ϕ), where Pi, Qj ∈ R, and ϕ is a conjunction
of built-in atoms, the clause:∨n

i=1 Pi( �Xi, fa)
∨m

j=1 Qj( �Yj , ta)  
∧n

i=1 Pi( �Xi, t
?),

∧m

j=1 Qj( �Yj , f
?),

dom( �X), ϕ;
where �X is the tuple of all variables appearing in database atoms in the rule.

4. For every referential IC of the form ∀ �X(P ( �X) → ∃Y Q( �X ′, Y )), with �X ′ �
�X, the clauses
P ( �X, fa) ∨Q( �X ′,null , ta) P ( �X, t?),not aux( �X ′), not Q( �X ′,null , td),

dom( �X).
aux( �X ′) Q( �X ′, Y, td), not Q( �X ′, Y, fa), dom( �X ′, Y ).
aux( �X ′) Q( �X ′, Y, ta), dom( �X ′, Y ).

5. For every predicate P ∈ R, the interpretation clauses:
P (�a, f??)  P (�a, fa).
P (�a, f??)  not P (�a, td), not P (�a, ta).
P (�a, t??)  P (�a, ta).
P (�a, t??)  P (�a, td), not P (�a, fa). �

Rules 4 repair referential ICs by deletion of tuples or insertion of null values
that are not propagated through other ICs [6]. For this purpose, dom(null)
is not considered as a fact and therefore the null values will not propagate.
Optimizations of the repair part of the program, like avoiding the materialization
of the CWA, are analyzed in [6].

The choice models of program �(G, IC ) that do not contain a pair of lit-
erals of the form {P (�a, ta), P (�a, fa)} are called coherent models. Only coherent
models can be obtained for the program if the denial constraints of the form
 P (�x, t??), P (�x, f??) are included in the program.

De�nition 14. The global instance associated to a choice modelM of �(G, IC )
is DM = {P (�a) | P ∈ R and P (�a, t??) ∈ M}. �

The repair program can be split [37] into the speci�cation of the minimal in-
stances and the speci�cation of their repairs. Therefore, the minimal legal in-
stances can be calculated �rst, and then the repairs of them. Each minimal
model calculated by the �rst part of �(G, IC ) can be seen as a simple, relational
database, which is repaired afterwards by the second part of �(G, IC ). This
gives us the following theorem straightforwardly.

Theorem 4. Let IC be an arbitrary class of universal and acyclic referential
integrity constraints. If M is a coherent choice model of �(G, IC ), then DM is
a repair of G wrt IC. Furthermore, the repairs obtained in this way are all the
repairs of G wrt IC. �

In the case in which a cyclic set of referential ICs is considered, the global
instances associated to the choice models of the program will be a superset of
the repairs of G wrt IC, and in order to obtain the repairs, the choice models
will have to be compared to choose those minimally di�er from the minimal legal
instance [12].
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5 Consistent Answers

Now we can obtain the answers to queries posed to a system G that are consistent
wrt to IC . First we will consider universal and acyclic referential ICs. We do the
following:

1. We start with a queryQ that is expressed, e.g. as a strati�ed Datalog program,
�(Q), whose extensional predicates are elements of the global schema R. Each
positive occurrence of those predicates, say P (�t), is replaced by P (�t, t??); and
each negative occurrence, say not P (�t), by P (�t, f??). This query program has
a query predicate Ans that collects the answers to Q. In particular, �rst order
queries can be expressed as strati�ed Datalog programs [1].
2. Program�(Q) is appended to the program SV (�(G, IC )), the stable version
of the repair program.
3. The consistent answers to Q are the ground Ans atoms in the intersection of
all stable models of �(Q) ∪ SV(�(G, IC )).

Example 18. (example 11 continued) We have the integration system G2 with the
local view de�nitions V1(X,Z) P (X,Y ), R(Y, Z), and V2(X,Y ) P (X,Y ),
and source contents v1 = {V1(a, b)} and v2 = {V2(a, c)} respectively. Consider
the global symmetry integrity constraint sim : ∀x∀y(R(x, y) → R(y, x)) on
G2. We want the consistent answers to the query Q : P (x, y). First, the query
is written as the query program clause Ans(X,Y )  P (X,Y, t??). This query
program, �(Q), is run with the revised version of SV (�( G3, sim)) that has the
following rules:

% Subprogram for minimal instances
dom(a). dom(b). dom(c). dom(u).
v1(a, b). v2(a, c).
P (X,Y,nv1) P (X,Y, to).
P (X,Y,nv2) P (X,Y,v1).
P (X,Y, td) P (X,Y,v1).
P (X,Y, td) P (X,Y, to).
R(X,Y, td) R(X,Y,v1).
% Speci�cation of V1

P (X,Y,v1) addv1
(X,Z), F Y

1 (X,Z, Y ).
R(Y, Z,v1) addv1

(X,Z), F Y
1 (X,Z, Y ).

addv1
(X,Z) v1(X,Z), not auxv1

(X,Z).
auxv1

(X,Z) varv1Y (X,Y, Z).
varv1Y (X,Y, Z) P (X,Y,nv1), R(Y, Z,nv1).
F Y

1 (X,Z, Y ) addv1Y (X,Z), dom(Y ), chosenv1Y (X,Z, Y ).
chosenv1Y (X,Z, Y ) addv1Y (X,Z), dom(Y ), not di�choice v1

(X,Z, Y ).
di�choicev1

(X,Z, Y ) chosenv1Y (X,Z, Y ′), dom(Y ), Y ′ 6= Y.
addv1Y (X,Z) addv1

(X,Z), not auxv1Y (X,Z).
auxv1Y (X,Z) varv1Y (X,Y, Z).
% Speci�cation of V2

P (X,Y, to) v2(X,Y ).
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% Repair subprogram
P (X,Y, t?) P (X,Y, ta), dom(X), dom(Y ).
P (X,Y, t?) P (X,Y, td), dom(X), dom(Y ).
P (X,Y, f?) dom(X), dom(Y ), not P (X,Y, td).
P (X,Y, f?) P (X,Y, fa), dom(X), dom(Y ).
R(X,Y, t?) R(X,Y, ta), dom(X), dom(Y ).
R(X,Y, t?) R(X,Y, td), dom(X), dom(Y ).
R(X,Y, f?) dom(X), dom(Y ), not R(X,Y, td).
R(X,Y, f?) R(X,Y, fa), dom(X), dom(Y ).
R(X,Y, fa) ∨ R(Y,X, ta) R(X,Y, t?), R(Y,X, f?), dom(X), dom(Y ).
P (X,Y, t??) P (X,Y, ta), dom(X), dom(Y ).
P (X,Y, t??) P (X,Y, td), dom(X), dom(Y ), not P (X,Y, fa).
P (X,Y, f??) P (X,Y, fa), dom(X), dom(Y ).
P (X,Y, f??) dom(X), dom(Y ), not P (X,Y, td), not P (X,Y, ta).
R(X,Y, t??) R(X,Y, ta), dom(X), dom(Y ).
R(X,Y, t??) R(X,Y, td), dom(X), dom(Y ), not R(X,Y, fa).
R(X,Y, f??) R(X,Y, fa), dom(X), dom(Y ).
R(X,Y, f??) dom(X), dom(Y ), not R(X,Y, td), not R(X,Y, ta).

 R(X,Y, ta), R(X,Y, fa).
 P (X,Y, ta), P (X,Y, fa).

This program has �ve stable models with the following associated repairs: (a)
DMr

1
= { P (a, b), R(b, b), P (a, c) }, corresponding to the already consistent

minimal instance DM1
in Example 12; (b) DMr

2
= { P (a, a), P (a, c) } and

DMr
3

= { R(a, b), R(b, a), P (a, a), P (a, c) }, the repairs of the inconsistent
instance DM2

; (c) DMr
4

= { P (a, c) } and DMr
5

= { R(c, b), R(b, c), P (a, c) },
the repairs of instance DM3

; and (d) DMr
6

= { P (a, u), P (a, c) } and DMr
7

= {
R(u, b), R(b, u), P (a, u), P (a, c) }, the repairs of DM4

.
The corresponding stable models of �(Q) ∪ SV (�( G3, sim)) are: (a) M

r

1

=Mr
1 ∪ {Ans(a, b), Ans(a, c)}; (b) M

r

2 =Mr
2 ∪ {Ans(a, a), Ans(a, c)};M

r

3

= Mr
3 ∪ {Ans(a, a), Ans(a, c)}; (c) M

r

4 = Mr
4 ∪ {Ans(a, c)}; M

r

5 = Mr
5 ∪

{Ans(a, c)}; (d) M
r

6 = Mr
6 ∪ {Ans(a, u), Ans(a, c)}; M

r

7 = Mr
7 ∪ {Ans(a,

u), Ans(a, c)}. Ans(a, c) is the only query atom in all stable models, then the
tuple (a, c) is the only consistent answer to the query. �

If G is consistent, then the consistent answers to Q computed with this method
coincide with the minimal answers to Q, and then to the certain answers if Q is
monotone.

