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Communication Equivalence Classes in

Networks

Gabriel Ciobanu Mihai Gontineac

Abstract

The quotient structure defined by a specific equivalence re-
lation allows to simplify the study of complex communications
between processes in computer networks. The quotient also pre-
serves the initial algebraic structure.

This paper describes an algebraic structure modelling the commu-
nication in computer networks; it continues the study initiated in [1].
Given two communicating processes, we consider the translations be-
tween their communication ports, and introduce an equivalence relation
between them in order to express that semantics of the communication
between processes does not depend on the permutations of the com-
munication ports. Considering a property P preserved by this abstract
semantics of the communication, we first define P -translations, and
then provide conditions for permutation-independent communication
to preserve the property P . The quotient structure defined by this
equivalence relation allows to simplify the study of a complex com-
munication between processes to the study of the equivalence classes
representatives. The quotients preserve the initial algebraic structure.

A communication structure is given by the following elements:

(i) P – the set of processes; p, q, s, . . . range over P;

(ii) for every process p ∈ P we associate the set of communication
ports H(p), and a permutation group Sp

H(p);
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(iii) for every process p ∈ P, and for every subset of handles K ⊆
H(p), we associate a permutation subgroup over K, Sp

K = S(K)∩
Sp

H(p), where S(K) is the permutation group over K; obviously,
S(K) can be viewed as a subgroup of S(H(p)).

The reader can find more information on the algebraic notions and re-
sults in [3] and [4]. Since H(p) is the set of all communication ports
of a server process p, the permutations of Sp

H(p) describe the commu-
nication symmetry of p, which expresses the possibility to change the
communication ports without affecting the communication. We can
remark that:

1. If H ⊆ K ⊆ H(p), then Sp
H ≤ Sp

K .

2. If H ⊆ K ⊆ H(p), ρ ∈ Sp
K and ρ/K\H = idK\H , then ρ ∈ S(H).

Clearly, ρ is also in Sp
H(p); therefore ρ ∈ S(H) ∩ Sp

H(p) = Sp
H .

3. The fact that H ⊂ K does not imply that Sp
H < Sp

K ; it is possible
to have Sp

H = Sp
K .

Let P and Q be two communication structures; a correspondence
between two processes p ∈ P and q ∈ Q is a triple (Sp

H , ϕ, Sq
H′), where

H ⊆ H(p), H ′ ⊆ H(q) and ϕ : Sp
H → Sq

H′ is a group morphism. If ϕ is
one-to-one, we call it a faith correspondence. If ϕ is onto, we say that
the correspondence is full.
We denote by C(p, q) the set of all correspondences between p ∈ P and
q ∈ Q.
C(P, Q) =

⋃{C(p, q) | p ∈ P, q ∈ Q.
Let P, Q and S be three communication structures. The compo-

sition of correspondences is a partial binary operation ◦ : C(P,Q) ×
C(Q,S) −→ C(P,S) defined by

(Sp
H , ϕ, Sq

H′) ◦ (Sq
H′ , ϕ

′, Ss
H′′) = (Sp

H , ϕ′ ◦ ϕ, Ss
H′′),

where p ∈ P, q ∈ Q, s ∈ S and H ⊆ H(p), H ′ ⊆ H(q), H ′′ ⊆ H(s).
We can associate a category Comm(P) to each communication struc-
ture P defined as it follows:
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(i) the objects pH are pairs (p,H), where p ∈ P and H ⊆ H(p);
(ii) a morphism ϕ : pH → p1H1 is a correspondence (Sp

H , ϕ, Sp1

H1
).

The notation ϕ ∈ Comm(P)(pH, p1H1) means that ϕ : pH → p1H1

is a morphism of the category. The category Corresp(P,Q) of the
correspondences from the structure P to the structure Q is defined by
the following elements:

(i) the objects are triples (pH, ϕ, qH ′), where pH ∈ |Comm(P)|,
qH ′ ∈ |Comm(Q)|, and (Sp

H , ϕ, Sq
H′) is a correspondence from p

to q;
(ii) a morphism from (pH, ϕ, qH ′) to (p1H1, ϕ1, q1H

′
1) is a pair

(α, β) of morphisms α : pH → p1H1, β : qH ′ → q1H
′
1 such

that β ϕ = ϕ1 α.

Let P and Q be two communication structures, and Comm(P) and
Comm(Q) their associated categories. We say that P and Q are iso-
morphic, and we denote this by P ' Q, if their associated categories
are isomorphic, namely there is a functor F : Comm(P) → Comm(Q)
that is an isomorphism of categories.

If P and Q are two communication structures, a communica-
tion map between P and Q is a mapping F from |Comm(P)| to
|Corresp(P,Q)|. We say that a communication map F is compatible
with the correspondences from P if F is a (covariant) functor from
Comm(P) to Corresp(P,Q). This means that

1. for each pH there is a unique F(pH) = (pH, ϕ, qH ′) ∈
∈ |Corresp(P,Q)|,

2. for each morphism α : pH → p1H1 of Comm(P) there is a unique
morphism F(α) in Corresp(P,Q), and

3. F(α α1) = F(α) ◦ F(α1) for all α, α1 ∈ Comm(P).

Let P be a structure, and Comm(P) its communication category.
(i) For two given processes p, q ∈ P, a translation δ : H → H ′

between their communication ports is a bijection from pH to
qH ′, where pH and qH ′ are objects in Comm(P). We denote
such a translation by pH

δ−→ qH′ (or simply by δ whenever there
is no confusion), and by T (P) the set of all translations.
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(ii) two translations pH
δ1−→ qH′ and pH

δ2−→ qH′ are equivalent (and
we denote this by δ1 ∼ δ2) if there exist two permutations ρ ∈ Sp

H ,
ρ′ ∈ Sq

H′ such that δ2 ◦ ρ = ρ′ ◦ δ1.

For each communication structure P we can define the category
Trans(P) of its translations, with the same objects pH as in Comm(P)
(namely pairs (p,H) with p ∈ P and H ⊆ H(p)), and the translations
between communication ports as morphisms between objects.

Let us consider a property P of the translations, and < = {δ ∈
T (P) | δ satisfies P}. We say that < is a P -translation over the com-
munication structure P if for each translation δ in <, its equivalence
class [δ] ∈ <, and if pH

δ−→ pH ∈ <, then δ ∈ Sp
H . The following

result provides a condition for ≈< to become an equivalence. In this
way |Comm(P)|/≈< defines classes of objects having similar commu-
nication.

Theorem 1 If < is a P -equivalence over the communication structure
P, then ≈< is an equivalence relation over |Comm(P)|.

Theorem 2 If pH ≈< qH ′, then the groups Sp
H and Sq

H′ are isomor-
phic.

Let P be a communication structure, < a P -equivalence over the
communication structure P, and ≈< the corresponding equivalence re-
lation. More results of the quotient set |Comm(P)|/≈< are presented
in [2]; for instance, we prove that a communication structure defined on
the equivalence classes does not depend on the classes representatives.
Thus any two communication structures determined by two different
representative choices are isomorphic. It makes sense to talk about the
quotient communication structure with respect to a P -equivalence. Let
< be a P -equivalence and ≈< the associated equivalence relation. The
following communication structure on |Comm(P)|/≈< is well-defined:

• processes are given by the equivalence classes {[pH] | p ∈
P, H ⊆ H(p)};

• the set of handles H([pH]) is H;
• the group of permutations S

[pH]
H([pH]) is Sp

H .
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This communication structure is called the quotient communication
structure of P with respect to the P -equivalence <, and we denote it
by P/<.

We can affirm that such a structure reflects the complexity of the
communication along the computer networks. The need of a concep-
tual and formal framework which make possible the study of network
communication problems and properties is necessary (in our opinion).
This paper is a step to such a suitable framework. It defines and
studies the communication structures, formal tools which are comple-
mentary to process algebras, and can describe, analyze, and provide a
semantic framework to complex distributed systems involving process
communication. The algebraic structure suggests constructive solu-
tions for communication problems by considering the group actions on
the communication ports, the existence of limits in our communica-
tion categories, and so on. A wealth of research topics remains to be
considered.
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An algorithm for solving a class of knapsack

problems and its generalization

Elena Balan

Abstract

A class of knapsack problems which generalizes the classical
ones is studied. Algorithms based on the dynamical programming
and Branch and Bound methods are proposed. The correctness
and time estimation of the algorithm are given.

1 Problem formulation

We study a class of knapsack problems which generalizes problems
from [1-2]. The main mathematical model we shall use is formulated
as follows.

Let a knapsack of size D and a set of items I = {1, 2, . . . , n} be
given. For each item j ∈ I the cost cj , the size dj and the volume d′j
related to partition I are known. The set I is divided into p non-empty
disjoint subsets I1, I2, . . . , Ip,

I = I1 ∪ I2 ∪ · · · ∪ Ip; Ii ∩ Ij = ∅, i 6= j.

For each subset Il, l = 1, p, the size Dl is known.
According to this partition, from each of the subsets Il, l = 1, p,

we include into the knapsack no more than kl items and the sum of
volumes d′j of these including items from Il does not exceed Dl. A
sequence of items i1, i2, . . . , iq (q < n) from I we name the packing
in the knapsack if the sum of items sizes dj of the sequence does not
exceed D, each of the subsets Il, l = 1, p, contains at most kl items of
the sequence and the sum of items volumes related to the partition d′j

c©2004 by E. Balan
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for each Il does not exceed Dl, l = 1, p. We consider the problem of
finding of the packing in the knapsack which has the maximal sum of
items costs.

This problem can be represented as a boolean linear programming
model, which in the case p = n, Dl = D and kl = 1, l = 1, p, becomes
the classical knapsack problem. Therefore it is NP -complete. We
propose an algorithm of dynamical programming method for solving
the formulated problem.

In the terms of boolean programming the problem can be formu-
lated as follows.

To maximize the object function

µ(x) =
∑

j∈I

cjxj

on the subject 



∑

j∈I

djxj ≤ D;

∑

j∈Il

d′jxj ≤ Dl, l = 1, p;

∑

j∈Il

xj ≤ kl, l = 1, p;

xj ∈ {0, 1}, j ∈ I,

where x = (x1, x2, . . . , xn). Here xj = 1 if the item j is included into
the knapsack; otherwise xj = 0.

2 The main results and algorithms for solving
the problem

To solve this problem we shall use an algorithm for solving the following
auxiliary problem:

to maximize the object function

µ(x) =
∑

j∈Il

cjxj
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on the subject 



∑

j∈Il

d′jxj ≤ Dl;

∑

j∈Il

xj ≤ kl;

xj ∈ {0, 1}, j ∈ Il,

We will number the elements of Il as 1l, 2l, . . . , nl.
Algorithm 1

1. Set M l
0 = {(∅, 0)}.

2. For j = 1l, nl do steps a), b) and c):

a) Set M l
j = ∅;

b) Add each element (S, c) ∈ M l
j−1 to M l

j . Then for each

(S, c) ∈ M l
j−1 form the element (S∪{jl}, c+cjl

) if
∑

i∈S

d′i+

+d′jl
≤ Dl, |Il ∩ (S ∪ {jl})| ≤ kl, and add (S ∪{jl}, c+ cjl

)
to M l

j ;

c) Find in M l
j elements (S, c) and (S′, c′) with the same

second components. For each pair (S, c) and (S′, c) we
delete (S′, c) from M l

j if
∑

i∈S′
d′i ≥

∑

i∈S

d′i ; otherwise delete

(S, c).

3. Find in M l
n the element (S, c) with the maximal second com-

ponent. Then S is a solution of the packing knapsack problem.

To solve the main problem we shall use the following algorithm.

Algorithm 2

1. For each l = 1, p solve the corresponding auxiliary problem.
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2. Denote by M l
n the sets obtained for l = 1, p, when the algorithm

1 is applied. Set Mn will contain elements which are obtained
as the possible combination of the elements from M l

n: for each
(Sl, cl) ∈ M l

n, l = 1, p, element (S, c) = (
⋃

l

Sl,
∑

l

cl) is added

to Mn if
∑

i∈S

di ≤ D .

3. Find in Mn the element (S, c) with the maximal second compo-
nent. Then S is a solution of the packing knapsack problem.

The algorithm 1 is an extension of the algorithm for a classical
knapsack problem from [3]. Therefore the correctness of the algorithm
can be argued in analogous way.

Theorem 1. Algorithm 1 finds the optimal solution of the auxiliary
problem in time O(n2

l c
l), where nl is the number of items in the set Il

and cl =
∑

j∈Il

cj.

To prove this theorem we need the following lemma.

Lemma 1. Let be (S, c) ∈ M l
j after algorithm’s running. Then:

a) S ⊆ {1l, 2l, . . . , jl};
b)

∑

i∈S

ci = c;

c)
∑

i∈S

d′i ≤ Dl;

d) |Il ∩ S| ≤ kl;
e) if (S′, c) ∈ M l

j then S′ = S;

f) if S′ ⊆ {1l, 2l, . . . , jl} and
∑

i∈S′
ci = c, |Il ∩ S′| ≤ kl ,

then
∑

i∈S

d′i ≤
∑

i∈S′
d′i;

g) moreover, if S ⊆ {1l, 2l, . . . , jl} and
∑

i∈S

d′i ≤ Dl,
∑

i∈S

ci = c,

|Il ∩ S| ≤ kl , then there exists (S′, c) ∈ M l
j;
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Proof. We use the induction principle on the iteration number j.
The statement for j = 0 is evident. Now we consider that j > 0 and
(S, c) ∈ M l

j . Here two cases may be:
Case 1. j 6∈ S. Then the element (S, c) has been transferred from

M l
j−1 in M l

j at step 2(b). Therefore the properties a), b), c), d), and
e) follow from the induction principle.

Case 2. j ∈ S. Then (S\{j}, c− cj) ∈ M l
j−1 and the properties a),

b), c), d), and e) hold too.
Now let us prove f). Suppose that S 6= S′ and analyze the following

three cases:
Case 1. j 6∈ S, S′. Then (S, c) and (S′, c) ∈ M l

j−1. So, according to
the induction principle S = S′.

Case 2. j ∈ S, S′. Then (S\{j}, c − cj), (S′\{j}, c − cj) ∈ M l
j−1.

Therefore S = S′.
Case 3. j ∈ S, j 6∈ S′ or j 6∈ S, j ∈ S′. Then (S′, c) was eliminated

at the step 2(c). Therefore f) holds.
Now let us prove the property g). We shall use the induction prin-

ciple on the number k = maxS, were maxS is the maximum number
of the elements of the subsets S. This property holds for S = ®. Let
us consider k = maxS > 0. Then according to the induction principle
in M l

k−1 there exists element (S\{k}, c − ck) = (S′, c − ck). Therefore
the element (S′ ∪ {k}, c) has been added to M l

k at the step 2(b). Then
either (S′ ∪ {k}, c) ∈ M l

j . So, the property f) holds ¤.

Proof of Theorem 1. The correctness of the algorithm 1 follows
from Lemma 1.

Since at the step 3 we find the element (S, c) with the maximal
second component and take the first component S as the solution of the
packing knapsack problem, the set S is an admissible solution (conform
properties c) and d) ), its cost is equal to c (conform b)) and a better
admissible solution does not exist (conform g)).

Let us find the estimation time of the algorithm 1. Observe, that
the power of each set M l

j−1 does not exceed c, because two elements
with the same second component don’t exist in M l

j−1 (conform e)).
Each modifier operations at the step 2(b) can be implemented in the
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time O(nl), and must be repeated for all O(cl) elements from M l
j−1.

The step 2(c) needs O(nlcl) time too, because it may be implemented
simultaneously with the step 2(b): for that all elements of M l

j are
memorized in a table with the length equal to cl, are numbered by
second component, and when an other element is tried to be put at a
place, the sums of the volumes d′j are calculated and compared, condi-
tion |Il

⋂
S| ≤ kl is verified and the element, that does not implement

this condition or, otherwise, element with the greater volumes sum, is
eliminated. Therefore the algorithm finds the optimal solution in time
O(n2

l c
l) ¤.

Theorem 2. Algorithm 2 finds the optimal solution of the packing
knapsack problem in time O(pn2c + cp), where c =

∑

j∈I

cj.

Proof . The correctness of the algorithm 2 can be argued in fol-
lowing way.

We obtain the sets M l
n, l = 1, p, when the algorithm 1 is applied to

solve p auxiliary problems. The first components of elements of the sets
M l

n form all admissible solutions for the corresponding auxiliary prob-
lem. At the step 2 all possible combination of elements from different
sets M l

n, l = 1, p are formed if the sum of items volumes from
⋃p

l=1 Sl

does not exceed D. Therefore, on the grounds of the theorem 1 and of
the condition from step 2, sets Mn contain all admissible solutions of
the main problem. Thus, the correctness of the algorithm is argued.

Since at the step 3 we find the element (S, c) with the maximal
second component and take the first component S as the solution of
the packing knapsack problem, the set S is an admissible solution, its
cost is equal to c and a better admissible solution does not exist.

Let us find the estimation time of the algorithm 2. At the step 1
we solve p auxiliary problems, which have the estimation time O(n2c)
each of them. Therefore the step 1 needs time O(pn2c).

At the step 2 we form all possible combinations of p elements from
c elements, therefore we need time O(cp).

Then, the estimation time of algorithm 2 is O(pn2c + cp) ¤.
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On stability of an optimal situation in a finite

cooperative game with a parametric concept of

equilibrium (from lexicographic optimality to

Nash equilibrium)∗

Sergey E. Bukhtoyarov, Vladimir A. Emelichev

Abstract

A parametric concept of equilibrium (principle of optimality)
in a finite cooperative game in normal form of several players is
introduced. This concept is defined by means of the partition of
players into coalitions. Lexicographically optimal situation and
Nash equilibrium situation correspond to two special cases of this
partition. The quantitative analysis of stability of an optimal sit-
uation for the independent perturbations of players’ payoff func-
tions is performed. The maximum level of such perturbations
which save the optimality of a situation is found.

Mathematics Subject Classification 2000: 90C05, 90C10,
90C29, 90C31.

Key words and phrases: finite cooperative game, concept
of equilibrium, lexicographically optimal situation, Nash equilib-
rium situation, stability radius.

1 Introduction

The aim of a game-theoretical model is to find classes of the solutions
which are rational (coordinated) for the players (participants) and or-
ganizations (coalitions) included into this model. There are cooperative
and non-cooperative principles of optimality in a normal form game.

c©2004 by S.E. Bukhtoyarov, V.A. Emelichev
∗This work was supported by Fundamental Research Foundation of the Republic

of Belarus ”Mathematical structures 29” (Grant 913/28).
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Usually these principles lead to different optimal situations. There is
no unified approach to determining such concepts in the theory of non-
antagonistic games. The most famous one is Nash equilibrium concept
and its different generalizations. In this work a parametric concept of
equilibrium in a normal form game is considered. Such concept leads to
generally-optimal situations and its parameter is the way of the parti-
tion of players into coalitions. Lexicographically optimal situation and
Nash equilibrium situation correspond to two special cases of such a
partition (where there are one coalition of all players and the set of one-
element coalitions). The analysis of stability of the situation optimal
on a given partition for independent perturbations of players’ payoff
functions is performed. A formula of the stability radius is derived.
Thus the maximum level of perturbations which save the optimality of
a situation is found.

Observe that a formula of the stability radius of a generally-efficient
situation in a normal form game was earlier derived in [1] for another
parametric concept of equilibrium. In two special cases that concept
lead to Pareto optimal situation and Nash equilibrium situation. Be-
sides that, the questions of stability of vector discrete problems with
parametric principles of optimality are discussed in [2–5].

2 Basic definitions, denotations and properties

Let’s consider the main subject of investigations in game theory – a fi-
nite non-cooperative game in normal form of several players [6,7], where
each player i ∈ Nn = {1, 2, . . . , n}, n ≥ 2, has the finite set of available
strategies Xi ⊂ R, 2 ≤ |Xi| < ∞. Game realization and its outcome
(situation) is unambiguously determined by the strategy choice of each
player. Let on the game situation set which is the Cartesian product
of the sets Xj , j ∈ Nn,

X =
n∏

j=1

Xj

the linear payoff functions of players

fi(x) = Cix, i ∈ Nn,
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are determined, where Ci is the i-th row of the matrix C = [cij ] ∈
Rn×n, x = (x1, x2, . . . , xn)T , xj ∈ Xj , j ∈ Nn. In the result of the game,
which further will be called the game with a matrix C, each player i
receives the profit fi(x), which it tries to maximize.

Now we introduce a concept of a generally-optimal situation.
Any nonempty subset J ⊆ Nn is called a coalition of players. For

any coalition J and any situation x0 = (x0
1, x

0
2, . . . , x

0
n) ∈ X we deter-

mine the set

W (x0, J) =
n∏

j=1

Wj(x0, J),

where

Wj(x0, J) =

{
Xj if j ∈ J,

{x0
j} if j ∈ Nn\J.

Thus W (x0, J) is the set of the situations reachable from a situation
x0 by the coalition J .

We define the binary relation of the lexicographic order ” ≺ ” in the
space Rd of any dimension d ∈ N, assuming that for any two vectors
y = (y1, y2, . . . , yd) and y′ = (y′1, y

′
2, . . . , y

′
d)

y ≺ y′ ⇔ yk < y′k,

where k = min{i ∈ Nd : yi 6= y′i}.
Then the following property is obvious.

Property 1 Let y, y′ ∈ Rd, d ∈ N. If y1 < y′1, then y ≺ y′.

Let s ∈ Nn, Nn =
⋃

r∈Ns

Jr is a partition of set Nn into s coalitions,

i. e. Jr 6= ∅, r ∈ Ns; p 6= q ⇒ Jp ∩ Jq = ∅. For this partition we define
the set Gn(C, J1, J2, . . . , Js) of generally-optimal, or (J1, J2, . . . , Js)-
optimal, situations in the game with a matrix C as follows

Gn(C, J1, J2, . . . , Js) = {x ∈ X : ∀ r ∈ Ns (ζ(x, C, Jr) = ∅)},

where
ζ(x,C, Jr) = {x′ ∈ W (x, Jr) : CJrx ≺ CJrx

′},
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CJr is the submatrix of the matrix C consisting of the rows numbered
by Jr.

It is evident that any Nn-optimal situation x ∈ Gn(C,Nn) (all
the players are in one coalition) is lexicographically optimal. Thus all
the players are ordered by importance in such way, that any previous
player is more important then the next players. This corresponds to
the general statement of the optimization problem with sequentially
applied criterion [8–10].

Another special case is an ({1}, {2}, . . . , {n})-optimal situation x ∈
Gn(C, {1}, {2}, . . . , {n}) (individually-optimal), which is called Nash
equilibrium situation [11] (see also [6, 7]). In this case the game is
non-cooperative and the rationality of an equilibrium situation lies in
the fact that any deviations of one player from this situation (while all
the others keep to it) gives him no profit.

Thereby the introduction of such coalition characteristics of a sit-
uation which allows to generalize such classical concepts as the lexi-
cographic optimality and Nash equilibrium herein is considered as the
parametrization of the principle of optimality.

Without loss of generality we suppose that the partition Nn =⋃
r∈Ns

Jr has the following form

J1 = {1, 2, . . . , t1}, J2 = {t1 + 1, t1 + 2, . . . , t2}, . . . ,
Js = {ts−1 + 1, ts−1 + 2, . . . , n}.

Then taking into account the separation property of the linear pay-
off functions Cix, i ∈ Nn, the following property can be directly ob-
tained from the definition of (J1, J2, . . . , Js)-optimal situations set.

Property 2 For any partition (J1, J2, . . . , Js)

Gn(C, J1, J2, . . . , Js) =
s∏

r=1

L|Jr|(Cr, XJr)

holds, where each factor L|Jr|(Cr, XJr) is the set of the lexicographically
optimal solutions of the |Jr|-criterion vector problem

CrxJr → lex max
xJr∈XJr

,
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i. e.
L|Jr|(Cr, XJr) = {xJr ∈ XJr : λ(xJr , C

r) = ∅},
where

λ(xJr , C
r) = {x′Jr

∈ XJr : CrxJr ≺ Crx′Jr
},

Cr is the square matrix of the size |Jr|× |Jr| formed by the intersection
of the rows and columns of a matrix C numbered by Jr; XJr is the
projection of the set X onto Jr, i. e.

XJr =
∏

j∈Jr

Xj ⊂ R|Jr|.

It is easy to see that xJr is the projection of a vector x onto the
coordinate axis of the space Rn numbered by Jr.

It is a well known fact [8–10] that the set L|Jr|(Cr, XJr) is a result
of the solution of the sequence of scalar problems

Li = Arg max{Cr
i xJr : xJr ∈ Li−1}, i ∈ N|Jr|, (1)

where L0 = XJr ; Cr
i is the i-th row of the matrix Cr. Therefore

L|Jr|(Cr, XJr) = L|Jr| 6= ∅ for any index r ∈ Ns. Then from property 2
it follows that

Property 3 For any matrix C ∈ Rn×n and any partition of the player
set into s coalitions J1, J2, . . . , Js the set of (J1, J2, . . . , Js)-optimal sit-
uations Gn(C, J1, J2, . . . , Js) is non empty.

Moreover, one can state obvious

Property 4 A situation x 6∈ Gn(C, J1, J2, . . . , Js) if and only if there
exists such an index r ∈ Ns, that xJr 6∈ L|Jr|(Cr, XJr).

We define the norm l∞ for any natural number q in the q-
dimensional space Rq as follows

||z||∞ = max{|zi| : i ∈ Nq}, z = (z1, z2, . . . , zq) ∈ Rq.
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Under the norm ||C||∞ of a matrix C = [cij ] ∈ Rn×n we understand
the norm of the vector (c11, c12, . . . , cn n−1, cnn) ∈ Rnn. We also will use
the norm l1 :

||z||1 =
∑

i∈Nq

|zi|.

For arbitrary number ε > 0 we define the set of perturbation ma-
trices

Ω(ε) = {B ∈ Rn×n : ||B||∞ < ε}.

3 The formula of stability radius

By analogy with [1, 2, 5, 12] under the stability radius of a (J1, J2, . . . ,
Js)-optimal situation x ∈ Gn(C, J1, J2, . . . , Js) we will understand the
number

ρn(x,C, J1, J2, . . . , Js) =

{
sup Ξ if Ξ 6= ∅,
0 otherwise,

where

Ξ = {ε > 0 : ∀B ∈ Ω(ε) (x ∈ Gn(C + B, J1, J2, . . . , Js))}.

Such a situation always exists by virtue of property 3.

Theorem 1 Let C ∈ Rn×n, s ∈ Nn, n ≥ 2. For the stabil-
ity radius ρn(x,C, J1, J2, . . . , Js) of a generally-optimal situation x ∈
Gn(C, J1, J2, . . . , Js) in the game with a matrix C the following formula
holds

ρn(x,C, J1, J2, . . . , Js) = min
r∈Ns

min
x′Jr

∈XJr\{xJr}
Cr

1(xJr − x′Jr
)

||xJr − x′Jr
||1 . (2)

Proof. Let us denote the right part of formula (2) as ϕ and also
let ρ := ρn(x, C, J1, J2, . . . , Js) for shortness of the subsequent text.

First we prove the inequality ρ ≥ ϕ. If ϕ = 0, then this inequality
is evident.
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Let ϕ > 0, B ∈ Ω(ϕ). Directly from the definition of the number ϕ
it follows that for any index r ∈ Ns and any vector x′Jr

∈ XJr \ {xJr}
the inequalities

||Br||∞ ≤ ||B||∞ < ϕ ≤ Cr
1(xJr − x′Jr

)
||xJr − x′Jr

||1
take place. Then we derive

(Cr
1 + Br

1)(xJr − x′Jr
) = Cr

1(xJr − x′Jr
) + Br

1(xJr − x′Jr
) ≥

≥ Cr
1(xJr − x′Jr

)− ||Br
1||∞||xJr − x′Jr

||1 > 0.

Therefore, according to property 1, we get (Cr+Br)x′Jr
≺ (Cr+Br)xJr ,

i. e. λ(xJr , C
r + Br) = ∅. Thus

∀r ∈ Ns

(
xJr ∈ L|Jr|(Cr + Br, XJr)

)
.

Taking into account property 4 we conclude

∀B ∈ Ω(ϕ) (x ∈ G(C + B, J1, J2, . . . , Js)) ,

what proves the inequality ρ ≥ ϕ.
Turn to the proof of the inequality ρ ≤ ϕ. According to the defi-

nition of the number ϕ there exists such an index k ∈ Ns and such a
vector x0

Jk
∈ XJk

\ {xJk
}, that

Ck
1 (xJk

− x0
Jk

) = ϕ||xJk
− x0

Jk
||1. (3)

For any number ε > ϕ construct the perturbation matrix B̂ =[
b̂ij

]
∈ Ω(ε) with the elements

b̂ij =





α if (i, j) ∈ {tk−1 + 1} × Jk, xj ≥ x0
j ,

−α if (i, j) ∈ {tk−1 + 1} × Jk, xj < x0
j ,

0 if (i, j) ∈ Nn ×Nn \ {tk−1 + 1} × Jk,

where ε > α > ϕ. Then in view of (3) we get

(Ck
1 + B̂k

1 )(xJk
− x0

Jk
) = Ck

1 (xJk
− x0

Jk
) + B̂k

1 (xJk
− x0

Jk
) =
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= Ck
1 (xJk

−x0
Jk

)−α||xJk
−x0

Jk
||1 = ϕ||xJk

−x0
Jk
||1−α||xJk

−x0
Jk
||1 < 0.

From the proved inequality by virtue of property 1 we derive

(Ck
1 + B̂k

1 )xJk
≺ (Ck

1 + B̂k
1 )x0

Jk
,

i. e.
xJk

6∈ L|Jk|(Ck + B̂k, XJk
).

In view of property 4 it follows that the formula

∀ε > ϕ ∃B̂ ∈ Ω(ε) (x 6∈ G(C + B̂, J1, J2, . . . , Js))

is valid and, hence, the inequality ρ ≤ ϕ holds.
Theorem is proved.

4 Corollaries

Let’s introduce the set of strict situations for a given partition
(J1, J2, . . . , Js) :

Sn(C, J1, J2, . . . , Js) =
{
x ∈ X : ∀ r ∈ Ns ∀x′Jr

∈ XJr \ {xJr}
(
Cr

1xJr > Cr
1x′Jr

)}
.

It is easy to see that only two cases are possible

Sn(C, J1, J2, . . . , Js) = ∅ or

Sn(C, J1, J2, . . . , Js) = Gn(C, J1, J2, . . . , Js).

A situation x ∈ Gn(C, J1, J2, . . . , Js) is called stable if ρn(C, J1, J2,
. . . , Js) > 0.

Corollary 1 A (J1, J2, . . . , Js)-optimal situation is stable if and only
if it is strict.

Clearly, Gn(C, J1, J2, . . . , Js) = {x0} if x0 ∈ Sn(C, J1, J2, . . . , Js).
Therefore the following corollary takes place.
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Corollary 2 If a (J1, J2, . . . , Js)-optimal situation x0 is stable, then

Gn(C, J1, J2, . . . , Js) = {x0}.

Taking into account formulas (1) and (2) it is easy to see that the re-
verse statement is not valid in the general case, i. e. if a (J1, J2, . . . , Js)-
optimal situation x0 is a unique, then it can be either stable or unstable.

Corollary 2 implies

Corollary 3 If |Gn(C, J1, J2, . . . , Js)| > 1, then no one situation x ∈
Gn(C, J1, J2, . . . , Js) is stable.

Corollary 4 For the stability radius of a lexicographically optimal sit-
uation x ∈ Gn(C,Nn) of the game with a matrix C the formula

ρn(x,C, Nn) = min
x′∈X\{x}

C1(x− x′)
||x− x′||1

holds.

Corollary 5 For the stability radius of a Nash equilibrium situation
x ∈ Gn(C, {1}, {2}, . . . , {n}) of the game with a matrix C the formula

ρn(x,C, {1}, {2}, . . . , {n}) = min{|cii| : i ∈ Nn}

holds.
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On stability in game problems of finding Nash

set
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Abstract

A finite game of several players in the case of linear payoff
functions is considered. Stability of the problem of finding the
set of Nash equilibrium situations is investigated. The formula
of the stability radius of this problem is derived.
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Consider the main subject of investigations in game theory – a
finite non-cooperative game of some players in normal form [1], [2],
when each player i ∈ Nn = {1, 2, . . . , n}, n ≥ 2, has finite number of
available strategies Xi ⊆ R, 2 ≤ |Xi| < ∞. Game realization and
its outcome (situation) is unambiguously determined by the strategy
choice of each player. They make this choice independently from each
other.

Let on the set of all situations X =
∏

i∈Nn
Xi the linear payoff

functions of players

fi(x) = Cix, i ∈ Nn,

is defined. Here Ci is the i-th row of matrix C = (cij)n×n ∈ Rnn,
x = (x1, x2, . . . , xn)T , xi ∈ Xi, i ∈ Nn. In the result of the game which
is called the game with matrix C, each player i gets the profit fi(x).

Consider the problem Zn(C) of finding the set of Nash equilibrium
situations NEn(C) in the game with matrix C [3]:

NEn(C) = {x ∈ X : ∀ i ∈ Nn (π(x,Ci) = ∅)},
c©2004 by S.E. Bukhtoyarov, K.G. Kuzmin
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where
π(x,Ci) = {x′ ∈ W (x, i) : Cix

′ > Cix},
W (x, i) =

∏

j∈Nn

Wj(x, i),

Wj(x, i) =
{

Xj if j = i,
{xj} if j 6= i.

Thus W (x, i) is the set of situations reachable by player i from
situation x.

As it is known, rationality of equilibrium situation lies in the fact,
that any deviations of one player from this situation give him no profit.

It is easy to show (see, for example, [4]), that for any matrix C ∈
Rnn the set of Nash equilibrium situations NEn(C) is not empty.

By analogy with [5] — [8], under the stability radius of the problem
Zn(C) we mean the number

ρn(C) =
{

supΞ if Ξ 6= ∅,
0 if Ξ = ∅,

where

Ξ = {ε > 0 : ∀ B ∈ B(ε) (NEn(C + B) ⊆ NEn(C))},
B(ε) = {B ∈ Rnn : ||B||∞ < ε},

||B||∞ = max{|bij | : (i, j) ∈ Nn ×Nn}.
In other words, the stability radius is the maximum level of per-

turbations of elements of matrix C, which does not lead to appearance
of new equilibrium situations. It is reasonable to define the stability
radius to be equal to infinity, if NEn(C+B) ⊆ NEn(C) for any matrix
B ∈ Rnn. Therefore we have

Property 1. If ρn(C) = ∞, then NEn(C) := X \NEn(C) = ∅.
Denote

I(x,C) = {i ∈ Nn : π(x,Ci) 6= ∅},
K(C) = {i ∈ Nn : cii 6= 0}.
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Property 2. For any index k ∈ Nn, such that ckk 6= 0, there exists
such situation x0 ∈ NEn(C), that I(x0, C) = {k}.

Since by virtue of the inequality ckk 6= 0 for any situation x ∈
NEn(C) there exists situation x0 ∈ W (x, k), that Ck(x0 − x) < 0,
i. e. π(x0, Ck) 6= ∅, then for any index i ∈ Nn \ {k} and any situation
x′ ∈ W (x0, i) one easily derives

Ci(x′ − x0) = cii(x′i − x0
i ) = cii(x′i − xi) = Ci(x′ − x) ≤ 0.

It follows that π(x0, Ci) = ∅, i ∈ Nn\{k}. Summing up, one obtains
property 2.

Property 3. Set K(C) is empty if and only if set NEn(C) is
empty.

Necessity of this statement follows directly from the definitions of
sets K(C) and π(x,Ci), i ∈ Nn, and sufficiency can be easily shown, if
we assume contrary and apply property 2.

Theorem. For stability radius ρn(C) of the problem Zn(C), n ≥ 2,
the following formula is valid

ρn(C) =
{

min{|cii| : i ∈ K(C)} if K(C) 6= ∅,
∞ if K(C) = ∅.

Proof. If K(C) = ∅, then by virtue of property 3 the equal-
ity NEn(C) = ∅ holds and, hence, according to property 1 we have
ρn(C) = ∞.

Let further K(C) 6= ∅. Then

ψ := min{|cii| : i ∈ K(C)} > 0

and by virtue of property 3 we obtain NEn(C) 6= ∅.
At first, let us prove inequality ρn(C) ≥ ψ. For any situation x ∈

NEn(C) there exist index l ∈ Nn and situation x′ ∈ W (x, l) such that
inequality

Cl(x′ − x) > 0

383



S.E. Bukhtoyarov, K.G. Kuzmin

holds. From this for any matrix B ∈ B(ψ) we easily derive

(Cl +Bl)(x′−x) = |Cl(x′−x)|+Bl(x′−x) = |cll||x′l−xl|+bll(x′l−xl) ≥

≥ |cll||x′l − xl|+ |bll||x′l − xl| ≥ (|cll| − ||B||∞)|x′l − xl| > 0,

i. e. x′ ∈ π(x,Cl + Bl). Therefore x ∈ NEn(C + B). Thus, we obtain

∀ B ∈ B(ψ) (NEn(C + B) ⊆ NEn(C)).

Hence, estimation ρn(C) ≥ ψ is valid.
Let us now prove inequality ρn(C) ≤ ψ. We choose arbitrary num-

ber ε > ψ and index k ∈ Nn, for which equality ckk = ψ holds. We
define matrix B∗ = (b∗ij)n×n ∈ B(ε) with elements

b∗ij =
{ −ckk if i = j = k,

0 otherwise.

Property 2 ensures (by virtue of ckk 6= 0) that there exists such situation
x0 ∈ NEn(C), for which I(x0, C) = {k}, i. e. for any index i ∈ Nn\{k}
set π(x0, Ci) is empty. Therefore, taking into account the structure of
matrix B∗, we have

π(x0, Ci + B∗
i ) = π(x0, Ci) = ∅, i ∈ Nn \ {k},

π(x0, Ck + B∗
k) = π(x0, (ck1, ck2, . . . , ckk−1, 0, ckk+1, . . . , ckn)) = ∅.

It follows that x0 ∈ NEn(C + B∗), i. e.

NEn(C + B∗) 6⊆ NEn(C).

Further, since B∗ ∈ B(ε) the inequality ρn(C) < ε becomes obvious
for any number ε > ψ. Hence, ρn(C) ≤ ψ.

The theorem is proved.
The problem Zn(C) is called stable if ρn(C) > 0.

Corollary 1. The problem Zn(C), n ≥ 2, is stable for any matrix
C ∈ Rnn.
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Following [5], by rigidity radius of the problem Zn(C) we under-
stand the number

ρ̃n(C) =
{

supΩ if Ω 6= ∅,
0 if Ω = ∅,

where

Ω = {ε > 0 : ∀ B ∈ B(ε) (NEn(C + B) = NEn(C))}.
Taking into account the result of work [4], where the formula of stabil-
ity radius of Nash equlibrium situation in the game with matrix C is
obtained, we easily state

Corollary 2. For rigidity raduis ρ̃n(C) of the problem Zn(C), n ≥
2, the followng formula is valid

ρ̃n(C) = min{|cii| : i ∈ Nn}.
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1981 (In Russian: Games theory, Moscow, Mir, 1985, 200 p.).

[3] Nash J. F., Non-cooperative games. Ann. Math., 1951, vol. 54, no.
2, pp. 286–295 (In Russian: Nash J. Non-cooperative games. In
book: Matrix games, Moscow, Phizmatgiz, 1961, pp. 205–221).

[4] Bukhtoyarov S. E., Emelichev V. A., On stability of Nash equi-
librium situations and Pareto optimal situations in finite games,
Comp. Science Jornal of Moldova, 2003, vol. 11, No. 1, pp. 28 —
34.

[5] Emelichev V. A., Kravtsov M. K., On stability in trajectorial prob-
lems of vector optimization, Kibernetika i Systemniy Analiz, 1995,
No. 4, p. 137–143.

385



S.E. Bukhtoyarov, K.G. Kuzmin

[6] Emelichev V. A., Podkopaev D. P., On a quantitive measure of
stability for a vector problem in integer programming, Comput.
Math. and Math. Physics, 1998, vol. 38, No. 11, p. 1727–1731.

[7] Emelichev V. A., Leonovich A. M., A sensitivity measure of the
Pareto set in a vector l∞-extreme combinatorial problem, Com-
puter Science Jornal of Moldova, 2001, vol. 9, No. 3, pp. 291–304.

[8] Emelichev V. A., Girlich E., Nikulin Yu. V., Podkopaev D. P., Sta-
bility and regularization of vector problems of integer linear pro-
gramming, Optimization, 2002, vol. 51, No. 4, pp. 645–676.

Sergey E. Bukhtoyarov, Kirill G. Kuzmin, Received September 6, 2004

Belarusian State University
ave. Fr. Skoriny, 4,
Minsk, 220050, Belarus.
E–mail : buser@tut.by, kuzminkg@mail.ru

386



Computer Science Journal of Moldova, vol.12, no.3(36), 2004

The maximum flow in dynamic networks

Maria A. Fonoberova, Dmitrii D. Lozovanu

Abstract

The dynamic maximum flow problem that generalizes the
static maximum flow problem is formulated and studied. We
consider the problem on a network with capacities depending on
time, fixed transit times on the arcs, and a given time horizon.
The corresponding algorithm to solve this problem is proposed
and some details concerning its complexity are discussed.
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1 Introduction

In this paper we study the dynamic version of the maximum flow prob-
lem on networks that generalizes the well-known static one [1, 2]. This
basic combinatorial optimization problem has a large implementation
for many practical problems. Its solution is needed in order to solve
other more complex problems, like the minimum cost circulation prob-
lem and the parametric maximum flow problem. Our dynamic model
is based on the classical maximum flow problem on static networks and
some generalization from [3, 4, 5, 6, 7, 8].

Despite being closer to reality, dynamic flow models have not been
investigated in such a detailed form as classical flow models because
of the complexity of the dynamic network flow models in comparison
with the static ones. Dynamic flows are widely used to model network-
structured, decision-making problems over time: problems in electronic
communication, production and distribution, economic planning, cash

c©2004 by M.A. Fonoberova, D.D. Lozovanu

387



M.A. Fonoberova, D.D. Lozovanu

flow, job scheduling, and transportation (see, for example, [9]). In the
considered dynamic models the flow passes an arc with time and it
can be delayed at nodes. The flow values on arcs and the network
parameters in this problem can change with time. While very efficient
solution methods exist for static flow problems, dynamic flow problems
have proved to be more difficult to solve.