6 Further Analysis, Extensions and Discussion

6.1 Complexity

The complexity analysis of consistent query answering in integration of open
sources under the LAV approach can be split according to the main two layers
of the combined program, namely, the speci�cation of minimal instances and the
speci�cation of the repairs of those minimal instances.
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Query evaluation from the program �(G) with choice under the skeptical
stable model semantics is in coNP (the case singularized as certainty semantics
in [41]). Actually, if the choice operator program is represented in its “classical”
stable version (see Section 3.1), we are left with a normal (non-disjunctive), but
non-strati�ed program whose query answering complexity under the skeptical
stable model semantics is coNP-complete [19, 35] in data complexity [1], in our
case, in terms of the combined sizes of the sources. This complexity of computing
minimal answers is inherited by the computation of certain answers when the two
notions coincide, e.g. for monotone queries like Datalog queries. This complexity
result is consistent and matches the theoretical complexity lower bound on com-
puting certain answers to Datalog queries under the LAV approach [2]. With
disjunctive views, as considered in Section 6.4, the complexity of the program
goes up to being �P

2 -complete.
The complexity of query evaluation wrt the disjunctive normal program

�(G, IC ) that speci�es the repair of minimal instances is �P
2 -complete in data

complexity [19], which matches the complexity of consistent query answering
[10, 18, 15].

There are some cases studied in [6], e.g. only universal ICs, where the repair
part of the program for CQA is head-cycle free (HCF) and therefore the complex-
ity is reduced to coNP [7, 34]. This coNP-completeness result can be extended
to some cases where both universal and RICs are considered. It is possible to
show [12] that the program �(G, IC ) is HCF for a combination of: (a) Denial
constraints, i.e. formulas of the form

∨n

i=1 Pi(�ti) → ϕ, where Pi(�ti) is an atom
and ϕ is a formula containing built-in predicates only; (b) Acyclic referential
integrity constraints, i.e. without cycles in the dependency graph.

This case includes the usual integrity constraints found in database prac-
tice, like (non cyclic) foreign key constraints. In [18, 15] some cases where func-
tional dependencies and referential integrities coexist are presented, for which
the problem of CQA becomes �P

2 -complete. Actually, in the case when repairs
wrt cyclic RICs is done by introducing arbitrary, non null elements of the under-
lying domain, the problem of consistent query answering becomes undecidable
[15]. However, if repairs wrt cyclic RICs are obtained by introducing null val-
ues that do not propagate via ICs, the problem of consistent query answering
becomes decidable [12].

6.2 In�nite vs. Finite Domain

In Section 2.1 we considered the possibility of having an in�nite underlying
domain U . At the purely speci�cation level there is not problem in admitting,
in the �rst item of De�nition 10, an in�nite number of facts. Our soundness and
completeness theorems hold. However, in the logic programs we have presented
in the examples we had a �nite domain, c.f. Example 10 (the �nite domain is
speci�ed by the dom predicate), but also an extra constant u that does not
appear in the active domain of the integration system, that consists of all the
constants in the sources plus those that appear in the view de�nitions. The reason
is that we need a �nite domain to run the programs, but at the same time we
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need to capture the potential in�niteness of the domain and the openness of the
sources. Furthermore, we should not be forced to use only the active domain,
because doing so might assign the wrong semantics to the integration system.

Example 19. Consider an integration system G4 with one source de�ned by the
view V (X)  R(X,Y ) and the query Q(Y )  R(X,Y ). If the view extension
has only one tuple, say {(a)}, we have that the active domain is {a} and that
R(a, a) is in all the legal instances of G4 if only this domain is used; and we
would have CertainG4

(Q) = {a}. Now, if the view extension becomes {(a), (b)},
the active domain is {a, b}, and there is a global instance containing just the
tuple R(a, b), and another containing just {R(a, a)}. In consequence, there will
be no certain answers. This simple example shows that a positive query may
have an undesirable non-monotonic behavior �

In Example 10, introducing one extra constant (u) is good enough to correctly
answer conjunctive queries (see below). In the general case, the number of extra
constants may vary depending on the situation.

It is necessary to make all these considerations, because, the set of minimal
legal instances may depend on underlying domain, as we saw in Example 5,
where Mininst(G2) = {{P (a, c), P (a, z), R(z, a)} | z ∈ U = {a, b, c, ...}}.

Since we want only the certain answers, those that can be obtained from all
the stable models, it is easy to see that the values taken by the “free variables”,
like z above, will not appear in a certain answer. However, the absence of the
extra, new constants may sanction as certain some answers that are not if the
domain is restricted to the active domain (see Example 19). In consequence,
we need a larger domain, with enough variables to represent the relations and
di�erences between the free variables. Depending on the query, there is a �nite
domain that generates the same certain and minimal answers as the in�nite
domain. It can be shown that if the query is conjunctive, then adding only one
new constant to the active domain is good enough (see Example 10).

If the query is disjunctive, then the smallest “equivalent” �nite domain is
the active domain plus n new constants, where n is the maximum number of
instantiations of existential variables in a minimal legal instance. This number
of instantiations cannot be obtained from the view de�nitions alone, because it
also depends on the number of elements in the sources associated to the Skolem
predicates. An upper bound on the number of constants to be added to the
active domain to correctly answer disjunctive queries is the sum over all sources
of the product of the number of existential variables in a view de�nition with
the number of atoms in the corresponding source.

Example 20. Given an integration system G5:
V1(X,Y ) P (X,Z0), R(Z0, Y ). {V1(a, b)}
V2(X,Y ) P (X,Z1), R(Z2, Y ). {V2(a, b), V2(c, d)}

The set of minimal legal instances is {{P (a, z1), R(z1, b), P (c, z2), R(z3, d)} | z1,
z2, z3 ∈ U}. By looking at this representation, we see that in order to obtain cor-
rect certain answers to disjunctive queries, it is good enough to add to the active
domain {a, b, c, d} three extra constants, obtaining, say U = {a, b, c, d, e, f, g}, a
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�nite domain that is able to simulate an in�nite domain wrt disjunctive queries.
Instead of inspecting the minimal instances to determine the number of new
constants, we can use an upper bound, in this case, �ve, which can be computed
as: 1 existential variable times 1 atom plus 2 existential variables times 2 atoms.
So, we could use a domain U with �ve extra constants. �

6.3 Choice Models vs. Skolem Functions

In this paper we have used the choice operator to replace the Skolem functions
used in the inverse rules algorithm. In this way we were able to specify the
minimal global instances, which was one of our original goals, is interesting in
itself, and allows us to specify the repairs of the integration system wrt the ICs.
However, if we are interested in query answering only, it becomes relevant to
analyze if it is possible to retrieve the minimal, certain and consistent answers
by keeping the Skolem functions in the program, evaluating it, and then �ltering
out the �nal answers that contain those functions (as done in [21]).

We �rst analyze the case of the simple program (see Section 3.1), in which we
want to consider using the Skolem functions instead of the functional predicate
together with the choice operator. For example, we would have P (X, f(X))  
V (X) instead of the couple of rules P (X,Y ) V (X), F (X,Y ) and F (X,Y ) 
V (X), dom(Y ), choice((X), (Y )).

In this case, the program will have the same rules V−1 as in the inverse rules
algorithm. The resulting de�nite program is positive and, therefore, its stable
model corresponds to the minimal model. That model will have atoms with
instantiated Skolem functions, and can be seen as a compact representation of
the collection of stable models of the choice program, in the sense that the latter
can be recovered by considering the di�erent ways in which the Skolem functions
can be de�ned in the underlying domain.

If a query is posed to the program with Skolem functions, the answer set
may contain or not answers with Skolem functions. Those answers with Skolem
functions correspond to answers that would be di�erent in di�erent stable models
of the choice program, because in a su�ciently rich domain (see Section 6.2) the
functions may be de�ned in di�erent ways. This is why if we delete those answers
with functions, we get the same answers as from the choice program �(G) under
the cautious stable model semantics. In consequence, for computing the certain
answers to a monotone query, we can indistinctly use the program with Skolem
functions (pruning the answers with Skolem functions at the end) or the choice
program.

Let us now consider the re�ned program (see Section 3.2). In this case, if
Skolem functions are used instead of the choice operator, the resulting program
is a normal program that may have several stable models.