The object of the maximum flow problem is to send a maximum
amount of flow within a given time from supply nodes to demand nodes
in such a way that link capacities are not exceeded. This problem has
been studied extensively in the context of static networks. In this pa-
per, we study the maximum flow problem in dynamic networks. We
assume that capacities of edges depend on time. We propose an al-
gorithm for finding the maximum dynamic flow, which is based on
reducing the dynamic problem to the classical maximum flow problem
on a time-expanded network. The complexity of this algorithm de-
pends on the complexity of the algorithm used for the maximum static
flow problem.

2 Problem formulation

We consider a directed network N = (V, E, u, τ, V −, V +) with set of
vertices V = V − ∪ V + ∪ V 0, where V −, V + and V 0 are sources, sinks
and intermediate nodes, respectively, and set of edges E. Without
loosing generality, we assume that no edges enter sources or exit sinks.
Our aim is to find a maximum flow over time in the network N within
makespan T = {0, 1, 2, . . . , T} while respecting the following restric-
tions. Each edge e ∈ E has a nonnegative time-varying capacity ue

which bounds the amount of flow allowed on each arc in every moment
of time. Moreover, edge e has an associated positive transit time τe

which determines the amount of time it takes for flow to travel from
the tail to the head of that edge. The objective is to find a dynamic
flow that sends in time T as much flow as possible.

We start with the definition of static flows. A static flow x on
the static network N = (V, E, u, V −, V +) assigns to every arc e a
non-negative flow value xe such that the following flow conservation
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constraints are obeyed:

∑

e∈E+(v)

xe −
∑

e∈E−(v)

xe =




−yv, v ∈ V −,
0, v ∈ V 0,
yv, v ∈ V +,

yv ≥ 0, ∀ v ∈ V,

where E+(v) = {(u, v) | (u, v) ∈ E}, E−(v) = {(v, u) | (v, u) ∈ E}.
A static flow x is called feasible if it obeys the capacity constraints

0 ≤ xe ≤ ue, ∀ e ∈ E.

A feasible dynamic flow on N = (V, E, u, τ, V −, V +) is a function
x: E × T→ R+ that satisfies the following conditions:

∑

e∈E+(v)
t−τe≥0

xe(t−τe)−
∑

e∈E−(v)

xe(t) =




−yv(t), v ∈ V −,
0, v ∈ V 0,
yv(t), v ∈ V +,

∀ t ∈ T, ∀ v ∈ V ;

(1)
yv(t) ≥ 0, ∀ v ∈ V, t ∈ T;

0 ≤ xe(t) ≤ ue(t), ∀ t ∈ T, ∀ e ∈ E; (2)

xe(t) = 0, ∀ e ∈ E, t = T − τe + 1, T . (3)

Here the function x defines the value xe(t) of flow entering edge e
at time t. It is easy to observe that the flow does not enter edge e at
time t if it will have to leave the edge after time T ; this is ensured by
condition (3). Capacity constraints (2) mean that in a feasible dynamic
flow, at most ue units of flow can enter the arc e within each integral
time step. Conditions (1) represent flow conservation constraints.

We consider the discrete time model, in which all times are integral
and bounded by horizon T . Time is measured in discrete steps, so that
if one unit of flow leaves node u at time t on arc e = (u, v), one unit of
flow arrives at node v at time t + τe, where τe is the transit time of arc
e. The time horizon (finite or infinite) is the time until which the flow
can travel in the network and defines the makespan T = {0, 1, . . . , T}
of time moments we consider.
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The value of the flow x is defined as follows

|x| =
T∑

t=0

∑

v∈V +

yv(t). (4)

Our aim is to find a feasible flow that maximizes the objective function
(4).

In the case of many sources and sinks the maximum flow problem
can be reduced to the standard one by introducing one additional ar-
tificial source and one additional artificial sink and edges leading from
the new source to true sources and from true sinks to the new sink. The
transit times of these new edges are zero and the capacities of edges
connecting the artificial source with all other sources are bounded by
the capacities of these sources; the capacities of edges connecting all
other sinks with the artificial sink are bounded by the capacities of
these sinks.

It is easy to observe that if τe = 0, ∀ e ∈ E and T = 0 then the
formulated problem becomes the classical maximum flow problem on
a static network.

3 Main results

In this paper we propose a new approach for solving the formulated
problem, which is based on its reduction to a static maximum flow
problem which is a well studied problem in operation research and
other fields. We show that our problem on network N = (V, E, u, τ)
can be reduced to a static problem on auxiliary static network NT =
(V T , ET , uT ); we name it the time-expanded network. The advantage
of this approach is that it turns the problem of determining an optimal
flow over time into a classical static network flow problem on the time-
expanded network.

The maximum dynamic flow problem can be solved by maximum
flow computation on the corresponding time-expanded network, which
is a static representation of the dynamic network. Such a time-
expanded network contains a copy of the node set of the underlying
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network for each discrete interval of time, building a time layer. More-
over, for each arc with transit time τe in the given network, there is
a copy between each pair of time layers of distance. We define this
network as follows:

1. V T : = {v(t) | v ∈ V, t ∈ T};
2. ET : = {(v(t), w(t + τe)) | e = (v, w) ∈ E, 0 ≤ t ≤ T − τe};
3. uT

e(t): = ue(t) for e(t) ∈ ET ;

The essence of the time-expanded network is that it contains a copy
of the vertices of the dynamic network for each time t ∈ T, and the
transit times and flows are implicit in the edges linking those copies.

Let e(t) = (v(t), w(t + τe)) ∈ ET and let xe(t) be a flow on the
dynamic network N . The corresponding function xT

e(t) on the time-
expanded network NT is defined as follows:

xT
e(t) = xT

(v(t),w(t+τe))
= xe(t), ∀ e(t) ∈ ET . (5)

We show in the following lemma that dynamic flows xe(t) with
time horizon T are equivalent to static flows xT

e(t) in the time-expanded
network.

Lemma 1. The correspondence (5) is a bijection from the set of
feasible flows on the dynamic network N onto the set of feasible flows
on the time-expanded network NT .

Proof. It is obvious that the correspondence above is a bijection
from the set of T -horizon functions on the dynamic network N onto
the set of functions on the time-expanded network NT . It is also easy
to observe that a feasible flow on the dynamic network N is a feasible
flow on the time-expanded network NT and vice-versa. Indeed,

0 ≤ xT
e(t) = xe(t) ≤ ue(t) = uT

e(t), ∀ e ∈ E, 0 ≤ t < T.

Therefore it is enough to show that each dynamic flow on the dynamic
network N is put into the correspondence with a static flow on the
time-expanded network NT and vice-versa.
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Henceforward we define dv(t) =




−yv(t), v ∈ V −,
0, v ∈ V 0,
yv(t), v ∈ V +,

∀v ∈ V .

Let xe(t) be a dynamic flow on N and let xT
e(t) be a corresponding

function on NT . Let’s prove that xT
e(t) satisfies the conservation con-

straints on its static network. Let v ∈ V be an arbitrary node in N
and t: 0 ≤ t < T an arbitrary moment of time:

dv(t)
(i)
=

∑

e∈E+(v)
t−τe≥0

xe(t− τe)−
∑

e∈E−(v)

xe(t) =

=
∑

e(t−τe)∈E+(v(t))

xT
e(t−τ(e)) −

∑

e(t)∈E−(v(t))

xT
e(t)

(ii)
= dT

v(t). (6)

Note that according to the definition of the time-expanded network
the set of edges {e(t − τe)|e(t − τe) ∈ E+(v(t))} consists of all edges
that enter v(t), while the set of edges {e(t)|e(t) ∈ E−(v(t))} consists of
all edges that originate from v(t). Therefore, all necessary conditions
are satisfied for each node v(t) ∈ V T . Hence, xT

e(t) is a flow on the
time-expanded network NT .

Let xT
e(t) be a static flow on the time-expanded network NT and

let xe(t) be a corresponding function on the dynamic network N . Let
v(t) ∈ V T be an arbitrary node in NT . The conservation constraints
for this node in the static network are expressed by equality (ii) from
(6), which holds for all v(t) ∈ V T at all times t: 0 ≤ t < T . Therefore,
equality (i) holds for all v ∈ V at all times t: 0 ≤ t < T and xe(t) is a
flow on the dynamic network N . ¤

Corollary 1. The following condition is true:
∑

t∈T

∑

v∈V −
yv(t) =

∑

t∈T

∑

v∈V +

yv(t).

Proof. The proof of this corollary can be obtained by examining
three sets of vertices V −, V + and V 0 and summing equations (1) in all
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moments of time. In such a way, we obtain the considered condition.
¤

If we define a flow correspondence to be xT
e(t): = xe(t), the max-

imum flow problem on dynamic networks can be solved by applying
network flow optimization techniques for static flows directly to the
expanded network. Thus to obtain the solution, we construct the
time-expanded network, after that we solve the classical maximum flow
problem on the static network and then we reconstruct the solution of
the static problem to the dynamic problem. Therefore, we can solve
the dynamic maximum flow problem by reducing it to the maximum
flow problem on static networks.

4 Algorithm

Let the dynamic network N be given. Our object is to solve the ma-
ximum flow problem on N . Proceedings are following:

1. Building the time-expanded network NT for the given dynamic
network N .

2. Solving the classical maximum flow problem on the static network
NT , using one of the known algorithms (see, for example, [1, 10,
11, 12]).

3. Reconstructing the solution of the static problem on NT to the
dynamic problem on N . ¤

Now let us examine the complexity of this algorithm including
the time necessary to solve the resulting problem on the static time-
expanded network. The process of building the time-expanded network
and of reconstruction the solution of the static maximum flow problem
to the dynamic one has the complexity O(nT + mT ), where n is the
number of nodes in the dynamic network and m is the number of edges
in this network. The complexity of step (2) depends on the complexity
of the algorithm used for maximum flow problem in static networks.
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If such an algorithm has complexity O(f(n′,m′)), where n′ and m′

are number of nodes and edges in the network, then the complexity
of solving the maximum flow problem on the time-expanded network
employing the same algorithm is O(f(nT, mT )).

5 The dynamic problem on the given time in-
terval

In the above sections we have discussed the problem of maximum dy-
namic flow from the zero time moment to the fixed time horizon T .
In such problems we find the maximum amount of flow until the time
T . In many practical cases it is necessary to know the maximum flow
in the time period from t1 to t2, where t1 < t2. The solution of this
problem is based on the Ford-Fulkerson theorem about the maximum
flow and minimal cut [1]. We have to construct a time-expanded net-
work, the discrete time moments of which form the following makespan
T = {t1, t1 + 1, . . . , t2 − 1, t2}. In that way, constructing such a time-
expanding network and finding the maximum flow in this network we
can obtain the maximum flow in the dynamic network for the time
period from t1 to t2.

6 Generalization

We would like to note that the same argumentation can be held to solve
the maximum flow network problem on the dynamic networks in the
case when, instead of the condition (2) in the definition of the feasible
dynamic flow, the following condition takes place:

r1
e(t) ≤ xe(t) ≤ r2

e(t), ∀ t ∈ T, ∀ e ∈ E,

where r1
e(t) and r2

e(t) are lower and upper boundaries of the capacity
of the edge e correspondingly. In this case we introduce one additional
artificial source b1 and one additional artificial sink b2. For every arc
e = (u, v), where r1

e 6= 0 we introduce arcs (b1, v) and (u, b2) with r1

and 0 as the upper and lower boundaries of the capacity of the edges.
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We reduce r2 to r2− r1, but r1 to 0. We also introduce the arc (b2, b1)
with r2

(b2,b1) = ∞ and r1
(b2,b1) = 0. The transit times of all introduced

arcs are zero. In such a mode we obtain a new network, on which we
can solve the standard maximum flow problem.
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ñFê Þ ñFê Þ ìhê ó ïhê òhí-ð Þ�ò�î ì-ð�ñ óFî ñ-ò�ðñFê í ðFê Þlí ïhê í�ìlò ðFî ë�ìlò ïhî ì-é�ìñFê é Þlïhê ð ò�ê ñ�ð�ï éFî ë�ó�ð ïhî ï-ð-ò
ñFê í ñFê Þ íhê í ïhê ó�ìlò óFî ï�ì�ï ïhî ì-ë-òñFê í íhê ì ïhê óFÞ ò�î Þlïlò Þ�î ï-ë�ññFê é óFê é�í Þ�ê ó�í-ð ò�î ï-é�ï ì�ïlò
ñFê é ñFê Þ Þ�ëFê í�í Þ�ëFê ï-ñ-ò Þ�Þ�î ð�óFÞ Þlïhî Þlí�ïñFê í ïhÞ�ê ð Þlìhê ð�ð�ï Þlíhî íhÞ�ë Þlïhî ì�í-ëñFê é óFê ñ�í Þ�ê ó�ð�ì ò�î ñ-òhï Þ�î Þ�ë�é
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ñFê Þ ñFê Þ ï-ñFê é�í ìhê ñ�ìlò ë�ó�éFî Þ�ë�é Þ�òhìhî í-ñ�ïñFê í Þ�ò�ê é�í ò�ê Þ�ð�é Þ�ëFÞ�î ì�í-ó í-ñFî ì�í�ìñFê é òhìhê Þlí Þ�óFê Þ�ë�í Þ�ð�ëFî ì-ð�ë ë�ïhî ó�ñ�ð
ñFê í ñFê Þ öFÞ�ñ�ñ�ñ ÷øíhî í-ñ�ñFî ñ�ñ�ññFê í öFÞ�ñ�ñ�ñ ÷ ðFî ë�ñ�ñFî ñ�ñ�ññFê é öFÞ�ñ�ñ�ñ ÷}ò�î í-ñ�ñFî ñ�ñ�ñ
ñFê é ñFê Þ öFÞ�ñ�ñ�ñ ÷�Þ�ðFî ë�ñ�ñFî ñ�ñ�ññFê í öFÞ�ñ�ñ�ñ ÷�Þlïhî ð�ñ�ñFî ñ�ñ�ññFê é öFÞ�ñ�ñ�ñ ÷ ðFî Þ�ñ�ñFî ñ�ñ�ñ
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ñFê Þ ñFê Þ ìhÞ�ê ì Þ�éFê ó�ó�ï ì-ðFî ì-ó-ò Þ�éFî Þ�ë�íñFê í ì-ñFê ò ë�ïhê ò�ó�é ì-ëFî íhÞ�Þ ï-óFî ñFÞlíñFê é ì-ðFê Þlí Þ�éFê ì-ó-ò ì-ðFî ðFÞ�ò Þ�ëFî Þlï-ó
ñFê í ñFê Þ öFÞ�ñ�ñ�ñ ÷�Þ�î ò�ñ�ñFî ñ�ñ�ññFê í öFÞ�ñ�ñ�ñ ÷�Þ�î ï-ñ�ñFî ñ�ñ�ññFê é ò�óFê ð éFê ñ�ï-ó ò�óFî ì-ë�ó óFî íhÞlì
ñFê é ñFê Þ öFÞ�ñ�ñ�ñ ÷�Þ�î ó�ñ�ñFî ñ�ñ�ññFê í öFÞ�ñ�ñ�ñ ÷�Þ�î ò�ñ�ñFî ñ�ñ�ññFê é ë�éFÞ�ê ì ë�ð�íhê é�í-ó ëFÞ�éFî í-óFÞ ë�ñ�óFî ï-ë�é
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Experience of Macroeconomic Models

Realization in Transition Economy

Elvira Naval

Abstract

This article represents an issue about macroeconomic model
realization under transition economy of Moldova Republic. Dif-
ferent macroeconomic model beginning with simple monetary
model and growth model, and more complicated model as finan-
cial programming models, general equilibrium model, describing
complex functioning of national economy and forecasting effect of
various economic policies on economy development were consid-
ered. Some comparative analysis and conclusions were presented.

1 Introduction

Macroeconomic models, dealing with aggregated indicators, describe
working of the economy as a whole. Such models are accessible to
the deep mathematical analysis and give an opportunity of economic
system research at small volume of the initial data. Macroeconomic
models are effective tools for theoretical researches of economic pro-
cesses and for working out the direction of economic development and
forecasting a lot of national economy indicators. Regular use of macroe-
conomic models in the countries with the settled market relations began
in the first half of the 20-th century. At present time many macroeco-
nomic models having both theoretical and applied value are developed.
In the countries which are in the process of transition to market re-
lations the wide use of macroeconomic models concerns to the second
half of the 20-th century. In these countries macroeconomic modelling
is used for creation of some analytical framework with the purpose
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of co-ordinating the set of macroeconomic policies and the structural
transformations necessary for maintenance the transition of the country
to market economy. Wide use of macroeconomic models is explained
by their simplicity from the mathematical point of view, being simulta-
neously useful and important tool displaying real economy. Macroeco-
nomic models are used for support and for analysis of macroeconomic
policies, and for improvement of a sequence of performances of these
initiatives.

The formalised macroeconomic models represent the simple and
clear analytical framework consisting of a range of economic identities
and well-specified assumptions, determining interrelation between eco-
nomic variables (the so-called, behavioural equations). At the same
time the process of model creation and calibration for concrete econ-
omy is rather complex. It requires special economic knowledge and
a certain experience: in definition of necessary changes of the models
structure reflecting specific features of concrete economy, in a choice of
the important economic variables in quality of exogenous. The purpose
of present article is to give the summary of the macroeconomic mod-
els realised in Institute of Mathematics and Computer Science during
last decade, which can be used for the co-ordination of economic poli-
cies and structural reforms at Republic Moldova transition to market
relations.

2 Simple Monetary and Growth Models

For construction of the financial programming model or the financial
program it is necessary to define accounting macroeconomic framework,
which would cover the basic sectors of economy: private, government,
monetary and foreign. Economic identities make a basis of account-
ing framework. The behavioural equations determining interrelation
between economic variables, are specified so that to add accounting
identities up to the closed system of equations. The variables identi-
fied in this framework are subdivided into exogenous, endogenous and
policy. The combination of variables, economic relations and identities
forms economic model, which is called to prove policy decisions. For
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the realisation of financial programming model (development of the fi-
nancial program) it is necessary to execute the forecast of exogenous
variables, to define precisely values of target variables and to solve the
model for policy variables which will provide desirable values for the
target variables. In the simple monetary model of open economy [1-2]
it is usually supposed that prices and output are set exogenous, and
the inverse of the income velocity of money is constant. The balance of
payments in such model can be represented as a difference between the
flow of demand for money of the private sector and the flow of internal
credits. The flow of internal credits is a policy variable. In this model
the gain of the money credits offered by banking system, in a limit
will be compensated due to decrease in the international credits calcu-
lated on the same base. For the formulation of the financial program
the required value of the balance of payments is set, and the model
is solved in scope of finding necessary increase (reduction) of internal
credits. Such type of models provides motivation of substantial use of
marginal credits as key policy tools. Monitoring of internal credits ex-
pansion allows to determine, whether the financial program promotes
the achievement of required output at the given change in international
reserves.

One of the lacks of presented model is that the nominal income
is set as exogenous. In practice, certainly, financial programs treat a
level of the internal prices, as endogenous one. Endogenous price level,
and, hence, the nominal income demands small updating in a simple
monetary framework, as now in model there are two target variables,
namely the balance of payments and inflation.

One of ways of the problem solution consists in the assumption,
that both prices and international reserves are crucial for violation of
the money market balance. However the purposes of the balance of
payments and inflation can not be achieved independently as there is
only one policy variable (internal credits).

Use of the exchange rate as tool policy provides a way for achieve-
ment of independence of the balance of payments values and inflation.
Change of the exchange rate has two interconnected effects: first, it
improves the international competitiveness of economy; second, it in-
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creases the initiative of production of the goods for export. The ex-
change rate policy, hence, is intended for change of production structure
and expenditures in economy, decrease of import and increase of ex-
port, improve of trade balance. Having available two tools, namely, rate
of inflation and rate of internal credit expansion, authorities are able
to achieve the balance of payments purpose, having received expected
rate of inflation.

Exogenous nominal income (in simple monetary model) is the po-
tential lack of monetary model when the construction of the program
has the important participation in economic growth. So, for example,
it is necessary to consider models of growth in addition to the mone-
tary analysis. Many from available, standard models of growth accent
a role of savings, investments and offers of external financing. Despite
of the significant success achieved in this area, this particular type of
growth model is still widely used, especially for countries where the
information base is insufficient. Though models which correlate eco-
nomic growth extremely to increasing of physical capital stocks and
therefore with availability of internal and external financing, having
advantage of simplicity, are not capable to receive positive effect of
growth from increasing efficiency of policies. Accordingly, these mod-
els can not provide analysis of the total growth in the countries with
transitive economy.

In simple model of growth [1] the change in output is related with
investments by means of the ratio of capital gain to output (ICOR).
For settled value of ICOR, the increase in the level of investments will
follow from the appropriate increase in growth of the real gross domestic
product. As alternative, it is possible to use this ratio for reception of
a ”necessary” level of investments, which are consistent with desirable
rate of growth. The model includes two behavioural equations. One
is that import is the steady function from output. The second reflects
the fact, that private savings are positively dependent from the level
of available income. The model becomes closed with identity asserting
that the total accumulation (equal to investments) is made of private
and foreign savings.

Working of this open economy model is rather simple. We shall
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assume, for example, that authorities increase a level of investments,
increasing the state accumulation through reduction of the state con-
sumption. As the change of private and state investments is assumed
to be constant, the growth of state accumulation will increase the total
accumulation and, hence, investments. At given ICOR, growth of in-
vestments further will be transformed into higher rate of growth of real
GDP. Provided that authorities carry out some control above private
inflow of capital or if the offer of foreign capital is completely elastic,
the purpose of output can be co-ordinated with the purpose of the
balance of payments. The practical advantage of this simple model of
growth, obviously, is caused by realism of these various assumptions,
as some of these assumptions are rather rigid.

Now we shall consider, how the model will be modified, if the level
of net foreign inflow was fixed. In practice, certainly, acceptance of
internal policies, which result in financial stability, and which raise
perspective of growth, would assume production of additional external
financing for the country, as well as more attractive terms of this fi-
nancing. Really, even in a case when foreign creditors are not ready to
expand borrowing, absence of the capital can be reduced or even in-
verted, if the country has provided following suitable adjustable strat-
egy. In this sense, the assumption of a constancy of net capital inflow
is used here more for an illustration of a role of other policies in liq-
uidation of a so-called gap of foreign currency receipts, than for the
description of a reality.

In condition when foreign financing is given, any additional accu-
mulation is insufficient to achieve simultaneously both the purpose of
growth, and the purpose of balance of payments, private accumulation
will be adjusted to equate the total accumulation and investments.
But this ”necessary” level of private accumulation can be improbable
in sense of concordance with a level, which follows from behavioural
ratio between private accumulation and the available income. In such
chance, the iterative sequence of adjustments can be accomplished ei-
ther above parameters or above the growth goal until the required level
of private accumulation will come in conformity with a historical be-
havioural ratio between private accumulation and the available income.
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The alternative way of the problem solution consists in inclusion of the
exchange rate change effect in trading balance. Influence of the ex-
change rate on export and import allows to co-ordinate the purpose of
growth with an accessible level of foreign inflow actions.

The approach of financial programming described above can be gen-
eralised by introducing into it the simple growth analysis. The resulting
merged approach implicitly means three fundamental purposes of finan-
cial programs: the balance of payments, inflation and rate growth of
real gross domestic product inside the concordance framework. Merge
of monetary and growth model [1] is rather simple. The most suit-
able growth model for the countries with adjustable programs is that
with limited foreign financing. Suitable monetary model could be that
in which both balance of payments and prices are determined inside
the model. Gross domestic product can be determined from ICOR ra-
tio. The prices are defined from monetary model. So nominal gross
domestic product can be determined directly. The monetary model
also determines demand for money (through a ratio income - income
velocity of money), and supply for money from the balance sheet of
the banking system. Definition of the balance of payments is com-
mon for both models: growth model and monetary model. Inflow of
foreign capital is supposed to be exogenous, import is the subject to
be influenced by internal output and real exchange rate, but export
is the subject to be influenced by the real exchange rate. Meaning,
that prices are exogenous in simple growth model while gross domestic
product is exogenous in the simple monetary model, the merged model
can be solved by it representation as two ratios between change in gross
domestic product and change in prices.

In the growth model this ratio is positive. The gain of the internal
level prices increases nominal gross domestic product, and through ratio
accumulation - increases the income. There will be also changes in
nominal accumulation. The private sector can use these savings for
accumulation of the physical capital or money. While all marginal
additional nominal savings are not designated for accumulation, some
gain of the physical capital will take place. At positive investments, in
concordance with ICOR, gross domestic product will increase also.

435



E. Naval

From the monetary model, on the other hand, the ratio between
change in prices and change in gross domestic product is negative. In-
creasing in gross domestic product increases demand for money, thus,
creating discrepancy of the monetary market. For the given rate of
internal credit expansion, this discrepancy will create inflow of foreign
reserves and will cause falling in internal prices to clear monetary mar-
ket.

In summary, the basic idea consists in the simultaneous solution
of these two ratios so that gross domestic product and internal prices
could be expressed as function of exogenous and political variables.
The structure of the merged model can be represented graphically.

Realisation of simple monetary model and incorporated model [3-4]
was executed in Microsoft Office Excel application on given by Republic
of Moldova data. As base year 2000 was chosen. Models are supplied
with the simple and convenient interface, which help the user carry out
simulations and iterative calculations, changing target, policy, exoge-
nous and endogenous variables. Calculations were carried out also on
model of World Bank RMSM-X [5], which is a version of Harrod-Domar
growth model with two financial gaps.

In the approach described above, in merged monetary and growth
model the simplified form of the behavioural equations is used with the
purpose to receive a simple method for solution. However, model, which
formed a basis for economic program creation, should be exhaustive to
reflect adequate economy structure, but such a model can be received
only endowing analytical solution. In that case to obtain model solution
the numerical methods are used.

3 More Complicated Financial Programming
Models

For operative work, including long-term planning, it would be desirable,
if not necessary, to have a small calculating model. In such a model
certain behavioural relation between key macroeconomic variables and
control parameters are precisely determined by means of the consistent
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framework. At the absence of precisely determined model it’s very dif-
ficult to develop enough desagregated middle term economic program
which will be co-ordinated to behavioural relationships. Moreover, a
key element of the economic program designing is the ability to change
an assumption, interrelations and policies to provide a number of alter-
natives even if the purpose of these alternatives is granting wide basis
for discussion of the offered policies. Precise, completely integrated
model is necessary for such type of exercises.

The represented in [6] model, though it was applied to Turkey, is
sufficiently general that could be applied to a lot of developing economy.
It is intended for creation of a framework for middle terms analysis with
certain connections between tax, monetary, the exchange rate policies
and key macroeconomic variables. The model has some considerably
differing features. It unites production determined by demand, with
supply that is reflected in policies, which influence investments. It
allows determining relative shares of internal and external factors of
production by means of their relative prices. Adjustment and growth
interact with fiscal, monetary and external policies. It gives a flexible
policy of the external debt.

The national economy yields unique goods, domestic goods, which
either are exported, or consumed at home, or invested. It is supposed,
that all import goods are intermediate, i.e. on average there is some
gain of the added cost on the imported goods before their final sale.
Output is carried out by means of internal factors of production and
intermediate import goods. The added cost or gross domestic product
minus intermediate import goods is equal to volume of output. Rela-
tive values of each used factor, factorial shares, are functions from their
relative prices. The level of output is determined by a final demand
for it. If output is less than capacity, so that demand does not prevail
over prices, the domestic goods prices are determined by cost of two
factors of production: industrial taxes and import duties. If output
is more than capacities, prices are higher than cost and reflect pres-
sure of abundant cumulative demand. The model thus is suitable for
determination of the inflation caused by both demand, and cost.

The final demand consists of two parts: exogenous part, which con-
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tains government consumption, government investments, and change
in stocks and export. Real private consumption is the function of real
available income. Real private investments are the function of real cost
of internal credit flow directed to private sector. Export of goods is
the function of internal key variables: real gross domestic product and
relative prices. The real added cost is made due to increase in total
output (endogenously determined, sensitive to the relative price), re-
ceived due to internal factors of production. By means of the added
cost price index, set exogenous, used basically for all calculations of
wages, payments for the ground, the capital etc., the real added cost
will be transformed to the nominal added cost. From total value of the
nominal added cost the certain part goes directly to the private sector
as the income, the rest is collected at the state. The added cost collect-
ing in a private sector, with taking into account profit from export and
factors income, transfers from abroad and state transfers, determines
total private income.

After subtraction of direct taxes the available private income is de-
termined. Then real private consumption as function from the real
available income pays off. Budgetary deficit pays off as a difference
between state expenditures and state revenue. The state expenditure
consists of exogenously determined consumption and changes in stocks,
interest payments on unpaid external public debt, transfers to private
sector and endogenously determined interest payments for credit which
should be received after basic year. The public revenue consists of en-
dogenously determined direct and indirect tax incomes, transfers from
abroad and parts of all added cost which concerns to the state. Sub-
tracting from budgetary deficit the exogenously determined part of
internal non banking financing, the flow of internal credit given to the
state by banking system, and known external financing (disbursement
minus amortisation payments), we will obtain the unpaid external fi-
nancial debts. The external debt service module includes the detailed
description of loan categories, grace and maturity period of loans, in-
terests rate change, calculates foreign financing necessary to serve this
deficit and government expenditure on interest payments for again ac-
quired debt.
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The current account balance can be represented as resources bal-
ance (i.e. a difference between export and import of goods and non-
factor services plus net factor income and transfers to the government
and private sectors from abroad and minus interest payments for the
external debt service).

The capital account of balance payments consists of a set of ex-
ogenous entrance indicators for the state and private sectors, of en-
dogenously defined sum of the state deficit external financing and the
private capital flows caused by destabilisation of the money market.
Change of foreign reserves is simply the sum of the current and capital
accounts. Change of reserves will reflect change in current account, in
expansion of external financing of state deficit, increasing in internal
monetary market discrepancy.

The real supply of money is determined by a function of real gross
domestic product and inflation. The capital is in permanent movement.
If, for example, the supply of money exceeds demand for money, there
will be an outflow of the private capital, as local residents will try to
reduce available deficit of monetary balances to balance their portfolios.

Given model was adapted to economy realities of Republic Moldova
[7], and realised in system of economic modelling Javelin-Plus, using
an iterative method for solving of the system of non-linear equations
and econometric estimation of six behavioural equations being a com-
ponent part of the model. The realised model is endowed with a set of
multilevel user menus, which provides simple and effective interface for
the user. The program interface enables the user to change values for
exogenous, policy and target variables; to change validity of model; to
modify behavioural equations, historical and base year data. Thus, the
user can carry out multiple simulating calculations and to carry out on
their basis the multilateral economic analysis.

Also in Javelin-Plus there was realised the W.Bier’s idea [9] about
creation of a set of macroeconomic models, using various updating
of behavioural functions.The program and the appropriate interface
was created, with their help the control calculations were carried out,
according to economic development of Moldova Republic.

Further the financial programming model developed by U.S.A.D.
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for Romania in 1993 [10] was considered. The model contains 82 equa-
tions, the 16 equations from which are the behavioural ones. As the
purpose of model is granting the detailed and concrete data concerning
intersectoral interrelations, the high degree of simultaneity was entered
at the solution of the model. The model is solved taking into account
the target variable gross domestic product, which is determined in nom-
inal and in real values. Also as a target variable any other endogenous
variable can be chosen. Thus, the set of decisions received with the
help of the model depends on the purposes of the application.

The main indicator – gross domestic product – is calculated from
the production and use side of the basic sectors and from the expen-
diture side on the other hand. The model gives the solution for two
main blocks: the balance of payments block and the block concerning
national accounts.

The balance of payments block delivers the data on the basic com-
ponents and determines balance of goods and non-factor services, which
then are used in the block concerning national accounts. To catch
feedback effects in economy, the block of national accounts contains an
essential set of relations between endogenous variables of system.

The balance of payments block. Volumes of export depend on exter-
nal economic activity, and export prices are connected to world trade.
Besides this, relative prices of export are important at definition of
export volumes, reflecting competitiveness of national economy, thus,
influencing the amount of local goods required by foreign markets, ac-
cording to competitiveness of local and foreign supplies in these mar-
kets.

The imported goods are subdivided into the power goods and other
goods. Import of fuel appears basically in trading exchanges. Price
indexes on export were developed on the aggregated total exports, and
price indexes on import were constructed for combustible and other
import.

As soon as export and import of goods and non-factor services are
received, the model calculates balances for goods, non-factor services,
balance of material services and current account balance. Change in
foreign inflow is almost always set exogenously. To the moment as
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foreign reserves are established it is necessary to enter policy into the
model, used for maintenance of this offered level. Model calculates total
need for import, volume of external debt and capital account deficit.

The model can give information concerning necessary external fi-
nancing; model solution gives total loans necessary for financing of
current account deficit. It is easy to enter estimations into the model
concerning need for loans, except for existing commitments. For cal-
culation of additional loans, from the total necessary loans, calculated
in the model, disbursement and amortisation payments will be taken
away.

Investments. Total investments are broken into gross investments
and change in stocks both of them are represented by behavioural equa-
tions. Total investments are determined by gross surpluses of exploita-
tion, by general level of economic activity and by interest rate. General
level of economic activity also determines changes in stocks. As total
gross surpluses of exploitation represent difference between gross do-
mestic product and net profit of domestic economy to which taxes from
income are added, investments are closely interconnected to economic
activity of the state and private sectors.

Private consumption depends on net profit of household, relative
prices and uncertainty in prices. Net profit of households consists of
salary and other incomes. Wage rate depends on the added cost which,
in turn, depends on the general level of economic activity.

The government consumption and transfers. The public sec-
tor consists of state and local budgets and social insurance fund. As
the model assumes the representation of an opportunity of the analysis
of tax policies at a national level, the basic desagregation takes place
at the state level. Concerning to incomes, direct taxes are subdivided
into taxes from associations and taxes from households. Modes of the
taxation for these two sectors are policy variables, and they can be
used for the analysis of tax initiatives on a national economy. Indi-
rect taxes are subdivided into the tax from the added cost, excises and
taxes to import. Tax tariffs also are a policy variable within the model
framework. The State expenditure consists of consumption and sub-
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sidy. Subsidies are subdivided into what are given to business sector
and subsidy, given to household. The historical data on long prospect
are available only for the state expenditures, rather than for the state
consumption, and as consequence, behavioural function for the general
expenditures was appreciated. And, thus, the state consumption is a
result of subtraction of the subsidies, transfers and interest payments
on an external and internal debt from the general expenditure.

The added cost. The system of equations simultaneously gives
solution concerning total production and general expenditure in na-
tional economy. The secondary sector, which accumulates almost half
of total added cost of the country, is endogenous; its level depends
on investment activity and consumption. Though the tertiary sector
is contained basically in the models, the initial sector is endogenous,
as its level is defined by a global level of expenditure and economic
activity of the remaining two sectors.

The considered model of Romanian economy was adapted for econ-
omy of Republic Moldova [11]. In Javelin-Plus system the modelling
computer program having multilevel user interfaces was realised. En-
closed user menus are represented. With its help it is possible: to
modify initial historical and base year data; to modify and estimate
behavioural functions; to set values for exogenous variables for all pe-
riod of model action; to establish values for policy variables also for all
period of model action; to receive results of calculations as diagrams
and tables. There is an opportunity to analyse intermediate results.
The base year co-ordination matrix, for all years previous to base year
is realised. Tables of results on all considered in model sectors are stip-
ulated. There is an opportunity of viewing of intermediate results and
fast diagrams. At the desire, it is possible to print out all necessary
graphic and digital information. The model is realised using consecu-
tive iteration method. Therefore in an interactive mode it is possible
to change amount of iterations and accuracy of calculations. The op-
portunity of change of validity of model is stipulated. Calculations for
the five years’ period and longer forecast periods were carried out.
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4 A General Equilibrium Model

In continuation, we shall state simple general equilibrium computing
model [12] for small open two-sector economy. Changes in an external
environment and economic policies become tool in definition of progress
in economic development for less developed countries. These models
give good mechanism with the help of which the external shocks and
economic policies pass through all economy. Shocks include the exter-
nal sector trading shocks: repeated increase of the mineral oil prices or
falling of the prices for the intermediate goods in the inflow of external
capitals. The reciprocal policies most frequently offered also are aimed
at external sector: real exchange evaluation for the adaptation to ad-
verse trading shocks or to reduction of foreign borrowing; reduction
of the deformed taxes for increase of economic efficiency and to make
economy competitive in the world markets.

Hence the model which covers the marked shocks and the appro-
priate policies, attaches special meaning to external sector of economy.
Moreover, the decision of many problems is connected to relations be-
tween foreign sector and other economy. Thus, the model will cover, at
least, two industrial sectors: one, making goods on export, and other
making goods for a home market. The goods participating in circula-
tion are useful to subdivide into imported and exported goods. Such
division enables to look at trading shocks, and also on influence of tool
policies, such as tariffs for import and grants for export.

The minimal model, which includes these features though is small,
covers a large area of results. It is possible to investigate influence
of increase in prices on mineral oil (or other prices for import and/or
export). Besides these model enables to look at use of trading and
financial policies: grants for export, tariffs for import and internal
indirect taxes. Increase or decrease in foreign capital inflow also can
be investigated within the framework of this model.

The biggest advantage of small models consists in their simplic-
ity. They represent transparent mechanism thanks to which change in
international shocks or policies influence economy.

Base model concerns one country with two industrial sectors and
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three goods. There are two products made in the country: export of
goods that are sold to foreigners and have not been demanded inside
the country, and internal goods sold only inside the country. In the
model there is one consumer which receives the income. The country,
being small, in the world market, faces with the fixed world prices for
export and import.

In the model three economic agents operate: producer, household
and rest of the world. Marginal opportunities of local production are
determined by the greatest possible combination of commodities be-
tween export and demand for the internal goods, which economy can
offer. Function is supposed to be concave and will be specified as func-
tion with constant elasticity of transformation (CET). The volume of
the aggregated production is fixed. As in the model the intermediate
commodities are not examined, the volume of production corresponds
to gross domestic product. The assumption of the fixed level of pro-
duction volume is equivalent to full employment of all initial factors
of production. Export-demand for internal goods ratio is function of
the relative prices. The price of the composite good is determined
as dual estimation for the equation determining export. The price of
aggregated supply corresponds to gross domestic product deflator.

The composite goods consist of the local goods and the import
goods. It is supposed, that import and the local goods are imperfect
substitutes (are not interchangeable). Following this treatment, it is
supposed, that the composite goods are defined as aggregated function
with constant elasticity of substitution (CES) dependent on volume of
import and volume of internal goods. Consumers maximise compos-
ite goods utilisation. Volume of import is defined from relationship
between import and internal supply, which is function of the relative
prices. Price of the composite goods is defined as the dual evaluation
appropriate to equation for import. Price of composite goods corre-
sponds to aggregated consumer prices index.

Separate equation determines income of domestic economy and de-
mand of domestic economy for composite good. We shall note that
income is spent for the unique composite good.

Price equations define interrelation between seven prices. In the
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model world prices for export are fixed, local prices for export and
import are determined; price of internal supply is calculated; price
of aggregated output and price of composite good pays off. As only
relative prices are considered, it is necessary to define scaling price –
the exchange rate in this case.

There are determined three equations specifying markets clearing
conditions. Internal demand is equal to the internal supply, composite
demand is equal to composite supply and trading balance restrictions
should be satisfied. The full model contains fourteen equations and
thirteen endogenous variables. However three balance conditions are
not independent. Any of them can be omitted and the resulting model
becomes completely determined. To prove, that three conditions of
equilibrium are not independent, it is enough to show that the model
satisfies the Walraas law. Such model ”is closed” in the sense that
there is no outflow of funds inside and outside the economy. It is easy
to prove it using three identities: for aggregated supply, for aggregated
composite supply and aggregate profit in nominal prices.

The considered model, known as (1-2-3) model, differs from stan-
dard neo-classic models in which all commodities are sold and all sold
goods are interchangeable. The commodities in it have no property
of perfect substitution and perfect transformation. All commodities
made inside the country which are not exported, are really treated as
commodities not subject to sale and purchase. The share of the goods
not subject to sale and purchase in gross domestic product is equal
to difference between unit, (as all parameters are considered in shares
from gross domestic product) and share of export, and all sectors are
treated symmetrically.

The expanded version of model includes public revenues and expen-
ditures, and also accumulation and investments. In new statement four
tax tools are included: the tariff for import, grants for export, indirect
taxes sales, direct taxes. Besides that, accumulation and investments
are included. The unique representative of domestic economy saves up
fixed share of income. Public savings (budgetary deficit or proficit) are
balances between income from tax both foreign grants and government
expenditure (all exogenous) such as the government consumption and

445



E. Naval

transfers to domestic economy. Current account balance, entered for
foreign accumulation presentation, is a difference between export and
import in world prices, adjusted to grants and transfers from abroad.
As it was noticed earlier, output is fixed, so the model is controlled
with the help of accumulation: aggregated accumulation is adjusted
under the aggregated investments. In total, there are 20 equations and
19 endogenous variables. However, by means of law Walraas one of the
equations – the identity of the accumulation-investment – follows from
others and can be omitted.

Computing framework construction needs to carry out at modelling
usual steps: announcement of parameters and variables, to find out
input data; assignment of initial values to parameters and variables;
equation specification. And in addition, model should be precisely de-
termined as a set of equations; in some cases the necessity of scope
function optimisation can appear. In summary computing simulation
calculations will be carried out with using the built-in procedure. Other
convenient feature of (1-2-3) model is the small volume of necessary
data. The data on national income, financial and balance of payments
accounts, which are usually enabled for publication by national gov-
ernments, are sufficient.

At calibrating all the data are scaled and indexed according to
output, which is accepted equal to 1 in base year. Calibrating of pa-
rameters and variables will be carried out; it is interconnected with
base year data so, that calibrating will be carried out automatically
when elasticity values or base year are changed. Exponent parameters
of CET and CES functions are calculated under the formulas contain-
ing appropriate elasticity. Having pre-set values for export, import,
supply and demand at the base year, the share parameters of internal
commodities are determined. Formulas for their calculations turn out
from expressions for demand for export and import functions accord-
ingly. Other pair of share parameters is determined directly with the
help of functions CET and CES. Alternative procedure for calibrating
consists in establishing base year data and solving system of equations
for definition the values of parameters satisfying base year equilibrium
condition. In this case there is no necessity to receive explicit expres-
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sions for parameter that is very useful property when more complex
functional forms are considered.