Example 21. Consider an integration system G with
V1(X) P (X1, Y1, Z1), S(Y1) V1(a)
V2(X,Y ) P (X2, Y2, Z2) V2(a, e)

The following is the program with Skolem functions:
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%V1

P (X, f1(X), f2(X),v1) addv1
(X), addv1Y (X), addv1Z(X).

S(f1(X),v1) addv1(X).

addv1
(X) v1(X), not auxv1

(X).

auxv1
(X) varv1Y (X,Y, Z), varv1Z(X,Y, Z).

varv1Y (X,Y, Z) P (X,Y, Z,nv1), S(Y,nv1).

varv1Z(X,Y, Z) P (X,Y, Z,nv1).

addv1Y (X) addv1
(X), not auxv1Y (X).

auxv1Y (X) varv1Y (X,Y, Z), Z = f2(X).

addv1Z(X) addv1
(X), not auxv1Z(X).

auxv1Z(X) varv1Z(X,Y, Z), Z = f1(X).

%V2

P (X,Y, f3(X,Y ),v2) addv2
(X,Y ), addv2Z(X,Y ).

addv2
(X,Y ) v2(X,Y ), not auxv2

(X,Y ).

auxv2
(X,Y ) varv2Z(X,Y, Z).

varv2Z(X,Y, Z) P (X,Y, Z,nv2).

addv2Z(X,Y ) addv2
(X,Y ), not auxv2Z(X,Y ).

auxv2Z(X,Y ) varv2Z(X,Y, Z).

P (X,Y, Z,nv1) P (X,Y, Z,v2).

P (X,Y, Z,nv2) P (X,Y, Z,v1).

P (X,Y, Z, td) P (X,Y, Z,v1).

P (X,Y, Z, td) P (X,Y, Z,v2).

S(Y, td) S(Y,v1).
�

The stable models of the re�ned program with Skolem functions are calculated
under the unique names assumption [40]. As a consequence of this, the program
may not be able to distinguish those cases where the openness condition for a
source can be satis�ed because the condition already holds for another source
(see the discussion at the end of Section 3.1). For example, if two atoms, say
P (a, f1(a), f2(a)) and P (a, e, f3(a, e)), are added to the stable models in or-
der to satisfy the openness conditions for two di�erent views, the program will
treat those two atoms as di�erent, what may not be the case when the Skolem
functions are interpreted. As a consequence, stable models that are larger than
needed might be produced. If each of these stable models is seen as a com-
pact representation of a set of intended global instances, which can be recovered
through all possible instantiations of the Skolem functions in the model, we may
end up generating global instances that are not minimal. In other words, the
class of stable models of the re�ned program with Skolem functions represents a
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class that possibly properly extends the one of minimal instances, by including
global instances that are legal but not minimal.

Example 22. (example 21 continued) The minimal instances of this integration
system can be represented by {{P (a, e, f3(a, e)), P (a, f1(a), f2(a)), S(f1(a))} |
f3(a, e) ∈ U , f2(a) ∈ U , f1(a) ∈ U r {e}}

⋃
{{P (a, e, f3(a, e)), S(e)} | f3(a, e) ∈

U}. By interpreting the Skolem functions in the underlying domain, we obtain
all and only the minimal instances. Notice that in this case, it is necessary to
give all the possible values in the domain to the existential variables (or function
symbols), the only exception being when the existential variable Y1 is made equal
to e. In that case it is good enough to give values to Z1 or Z2 in order to satisfy
the openness conditions for V1 and V2.

In the context of the re�ned program with function symbols, due to the
unique names assumption, f1(a) will always be considered di�erent from e, and
therefore the program will not realize that there is a minimal model that does
not contain the tuple P (X, f1(X), f2(X), v1). In consequence, the program will
generate the stable model {P (a, e, f3(a, e)), P (a, f1(a), f2(a)), S(f1(a))}, that
represents a proper superclass of the minimal legal instances. For example, it
represents the instance {P (a, e, u), P (a, e, v), S(e)} that is not minimal. �

The possibly strict superset of the minimal instances that is represented by the
models of the program with functions can be used to correctly compute the
minimal and certain answers to monotone queries (in this case it is better to use
the simple program though), but not for queries with negation.

We now consider the repair program. In those cases where the stable models
of the simple or revised programs with Skolem functions do not represent the
minimal legal instances, it is clear that it is not possible to compute their re-
pairs. When the stable models do represent the minimal legal instances, it is not
possible for the repair program to detect all the inconsistencies in them because
of the underlying unique names assumption.

Example 23. (examples 4 and 5 continued) The minimal legal instances are
represented via Skolem functions by M = {P (a, f(a, b)), R(f(a, b), b), P (a, c)},
which can be obtained as a model of by the simple program with Skolem func-
tions. This model is inconsistent wrt IC : ∀x∀y(R(X,Y )→ R(Y,X)).

The repair program �(G, IC ) has the rule
R(X,Y, fa) ∨ R(Y,X, ta) R(X,Y, t?), R(Y,X, f?).

that will produce the set of repairs DM1
= {P (a, f(a, b)), P (a, c)} and DM2

=
{P (a, f(a, b)), R(f(a, b), b), R(b, f(a, b)), P (a, c)}, which represent a superset of
the real repairs of the minimal legal instances. Because of the unique names
assumption, the program will not detect that for f(a, b) = b the instance is
consistent wrt IC. �

Additional remarks on this issue can be found in [8].

6.4 Disjunctive Sources

In Section 3 we considered sources de�ned as conjunctive views only. If sources
are now described as disjunctive views, i.e. with more than one conjunctive
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rule [20], then the program �(G) has to be extended in order to capture the
minimal instances. In this case, a source Si is a pair 〈�i, vi〉, where �i is a set
of conjunctive rules de�ning the same view, say ϕ

i1
, . . . , ϕ

im
, and vi is the given

extension of the source.

De�nition 15. Given an open global system G = {〈�1, v1〉, . . . , 〈�n, vn〉}, the
set of legal global instances is Linst(G) = {D instance over R | vi �

⋃
k ϕik

(D),
for i = 1, . . . , n}. �

Example 24. Consider the global integration system G7 with global relations
{R(X,Y ), S(X), T (X,Y )} and two source relations v1 and v2 with the following
view de�nitions and extensions:

Source Extension View De�nitions
v1 {V1(a, b), V1(c, d)} V11 : V1(X,Y ) R(X,Y ), S(Y )

V12 : V1(X, d) T (X, d)
v2 {V2(b), V2(a)} V21 : V2(X) S(X)

Examples of legal instances are {S(b), S(a), R(a, b), T (c, d)}, {S(b), S(a), R(a, b),
R(c, d), S(d)} and {S(b), S(a), R(a, b), T (c, d), T (a, b)}. �

If we have disjunctive view de�nitions, in order to satisfy the openness of a
source, it is necessary that one or more views generate each of its tuples. To
capture this, in [20] the concepts of truly disjunctive view and witness are intro-
duced, together with an exclusion condition. Informally, a set of views is truly
disjunctive if there is a tuple �t that can be generated by any of the views. This
tuple is called a witness. The exclusion condition is a constraint on the witness
that determines for which tuples the truly disjunctive views are the most general.

Example 25. (example 24 continued) The atoms of v1 that have the constant
d as the second attribute can be generated either by V11 or V12. On the other
hand, if the second attribute is not d, the atom can only be generated by V1.
This is expressed in terms of truly disjunctive views, most general witness and
exclusion condition by the following table:

truly disjunctive most general exclusion condition
views witness
V1 (X1, X2) second attribute 6= d
V1, V2 (X1, d) true

�

In order to extend the simple version of �(G), incorporating disjunctive view
de�nitions, we need to take into account the di�erent sets of truly disjunctive
views with their witnesses and exclusion conditions. For example, for the second
truly disjunctive set in Example 25, the following rule needs to be imposed

(R(X, d) ∧ S(d)) ∨ T (X, d) V (X, d), (15)
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which is equivalent to the pair of disjunctive Datalog rules

R(X, d) ∨ T (X, d) V (X, d) (16)

S(d) ∨ T (X, d) V (X, d). (17)

For each set of truly disjunctive views, rules like (16) and (17) will have to be
satis�ed by the legal instances. These remarks motivate the following program
as an speci�cation of the minimal legal instances.

De�nition 16. Given an open global system G, the program, �∨(G), contains
the following clauses:
1. Fact dom(a) for every constant a ∈ U ; and the fact Vi(�a) whenever �a ∈ vi

for some source extension vi in G.
2. For every set of truly disjunctive views for a source Vi of the form
Vi1 : Vi( �X1) P11( �X11), . . . , P1n( �X1n1

)
� � �

Vik : Vi( �Xk) Pk1( �Xk1), . . . , Pkn( �Xknk
),

where the variables in each view are di�erent (fresh), for its more general witness
�W and its most general exclusion condition ϕ, the rules
P1δ1

( �X ′
1δ1

) ∨ � � � ∨ Pkδk
( �X ′

kδk
) Vi( �W ) ∧ ϕ ∧

∧
Zl∈( �X′\ �W ) F

l
i (

�W,Zl),

where �X ′ =
⋃k

j=1
�X ′

jδj
and δl ∈ {1, . . . , nk} for l = 1, . . . , k.