The considered model was adapted to economic conditions of
Moldova Republic [12]. With its help simulation calculations were
spent, using as policy variables tariffs for import, direct and indirect
tax rates. On the basis of these calculations the quantitative analysis
was carried out.

The calculating general equilibrium model was realised in Excel ap-
plication. It is endowed with multilevel user menus and user rulers that
does work with model simply and conveniently even for the persons,
not having special teaching. There is stipulated built-in Help for users,
it contains brief description of the model and user’s guide.

5 Behavioural Functions

For financial programming model (example of Turkey) the following
behavioural equations were used.

Real private consumption is defined as a function of a trend com-
ponent of real disposable income and a transitory or deviation from
trend component of real disposable income.

Ct = C + k1 ∗ Y DRPt + k2 ∗ Y DRTt.

Real private investments (in log terms) depend on the logarithm of one-
two period lags of real private investments and the logarithm of real flows of
credit to the private sector from the banking system ∆DCRt/Pt,

Ln(It) = I + k3 ∗ Ln(It−2 + k4 ∗ Ln(It−1 + k5 ∗ Ln(DeltaDCRt/Pt).

Export volume (in log terms) is determined as a function of the logarithm
of real gross domestic product and the logarithm of price of exports in do-
mestic currency terms, determined as the product of the exchange rate, and
the foreign price of exports e∗Et Pt, relative to the price of the home good Pt

Ln(Ev
t = E + k6 ∗ Ln(GDPt/PGDPt) + k7 ∗ Ln(etP

∗E
t ).

Import volume Mv
t is defined by multiplying the contribution of imports

to a unit of output mt, by the level of output. The contribution of the
logarithm of imports to output depends on the logarithm of price of imports
in domestic currency terms mtXt, which is determined as the product of the
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exchange rate, the foreign currency price of importP ∗Mt and one plus the
import duty rate tM , relative to the price of the home good:

Ln(mt) = M + k8 ∗ Ln(etP
∗M
t (1 + tM )/Pt).

Capacity output X̄t, (in log terms) is a function of a time trend and the
logarithm of real investments :

Ln(P ∗Mt ) = X + k10t + k11 ∗ Ln(It + GI
t ).

The logarithm of the real demand for real money MD
t /Pt is specified to

be a function of the logarithm of real GDP and the rate of inflation:

Ln(MD
t /Pt) = MD + k12 ∗ Ln(GDPt/PGDPt) + k13 ∗ ((Pt − Pt−1)/Pt−1).

Behavioural Equations of the Romanian Model.

All dependencies, except those for prices, are expressed in real terms.
Real private consumption depends on the size of net profit of households

and of the relative prices.

Ln(NPCNRt) = CN +g1 ∗Ln(NY HSRt)+g2 ∗Ln(NPCNPt/GDPLPt)+
+g3 ∗NICNPt.

Ln(NICNPt) = g4 + g5 ∗ TREND + νt.

Real investments consist of the total accumulation of a fixed capital and
the change in stocks. Total accumulation of a fixed capital is determined as
a function of the GDP, gross surplus of exploitation, and interest rate.

Ln(NGFIV Rt) = GFIV R+ g6 ∗LN(NGDPRt)+ g7 ∗Ln(NPRFTRt−1)+
+g8 ∗ Ln(NINTERt−1).

Real change in stocks is determined as a function of real gross domestic
product. There was introduced one dummy variable in scope to consider some
production problems in year 1989

Ln(NDINV Rt) = DIN + g9 ∗ Ln(NGDPRt) + g10 ∗ dummy198.

The state operational expenditure includes consumption, percentage pay-
ments for an external and internal duty, transfers and subsidies.

Ln(NGCERt) = GCE + g11 ∗ Ln(NGDPRt) + g12 ∗ dummy291.

Real government expenditure includes consumption, interest payments
for external and internal debt, transfers and subsidies. Government expen-

448



Experience of Macroeconomic Models Realization in . . .

diture, naturally, are defined by a level of real gross domestic product. The
binary variable was put into consideration to take into account an unnatural
diminishes in real government expenditures in year 1991.

Real total value added in secondary sector is determined as a function of
total real consumption and of the gross fixed capital.

Ln(V LAD2t) = V LAD + g13 ∗ Ln(NCONRt) + g14 ∗ Ln(NGFIV Rt).

Real rate of wage is determined as a function of the real value added in
all sectors of economy and of one lug rate of wage.

Ln(NWAGERt) = WAGER + g15 ∗ Ln(V LAD2t) + g16 ∗ Ln(NGFIV Rt).

Deflators of investments, private consumption and the government expen-
ditures - everyone are considered functions of gross domestic product deflator.

Investment deflator

Ln(NINV LPt) = INV LP + g17 ∗ Ln(GPLPt.

Private consumption deflator

Ln(NPCNPt) = PCNPP + g18 ∗ Ln(GPLPt).

Government expenditures deflator

Ln(NGCNPt) = GCNP + g19 ∗ Ln(GPLPt).

Total export volume of goods is determined as a function of foreign mar-
kets economic activity, and simultaneously as a function of the time variable

Ln(XMRCHt) = XMRCHR + g20 ∗ Ln(FGDPRt) + g21 ∗ TREND.

Price for the export is determined as a function of the international prices,
and of the time variable

Ln(XMRCH$Pt) = XMRCH$P + g22 ∗ Ln(TMUV P$t)+
+g23 ∗ TREND.

Total import is subdivided into two categories: petroleum and other im-
port. These two kinds of import depend on real gross domestic product and
on the relative price for import. The relative prices include the exchange
rate, and also can include import tariffs. As consequence, it is possible the
consideration of the effects of exchange rate policy on economic activity of
particular sectors and economy as a whole.

Import of petroleum is determined as

Ln(MOILRt) = g24 ∗ Ln(NGDPRt)+
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+g25 ∗ Ln(MOIL$Pt/(GDPLPt/REXCHIt)).

Other import is determined as

Ln(MOTHRt) = g26 ∗ Ln(NGDPRt)+
+g27 ∗ Ln(MOTH$Pt/(GDPLPt/REXCHIt)).

Import price depends of the international markets price.
Petroleum price is determined by the following equation:

Ln(MOIL$Pt) = MOIL$P + g29 ∗ Ln(TMUV PS$t).

Other import price equation is determined by the following:

Ln(MOTH$Pt) = MOTH$P + g30 ∗ Ln(TMUV PS$t).

6 Conclusions

The basic problem appearing at the realisation of enumerated model is the
problem of information guarantee. We shall start with financial program-
ming and growth models. As the basis of these models is made of calculating
identities, and parameters of these models, as a rule, are estimated by calcula-
tion of simple relations between researched indicators, at the nearest moment
of time, very seldom these parameters are estimated by econometric means.
Therefore the basic problem at realisation of these indicators is connected
to definition of exogenous variables, and, first of all, definition of growth for
the short-term period on the basis of expert estimations of possible develop-
ment. Comparative advantages of these models consist in their simplicity and
ability to create the co-ordinated framework for estimation and monitoring
of the short-term economic development allowing repeatedly and timely to
overestimate both policy variables and offers which include forecasting stages
of economic growth.

In economic models for Turkey and Romania the complication of the mod-
els goes on a way to completing a set of computing identities not only by the
simple ratios determined by means of behavioural parameters, but also by the
more complex econometric dependencies. With its help there are determined:

- prices;
- basic components of the aggregated demand, monetary and private sec-

tors and balance of payments.
With introduction of the econometric dependencies in macroeconomic models,
there are very serious problems in estimation of the coefficients of econometric
equations, and especially for economies in transition to market relations. And
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it is clear that at attempt to carry out econometric estimations we face with
lack of the data as quantitative (a sufficient number of observation is lack-
ing), and also qualitative (statistics on the main macroeconomic indicators
are weak). The result is that a consistent and reliable time series is frequently
lacking. To such indicators it is possible to attribute deflators of: gross do-
mestic product, investments, consumption, government expenditures, added
value etc. And other problem - transition economy is subject to structural
reforms, which represent a particular problem.

Taking it into account, the statistical interrelations at reception of the ef-
fective econometric estimations of the model’s parameters or at forecasting the
future change in evolution of considered macroeconomic variables are neces-
sary to be considered cautiously. Calculating general equilibrium models less
are subject to data restrictions in comparison with other considered models.
They use, basically, national accounts base year data and are constantly spec-
ified from year to year. Being based on the data of base year, on knowledge
of elasticity of substitution and elasticity of transformation, factors of the be-
havioural functions used in model pay off. Hence, in this case it is necessary
to be able to estimate elasticity of substitution and elasticity of transforma-
tion. Using the econometric estimations in transition economy imposes the
necessity constantly to correct and update all historical data and, whenever
possible, frequently to reconsider specification of the equations and an estima-
tion of parameters, considering last updating of information base and having
place or expected changes in structure of examined economy. Thus it is nec-
essary to take into account the availability or presence of information in scope
to specify adequately the regression equations at realisation the econometric
estimations.
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About a family of C2 splines with one free

generating function
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Abstract

The problem of interpolation of discrete set of data on the
interval [a, b] representing the function f is investigated. A family
of C2 splines with one free generating function is introduced in
order to solve this problem. Cubic C2 splines belong to this
family. The required conditions which must satisfy the generating
function in order to obtain explicit interpolants are presented and
examples of generating functions are given.
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1 Introduction

Let us assume that the mesh ∆ : a = x0 < x1 < ... < xn = b is given on
the interval [a, b] and fi = f(xi), i = 0(1)n, are the corresponding data
points. The problem of the construction of a interpolation function S,
such that interpolation conditions S(xi) = fi, i = 0(1)n, are hold and
S ∈ C2[a, b] is considered.

It is well known (e.g. [1]-[3]) that C2 cubic splines as well as different
types of generalized cubic splines [5] may be used to solve this problem.
In present work the family of splines, which includes many well known
types of splines, is introduced. This family allows to generate new types
of splines.

c©2004 by I. Verlan
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2 A family of C2 splines with one free gener-
ating function

Let us define splines on the interval [xi, xi+1] as follows:

S(x) = fi + (fi+1 − fi)t +
+ {h2

i Mi[2(ν(0, pi)− ν(t, pi)) + 2(ν(1, pi)− ν(0, pi))t−
− ν”(1, pi)t(1− t)] + h2

i Mi+1[2(ν(t, pi)− ν(0, pi))− (1)
− 2(ν(1, pi)− ν(0, pi))t + ν”(0, pi)t(1− t)]}/
/ (2(ν”(1, pi)− ν”(0, pi)))

where

t = (x− xi)/hi, hi = xi+1 − xi, S”(xi) = Mi.

The function ν, which in the sequel will be called generating func-
tion for the spline (1), must satisfy the conditions

ν(t, p) ∈ C2[0, 1], ν”(1, p) 6= ν”(0, p) (2)

where p is a vector of free parameters.
From (1) the following formulas for the first and second derivatives

of the spline are obtained:

S
′
(x) = (fi+1 − fi)/hi + {hiMi(−2ν

′
(t, pi) + 2(ν(1, pi)− ν(0, pi))−

− ν”(1, pi)(1− 2t)) + hiMi+1(2ν
′
(t, pi)− (3)

− 2(ν(1, pi)− ν(0, pi)) + ν”(0, pi)− 2tν”(0, pi))}/
/ (2(ν”(1, pi)− ν”(0, pi))

S”(x) =
[Mi(ν”(1, pi)− ν”(t, pi)) + Mi+1(ν”(t, pi)− ν”(0, pi))]

(ν”(1, pi)− ν”(0, pi))
(4)

From (1) and (3) taking into account (2) it follows immediately
that the spline and the second derivative are continuous. From the
requirement of the continuity of the first derivative of the spline at
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the knots of mesh ∆ we obtain the following system of linear algebraic
equations:

ciMi−1 + aiMi + biMi+1 = δ
(1)
i − δ

(1)
i−1, i = 1(1)n− 1, (5)

where

ci =
hi−1(−2ν

′
(1, pi−1) + 2ν(1, pi−1)− 2ν(0, pi−1) + ν”(1, pi−1))

(2(ν”(1, pi−1)− ν”(0, pi−1)))

ai =
hi−1(2ν

′
(1, pi−1)− 2ν(1, pi−1) + 2ν(0, pi−1)− ν”(0, pi−1))

(2(ν”(1, pi−1)− ν”(0, pi−1)))
−

− hi(−2ν
′
(0, pi) + 2ν(1, pi)− 2ν(0, pi)− ν”(1, pi))

(2(ν”(1, pi)− ν”(0, pi)))

bi =
hi(−2ν

′
(0, p1) + 2ν(1, pi)− 2ν(0, pi) + ν”(0, pi))

(2(ν”(1, pi)− ν”(0, pi)))

δ
(1)
i = (fi+1 − fi)/hi.

The system presented above is the undetermined one. Since (5)
provides only n− 1 linear equations in n + 1 parameters Mi, it follows
that two additional linearly independent conditions are always needed.
In the present paper we shall consider that f”(a) = f”

0 and f”(b) = f”
n

are available, therefore M0 = f”
0 and Mn = f”

n is an obvious choice as
end conditions.

It should be mentioned that in the case when ν(t, p) = t3 the splines
(1) represent the well known C2 cubic splines. As another examples of
generating functions the following ones may be given: 1) ν(t, p) = tn,
n ≥ 3 and 2) ν(t, p) = t3/(1 + p(1− t)), where p is a free parameter.

3 A subfamily of C2 explicit splines with one
free generating function

In many practical problems the scheme of explicit interpolation repre-
sents a special interest. From family (1) we can obtain explicit interpo-
lation schemes. In order to get an explicit interpolant the generating
function has to satisfy the following conditions:
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−2ν
′
(1, p) + 2ν(1, p)− 2ν(0, p) + ν”(1, p) = 0 (6)

−2ν
′
(0, p) + 2ν(1, p)− 2ν(0, p) + ν”(0, p) = 0 (7)

It is easy to prove that conditions (6) and (7) are satisfied, for
example, by the following functions:

ν(t) = t2 + 6t3 − 10t4 + 4t5,

ν(t) = t2/(2t2 − 2t + 1),

which were proposed in [4].
In this case ci = 0 and bi = 0 in the system of linear algebraic

equations (5). As a result we get

Mi = (δ(1)
i − δ

(1)
i−1)/ai, i = 1(1)n− 1,

and (1) becomes the explicit one.
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Chişinău MD2028, Moldova
E–mail: iverlan@rambler.ru

456



���������
	�����������������������
��������� "!#���%$
�'&(��)�&����+*%,�-�).�
�
* /
0+/�1�2�)�3(4�4(5

687:9<;>=@?BADCFE.CHG.IKJL9MC�NDC�OKP�Q�I�QR=FSTIU?BAVOU9>?W9XNYGZCHG.IU=[N
A:E.CF;\G.IU;>9XQ]=FST9�^�_Y=`JL9>E
N:?W9XNYG]Q.9>EaJ�IU;>9XQ

b`c�d�e�f#gihkjml�d�n�o�prq'saj

tvu�w�x�y�z�{�x
|`}�~Y�'~���~��������K�K~������H���Z~U�k�'���'~��K���L~����H��~��'~�� �'���L~����F���K~@�U�'�������(�

~��K~r�:�"� �K}����a~r�U������~��L��}��'�������'��~U�k�'���'~��K���L~�������~��K�(���U~r����|`}�~�������� �
� �����[���"�U���K�K~����Y�������K~����`�K}�~v�'���'~��K���L~��������\��� �K~r�@���>�K}�~��U�'�����K�K� ~r���� ~r�'��~����.�'���K}�~"~U�k�'���'~��K���L~����\��~��'~�� �'���L~����\� �v�U�'�L�����K�����'�Y�"� �K}��K}�~
�U�'�K�K~r���a�'����� ������� �K~r�"�������'���������L���K~����K���(����~r�
�

� ���� �¡\¢v£D¤:¥> \¦U¢��

§@¨ �L��©�ª��'&������������	�������������	U�����«�%¬F$
��.�
��$m�%�®�D����¯�$
������������	U¬[���
°��%�%¬ ¨ ��$
°a¯±����UU��¬�������$��%�
ªv�%��	�������(	U���������>0�²�³�´�)\² 3�´k2H����$����(	U������������Uª�������µ��(	U������¬�����©
�%�%�
�®����$¶°a¯·���(�����* §@¨ ��¬��m$
��.����	U������¬:�(U�m°����%�
ª¸������D���
����	U��¯¹���������%��©
������	���$:����$V$
��&�����������$\*H�a��	 ¨ ����©�ª��'&������������	H�%¬X	 ¨ �F������������º�������������	U�����\)
ª����
���������¬�������	U¬v�� F» ¨ �%� ¨ �(U��¼�U����U��¬�����	U�(	U�����½�� [�
��»<����$
���`�� Fª��'&������©
������	�¾�U�� i����D�(	U�����®�� X	 ¨ ��U���%�(	U������¬ ¨ ����°���	�»������«¬�	U�(	���)�����	U��µ�����¬[����$�°���¬U��©
�
��¬U¬�¾��%�
 i����D�(	U�����¿	���� ¨ �
������ª�����¬��(�����%�%���(	U�����¶	��·» ¨ �����«�%�
 i���¬�	������	U�
U�m�� 
ª��'&������������	H�%��	��������	U��&��[���a��������(	U�����V»Y��	 ¨ °���¬U�%�
��¬U¬Z����$:����	U��µ�����¬�*"������¬U�%$�©
����%�
ªD	 ¨ ��¬��V�D���%�«��¬�������	U¬@	 ¨ �V���������%��¬U�����«�����«°����D��$
�v	 ¨ �(	�¬U�(	U�%¬� k����	U�����
�� "����	U��µ�����¬@�
����$�¬@�%¬[$
��	�����D�%�
��$®°a¯���©�ª��'&������������	L¬���U&��%����¬@$
��&���������������	�*

À Á½ÂaÃY¢�Ä�ÅH¡Z��ÆWÅ��� Ç£�Å"Ä�Å�ÈU¢�É�ÆWÅ��� ] �¡\Å��:£�Ê

Ë U���Ì	 ¨ ��¬���U&��%����¬������%��	v�� [&�����»<��©�ª��'&������������	D�����¹°��± i����D���%��¯¸U����U��©
¬�����	���$¶��¬V	 ¨ �®�%��������������	U�(	U�����Í�� Y¬U� ¨ ������¬�¼®Î�3��Ï0�Î��'&������������	�	��Í�F��	�©
��µ����.2�)"Î�3(ÐÑ0�Î��'&������������	�	��«ÐF��¬U�%�
��¬U¬r2�)`Î�3�ÎW0�Î��'&������������	�	��¸Î��'&������©
������	r2F² /'´�* §@¨ �F��������¯�¬U�%¬X�� �������	�����������(U¯V¬�	U�(	U��¬���¬`�� �ª��'&������������	�¬U��	���¬>�� 
ÒÓ±ÔrÕ�ÕrÖ�×�Ø�Ù�Ú@Û�Ü�Ý�Þ'ß�àrá�â

5�ã�ä



å *�ÐF�
U	U¬���&(�

¬�	U�(	���¬�)a������$��%�
ª��%�v	 ¨ �F��©�ª��'&������������	�$
��&���������������	�)�¬ ¨ �'»Y¬>	�U����$�¬>$
�����%�(U��$
��¬Y��� ¨ ����&���������	U¬�* å ��	Y��¬@������¬U�%$
��[	 ¨ ��¬��v	�U����$�¬�*

Ë ��ª��
U�D³(*�æ"©�$
��°��(	���¬Y�(	Yç������D�(Uè®¬U��	��

§@¨ �Íª��'&������������	T����U	U���%¬#�(U�·¬�	U�%�%�v����	U������	 ¨ ������*êéY i	���¸	 ¨ �·����&����
�� �ª��'&������������	«$���ª���	U��µ��%�
ª¹�%¬±����¬U¬���$\)Y	 ¨ ��¬��¸����U	U���%¬®�(U�¸�����%��	���$ë	��¶	 ¨ �
�%��������������	U�(	U�����·�� Y��©�$
�������������¯¹������������	U¬�*¹éF	�	 ¨ �(	�¬�	U�(ª��«��	:��������¬:	��
������������	��¸	 ¨ �¸����U	U���@ k������	U������¬D»Y��	 ¨ 	 ¨ �#����¬U¬U��°��%�%��	U����¬V i��®����	U��µ�����¬±���(�©
	U�%�������(	U�����¿�%�·ª��'&������������	±$
�����%¬U������¬:��$
����	U�����\*·ìK	D�����¶°��m�%��������������	���$
�%�í	 ¨ �î i����ï�� ®��©�$
��°��(	���¬·��¬¹�(	¹¬U��	���¬ÍðYðYð�ñ ò�óaô+õ�ñ öa÷ø0kç������D�(Uè�2T��U��©
¬�����	���$M�(	 Ë ��ª
*%³ù����$ÇðYðYð�ñ ÷�ô+ú�û�ü(ü(ýiþ�÷aÿaôkóaó��Zöaú�ü�ú��"ñ ��úÇ0kÐ�����ª��%����2�* é���©
��	 ¨ ��ë»F��¯Ñ�%¬¿	 ¨ �R�����%�%�
� ����	U��	U������¬¶.�%�%�%�
ªí�%� ��¬ë�(	ù	 ¨ �R¬U��	��]ò������ï¼
	
	 ú���ú��Ký��Ký���Xõ�ñ õ�������KýKõ�ò\ñ �.ó�ü�ôiý�ó��#ú����rñ û�÷ 0�������	U�%����$.2 ��U��¬�����	���$Ì�(	 Ë ��ª
* 3a*
§@¨ �D����¬�	�	U�%���D������¬U���D�%�
ª®ª��'&������������	�	������¬U����	U������¬�)X¬U��� ¨ ��¬v�%�%������¬U�%�
ª
0 .¬ ¨ �%�
ª±�%���Y��U»F��¯�)�ª�����°��%�%�
ª��%���Y��»��.���%����$.2�)�	U��º���¬�����$¸����¬�	����D¬�$
���r©

5�ã
�



§@¨ �v���������(��(	U��&��V��������¯�¬U�%¬F�� �*�*�*

�%�(��(	U�����\)��(U�@U����U��¬�����	���$���� å ì���æ@* §@¨ �%¬"���%¬����%�����%��$
��¬`����	U��µ�����¬H$
���D����$�¬
���ÍU��������&��%�
ªm	 ¨ �±�%$
����	U�� i¯¸$
������������	U¬±0i����¬U¬�����U	v�%���! V2�)ZU�����"��¬�	U�(	��®�%��©
 i����D�(	U�����\)���&����#�%�D�D��ª���(	U���������(�����¬v0"�Y��U»F��¯�2�*

Ë ��ª��
U��3a*#�L���%�%�
������	U��	U������¬�.�%�%�%�
ª:�(	Y¬U����	U�%¬ ¨ ¬U��	��

Ð���¬U�%$
��¬#	 ¨ ��¬��¶	������¬U����	U������¬¸	 ¨ �·��©���������	U������¬¸°����������¿����U�·���������%�(
	 ¨ ������* §@¨ �«����¬U¬U��°��%�%��	�¯Í	��·�%��������������	�	 ¨ �¸����&��%�[$��
	�¯¿»Y��	 ¨ ���
	D������&��%�
ª
�� ¨ �����½U��¬�����&���¬®	 ¨ �½��U��°������ �� ���������	����¬m��U��¬��������Í����$8¬U��&���¬m	 ¨ �T�©
����������* §@¨ �±������¬U����	U�%�
ª® k������	U������¬��� Fª��'&������������	V����U	U���%¬v�(U�����%¬��m°������
��º�	�����$
��$Í°a¯$��� å ì���æR������¬U����	U�(	U�����½�� [�%��»@¯����¬v����$¹����&��%�>�&%����%���%¬�* §@¨ �
&(�(�����	�¯#�� ��%��	�����
��	�$��(	U�(°���¬���¬��%¬��
�'»í������������������	���$¸°a¯m	�����������ª��%�V�D�(��¬
°���¬���¬�����$«U������©�	U�%���V�
�\$��(	���$m°���¬���¬Y�� "U����$#��&�����	U¬�*Yé���	 ¨ ���
ª ¨ 	 ¨ �V�D���%�
ª��'&������������	v k������	U������¬Y°��������
ª±	��m	 ¨ �V�����%��	U�%��¬Y	 ¨ ����� ¨ ����&���������	��� H.������©
���%���Z	������¬����(U������¯®�%¬@������¬U�%$
��U��$m��¬@°�U���(è�©����
	�*�ì��¸Î�����D����¯®	 ¨ �v���%����¬[�� 
	 ¨ �%¬@��� ¨ ����&���������	��(U���%�����%��$
��$��%��	��D	 ¨ ����U��ª�����ÑÐF����$'�L���%�%�
�'3(4�4�ãa*

5�ã
(



å *�ÐF�
U	U¬���&(�

æ"©�����U	U���%¬H�(U��$
��&�����������$± i���ª��'&������������	U¬��� Z���%������&����%¬H°��
	�������������	��� 
��©�����	�¯D�%¬"������¬U�%$
��U��$D¬������(��(	�����¯:��¬H	 ¨ �@������	�*`é������
ªv	 ¨ �[»Y�%���
���¬>�� ���©�����	�¯
����������	U��	U������¬Y�� H�%��¬�	Y¯����(�	 ¨ ��U�V�(U�D��������� ¨ �(ª����·0iðYðYð�ñ ÷���ò)�ró�õ�ú�ñ ÷
÷.ñ öa÷�2
����$«Ð�U�������¹0iðYðYð�ñ ��ü�ú��#ú��"ñ öaú�2�* §@¨ �v��������¯�¬U�%¬��� >	 ¨ ��¬���¬U��	���¬[¬ ¨ �'»Y¬[	 ¨ �(	
���%�@	�U����$�¬�������	U�����
��$ù�(°��'&��½�(U�¸������¬U�%$
��U��$ù��¬�����¬U��	U��&��#�(	�	 ¨ �%¬±�%����	U�%���
����&����>�� H��©�ª��'&������������	�* §@¨ �V�%�
 i����D�(	U��&��� k������	U�����¸�%¬Y k���%��¯®�%��������������	���$\¼
�&%����%���%¬`¬U� ¨ ��$�������¬�¾���������¬U¬"	��L$��(	U�(°���¬���¬`�� ��%��»Y¬�)(ª��'&������������	H����	U¬�)�U��������¬�©
	U�(	���¬�)��D�(��¬�)���	U�(¾������%�%�
�F������¬U����	U�%�
ª��� ��&%����%���%¬�)��%��»@¯����¬�)�����¬�	��������¬`���ª ¨ 	U¬
$
�� i����$
���¬�¾H�����%�%����� ¨ U�����%������¬�*¸é��%�".���������%���H k������	U������¬�0k�(	:	 ¨ �%¬V����&�����	 ¨ �
�V�����%���������Z¬���U&��%����¬�����¯�������	U¬L�(U����$�$
��$.2[����$#	 ¨ �:����¬�	����(U	��� H������D�%¬�©
¬U��&������
��¬[�(U��U����U��¬�����	���$������%�%�
��* §@¨ ��������������	U¬��� Z��©�$
�������������¯��(U�����%¬��
��U��¬�����	���$ù�(	±	 ¨ ��¬��#¬U��	���¬±��¬D i������ » ¨ ��U�m	 ¨ �#����	U��µ�����¬D�����ë$��%¬U����¬U¬:	 ¨ �
ª��'&������������	L�%����	U�%�(	U��&���¬�*

*,+�- .�/1032�4)/14)576
8'6:9�;75<;>=@?$*7A
ì��8�%��������������	U�(	U�����ë�� DÎ�3��ø��©�ª��'&������������	«°������� ¨ ¬������Í��� ¨ ����&���������	U¬
�(U�m���%¬��¸�D�(Uè���$\*¸ì�����	U�%���%��¯¸	 ¨ �®�D���%�¹ k������	U�����Í�� @	 ¨ �%¬V$���U����	U�����Í»F��¬V	��
¬U�
������¯m	 ¨ ������	U��µ�����¬�°a¯#U�CBa����U��$#�%�
 i����D�(	U�����\*v!#��U�:�� i	����T	 ¨ �%¬� k������	U�����
�%¬@��U�'&��%$
��$«°a¯m$
�'»Y��������$��%�
ªD����UU��¬�������$��%�
ªD$
������������	U¬Y�%��D�ç Ë  i����D�(	�*
ì�� ���(U	U�%�����%�(®�D����¯ë¬U��	���¬���U��¬�����	®	U��º  i���� �%�ë	 ¨ �%¬� i����D�(	Í0k�%�����%��$��%�
ª
!#���%$
�'&(��2�*îÐF�
	�	 ¨ �%¬:�%����	U�%���� k������	U�����¿�%¬:�
�'»Ñ��º�	�����$
��$\* §@¨ �m�D�(	�����%���%¬
�(U�FE����%�
��$m°a¯®	 ¨ �����v���T�FçHG�çFILç<����$#¬�����	Y���������$��%�
ª±�%��	�����
��	Y�%�JBa����U¯�*
Ë ��D��º
����������	 ¨ �®���(��%�%��������	:¬U��	����� ��a»Y��	�µ�����%����$·¬�����$�¬V	 ¨ ��°��%�%�%¬�¬��������r©
	U�����®���«çFILçV* §@¨ �L¬U��	����� >�D�%���%¬�	�U¯��� X��$������(	U�����m�� X	 ¨ � Ë ��$
������X�a	U�(	��v�� 
�Y��U	 ¨LKY¨ �%�
��©�M½��¬�	�� ¨ ���%�%�:0�Î�����D����¯�2"���%¬�����U��¬�����	U¬H�%��	���U��¬�	U�%�
ªL��º�	�����¬U�����
�� 
�����D�����v k������	U�����\¼Z���%��$
������������	U¬�)' i��X��º
���������" i��X������&����¬U��	�¯�����	������	U¬�)
�(U�¸¬�����	Dª���(	U�%¬D°a¯¿�%��	�����
��	±�%�JBa����U¯�*îé��
��	 ¨ ����%��	���U��¬�	U�%�
ª½��º�	�����¬U�����ù�%¬
��U�����(��%�
ª�	 ¨ �:�����¬��������%��µ��%�
ª±$
������������	��%��	��������	U��&�����¯�* Ë ��v��º
����������)\	 ¨ �
	����$
���¬Y�����#¬���������	@	�¯a������ `ª��a��$�¬@����$m	 ¨ ����NBa������	U��	�¯m�%�m�%��	��������	U��&��v i����
��� ¬U��	��T�� DÎ�����D���8����¬�	���� �&%����½»@»@»v* �%��	�����
��	�µ����%�%���������%$����
ª
* $
�#����$
	 ¨ ���½	 ¨ ��¯#»Y�%�%�XU��������&��±������������	���$½$
�����%�(��(	U�����½�%��D�ç Ë  i����D�(	�* §@¨ ��U��©
¬����(�� ¨ ��:�����¹U��������&��±	 ¨ �±	U�(°����D�� [¬�	U�(	U�%¬�	U�%������$��(	U�« iU���O�Y��U»���ª��%���·¬U��	��
�%�m i����D�(	[U�CBa�
��¬�	���$«°a¯ ¨ �%�W0i��º
�����+)�$
°���¬���)
��	U�'2�*

§@¨ �R¬���������$ø��U��&(��������	ù»F��¯Ñ	�� ¬U�
������¯M	 ¨ � ����	U��µ�����¬î°a¯Ï�%�
 i����D��©

5�1(4



§@¨ �v���������(��(	U��&��V��������¯�¬U�%¬F�� �*�*�*

	U�����8�%¬m�%��	�����
��	m$��(	U�(°���¬���* §@¨ �½����ª��%¬U�%�(	U����� $��(	U�(°���¬���¬«�(U�½°�U����$ ��U��©
¬�����	���$\* §@¨ �¹$��(	U�(°���¬��·�� P�Y��U»���ª��%���]����ª��%¬U�%�(	U����� 	������¬U�%�(	���$R�%��	��ëæ���©
ª��%�%¬ ¨ �%¬8��U��¬�����	���$W���Ì¬U��	��Ç�� Q�L¬U���R������&����¬U��	�¯ $
�����(U	U������	R�� ¿�%��»
0iðYðYð�ñ û#�'ñ û�ý�añ �> 	 û�þ�û�ü 	 û.ô"�ÿ 	 ú��#SaôiýKõ�ò\ñ òJ���«ô�2F����$D�%¬"��U�'&��%$
��$�°a¯Vè���¯a»����$
¬����(�� ¨ ����$«���(	U������ª��
��*�Ð���¬U�%$
��¬[	 ¨ ������ª��%¬U�%�(	U�����\)
�%��	�����
��	@$��(	U�(°���¬���¬Y���'&���
	 ¨ �Y�%����$�����$D����$
ª���¬"����%����¬Y0�Î�����D����¯�2�)a�����
U	H�������	U�%���Y����¬���¬�0�Î�����D����¯�2�)
����$��%�D����$m	 ¨ ����@�'»Y�
���¬�0"�Y��U»F��¯�2�).���
°��%�%�NMë�8»Y��	 ¨ ¬����(�� ¨ ¬�¯�¬�	����Ï����$
���%�%�Uè(�(°����v�D�(�·0ké���¬�	�����%�%��2�*

§@¨ �"ª��'&������������	>�� �¬���&�������a��������	������¬Z°�����������¬Z	 ¨ ������¬�	�������>����$v	 ¨ ���
	 ¨ �V�'»Y�
��L�� �¬������V iU���V$
�'»Y��������$��(°����V¬��� i	�»F�(U��* Ë �����º
����������	 ¨ �:������©
	U�����
��$±�(°��'&���¬U��	��[�� \�D�%���%¬�	�U¯��� ���$������(	U�����D�� �	 ¨ � Ë ��$
��������a	U�(	��Y�� ��Y��U	 ¨
KY¨ �%�
��©�M½��¬�	�� ¨ ���%�%�m0�Î�����D����¯�2���U��¬�����	U¬[	 ¨ ��¬��� i	�»F�(U�TD K �vÎ��U�v�±©" i��U��©
����¬�	v�� �ª����$����(	U�����T���D�%¬U¬U�����\)'M �%�JD��%��� ¨ ���� ©����
	����D�(	U�%�:�%��	��������	U��&��D��U��©
�(	U�����«�� "¬U� ¨ �a���X¬U� ¨ ��$�������¬�* §@¨ �v¬U��	���¬@» ¨ �%� ¨ ��U�'&��%$
�v����¬�	�������Y���ª ¨ 	U¬Y$
��©
 i��������¬ ¨ �����%$�°�������� ¨ ��¬U��µ���$\* §@¨ ��¬��v¬U��	���¬@�(U����U���(	���$«°a¯®��������	������¬[»Y��	 ¨
$
��&�����������$·��©�ª��'&������������	D����$¶������	U���%�¶����UU��¬�������$��%�
ª#����ª��%¬U�%�(	U�����\)> i����D¬
 i��L����	U��	U�����#����$¸�%�%¬�	U¬@�� H��Uª�������µ��(	U������¬L$
�����%�%�
ªD»Y��	 ¨ 	 ¨ ������*LéF	�	 ¨ �:¬U��	��
�� H�Y��U»F��¯�)Y» ¨ �%� ¨ �%¬D�� v¬U��� ¨ 	�¯a����)[	 ¨ ��U�¸�%¬�	 ¨ �¸�%�%¬�	D�� v��¬U¬U������	U�����¿�� 
ª��'&������������	��&%����%���%¬�)
	����$
���¬�)
	������¬�����U	[¬���U&��%���v�����������L��	U�(*

�a�
)V	 ¨ �¶	U��¬�è]�� ��%�
 i����D�(	U�����]¬U�
������¯ �%¬T�%��������������	���$]¬U��������¬U¬� k���%��¯�*
�a�
)[	 ¨ �¸�D���%�î k������	U�����î�%¬±� ¨ ���
ª���$ë�
�'»ø	��·��U�'&��%$��%�
ªTª��'&������������	m¬����©
&��%����¬Q��� å ì���æ@* §@¨ �8����¬�	¿»Y�%$
��¬���U����$M¬���U&��%����¬¶�� #	 ¨ �%¬·è��%��$M�%¬¶	 ¨ �
����¬�»���T	��ë	 ¨ �¶¬���������.�½�����¬����VBa�
��¬�	U�����R°a¯V��� å ì���æø i������D¬#��PEU��¬�	
Ba�
��¬�	U�����· i����m*·�a������ª��'&������������	±¬U��	���¬V�� �!#���%$
�'&(�T���%¬��¸��U�'&��%$
�®¬U��� ¨
¬���U&��%���]0"D`�(ª��%���W�Y.���%����X� � K �����
°��%�%���%�V!#���%$
�'&(�8©#ðYðYð�ñ �Y(ôkö��ÿaó�ñ �«ö�)
D`�(ª��%���Z�Y.���%����X� �[DHU��\¬���$��%��	����%��� K ! ©ùðYðYð�ñ ��ü�úC]�ý�öaú����rñ �«ö�)î!¸�%���%¬�©
	��������éY k��������%����vì���	�����
��©YðYðYð�ñ �«ó�ýUñ �«ö�)Hç������(U	U��������	U��� § � ¨ �
������ª��%�%����
ì��
 i����D�(	 \+������������©[ðYðYð�ñ ü�ú�S�ýKõC�Kü(ûXñ �«ö�)>ç������(U	U��������	U���"ç���µ�&�����	�X�(��%� § �
��%¬�©
�V���%����©.ðYðYð�ñ �Kû�ü(ýKõC�½ñ �«ö�)�éYª����
	 \��%�Y$
�[�a	U�(	,D>����	���@DHU��	�����	 \��%�NDHU���������	�X�(	 \+�%�
ì���$���¬�	���%�����#©±ðYðYð�ñ ó:S�ú���ýUñ �«ö�2�*Bç���&����������%�
ªî�� V	������������D�V�����%���(	U�����R�%��©
$�������¬�	 ¨ �±���������%�(���	�¯¸�� @�%��	�����
��	v°���%$
ª���¬��%�½» ¨ �%� ¨ 	 ¨ �±�&%����%���%¬�����¬�»���
	 ¨ �TBa�
��¬�	U������¬N��� å ì���æ@*

ì��±	 ¨ �Y.���������%����$
���D���%�±	 ¨ ���D���%�D°��(U����������	 ¨ ��»F��¯±�� Z��©�¬���U&��%����¬[�%¬
���
����¯��D��	�¯m�� "ì���	�����
��	�����$«&����%�
����(°��%�%��	�¯±�� "��¬�����%��$
����	U��.���(	U�����\* §@¨ ��U�
�(U�:¬������:����	 ¨ ��$�¬�¼[$���ª���	U���X¬U��ª����(	U�
U��)�������U¯a��	���$¸$��(	U�±	������¬� i��U��%�
ªD��U�(©

5�1�³



å *�ÐF�
U	U¬���&(�

	��������%¬�©Y» ¨ �%� ¨ �(U�±��¬���$½ i���������.$
����	U�%���%��	�¯¸��U��	�����	U�����\)X°��
	�	U�(è��%�
ª#�%��	��
������¬U�%$
����(	U�����·	 ¨ �«����	U��&���	�¯¹�� ����������
	�������������¯Í	 ¨ ��¬��«����	 ¨ ��$�¬:�(U�«�
��	
U���%�%�(°����#���
���
ª ¨ *Ç!#��U���'&���#	 ¨ �T����¬U��	U�����ù�� V¬���&��������¬�	U�(	���¬m��������������%�
ª
��U��°������M�� `$���ª���	U����¬U��ª����(	U�
U���%¬F$��_^���U����	�* Ë ��Y��º
����������)��Y��	 ¨ ����%����$�¬[$
��©
���%�(U��¬:	 ¨ �(	:	 ¨ �®ª��'&������������	±�V��¬�	:°��®�%��$
��������$
����	v�� �$���ª���	U����¬U��ª����(	U�
U�
U������ª�����	U�����·¬��� i	�»F�(U�®$
��&������������¬�*��L�Í	 ¨ ��������	���(U¯$�Y��U»F��¯¹¬�	U�(	��®��	U¬����� 
°����������:����¬�	������������$«�'»Y�
��L�� H¬U��� ¨ ¬��� i	�»F�(U��*v�a�®�%���Y��U»F��¯�)\é���¬�	���%��)
Î�����D����¯¸	 ¨ �D¬�	U�(	��±¬���U&��%����¬�$
�����%�%�
ª�»Y��	 ¨ .����������¬�)Z�D���%����¯«	U��º���¬�)X»���Uè
��� å ì���æ@*

é������
ª¶���
��	 ¨ ������ å ì���æ ¬���U&��%����¬®	 ¨ �¸ i���%���'»Y�%�
ª·���
��¬ ¨ ��&��½	��¶°��
������	U�����
��$\¼F	 ¨ �V�D�%���%¬�	�U¯±�� H�%���
��@U���%�(	U�����«�� `�! M���%���'»Y¬@	 ¨ �V����	U��µ�����¬@	��
���$
���	 ¨ �V����¬U¬�����U	�°���	 ¨ 	 ¨ ����¬�	L����$T� ¨ ���
ª���$T���
��¬�* §@¨ �V i��$
������>U����$
¬���U&��%������ HÎ�����D����¯m���%���'»Y¬[����¯m���(@�'»Y�
��@	��±��¬��a��� å ì���æ¿	 ¨ ��U������	U�%���
�
�\$��(	���$«$��(	U�(°���¬��v i��[.��$��%�
ªV	����%��v�����
ª���¬�	U�����\*