The vectors �X ′
1δ1
, . . . , �X ′

kδk
are those obtained by the substitution of �Xi by �W

in all the view de�nitions. These rules represent all the possible combinations of
k predicates where each of them is chosen from a di�erent view de�nition.
3. For every predicate F l

i (
�X,Zl) introduced in 2., the rule

F l
i (

�X,Zl) Vi( �X), dom(Zl), choice(( �X), (Zl)). �

Example 26. (example 25 continued) The program �∨(G7) is:

dom(a). dom(b). dom(c). dom(d). (18)

R(X,Y ) V1(X,Y ), Y 6= d. (19)

S(Y ) V1(X,Y ), Y 6= d. (20)

T (X, d) ∨ R(X,Y ) V1(X,Y ). (21)

T (X, d) ∨ S(Y ) V1(X,Y ). (22)

S(X) V2(X). (23)

Rules (19)-(20) and (21)-(22) represent, respectively, the �rst and second truly
disjunctive set for source v1. Rule (23) is for the non-disjunctive source v2. �

If all the sources are de�ned by conjunctive views, then is easy to see that �∨(G)
becomes the simple program �(G) introduced in Section 3.1. As before, it holds
that

Mininst(G) � {DM | M is a stable model of �∨(G)} � Linst(G).

For monotone queries Q, the answers obtained using �∨(G) coincide with
CertainG(Q) and MinimalG(Q). This might not be the case of queries with nega-
tion. It is possible to give a re�ned version, corresponding to the non disjunctive
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program in Section 3.2, for which Mininst(G) = {DM | M is a stable model
of �∨(G)} also holds.

7 Conclusions

We have presented a general approach to specifying, by means of disjunctive
deductive databases with stable model semantics, the database repairs of a me-
diated integration system with open sources under the LAV approach. Then,
consistent answers to queries posed to such a system are computed by running
a query program together with the speci�cation of database repairs under the
skeptical or cautious stable model semantics.

The speci�cation of the repairs is achieved by �rst specifying the class of
minimal global legal instances of the integration system (without considering
any global ICs at this level yet). To the best of our knowledge, this is also
the �rst speci�cation, under the LAV paradigm, of such global instances in a
logic programming formalism. The speci�cation is inspired by the inverse rules
algorithms, where auxiliary functions are replaced by auxiliary predicates that
are forced to be functional by means of the non deterministic choice operator.

The speci�cation of the minimal legal instances of the integration system al-
lows obtaining the minimal answers to arbitrary queries; and the certain answers
to monotone queries, what extends previous results in the literature related to
query plan generation under the LAV approach.

The methodology for specifying minimal legal instances, computing certain
answers and CQA works for conjunctive view de�nitions and disjunctions of
them. Wrt the ICs and queries this approach can handle, the solution is sound
and complete for combinations of universal ICs and acyclic referential ICs, and
queries expressed as Datalog¬ programs. In consequence, the current approach
to consistent query answering (CQA) subsumes and extends the methodolo-
gies presented in [9] for integration systems, and the one in [6] for stand alone
relational databases. Also the complexity of query evaluation using the logic
programs presented here matches the theoretical lower bounds for computing
certain and consistent answers.

For reasons of space, we just mention a few optimizations of the speci�cation
programs and their execution (more on optimization of repair programs can
be found in [6]). The materialization of the CWA present in �(G, IC ) can be
avoided by program transformation. We have identi�ed classes of common ICs
for which SV (�(G, IC )) becomes head-cycle-free, and in consequence, can be
transformed into a non disjunctive program [7, 34]. Transformations are shown
in [6].

The program for CQA can be split [37] into: (1) the program that speci�es
minimal legal instances; (2) the program that speci�es their repairs; and (3) the
query program. If the simple version can be used in (1), that layer is a strati�ed
program. Otherwise, if the re�ned version is used, that layer is not strati�ed, but
its models can be computed bottom-up as �xpoints of an iterative operator [27].
The second layer, i.e. the repair part, is locally strati�ed [39]. Finally, if the query
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program is strati�ed, e.g. if the original query is �rst-order, then the consistent
answers can be eventually computed by a bottom-up evaluation mechanism.

We have already indicated that in the case the set of ICs contain referential
ICs with cycles between them the stable models of the speci�cation programs
we gave may correspond to a superclass of the repairs of the global system
[12]. Non minimal repairs may appear as models of the program. It should be
possible to modify the given program by adding a new layer of rules that does
the job of pruning all the stable models of the original program that do not
correspond to (minimal) repairs. In this direction the answer set programming
based speci�cation of some “local test” for minimality as given in [38] (and used
in [11] in the context of database repairs) could be attempted.

For CQA from integration systems we have successfully experimented with
DLV [22, 35]. The current implementations of the disjunctive stable models se-
mantics would be much more e�ective in database applications if it were possible
to evaluate open queries in a form that is guided by the query rather than based
on, �rst, massive grounding of the whole program and, second, considering what
can be found in every (completely constructed) stable model of the program.
First optimizations of this kind have been reported in [23].

Wrt related papers, query answering in mediated integration systems under
the assumption that certain global ICs hold has been treated in [31, 21, 29, 14].
However, in CQA, we do not assume that global ICs hold. Logic programming
speci�cations of repairs of single relational databases have been presented in [4,
30, 5].

In [9], CQA in possibly inconsistent integration systems under the LAV ap-
proach is considered. There, the notion of repair of a minimal legal instance is
introduced. The algorithm for CQA is based on a query transformation mecha-
nism [3] applied to �rst-order queries. The resulting query may contain negation,
and is run on top of an extension of the inverse algorithm to the case of strati-
�ed Datalog¬ queries. This approach is limited by the restrictions of the query
transformation methodology. In particular, it can be applied only to queries that
are conjunctions of literals and universal ICs.

Integration systems under the GAV approach that do not satisfy global key
dependencies are considered in [32]. There, legal instances are allowed to be
more exible, allowing their computed views to accommodate the satisfaction
of the ICs. In this sense, the notion of repair is implicit; and the legal instances
are the repairs we have considered here. View de�nitions are expressed as Data-
log queries; and the queries to the global system are conjunctive. The “repairs”
of the global system are speci�ed by normal programs under stable model se-
mantics. In [16] and still under the GAV approach, this work is extended by
introducing rewriting techniques to retrieve the consistent query answers with-
out constructing the “repairs”. More related work is discussed in the survey
[8].

With respect to current and future work, apart from considering all kinds of
implementation and optimization issues around the programs and their interac-
tion with a database, we have extended [8] our treatment of CQA in integration
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systems to the mixed case where open, closed and sources that are both open and
closed (clopen) coexist [28]; and to particular, but common and natural combi-
nations of them. We are working on identifying conditions on the view de�nitions
that make it possible to compute, from the program �(G), the certain answers
to possibly non-monotonic queries.

In this paper we have considered null values based repairs under RICs. The
null values have a special treatment wrt to satisfaction of ICs, and as a conse-
quence, they do not propagate in the repair process. In [4, 5, 15], repairs of RICs
using normal domain values are considered. This, under cyclic sets of RICs, may
lead to undecidability of consistent query answering. It would be interesting to
study some sort of mixed approach, and also the possibility of limited propaga-
tion of null values.

Research related to the design of virtual data integration systems and its
impact on global query answering has been mostly neglected. Most of the re-
search in the area starts from a given set of view de�nitions, but the conditions
on them hardly go beyond classifying them as conjunctive, disjunctive, Datalog,
etc. However, other conditions, imposed when the systems is being designed,
could have an impact on, e.g. query plan derivation. Much research is needed in
this direction.
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A Appendix

A.1 Proof of Results

Proof of Theorem 1: Consider �(G) as in De�nition 10. First we prove:
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{DM | M is a choice model of �(G)} � Linst(G). (24)

Assume that there is a stable modelM of�(G) such that its associated database
DM is not a legal instance. Then there is a view Vi for which vi 6� ϕi(DM), that
is, for some �a:

– �a ∈ vi, and then by rules 1. of �(G), Vi(�a) is true in any model of the
program, in particular, in M.

– �a /∈ ϕi(DM), i.e. inM, it holds ¬∃�z(P1(�a1, �z1)∧ . . .∧Pn(�an, �zn)), for �ai � �a,
and �zi � �z. This is equivalent to

∀�z (¬P1(�a1, �z1) ∨ . . . ∨ ¬Pn(�an, �zn)) (25)

A consequence of (25) and rules 2. of �(G) is the following:

∀�z (¬Vi(�a) ∨
∨

l

¬F l
i (�a, zl)). (26)

Since Vi(�a) ∈ M and rules 3. of �(G) are satis�ed byM we have that for some
b’s in the domain the atoms F l

i (�a, b) ∈M. But we had that equation (26) holds.
We have reached a contradiction because (26) is false inM; and (24) is proven.

Now we want to prove:Mininst(G) � {DM | M is a choice model of �(G)}.
The program �(G) can be split [37] into the bottom program �B , that

contains the facts and rules in 1. and 3. of �(G), and the top program, �T ,
that contains the rules in 2.. IfMB is a stable model of �B andMB

T is a stable
model of �MB

T (the top program partially evaluated by the atoms inMB), then
MB∪M

B
T is a stable model of�(G), and all the models of latter can be obtained

in this way. The bottom program contains the choice operator and therefore its
stable models will correspond to all the possible combinations of values for the
Skolem predicates subject to the condition of functionality [41]. Since �MB

T is
a non-disjunctive-positive program (without the choice operator), there will be
a unique stable model for eachMB that will correspond to its minimal model.

We will now prove that every minimal legal instance is of the form DM,
whereM is of the formMB ∪M

B
T with MB a stable model of �B andMB

T a
minimal model of �MB

T .
Let D be a minimal legal instance of G. Let us de�ne a structureM for the

program �(G) containing the following ground atoms:

1. The atoms in D;
2. Vi(�a) whenever �a ∈ vi, where vi is a source extension in G;
3. dom(a) for every constant a ∈ U ;
4. For each view Vi(�x), consider the rules F l

i (�x, zl) body(ϕ
Vi

), for each vari-
able zl from the body that does not belong to �x. Evaluate the bodies accord-
ing to the atoms in 1. When the body is true, add to M the corresponding
atom in the head.

5. If for a view Vi, �a ∈ vi and F l
i (�a, b) ∈ M, add choice(�a, b) to M.

Note that DM = D. Now we have to prove that the structure M is a stable
model of �(G). This can be shown by proving, �rst, thatMB := (MrD) is a
stable model of �B , and, next, that MMB

T = D is a minimal model of �MB

T .
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�B contains rules 1. and 3. of�(G). By constructionMB will satis�es rules 1.
ForMB to satisfy rules 3. it is su�cient to prove that for each Vi(�a) ∈ MB there
is exactly one F l

i (�a, b) ∈MB with b ∈ U for each zl and that if Vi(�a) 6∈ M then
there is no F l

i (�a, z) in MB . This is enough because it is proven that the choice
operator will enforce that F l

i (�x, z) satis�es a functional dependency between �x
and z.

Let us suppose by contradiction that for Vi(�a) ∈ MB there are two atoms
F l

i (�a, b1) ∈ MB and F l
i (�a, b2) ∈ MB . This would imply by construction of M

that the following rules are satis�ed by evaluating the bodies with the elements
of D: F l

i (�a, bl)  body(ϕ
Vi

) and F l
i (�a, b2)  body(ϕ

Vi
). This would imply that

D has two set of atoms satisfying the mapping Vi(�a) body(ϕ
Vi

) and therefore
D is not minimal. Since D is minimal we have reached a contradiction.

Now we have to prove that if Vi(�a) 6∈ M then there is no F l
i (�a, z) inMB . Let

us suppose by contradiction that there for a given value b ∈ U , F l
i (�a, b) ∈ MB .

This would imply by construction of M that it holds, by evaluating the bodies
with the elements of D, F l

i (�a, b)  body(ϕ
Vi

). This implies that D satis�es
body(ϕ

Vi
) without Vi(a) belonging to the source. Then D is not minimal. Since

D is minimal we have reached a contradiction. This proves thatMB := (MrD)
is a stable model of �B . Now we have to prove that D is a minimal model of
�MB

T .

The program �MB

T contains only facts of the form Vi(�a,�b)  where
Vi(�a) ∈ MB and �b is constructed from all the function predicates F l

i (�a, b1) ∈
MB . By construction this facts are exactly the elements of D. Then, D is a
minimal model of �MB

T . This proves that M is a stable model of �(G) and
since DM = D we have that every minimal legal instance has a stable model of
�(G) associated. �

Proof of Theorem 2: Let us suppose by contradiction that we have an
integration system G that has no admissible mapping h for S l

i (with i 6= 0), such
that h(Sl

i) �
⋃

S∈(Secr{Sl
i
}) L(S), and that there is a stable model M of the

simple version of �(G) such that the database associated DM is not a minimal
legal instance.

Since DM is not minimal, there is a minimal legal instance E such that
E $ DM. From Theorem 1 we have that there is a model M′ of �(G) such
that DM′ = E. Then there should be a non empty set C, such that C ∈ M and
C 6∈ M′.

From the proof of Theorem 1 we have that the program �(G) can be divided
into two parts �B and �MB

T , where the second is a result of an evaluation of
the model MB of �B over the rules of �(G) that do not belong to �B . The
interesting thing is that the program�MB

T turns out to be a set of facts of global
relations. This shows that the di�erent models will be determined only by the
functional predicates atoms of the form F l

i (�a, b) chosen in each model. Each of
this atom will generate exactly one global atom for each relation that has the
existential variable zl in the view Vi. Then, we have that the only way that one
model might generate a legal instance of G with less elements than other model is
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if two functional predicate atoms generate the same global atom. Then, C has to
be formed by instantiations of sections with existential variables. For simplicity
and without lost of generality let us suppose that C has exactly one instantiation
of one section. For C to belong to M and not to M′, M should have di�erent
values of the existential variables that generate the instantiations of C than the
ones assigned inM and the rest values should be the same (since DM′ $ DM).
Furthermore, the values given inM′ should generate the same set of predicates
that another section or sections generates in M and in M′. Then, if C is the
instantiation of a section Sl

i , we have that the following has to hold for every
value ak in position k of the atom P (�a) ∈ C, being this atom an instantiation of
P (x1, . . . , xk , . . . , xn) ∈ Sl

i :

1. If xk ∈ Const(S
l
i) then there is a di�erent section Sm

j such that P (. . . , xk, . . . ) ∈
Sm

j and xk ∈ Const(S
m
j ) and xk = ak.

2. If xk ∈ UV ar(S
l
i) then there are two options:

(a) There is other section Sm
j such that P (. . . , xk, . . . ) ∈ S

m
j , xk ∈ Const(S

m
j )

and xk = ak.
(b) There is other section Sm

j such that P (. . . , xk, . . . ) ∈ S
m
j , xk ∈ UV ar(S

m
j )

and (. . . , ak, . . . ) ∈ vj .
3. If xk ∈ EV ar(S

l
i) then there are three options:

(a) There is other section Sm
j such that P (. . . , xk, . . . ) ∈ S

m
j , xk ∈ Const(S

m
j )

and xk = ak.
(b) There is other section Sm

j such that P (. . . , xk, . . . ) ∈ S
m
j , xk ∈ UV ar(S

m
j )

and (. . . , ak, . . . ) ∈ vj .
(c) There is other section Sm

j such that P (. . . , xk, . . . ) ∈ S
m
j , xk ∈ EV ar(S

m
j )

and F k
j (�b, ak) ∈ M′ for (�b) ∈ vj .

Consider a mapping h de�ned by the di�erent cases just described, for example if
we are in case (2b) we have that h(xk) = µ and in case (3a) we have that h(xk) =
ak. By construction this mapping is such that h(Sl

i) �
⋃

S∈(Secr{Sl
i
}) L(S). We

have reached a contradiction since we assumed the mapping h did not exists.
Therefore we have proved Theorem 2. �

The following intermediate results refer to the re�ned program �(G) intro-
duced in Section 3.2.

Lemma 1. If M is a stable model of SV (�(G)), then DM is a legal instance
of G.

Proof. In the proof we use the same notation as in the De�nition 12 of �(G).
Assume that DM is not legal. Then there must be a view Vi, with de�nition
ϕi : Vi(�x)  

∧n

u=1 Pu(�xu, �zu), for which vi 6� ϕi(DM). More speci�cally, there
is �a such that �a ∈ (vi r ϕi(DM)). If �a ∈ vi then Vi(�a) ∈ M.

For every global relation Pu without existential variables in the view de�-
nition ϕi, we can conclude from rules (3a) of �(G) that Pu(�au, to) ∈ M with
�au � �a. Then, by rules (5), Pl(�au, td) ∈ M and therefore Pu(�au) ∈ DM.