*,+b* .�/1032�4)/14)576
8'6:9�;75<;>=c?$*�d
ì��Í�%��������������	U�(	U�����½�� @Î�3(Ðí��©�ª��'&������������	V°������� ¨ 	 ¨ �±�D���%�T k������	U�����Í�%¬
�%�%������¬U�%�
ª
¼TU�CBa�
��¬�	U¬� i��®�
��»ø����	���U����%¬��# i������$��(	U�����ë����$ù��°�	U���%���%�
ª
)[ i��
��º
����������).������D�%¬U¬U�����®�� "����������ª��%�����>��Uª�������µ��(	U�����\* §@¨ ��Î�����D���¸�D�%���%¬�	�U¯
�� ".����������¬@ª���	U¬�	 ¨ �V��º�����U	U�%¬���0k����$���	U�%�
ª
)�����������ª��%�����+)���	U�(* 2®U�CBa�
��¬�	U¬U���@©
å ì���æ@*�é��
��	 ¨ ���¬���U&��%����¬D�� L	 ¨ �%¬�°������� ¨ �%¬�	 ¨ �¸�%�
 i����D�(	U�����¶���
��¬�* Ë ��
��º
����������)>¬U��	��:ðYðYð�ñ ÷aÿ�÷.ñ �ZôY�%�e�Y��	 ¨ ����%����$�¬��%¬��(°����
	 ¨ �'»Ç	��#¬�	U�(U	�°���¬U��©
�
��¬U¬@�%�®	 ¨ �(	Y��������	�U¯�*

å ��	@��¬[�
�'» ��º
���D�%�
��	 ¨ �v¬U��	���¬@$
�����%�%�
ª:»Y��	 ¨ 	 ¨ �%¬F°������� ¨ �%�m!#���%$
�'&(��*
ÐF�������f���(	 \�����������X�T�½!#���%$
�'&�����0iðYðYð�ñ �g���½ñ �ü�S
2:��U��¬�����	U¬:.���������%���F�D�(�©
è���	U¬:U������U	U¬�*«éYª����
	 \+�%�#$
�m�a	U�(	V������	���$DHU��	�����	 \��%��DHU���������	U�(	 \+�%�"ì���$���¬�	����©
�����±0iðYðYð�ñ ó:S�ú���ýUñ �«ö�2@��U��¬�����	U¬!��� å ì���æî	 ¨ �v�%��°���(U¯D�� >���(	�����	U�%�
ªD�D���a��©
���%¬#0 Ë ��ª
* /�2�)[	 ¨ �«¬U����������¬:�� ����%�[$
������������	U¬�U�CBa����U��$· i��±�%��&�����	U�����¿U��ª(©
�%¬�	���(	U�����\)±�
��» �(°����
	¹�%��&�����	U�����Ç����ª��%¬U�%�(	U�����Ç����$Ç¬U� ¨ ��$�������¬Í�� ®��Uª�������©
µ��(	U������¬«$
�����%�%�
ª¹»Y��	 ¨ ���(	�����	U¬�* �a��U&��%���%��� Ë �%¬U������$
�Í�a	U�(	«��� K �����
°��%�%���%�
!#���%$
�'&(�ë0iðYðYð�ñ h.ýKõ�÷.ñ �«ö�2���U��¬�����	U¬D	 ¨ �#¬U����������¬��� L	U��º���¬�$
�����%�(��(	U������¬�*
éYª����
	 \��%�i���(	 \�����������X�¹������	��� K ��ª�����������	U�(U�Í�%� § �����������V�����%���(	 \��%�@\¬U��ì��
 i���©
�D�(	U�%���R0iðYðYð�ñ ó��\ü&�KýUñ �«ö�2m¬���	U¬m	 ¨ �Í�%�%������¬���¬®�� V��������	�U�����%�½����$8	������������:©
�V�����%���(	U�����T$
���D���%��¬�).��U��¬�����	U¬L�%�%¬�	�����$T¬U����������¬��� �$
������������	U¬LU�CBa����U��$

5�1�3



§@¨ �v���������(��(	U��&��V��������¯�¬U�%¬F�� �*�*�*

 i�����°�	U���%���%�
ªm	 ¨ �±�%�%������¬���*±éYª����
	 \��%�Y���(	 \�����������X�®������	���½é�� ¨ ��µ���	 \+�%�`D��
°��%�%���
0iðYðYð�ñ ��ú��Zöaú�ü�ñ �«ö�2���U��¬�����	U¬@	 ¨ �V�%�
 i����D�(	U�����«�(°����
	Yª��'&������������	�	�����$
���¬
	 ¨ �v	�����$
��@	 ¨ ����������$«�%�
 i����D�(	U������	��±��$�$
U��¬U¬�*

Ë ��ª��
U��/a*#�L���%�%�
�L�%��&�����	U������¬@$��(	U�(°���¬����(	YéYÎLæjDHì[¬U��	��

*,+bk .�/1032�4)/14)576
8'6:9�;75<;>=@?$*7?
§@¨ �T�%��������������	U�(	U�����î�� VÎ�3�Îê��©�ª��'&������������	m°������� ¨ �%¬���¬U�����%��¯ ¨ �%$�$
���
 iU��� ���$��%���(U¯ë�%��	�����
��	«��¬����)�¬��¿»��¹����� ������¯ùU����¯ë���8	 ¨ �¹�����
����������©
������	U¬�* §@¨ �®�a�������%¬ ¨ ¬U��	��DðYðYð�ñ ó:S�ú��>�rý�ó��Kü(ý���û)��ó�ü(ý�ó�ñ ú'õ«¬U�
�����%����¬L	 ¨ �±����	U��©
µ�����¬`°a¯�	U��º:����U	U��.���(	���¬"�(U����
ª��%�
ªY	 ¨ �F���a���$��%���(	U������°���	�»�����������UU��¬�������$�©
�%�
ª¿ª��'&������������	T¬�	������	U�
U��¬�* §@¨ �Í¬U��	��½�� cD>���$
���
���
�ÍìK	U���%�%���8��U�'&��%�����
��U�'&��%$
��¬±	 ¨ �½�%�
 i����D�(	U�����î i��®	 ¨ �¸°���¬U�%�
��¬U¬U�����¿�� Vã�³T����	U����¬�* §@¨ �Tæj�
��U��ª����� ì�ç@é 0Lò������ ¼ 	
	 ú�û�ü
g�.ó�ñ ú�ûXñ ý���� 	�lnm,oapT	 ý�ö�ó 	 2�»F��¬�¬�	U�(U	���$¶ i��
$
��&���������������	¹�� m������©����
U���������<¬U��	���¬Í i��¹ª��'&������������	¶¬���U&��%����¬¹���a���$���©

5�1�/



å *�ÐF�
U	U¬���&(�

���(	U�����\* Ë ��·��º
����������¼Mæj� K æF� 0+ò������ ¼ 	
	 ú�û�ü
g�.ó�ñ ú�ûXñ ý���� 	 ú�û�ü�ú'õ(2Í����©
���'»Y¬·	 ¨ �8æj� ����	U��µ�����¬·	��].��$qE���° �%�M����¯M��������	�U¯Ç�� ¸���������\¾eD å �Y©
§ æj����0�ò������#¼ 	
	 ú�û�ü
g�.ó�ñ ú�ûXñ ý���� 	 �.ô"���ú�û�õ 	 �'�ü&��óaô.2.¬U�
������U	U¬\¬�	U�n^:	�����%���%�
ª
¾
�J� å I�ì § 0\ò������#¼ 	
	 ú�û�ü
g�.ó�ñ ú�ûXñ ý���� 	 õ�(ôiÿ�ý�� 	 õ�ý���ú 	 ý��Zöaú�rXñ ò����W2X��U��¬�����	���$D�(	
Ë ��ª
* 5 ¨ ������¬�	��¸U��¬�����&��UEU�
��%$��%�����`��U��°������D¬v����$Í	��¸°�U���(è½��$��D�%���%¬�	���(	U��&��
°��(U������¬[�%�®°���¬U�%�
��¬U¬��� "æj�]��������	U����¬�*

Ë ��ª��
U��5
*)D`����©����
U���������«¬U��	��v i��,EU�
��%$��%��������U��°������ U��¬�����&��%�
ª

é�¬�»F��¬[������	U�����
��$��(°��'&��L	 ¨ �L�%��������������	U�(	U�����D�� `Î�3�ÎR��©�ª��'&������������	
°������� ¨ �%¬Y�
��	Y	������¬����(U����	@ i������$��%���(U¯®��¬����).¬��±	 ¨ �V�(°�¬����������� H$��
�V����©
�
����������������	U¬Y�%�m!#���%$
�'&(�D�D�(è���¬@	 ¨ ����������¯�¬U�%¬[�%������¬U¬U��°�����*

s t ¢��:¥HÈ�¤:Ê�¦U¢��:Ê

é������
ªT»Y��	 ¨ 	 ¨ �®����¬U��	U��&���	�¯Í�� Y	�U����$�¬:¬������m��U��°������D¬V�(U�m���%¬��Í�����D�����
 i������%�\��������	������¬�* §@¨ ��¬�����U��°������D¬[�����«°����������	U�%�����%��¯�$���&��%$
��$®�%��	��D	 ¨ U���

5�1�5



§@¨ �v���������(��(	U��&��V��������¯�¬U�%¬F�� �*�*�*

ª�U���
��¬�*
³(* §@¨ �@��¬�	�ª�U���
�®������	U���%��¬�	 ¨ ����U��°������D¬�$
U�'»Y�
��$±°a¯ ¨ ���D���± k����	����*
Ë U��� ���
�[¬U�%$
��	 ¨ �[�%�(Uª������(U	`�� ��&%����%���%¬`����$:��$��D�%���%¬�	���(	����¬>$
���
��	
»F����	�����¯�� ¨ ���
ª���¬��%�:	 ¨ �Y����	 ¨ ��$�¬"�� .	 ¨ ����H k������	U���������%��	�¯�* Ë U���Ç	 ¨ �
��	 ¨ ���¬U�%$
�[	 ¨ �@����	U��µ�����¬"	 ¨ ���D¬�����&���¬H	U�(è��Y	 ¨ �[��������	�U�����%�[	������¬U����	U������¬
» ¨ �%� ¨ �(U���
��	@¬U�
�����%����$±°a¯ ¨ �(�$®���(����@�����a¯m$��%¬�	����¬�	� k���%��¯�*

3a* §@¨ ��¬���������$mª�U���
�mU���%�(	���¬[	��:.����������* §@¨ �%¬F�%¬[�
��	[������¯D	 ¨ �����(U	[�� 
$���ª���	U���
ª��(��	 ¨ �(	��%¬H i�������$D°a¯:��º�������¬U��&����
��¬U¬H�� \� ¨ ¯�¬U�%���������(U������¬H�� 
�
��»]	���� ¨ �
������ª�����¬�* §@¨ �V�%��������������	U�(	U�����«�� H��©�ª��'&������������	�U�CBa����U��¬
°���	 ¨ 	 ¨ �V��������©�������¯«.���������%���>¬U�
������U	�����$¸ k�
U	 ¨ ���������D���
����	���ºa©
������¬���¬F���«��	U¬[ k������	U�������%�
ª:¬U�
������¯�*

/a* §@¨ �:	 ¨ ���$Tª�U���
�Í�%¬v�%��»Ç������������
��$\* §@¨ �:���(�����©�°���¬���$½�&%����D»���Uè
¨ ��¬v	���$���¯¹¬�	�U���
ª#���
���
ª ¨ ¬U�
������U	��� @�%��»v* § �¸��� ¨ ����&���°���	 ¨ ¼:	 ¨ �
����	U��µ�����¬�	����¬�	V�%�¹��������	�U�����%�±	������¬U����	U������¬V����$¹	 ¨ ������U i����D���������� 
�
��»Ç��������	�U�����%�D k������	U�����T°a¯Tª��'&������������	V�&%����%���%¬�©���	��%¬v�
������¬U¬U�(U¯
	��±$
��&��������#����$«��$
����	[	 ¨ �v�����Uè®�� "�%��»Y¬�*

§@¨ �L������������	U¬[�� >��©�ª��'&������������	L�(	@	 ¨ �v¬U��	���¬F�� "!#���%$
�'&(�������«°�����������©
��µ���$ ¬U���D�D�(���µ��%�
ª¿���
UU����	U��¯ë�����
����������$8»�����%$
»Y�%$
�T��� ¨ ����&���������	U¬¸����$
��U��°������D¬�* §@¨ �V���������%��¬U������¬������¸°��V�D��$
�V	 ¨ �(	�¬������V��U��ª�U��¬U¬U��&��V	�U����$�¬
�(U�¿�D�(	U� ¨ ��$\* Î����
������%��¯ 	 ¨ �%¬«U�� i���¬¸	��8�%�
 i����D�(	U�����R¬U�
������¯8¬���U&��%����¬�*
§@¨ �Í i������:©��%��è��T i����$
°����Uè8¬���U&��%����¬#�(U�¹���%¬��¿��U��¬�����	���$\* §@¨ �½ª��(	��·¬U��	��
ðYðYð�ñ �Y(ôkö��ÿaó�ñ �«öD�%¬�¬���	H°a¯�$
��¬U��ª���	 ¨ �(	��%¬"�����¬�������	U��&��@ i��� k�
U	 ¨ ���$
��&�����©
����������	@	��±������	Y°���¬�	FU�CBa����U��������	U¬�*

Ë U���Ñ���
��	 ¨ ��Y¬U�%$
�����%�\�D���%�®��U��°������D¬F�(U��U��u�����	���$#�%����©�ª��'&������������	
¬U��	���¬�¬U��	U���(	U�����¶��¬:»����%�+*fM ¨ �%���±	 ¨ �«����ª��%¬U�%�(	U�����¹��U��°������D¬V�(U�®°���ª��%�����%�
ª
	���°��vU��¬�����&���$\)�	 ¨ �v.���������%���Z¬���U&��%����¬YU���D���%�m���a���¬U�
�����%����$�°a¯«�%��	�����
��	
U����U��¬�����	U�(	U�����\* §@¨ �:Î�3�ÎÇ°������� ¨ �%��������������	U�(	U�����#���%¬�� ¨ ��¬Y	 ¨ ��¬U�%��ª ¨ 	U��¯
��U��ª�U��¬U¬�*"ìK	[�D���%����¯D������¬U�%¬�	U¬F�%��$
��&���������������	F�� >����ª��%¬U�%�(	U�����±	 ¨ �(	[¬U�
�����%����¬
�%�
 i����D�(	U�����T��º
� ¨ ���
ª��±°���	�»������Íª��'&������������	V¬�	������	U�
U��¬�*��a�«	 ¨ �� k�
U	 ¨ ��
$
��&���������������	Y$���U����	U������¬@�(U�v	��D�'&�����������V	 ¨ �v��&��%$
����	[��U��°������D¬F�� "�%��	����©
�
��	HU����U��¬�����	U�(	U�������� .ª��'&������������	�¬���U&��%����¬�* §@¨ �YÎ�3(Ð¶°������� ¨ �%¬"¬U�
�����%����$
°���	�	���X	 ¨ ���v��	 ¨ ���¬X�
��	Z������¯�°���������¬��H�� �U�����(.���������%����¬U�
������U	�°��
	Z���%¬��@°���©
������¬����� `��º�������	U�(	U�����«�� "�%��&���¬�	U������	YU�������
��������	�* § �±�D�(è���Î�3�� °������� ¨

5�1�ã



å *�ÐF�
U	U¬���&(�

»���Uè��%�
ªY	 ¨ �����
°��%�%�`��º����%�����(	U�������V��¬�	X°���$
���
��¬��
)(	 ¨ �(	>��©�ª��'&������������	H¬����©
&��%����¬������T¬U��&��D	 ¨ ��.���������%���>����$¸	U�%���VU��¬����
�����¬��� �����UU��¬�������$��%�
ª±¬�	U�(	��
¬�	������	U�
U��¬@��¬@»����%�\��¬@�� `�����D��������%���\���
��¬�*

Ë ���%���'»Y�%�
ª¸	 ¨ �®°����%�%$��%�
ª«�� �����ª��%¬U�%�(	U�����¹°���¬��m	 ¨ �m����	U��µ�����¬�v`	����¬�	:�%�·��©
¬���U&��%����¬Y�����m°��� i�������$m°a¯®¬�	U�(	��V�%��¬U�
��������L�� >U���%�%�(°��%�%��	�¯�*

w Å`x�ÅH¡\Å��:¥"ÅHÊ

²�³r´:æ��
U���������a��������� §@¨ �y��¬��F�� �ì��
 i����D�(	U�����:����$D�����D�V�����%���(	U����� § ��� ¨ ©
�
������ª�¯v�%�v	 ¨ �yD��
°��%�%�"é�$��D�%���%¬�	���(	U�������� �	 ¨ ��æj�î!#����°���H�a	U�(	���¬�)�/�ã�	 ¨
�����
 i��U�������±�� @	 ¨ ��çL��U����	����¬�©VÎ����
��������� [	 ¨ ��D��
°��%�%�±�a��U&��%���±�� @	 ¨ �
!#����°���@�a	U�(	���¬��� \	 ¨ ��æ��
U���������P���������®�a	����¬�°����
Uª
)z�Y�'&�����°���@3(4�4
³

² 3'´:éY�����%�%���(	U�����#�� ���©�ª��'&������������	V������������	U�����\)\	 ¨ �D¬�	���(	���ª�¯T�� �¬�	U�(	��±¬����©
&��%����¬[��U������¬���$®°a¯®!¸�%��U��¬��� i	Y����U������(	U�����\)X0k�%�m���¬U¬U�%���.2
ò������ ¼ 	
	 ðYðYð�ñ �mý��rü
�õ�
h'�rñ ���� 	 ü(û�õ 	 Sz�ÿ�ú�ü&���#ú���� 	 ðLò
ý���ú��.óC��ú�ü�õ 	
ú�{U�ÿ m �Kü�ó���ú�S�|.ñ ó�õ}�

² /'´aM½����%$ D��
°��%�%� �a����	��� K ������U	 3(4�4�/a¼ æ"©�Î��'&������������	 �(	
	 ¨ � ��U��¬U¬�U����$�¬�) ������	���$ ���(	U������¬�) �Y��» ~H��Uè.) 3(4�4�/a)
ðYðYð�ñ û)�n�.ó��"ñ �ü�S 	 ö���ú��.ó ð!�ü�ôkö��.ó�ü�ú��'�ü&�rñ ó�õ}�

�:���&���F� � �3�'�������������C� �7������� ���}�N�,�������3�
���������
�g���g�

�b���"��� �������,�g�'����������� ����� ���7�g�&��¡'���F¢��������¤£C��� ���������
¥ �}�������j� �g�'£C��� �����������
�!��� �������
�"���}¦ ¥ �}�������j�!§��
¡'���©¨��� �zª�g���
�g���g«}¬��!�3���!��� �������
n¬�� �g� �¯®'°�±&²�³�´}µ}¶�·�¸¤¹!·�³�º�» ¹!¼

5�1�1



���������
	�����������������������
��������� "!#���%$
�'&(��)�&����+*%,�-�).�
�
* /
0+/�1�2�)�3(4�4(5

687:9<;>=�?�@BADC:;FEG9<?IH�C:;<9KJLC�ANM8ODPD7�C:;RQTSDUVC�ADC�J
=�?.WX=.C:@BA
Y 9�Z�[\@]H^9<?
A_U`9KA\=baKc�Md?
CeH�Wf;>ghW�A_Sji�?�9<9<SD@kU @fl

m(A�l'@k?�UnWX=.C:@BA#o
Y ?�9>H�C:9>pq@flrJ
=.O_SsgtUnWfSD9Tl'@k?uJ�Ce=.OvWX=.C:@BAwC�Ayxh@B7:SD@]H�Wka�z

{]|�}�~��#��������}��������'�I�.�<�����'�����I�>�#���������(�I��}]�K�����������I�
�������v�I����~������I��v�I�����>�����I�
�I����}]�����������I�>���k�������I�

�G �¡�¢�£�¤�¥�¢
¦]§�¨ª©X«�¬®e¨ª¯:° ±f¨ª©"²�«'©®±�³�´'µ�e§�±k«�µ�«�° ¶�e¨ª¯�«�°�©·e¸�³�¶�¹ º:»�¼I±�¬®½%´'¬e¾^±�³�¨ µe§�±"½%¬¿«�¾^±�©�´�½�e§�±ÁÀÁÂÁÃ�ÄÅÄb¬e´�Æ·±�¯�BÇeÈ�´'¬e¾\¸�°ª«�e¨ ´'µ�´�½
ÂÁ«�e¨ ´'µ�«�°IÉ�e¬¿«�®Ê±�Ë'¶Á¨ µBÌ(¨ ±�Í�´�½(Î+µ�½%´'¬e¾s«�e¨ ´'µ\É(´�¯:¨ ±:·¶�¦�±�¯¿§�µ�´'° ´'Ë'¨ ±�©I½%´'¬�ÃÁ±�Ì'±�° ´'¼�¾^±�µ�¿Ï«�¨ ¾^±�³G½%´'¬"±�Ì�«�° ¸�«�e¨ ´'µD´�½�±:Ê�¬e±�«'³�¨ µ�±�©e©<° ±�Ì'±�°
¨ µ�Ð�´'°ª³�´�Ì�«�Ñ