Now we will analyze the case of global relation with existential variables
treated by rules de�ned in (3b). For a certain Sij , in order to satisfy the second
rule of (3b), we have to analyze two cases:
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1. Vi(�a) ∈M and auxvij
(�a′) 6∈ M. Then, addvij

(�a′) ∈ M. From the third rule
of (3b) we have that there exists a non-empty set L such that varvijZl

(�aZl
) 6∈

M for l ∈ L. Now let us take a look at rules in (4). ¿From the 3rd rule, we
have that for every l ∈ L, auxvijZl

(�a′) 6∈ M. Then, from the 2nd rule and
since addvij

(�a′) ∈ M we have that for every l ∈ L, addvijZl
(�a′) ∈ M. Now,

from the �rst rule, the choice operator will assign one value of the domain to
Zl, e.g. bl for each l ∈ L. Then we will have F l

i (�a
′, bl) ∈ M for every l ∈ L.

Now let us have a look at the rules in (3b). For Pk ∈ Sij , there are two cases
to analyze wrt the �rst rule:
(a) {Zl|Zl ∈ ( �Xk \ �X ′)} � {Zl|l ∈ L}. Then Pk(�ak,vij) ∈ M where �ak is a

projection of �a and the bl of the functional predicates. Hence Pk(�ak, td) ∈
M and therefore Pk(�ak) ∈ DM.

(b) {Zl|Zl ∈ ( �Xk \ �X ′)} 6� {Zl|l ∈ L}. For every Zl′ ∈ {{Zl|Zl ∈ ( �Xk \ �X ′)}\
{Zl|l ∈ L}} we have that since l′ 6∈ L, varvijZl′

(�aZl′
) ∈ M. Since the

only way for an atom to belong to a model is to have a rule with it in the
head and the body satis�ed, we have that the body of the fourth rule of
(3b) has to be true. This implies that Pk(�ak,nvij) ∈ M. We also have

that since F l′

i (�a′, bl) 6∈ M for any value of bl, then addvijZl′
(�a′) 6∈ M

and therefore auxvijZl′
(�a′) ∈ M. Then because of the third rule of (3b)

we have that the values associated to the existential variables that are
not Zl′ in Pk(�ak,nvij) coincide with the values given by the functional
predicates of the view. Since Pk(�ak,nvij) ∈M we have from rules in (5)
that Pk(�ak,nvhk) (with hk 6= ij ) or Pk(�ak, to) belong toM and therefore
that Pk(�ak, td) ∈ M. Then Pk(�ak) ∈ DM sharing the same existential
variable that the ones generated by the previews case considered.

Then we have that �aSij
∈ ϕiSij

(DM)7

2. Vi(�a) ∈ M and auxvij
(�a′) ∈ M. Then, addvij

(�a′) 6∈ M. From the 3rd

rule of (3b) varvijZl
(�aZl

) ∈ M for all Zl. Then, from the fourth rule of
(3b) Pk(�ak,nvij) ∈ M for all Pk ∈ Sij such that Zl ∈ �Xk. From rules in
(5),with hk 6= ij , Pk(�ak,nvhk) or Pk(�ak, to) belong toM and therefore that
Pk(�ak, td) ∈M. Then Pk(�ak) ∈ DM. Then we have that �aSij

∈ ϕiSij
(DM)

Now, since the di�erent Sij do not share existential variables we have that
ϕi(DM) = onSij∈Vi

ϕiSij
(DM). Then since �aSij

∈ ϕiSij
(DM), �a ∈ ϕi(DM).

We have reached a contradiction and the Lemma is proven. �

Lemma 2. If D is a minimal instance of G, then there is a stable model M of
SV (�(G)), such that DM = D.

Proof. We need to de�ne a Herbrand structure that will be our candidate to be
the stable modelM that generates instance D. For doing this, we use the same
notation as in the De�nition 12 of �(G). We put the following facts intoM:

7 �aSij
corresponds to the atom �a restricted to the variables of the view ϕi that belong

to Sij , and ϕiSij
is the view de�nition ϕi restricted to the predicates in Sij and its

variables
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1. Pk(�a, td) for every global atom Pk(�a) ∈ D. No other atom annotated with
td belongs toM.

2. dom(a) i� a ∈ U .
3. Vi(�a) i� �a ∈ vi for vi ∈ G.
4. Pk(�ak, to) i� there is a view Vi( �X)  P1( �X1), . . . , Pk( �Xk), . . . Pn( �Xn), in

which Pk has no existential variables and such that �a ∈ vi.
5. For every atom Pk(�ak) ∈ D, where Pk(�ak, to) 6∈ M, we need to check which

views had the potential of generating it. After some considerations we will
specify at the end of this item what new atoms go intoM and which do not.
We have that for each view section S l

i with an existential variable zl
8, such

that Pk ∈ S
l
i , de�ne the following views:

Pk( �X ′
k, S

l
i) 

∧

Pj( �Xj)∈Sl
i

Pj( �Xj) ∧ Vi( �X),

where Sl
i is considered as an annotation constant in the second argument of

head of the view. This view will contain the information of which
Let P be the result of instantiating these views over the atoms in D and the
source extensions. P contains the possible section that might have generated
the presence of each global atom inD. We will de�ne SPk = {Sl

i | Pk(�ak, S
l
i) ∈

P}, i.e. SPk contains al the sections from which Pk(�ak could have been gen-
erated. Note that there is only one Sij

9 in G such that Sij ⊇ S
m
i . Then, for

each section Sl
i ∈ S

Pk that does not have an admissible mapping 10 such that
h(Sl

i) �
⋃

S∈(Secr{Sl
i
}) L(S) do the following: Pk(�ak,vij) ∈ M, addvij

(�a′) ∈

M, Vi(�a) ∈ M, auxvij
(�a′) 6∈ M, varvijzl

(�azl
) 6∈ M, auxvijZl

(�a′) 6∈ M,
addvijzl

(�a′) ∈M. For all the rest of the sections of SPk , e.g. Sm
i , we have that

the varvinzm
(�azm

) ∈M. If for all the sections in a view varvinzm
(�azm

) ∈M
then auxvij

(�a′) ∈ M and addvij
(�a′) 6∈ M.

6. For every Pk(�ak,vij) ∈ M, we add the fact Pk(�ak,nvkm) to M for every
Skm 6= Sij .

7. For every addvijzl
(�a′), Pk(�ak,vij) ∈ M, add F l

i (
�X, zl) into M, where zl is

the value of that existential variable in Pk(�ak,vij).

By construction M minimally satis�es rules (1), (2), (3a), (5) and the �rst
rule of (3b) in the program �(G)M. If auxvij

(�a′) ∈ M, �(G)M does not in-
clude the second type of rules of (3b). If auxvij

(�a′) 6∈ M, �(G)M has the rule
addvij

( �X ′)  Vi( �X) corresponding to second type of rules of (3b). This rule
is satis�ed by M because of the facts added to M in item 5. For the section
Sl

i such have no admissible mapping such that h(Sl
i) �

⋃
S∈(Secr{Sl

i
}) L(S), we

have that no other views can can generate the facts for this section and therefore
that the body of the fourth rules in 3b will not be satis�ed. Since in that case
varvijzl

(�azl
) 6∈ M, the whole rule is satis�ed. For the sections that are not in this

case, i.e there is an admissible mapping, then the body of the fourth rules in 3b

8 The S
l

i are the view sections introduced in Section 3.1.
9 Here the Sij are those appearing in De�nition 12.

10 As de�ned in section 3.1
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will be satis�ed and since varvijzl
(�azl

) ∈ M, the whole rule will be satis�ed. If
all the sections are in the situation last described, auxvij

(�a′) ∈ M and therefore
the third rules in 3b will be satis�ed. Following the same analysis and the fact
that the choice operator will choose any value of the domain, it is easy to see that
rules in (4) are also minimally satis�ed. M is a minimal model of �(G)Mand
therefore there is a stable model of �(G),M, such that DM corresponds to the
minimal legal instance D. �

Lemma 3. IfM is a stable model of SV (�(G)), then DM is a minimal instance
of G.

Proof. The legality of DM was established in Lemma 1. Assume, by contradic-
tion that DM is not a minimal instance of G. Then there must be a minimal
instance D such that D $ DM. By Lemma 2 we have that there is a model
M′ such that DM′ = D. Then, DM′ $ DM. In particular, we have that there
is an atom of a global relation, say Pk(�a, td), such that Pk(�a, td) ∈ M and
Pk(�a, td) 6∈ M′. If Pk(�a, td) ∈ M we have two options:

1. Pk(�a, to) ∈ M. Then there is a view vi in which Pk has no existential
variables. In that case Pk(�a, to) belongs to all the models and in particular
to M′. We have reached a contradiction since Pk(�a, td) 6∈ M′

2. Pk(�a,vij) ∈ M. This implies that addvij
(�a′) ∈ M and for all al ∈ (�a \ �a′),

F l
i (�a

′, al) ∈M. Hence there is an atom Vi( �A) ∈M such that the �rst rule of
(3b) is satis�ed. We can also conclude that varvijZl

(�aZl
) 6∈ M. Then there is

no other view that satis�es this section S l
i . This implies that ifM′ does not

contain Pk(�a, td) then, in order to satisfy the openness of view vi it must
add a new predicate annotated with td. But D′

M $ DM. We have reached
a contradiction

As we reached a contradiction in both cases, we have proven that DM is a min-
imal legal instance of G. �

Proof of Theorem 3: Directly from Lemma 2 and 3 �

A.2 Obtaining the Simple Program from the Re�ned Program

Assume the hypothesis of Theorem 2 hold. We denote the view sections with S l
i

as in Section 3.1. The sections Sl
i are all associated to the de�nition of view Vi.

We show now a syntactic transformation of the re�ned version of the program
�(G). We justify each step of the transformation, so that at the end it will be
clear that they have the same models.

Since there is no admissible mapping, each Sl
i can only be generated by

view Vi. In consequence, for every model M of the re�ned version of Pi(G), we
have that for all �a, varvijZl

(��a) 6∈ M. This implies that for every model M and
�a, auxvij

(�a) 6∈ M and auxvijZl
(�a) 6∈ M. Since those atoms will never appear
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in a model of the re�ned version of Pi(G), we can delete the rules with those
predicates in their heads. We can also delete them from the bodies of the rules
where they appear negated. We obtain the following program:

1. Fact dom(a) for every constant a ∈ U .
2. Fact Vi(�a) whenever �a ∈ vi for some source extension vi in G.
3. For every view (source) predicate Vi in the system with description Vi( �X) 
P1( �X1), . . . , Pn( �Xn):
(a) For every Pk with no existential variables, the rules

Pk( �Xk, to) Vi( �X).
(b) For every set Sij of predicates of the description’s body that are related

by common existential variables {Z1, . . . , Zm}, the rules,
Pk( �Xk, vij) addvij

( �X ′),
∧

Zl∈( �Xk\ �X′) F
l
i (

�X ′, Zl), for Pk ∈ Sij .

addvij
( �X ′) Vi( �X), where �X ′ = �X ∩ {

⋃
Pk∈Sij

Xk}.

4. For every predicate F l
i (

�X ′, Zl) introduced in 3.b., the rules,
F l

i (
�X ′, Zl) addvijZl

( �X ′), dom(Zl), choice(( �X ′), (Zl)).
addvijZl

( �X ′) addvij
( �X ′), for l = 1, . . .m.

5. For every global relation P ( �X) the rules
P ( �X,nvij) P ( �X, vhk), for {(ij, hk)|P ( �X) ∈ Sij and Shk}.
P ( �X,nvij) P ( �X, to), for {(ij)|P ( �X) ∈ Sij}.
P ( �X, td) P ( �X, vij), for {(ij)|P ( �X) ∈ Sij}.
P ( �X, td) P ( �X, to).

This is a positive program with choice. Because of the second rule in 3.(b)
and the second rule in 4., we can replace every occurrence of addvij

( �X ′) and
addvijZl

( �X ′) by Vi( �X). Also from the third and fourth rules in 5., we can replace
every occurrence of P ( �X, to) and P ( �X, vij) by P ( �X, td). It is also easy to see that
the �rst two rules in 5. will generate atoms that are useless in the calculation
of the the global predicates; then these rules can be deleted. We obtain the
following program:

1. Fact dom(a) for every constant a ∈ U .
2. Fact Vi(�a) whenever �a ∈ vi for some source extension vi in G.
3. For every view (source) predicate Vi in the system with description Vi( �X) 
P1( �X1), . . . , Pn( �Xn):
(a) For every Pk with no existential variables, the rules

Pk( �Xk, td) Vi( �X).
(b) For every set Sij of predicates of the description’s body that are related

by common existential variables {Z1, . . . , Zm}, the rules,
Pk( �Xk, td) Vi( �X),

∧
Zl∈( �Xk\ �X′) F

l
i (

�X ′, Zl), for Pk ∈ Sij .

4. For every predicate F l
i (

�X ′, Zl) introduced in 3.b., the rules,
F l

i (
�X ′, Zl) Vi( �X), dom(Zl), choice(( �X ′), (Zl)).

By merging rules 3.(a) and 3.(b), the revised version of �(G) is eventually syn-
tactically transformed to the simple version of the program.
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, ���Cn l v4u w Ü�,� Ü ×�l n ~ o w w y Ü à�� ÜDÒ�k4o r�y � ÑAy Ü �A�;Ò�o v4w y w ~ l v ~6�2|4l n ���Cv4w x�l n w/y v#Ï vA� o vAw y w ~ l vD~
Ô�u ~ u p4u w l w ��Î/n oD� �4�2Ò��êÞ �4r�m;o w y |4r o v+Î/n y vA� y m4q l wCo t�Ô�u ~ u p4u w l�ÞD�4w ~ l r�w�Õ Î	�2Ô�Þ
� � Û Ü�, � � � Ü;mAm��!� � ��| � �

Ö ��×�u n � l q oAÜ�Î�� Ü�×�l n ~ o w w y Ü�×�n u � oAÜ�à���Ò�kAu n u � ~ l n y � y v4z�u v4}�Ò�o r�m4|A~ y v4z'ÞAl r�u v ~ y � u q q �
Ò�o n n l � ~��Cv4w x�l n w�t n o rêÔ�u ~ u p4u w l w�xCy ~ k��2vAv4o ~ u ~ l }�à�o z y �)u vA}��2v4w x�l n�ÞAl ~ w �+Ï v
� � ) � �4� � � ��� ��� � � � � � � � � Ü�ÞAmAn y v4z l n2à�á2Ò�ÞEÖ . �DÖ Ü�Ö Ù Ù �AÜ;m4m;��, �AÖ |D�

�D��×�l vA� Ý�q y �Du kA|;Ü����Au v4})Ô2l � kD~ l n Ü����/Î/n o m;o w y ~ y o v4u q/ÞAl r�u vD~ y � w�t o nCÔ2y w � |Av4� ~ y �Dl2à�o z y �
Î/n o z n u r�w ���C�A� � $ ��� ��� � �  4� ) � � � � ��� ���C� � � !�� � � $�" �4� � $ $ � �D� �;� � Ü�, � � ÚAÜ�, Ö# . � � ��|D�ÚD��×�l n ~ o w w y Ü à�� u vA}�×�n u �DoAÜ à/�AÒ�o v4w y w ~ l v ~6�2|4l n ���2vAw x�l n w�y v�ßCy n ~ |4u q Ô2u ~ uCÏ vD~ l z n u ~ y o v
ÞAy w ~ l r�w �4j/o2u m4m;l u n�u w�u2p;oDo Ñ�� k4u mA~ l n�y v%$ Ï v4� o v4w y w ~ l v4� �#j/o q l n u v4� lCy v'&�v4o xCq l }4z l �
p4u w l w Ü;Ô2u ~ u p4u w l wCu v4}+ÞDo t ~ x�u n l#ÞAm;l � y (;� u ~ y o vAw ) ��ÞAmDn y v4z l n �

. ��×�l n ~ o w w y Ü�à/� Ü�Ò�kAo r�y � ÑAy Ü*�4� Ü�Ò�o n ~ l w Ü����/u v4} *2|A~ y l n n l � Ü�ÒC�9Ò�o v4w y w ~ l v ~)�2v4w x�l n w
t n o r"Ï vD~ l z n u ~ l }9Ô�u ~ u�ÞDo |An � l w ��Ï v9Î/n oD� �,+/q l �Ay p4q lI�2|Al n ���2v4w x�l n y v4z�ÞD�Aw ~ l r�w
Õ + �2��Þ)Ù Ö Û Ü;ÞAmAn y vAz l nCà�á2�2Ï�Ö . Ö ÖDÜ�Ö Ù ÙDÖDÜ4m4m���|�, �� .D�

�D��×�l n ~ o w w y Ü�à�� �;u v4},Ò�k4o r�y � ÑAy Ü��4�,�2|4l n �+�Cv4w x�l n y v4z�y v,Ï v4� o v4w y w ~ l v ~2Ô�u ~ u p4u w l w �2Ï v
-�� � � � ��� � �/. ))� � � � �G�0���D��$ � � � � � � �4�)� �/� � � �� � � � � Ü1�4�/Ò�k4o r�y � ÑAy Ü�*��/ÞDu u Ñ l�u vA}2���� u vE}4l n3�El �4}4l v'Õ l }4w � Û Ü;ÞAmDn y v4z l n Ü;Ö Ù Ù �D�

| ��×�l n ~ o w w y Ü�à�� Ü�ÞA� k xCy v4}�Ü;ÒC�2Ô2u ~ u p4u w l/�Cl m4u y n wCu v4}+�2v4u q �A~ y ��j/u pAq l u |A�����C�4� � $ ��� �
� � �  4� ) � � � � � � ��('�C� � � !�� � � $�" �4� � $ $ � �D� �;� � Ü�Ö Ù Ù ÚAÜ;Ú Ù4Õ , � Ö Û #�. � �%.D�

�D��×�n u �DoDÜCà���u v4}�×�l n ~ o w w y ÜCà/��à�o z y �,Î/n o z n u r�w�t o n,Ò�o v4w y w ~ l v ~ q � �2|4l n �4y v4z�Ô2u ~ u
ÞAo |An � l w�Ï v+Î/n oD� �;o t�~ k4l�Ý�y z k ~ l l vD~ kEÏ v ~ l n v4u ~ y o v4u q4� o y vD~�Ò�o vAt l n l v4� l�o v+�Cn ~ y (;� y u q
Ï vD~ l q q y z l v4� l)Õ Ï �DÒ��2Ï�Ù �DÛ Ü��Eo n z u v5&�u |At r�u vAv�Ü4Ö Ù Ù �DÜ�m4m;��, Ù �
, .D�

� ��×�n u �DoDÜCà���u v4}�×�l n ~ o w w y ÜCà/�¦Ô�y w � |4v4� ~ y � l,Ô2l }4|4� ~ y � l+Ô2u ~ u p4u w l w)t o n+Ò�o r�m4|A~ y v4z
Ò�l n ~ u y v9u v4}�Ò�o v4w y w ~ l vD~)�2v4w x�l n w�~ oI�2|4l n y l w#t n o r6�El }4y u ~ l }9Ô2u ~ u'Ï vD~ l z n u ~ y o v
ÞD�4w ~ l r�w#j�o�u m4m;l u n2y v27D� 'A� � � $�� �,���D��$ � � ('-�� � � � �

, ÙD��Ò�u q y Ü���� Ü�à�l r#p;oAÜ�Ô���u vA}8�Co w u ~ y Ü	���9�2v�~ k4lEÔ2l � y }4u p4y q y ~ ��u v4}�Ò�o r�m4q l �Ay ~ ��o t
�2|4l n �,�2vAw x�l n y v4z)o � l n2Ï v4� o v4w y w ~ l vD~2u v4},Ï v4� o r�m4q l ~ l�Ô�u ~ u p4u w l w ��Ï v+Î/n oD� ���2Ò��
Î	�2Ô�Þ)Ù �AÜ�Ö Ù Ù �AÜ;m4m��;Ö � Ù � Ö | , �

, , ��Ò�u q � u vAl w l Ü�Ô#� Ü�Ô�u r�u z z y oDÜ�Ý�� Ü�Ô2l *2y u � o r�oAÜ *�� Ü�à�l v�� l n y v4y Ü��,��u v4}:�Co w u ~ y Ü*���
ÞAl r�u vD~ y ��Ô2u ~ uEÏ v ~ l z n u ~ y o v'y v'Î�Ö Î¦ÞD�Aw ~ l r�w �#Ï v'Î/n oD� ��Ï vD~ l n v4u ~ y o v4u q�Ð�o n ÑAw kAo m
�2v�Ô2u ~ u p4u w l w Ü�Ï vDt o n r�u ~ y o v9ÞD�Aw ~ l r�w#u v4}�Î/l l n � ~ o � Î/l l n+Ò�o r�mA|A~ y v4z�Õ Ô�×�Ï ÞAÎ�Ö Î
Ù �DÛ Ü�ÞDmAn y v4z l nCà�á2Ò�Þ+Ö � Ú ÚAÜ�Ö Ù Ù ÚA�

, Ö ��Ò�k4o r�y � ÑDy Ü�A�Du v4}%�Eu n � y v4Ñ o xCw ÑAy Ü��4���Ey vAy r�u q � Ò�k4u vAz l,�2l t l n l v ~ y u qAÏ vD~ l z n y ~ �0�Eu y vD�
~ l vAu v4� l';2w y vAzEj�|4m4q l�Ô�l q l ~ y o vAw ��u n <2y �4� o n z)m4u m;l n�� w � Ô�×�� ÙDÖ , Ö Ù Ù ÚD��j�o)u m4m;l u n�y v
" � � � � ) � � � � � � ��(5=�� )2��'D� � � � � �4�

, �D��Ô�u vD~ w y v;Ü Ý�� Ü Ý�y ~ l n Ü j2� Ü *2o ~ ~ q o p;Ü *�� u v4}�ß�o n o v4Ñ o �4Ü ���AÒ�o r�m4q l �4y ~ ���2v4}�Ý/�AmAn l w w y �Dl
Î/o x�l n3�Ct�à�o z y ��Î/n o z n u r�r�y v4zD���/=4�>=�� )2��'A� � � � 'A� ? � % � ��Ö Ù Ù
, Ü�� �4Õ �DÛ Ü���| Ú � ÚDÖ .D�

, ÚD��Ý�y ~ l n ÜDj2� Ü +4u p;l n Ü ÐÁ� � à�l o vAl Ü á�� Ü Î/t l y t l n Ü
*��AÔ2l � q u n u ~ y � l�Î/n o pAq l r#� ÞAo q �Ay v4z2y v�Ô2àDß��
Ï v0-�� � � � & @ � � � ('�C� � � !�� � � $�" �4� � $ $ � �D� �;� � ��4���Ey vAÑDl n�Õ l }�� Û Ü&�q |Dx�l n ÜAÖ Ù Ù ÙAÜAm4m���| � � , Ù �A�

, . �3+4n u v4� o v4y Ü�Ý�� Ü,&�|4m;l n Ü *�� Ü�à�o mAu ~ l vAÑDoAÜ�à�� ÜCÞAl n u (;v4y ÜCà����A�Co pA|4w ~Eà�o z y � u q�u v4}
Ò�o r�m4|A~ u ~ y o v4u q2Ò�k4u n u � ~ l n y w u ~ y o v�o t�Î/l l n � ~ o � Î/l l n�Ô2u ~ u p4u w l+ÞD�Aw ~ l r�w ��Ï v�Î/n oD� �
Ï vD~ l n v4u ~ y o v4u q�Ð�o n ÑDw k4o mB�2v,Ô2u ~ u p4u w l w Ü�Ï vAt o n r�u ~ y o v'ÞD�4w ~ l r�w2u v4},Î/l l n � ~ o � Î/l l n
Ò�o r�m4|A~ y v4zEÕ Ô2×�Ï ÞAÎ�Ö Î�Ù �DÛ Ü;ÞAmAn y vAz l nCà�á�Ò�Þ+Ö � Ú ÚAÜ�Ö Ù Ù ÚA�

, �D�3+;|D�4r�u v�ÜD���Au vA}5�Ey q q l n Ü���� �4�/j�o x�u n }4wCÏ v4� o v4w y w ~ l v4� ���Eu v4u z l r�l vD~�y v)Ô�u ~ u#Ï vD~ l �
z n u ~ y o vEÞD�4w ~ l r�w ��Ï v)o vA� q y v4lCÎ/n oD� l l }4y v4z w�o t�~ k4lCÏ �AÒ��CÏ � Ù �2Ð�o n ÑDw k4o m)o v)Ï vAt o n r�u �
~ y o vEÏ v ~ l z n u ~ y o vEo v)~ k4l2Ð'l p��

, | ��*2l q t o v4};Ü*�,��u v4}'à�y t w � k4y ~ � Ü/ß��)Ò�q u w w y � u q�á2l z u ~ y o v�y v'à�o z y �)Î/n o z n u r�w�u v4},Ô�y w �
� |4v4� ~ y � l�Ô2u ~ u p4u w l w ��C�� �ED2� �;� � � � � � �8=�� )2��'A� � �G� Ü�, � � , Ü � # � �%. � � �%.D�

, �D��*2y u vAv4o ~ ~ y Ü+�� � Î/l }An l w � k4y ÜDÔ�� �DÞAu � � uDÜAÔ�� Ü�F;u vAy o q oAÜ4ÒC�;á2o vD� Ô2l ~ l n r�y v4y w r¦y v#Ô�l }4|4� �
~ y � l�Ô�u ~ u p4u w l w ��Ï v)Î�n oD� �;Ô3�3�2Ô#Ü4ÞAmAn y v4z l nCà�á�Ò�Þ . � �AÜ�, � � , Ü;mAm���, Ö � ��, Ú �D�
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