Ò Ó�Ô�Õ�Ö>×GØvÙ_Ú<Õ>Û:×�Ô
Ü ��&����%�
	:�������(:ÝÅ$
��&���������������	��� XÞ¿�
 �����v�(	:�����r����$ß�����v�D�����%���(	:�����ràK����á�â�
������ã�����ä_0�Þ:�fà�2f�'&���^	:á
�D�%��ä�	Då�4_æ8å�ç�Ý����(�ä^����$Å	:á
����\�����
��	���(	:�����#�%�#���%�ä�����	����ä��v�(è���ä\��	k�
������ä:ä:�(:Ý�	��v:��&��%ä��Gä������G����ä�	����v�(:Ý�������������	:ä�*é ä��^�� <Þ:�fàs)�����	:á
�^���
�Gá�����$>)�:��êI����:��ä�ã�:�'ë\�%�
ã��%��&���ä�	:������	:ä�)
����	:á
���	:á
��Áá�����$>)���	"���%���'ë\ä"ä���	�	:�%�%�
ãsä������k��������%������:��ì������vä]�(	X����ä:ä"����ä�	Á����$_��ì
â	:���%���%�
ãDä:����áí:��ä:����	:äÁ	:á��(	f�������%$í�
��	�ì�������á�����&���$�ìIÝ���	:á
��B����	:á
��$�ä�*"àká
��
��ëî	�����vä#ï¿Þ¿�
 �����v�(	:�������I��������	®Ýð0�Þ:��2eñ�)�ï¿��������	�:�����%��ã��'&��������������ñßä������(è�(ì����
	k	:á
�G$
���v���%��äfë\á
��:�sÞ:�fàL�%äB�(�����%�%���(ì�����*àká
�óòÁ�
:���������ô:��ã����������G�����
 ���:�������õ0�á�	�	��bö ÷�÷'ëkëkëG* ë\ä:�%ä¿â·:���v�����%��* :�I2��:������ä���äsï¿	:á
�B&��%ä:�������� .���_Þ¿�
 �����v�(	:�����v�I��������	®Ý�)�ë\á
��:�f���%�I�����ä�����ä�)�ë\��	:á�â���
	G$��%ä�	:�%����	:�����#�� �����Ýrè��%��$>).��ø�������%ä���	:á
����^���ã�á�	^	��� �:����$
���ù�� Á�����%�����������$r��ø���:��ä:ä:�����>)��%�����%��$��%�
ã_	:á
�_ �:����$
���ú	���á
���%$#�����%��������äkë\��	:á
���
	��%��	����â ���:��������)
����$v	��Dä�����è.)I:��������&��^����$í�%�����(:	X�%�
 �����v�(	:�����v����$í�%$
����äX	:á
:���
ã�á
ûüíý�þ�þ�ÿ����������
	��
������������������
�
� û ����	���� ��!���"$#�%
��" û ��! ��&���'�����"$	��)(��+*�����,
�-#./1032 4�5-68792 :<; =>2 4 ?>692 7879=<@A790B5�@3C�4�79DE7903=F48G3H3HID�687�D�JB7903=FH�69D-KL=<:M7�NPOPQSRUT�VXW�Y�Z�[
Y�Z�Z�\�]

5�1_^



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

����Ý8����$��%�Å����$8:��ã��(�$�����ä:äG�� f �:����	:�����ä�*r*�*�*�àká
�vÞ¿�
 �����v�(	:�������I��������	®Ý8�%äì���ä���$#���Åì�:����$#$��%ä:ä����v�%���(	:����������$#ä:á��(��%�
ã��� X�%�
 �����v�(	:�����Å����$�ã����I���%�
����(:	:�%�������(	:�����_�� ����%�
ä�	:�(è���á
���%$
���ä]âXc��'&������������	:ä�)I�����&(�(	��Bä�����	��������$v����&��%�ä���������	®Ý�* ñàká
��ä���á
��:���� ^����	:��&���	®Ý��� �ã��'&������������	:ä�����$��� ����
ì��%�%�í����	:��	:����ä��%ä��$
���v���%�>)�ë\á��%��áv�%ä"��ø�������	���$í	��D�v�(è�����êI�����%��	:�(	:��&��\��$
&(��������$��
�B	��D�%��������â������	:�(	:�����D�� �Þ:�fàs*�àká
�Á	�����ùï¿��������	�:�����%�Áã��'&������������	:ñv0�ï¿��â·ã��'&������������	:ñ�2�%äX��������Ý�ä���$v�%���I������:����äX$
������������	:ä"�� �	:á
� é�egf 3I) /�h·)�$��
��%�
ãs$��ji���:����	X�%��â	�������(	:���������Á����$ó:��ã����������X �������vä f 5
) ç�h·)X����$8���%ä��ÅìIÝóä������í��������	������ä f 1�h·)ì���	:áÅ�%��	:á
��������	���ø�	\�� <Þ¿�
 �����v�(	:�����r�I��������	®Ý�)�����$Å��äk�vä������(��(	��Dä:�
ì�b�����	�*Þe	:ä�$
�
k.����	:������äB�(:��	:á
�_ä:������	����vã�:���(	���ø�	�����	�l>	:á
��ÝÅ�(:��ì����%�
ãí�����_â������������	���$8����$>)K��äG	:�%��������ä:ä���ä�)<������������	���$óë\��	:áóä:�
ì�	:����	:����ä^�� B���������%�
ã�(��%ä:�%�
ã� �:���F��ø���������������s�� "ì����%�%$��%�
ãrï¿��â·ã��'&������������	:ä:ñ��%�Å$��ji���:����	\��������â	������ä�*Åàká
��ä��í�%��	���:��:��	:�(	:������äG��:��ä�����	rï¿��â·ã��'&������������	:ñß������Ýó��änmBo$pBqsrFtBo�u
v m�pxw
o�r�qzy�tI{Lq8mBrß�� b����:����$
Ý���ø
�%ä�	:�%�
ã�ä�	������	:�
:��ä�����$í:���%�(	:������ä�)���(	:á
���	:á�������õ�%��$
��������$
����	��%$
���ó�� s�'&�������%�\	������ä� �����v�(	:�����ð�� s	:á
�Å&���:Ý ����%������������äìIÝÅë\á��%��áÅ	:á
�_ä�	:�(	��_��$��v�%���%ä�	���(	:�����Å�%ä\��:ã������}|���$>*�af�
	^��	��%ä\�
������ä:ä:�(:ÝÅ	���v�(è��s�D$��%ä�	:�%����	:������ì���	®ë���������ã��'&������������	fë\��	:áí��������	�:�����%�\�%��	���: ������^����$ï¿��â·ã��'&������������	:ñ�*ï�ò"â·ã��'&������������	:ñsä:á
�����%$Gì��Á	�:���(	���$���ä]��������������ø�����$_�D����	:�� �������	<������â������	�)�ë\á��%��á>ö

~ :�
������	:ä\������$
���>�� ]ä�	:�(	��D��$��v�%���%ä�	���(	:�����>)
~ �%äÁ�(ì����k	��D	������ä� ����� :���%�(	:������äXì���	®ë�������	:á
������	:�}|�����äÁ����$íì���ä:�%�
��ä:ä���äë\��	:á�ä�	:�(	��D���
	:á
�����	:����ä�)
~ �%�����%��$
��ä�	:á
�G����	:��:���%�
 ����ä�	������	:�
:�^�� "ä�	:�(	��D��$��v�%���%ä�	���(	:����������$Å�%��â	��������	:�������� kä�	:�(	���)Xì���ä:�%�
��ä:ä���äG����$d����	:�}|�����ä�&��%�#�%�
 �����v�(	:�����ó	�����á�â�
������ã�����ä�)
~ ä:�
������ä���ä�mBo�q9w
r�{9tI{Lq8mBr��� .���%�I���
ì��%�%�X����	:��&���	:����ä�{9mB�AtBo$p3y�y�tI{Lqzys��uBqsr�����qL{L�
q���w
r1� y�r1w�w-p3y��

Þ¿��������������	:�(	:�����ß�� f��������	�:�����%�_ã��'&������������	_��������äsì���	:áó	������ä� �����v��â	:�����G�� 
	:á
�Áã��'&������������	]����$���	:äK����	:��&���	:����äb	��'ëf�(�$�ä<����á�����&��%�
ã\	:á
�X ����%���'ë\�%�
ã	:á
:���G��ì�b�����	:��&���ä�ö
å(*kÞ¿����:�'&���������	Á�� ��
������������Ý��� >��$��v�%���%ä�	���(	:��&��k�(ã�����������ä�*XàK��ì���%�
ãs�%����$
��"	:��øv�����%������	:�����>)I$
��( �	:�%�
ã^�� ��%��ë\äX����$�:��ã����%�(	:������ä�)�:��ã��%ä�	���(	:������� ]�%�
 �����v�(	:�����>)
����������%�(	:�������� ]$
������������	:ä�*

5�1I�



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

3I*\òÁ�����
���v�%�ó$
��&���������������	�	:á
:���
ã�á  ������%�%��	:�(	:�����õ�� D��:������$��
:��ä�������â�
����	���$ôë\��	:áõ��:��$�����	:�����õ����$ �����v��������IlD�%����:����ä:�%�
ã�����������	:��	:��&�����(��������	®Ý��� ]	:á
�G���������>��:��$��������äf����	:á
�Gë�����%$��v�(:è���	�*
/I*kÞ¿����:�'&���������	D�� \����	:�}|�����ä��]�%�� ��íä�	:����$��(�$dìIÝ8:�� �����v�%�
ã#	:á
��ä�Ý�ä�	������ \ä������%����ä���:&��%����ä�)Xá
������	:á����(:��)"ì���	�	�����%�� ���ä������
���	®Ý�)X����:��	�����%���%�
ã��������:	:������	:����ä�)�����:�s�
����������	k��:��	�����	:�����Å�� <����&���:����������	�*
àká
���ôá���	���a��I��è_�� Ec�:���(	Aa����	:���%��ä�	:�������%�(	���ä] �����$���������	:��������%������������ä�� ]��������	�:�����%�^ã��'&������������	���äk ����%���'ë\ä�ö
~ ��	B�D��ä�	k��:���(	���ä���:&��%����äB����ä:�
��%�
ã�����ä:ä:��ì��%�%��	:����äX	��v��á
�I��ä��G	:á
�s ������)
~ 	:á
�sã��'&������������	�����$Å��	:äkä���:&��%����äk�D��ä�	Bì���������������:����������ä:ä:��ì�����)
~ ��	k�D��ä�	k������	����ì��
	��s	��í�%�����%��ä:�������%��ä������%���bä�����	����)
~ ��	k�D��ä�	B����ä:�
:�^:��ä�������ä:��ì��%�%��	®Ý�	��í�%�
 �����v�(	:������������	�����	�)
~ ã��'&������������	\:��ä����
�����äk�D��ä�	kì��s��ä���$���(	:���������%��Ý�����$��
����������	:��Ý�*
àká
�rëf��Ýõ	:á
�ó�
��ëV	�����á
���
������ã��%�����G��������ä��(:�8��ä���$ô�%�õ	:á
�ß��ø
�%ä�	:�%�
ã��$��v�%���%ä�	���(	:��&���ä�	������	:�
:��äf$
��������$v������$��v�%��ä�	���(	:��&��\	����$���	:������ä�)��������	:�%�������$Å������	:�
:�s��:������f	��í������á#��������	�:Ý�*
� �'ë���&����)�:�����I	������ä� �����v�(	:������ä]$
��������$G���D	:á
��ë\�%�%���� �������áv������$
��]����$$
�����%ä:������â®�v�(è����äk�(	\á���ã�á
��ká�������(���á��%�����>����&����%ä�*

� �����\×A���XÖbÔ��kÔ_ÚS�
�ó�ßä:á����%�k������ä:�%$
��vã��'&�������������ó�
��	í��ä��8��á�Ý�ä:�%�����k������	�)f����$u�
��	í��ä��������	Å�� D�v�����(ã���������	Åá
��������$uìIÝõä������ó�����ä�����ä�* !#��:�ó:�����%�%ä�	:�%�����%��Ý�)Bë��ä:á
�����%$�����$
���ä�	:����$���	���(	:á
��B��äB�D��:������ä:ä�ìIÝvë\á��%��á��%��ä�	:��	:�
	:������äÁ����$�����	¿â�}|�����äíï��v�����(ã���ñv	:á
���vä�����&���ä�*+c��'&�������������_�%äk���Å�%��	��������	:�����Åì���	®ë������#	:á
����
ì��%�%��ä�����	���v����$d	:á
���(����:������á
��äD	��ßä������%���Á��:ã������}|��(	:������ ���_�����%������	:��&��$
�����%ä:������â®�v�(è��%�
ã
)� ������%�%��	:�(	:�������� >	������ä����(:����	Á������á������%ä:�väÁ�%�����$
��Á	�������â�(ì����G��������	�����%�
ã_�� ]	:á
��ä���$
�����%ä:������ä�*ò"â·ã��'&�������������\�%ä<���%ä��^	:á
�B����	:á
��$DìIÝ�ë\á��%��á�	:á
�f���
ì��%�%�Xä�����	���Á��ä���ä]	:á
�����ä�	"��$
&(��������$_Þ:�fàs)(�%�����%��$��%�
ãBÞ¿��	�����
��	�)��%���Bi�����%�
ãs���%�I����	:�}|�����ä<ã��I��$�ä����â&��%����ä�)�ä:��ä�	:���%���(ì������%�
 �����v�(	:�����>)�&(��ä�	�è��
�'ë\����$
ã���).	��� ������%�%��	:�(	���	:á
�D��������ä:ä	��#�v�����(ã���������	G��:������ä:äs����$ß	������������
��(ã��í������:�v����	:��&������(:	:�%�������(	:������� "����	:�}|�����ä�*

5�1I�



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

àká
�f$���ã���	:����ã��'&������������	Á�%ä]�(ì�����	��s��:ã������}|��B�s����������ì���	®ë�����������	:�}|�����ä�)ä������\ä������(��(	��k�����ä�����ä"����$v$
�����%ä:������â®�v�(è����äX�(	Áä:����áv����&����
	:á��(	Xá���äX�
��&�����ø
�%ä�	���$ß����$ß�������%$r�
��	sá���&��_��ø
�%ä�	���$>*^Þe	��Bi����ä^	:á
�_����	:�}|����ß��ë\�%$
����������ä:ä	����%�
 �����v�(	:�����ð����$uè��
�'ë\����$
ã���)Bë\á��%��á ë\�%�%�B��:��$
��	�����v�%�
��	:á
�rä�	:�(	��ß�� �����ä��������� �:����$
��� �%��	:á
�s ��
	:�
:��*
àká
�sä:��á
�������� <��â·ã��'&�������������_���������$��%�
ã f 3�h<�%äf��:��ä�����	���$#�(	��]��ã
*%å(ö

e-governance

e-government e-administration e-governance

coordination of

policies

implementation of

policies

public services

development of

policies

administrative

activity

management of

knowledge

democratic process

“ open” government

transparency in

decision-making

�]��ã��
:��å(*�àká
�Gä:��á
�����G�� ]��â·ã��'&�������������

�X�¡  ¢P£I¤1¥§¦�¨ª©¡«¬®¦ ¯E¦�°9±§²´³µ¦�«E£¶±§·U¦�¸
¥§±�¯E¦�¹x«A³µ¦�«E£

àK�v$
��	�����v�%�
��	:á
�s��ø�	�����	B	���ë\á��%��á�	:á
�^ã��'&������������	k��ø���������	:äf��	:äf ������%�%��	:����ä	����Bi�����%�
 �����v�(	:�����u����$õä���:&��%����ä�)B	:á
�r ����%���'ë\�%�
ãd���%��ä:ä:�jk.���(	:�����õ�����uì����ä���$d0�ìIÝ�ä�	:�(ã���ä�2 f 3�h·*
º®»F¼_½¿¾FÀ$ÁM»FÂÃ»3ÄÆÅS¼�ÇxÈIÇxÂSÉ3ÇÊ<Ë�½¿Çx¼�Ì�Á¡Â§Ì_Í�Î �X:��ä��������í�� Bã��'&������������	���8ë�����%$óë\�%$
��ë���ì��%äG�v������ ���ä�	���$ó	:á
:���
ã�á8ä���&���������%��$
��������$
����	��B�����%���ä:��	���ä�*XÞ¿�
 �����v�(	:�������%äB�%�%�v��	���$>)
�%��������������	��s����$Åä�	:�(	:�%�(*
Ï ¼�»FÐ�Á¡Â§Ì�ÅS¼�ÇxÈIÇxÂSÉ3ÇÑÊ<Ë�ÂPÒ§¾FÂSÉ3Ç3Ó�Í�Î àká
�D������	�����	G����$#	:á
���%�
 �����v��â	:�����Å�%äB:��ã����%�(���Ý��
�>$��(	���$>*
Ô ÂXÀ-Çx¼�¾1ÉxÀ$Á¡Õ�Ç�ÅS¼�ÇxÈIÇxÂSÉ3ÇÊ Ô ÂXÀ-Çx¼�¾1ÉxÀ$Á¡Õ�Ç 2�ö é ä����ä������8��ì�	:���%�d�(�����%�%����â	:�����  �����vä�)s����� ä���	#�
�L������	������	:ä#ë\��	:áô�B�����%���G�(ã�����������ä�)G����� ��$�$
:��ä:ä�%��	���:�����%�%�(	:������äf����$�ã���	Xb���ìÅ���%������ä�*

5�^�4



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

Ö§¼�¾FÂXÈI¾1ÉxÀ$ÁM»FÂS¾�×UÅS¼�ÇxÈIÇxÂSÉ3ÇØÊBÖ§¼�¾FÂXÈI¾1ÉxÀ$ÁM»FÂS¾�× 2�ö é ä����ä������õ����Ýð ���ä���:&��%����ä\�%��:�����>	:�%���G����$�	������(::Ý����
	k	������ä:����	:������äB����â®�%�%�
��*
Ô ÂXÀ-Ç
Ì�¼�¾FÀ-Ç3ÓÙÅS¼�ÇxÈIÇxÂSÉ3ÇÚÊ-ÛSÇ3¾F½�×LÇxÈBÈ
Í�Î �����%���%��	���ã���(	:�����î�� #$���ã���	:��� �������	:������ä��%ä�k.�����%�}|���$�ë\��	:á��%�����
�Åã��(	���)B�%��$
��������$
����	_�� ^��$��v�%���%ä�	���(	:��&������$Å$
�����(:	:������	:���b �:����	:�����ä�*
Ü ��&���������������	\�� <��â®��$��v�%���%ä�	���(	:��������������ä\���I��è��%�
ã_ ��������$nk.��$��%�
ã_�����êI���%�%��ì���%���hì���	®ë������ 	®ë��ô�����������
����	:ä�ö ��ø�	���������sæL����	:�}|�����är����$ ������âä:�������ä�)�����$r�%��	����������æ�	:á
�_������$
���ä:á����r����$r����ø
�%�%�%�(:Ý���$��v�%���%ä�	���(	:��&��G�� â

k.����* àká
��ä��#�����������
����	:ä��(:�ß�
����	:á
��í�%�u�������.�%��	�)k�
��í	:á
��Ý ��ø
���%��$
�#������á��	:á
���*Ýaf�
	^��ø���������������_�� ÁÞ¿��	�����
��	s��ä��_ë\�%�%�b:��êI����:�_������:�_�
����������	G���(â��������(	:�����>* Þ¿�L�v����Ýô��������	������ä�)�ì���	:á �%��$���ä�	���%���%��Ý $
��&�����������$ ����$ 	:á
�$
��&����������%�
ãí����$Å���I�����Ý�$
��&�����������$Å���
��ä�)�	:á
��:���%ä\�v	�:����$Åë\��	:á��%��	:á
����k��âã��'&������������	Á��:�3b�����	:äX	������%�������(	��k:��ä����
�����ä" ���Á����	:�}|�����ä���ä���:&��%����ä�)�ë\��	:á
���
	�v�(è��%�
ã^ä:�
:��)�ì��� ���:��á�����$>)(	:á��(	]	:á
��:�B�(:�B�
������ä:ä:�(:Ý�����ä:ä:��ì��%�%��	:����ä�	��G�v���%��â	:���%�ó	:á
��ä��v�%����	:�%�(	:��&���ä�*GÞe	G�v��Ýß�(�������(s	:á��(	Gä:����á8��	�:����$ f 5BhÁ������ä:�%ä�	:äs�%���ä�	:�(ì��%�%ä:á�������	f�� <ä������Gä�	���%��	���B:��êI����:��������	:ä�)Ië\á��%��á�ë\�%�%�.�%������ä��^������:���(���%$�$
��&���������������	�*Þ¿��������������	:�(	:�����_�� .��:��ã�:��ä:ä:��&��f���%����ä]	��G��:���(	���ï¿��â·ã��'&������������	:ñ� �������ä�vä��������äB�� ]$��j��������	f��:��ì������vä�ö
å(*����%�X����	:�}|�����ä�)]�
�r�v�(	�	���Dë\á
��	:á
���	:á
��Ý8á���&�����������ä:äD	��rÞ¿��	�����
��	����
��	�)<ë\á
��	:á
��G	:á
��Ýßè��
�'ëRá
�'ëî	��#��������(	��í���������
	������D�
��	�)]�D��ä�	á���&��Å�r����ä:ä:��ì��%�%��	®Ýß	��8��ä���ä���:&��%����äD�� ^ä:����á�ã��'&������������	�* àkáI��ä�)X��v��ä:ä:��&��G������������ã��Å�(ã����%��ä�	\�%�%�%��	��������Ývë\�%�%�.ì��s:��êI����:��$>*
3I*\ò"â·ã��'&������������	D�D��ä�	s�Bi������	:äGä���:&��%����äs�
��	G������Ý#&��%��Þ¿��	�����
��	�)Kì��
	�) �����%��ä�	:��������)�&��%�Gä��������%���%��ÝD��êI����������$_	�������&��%ä:�����>)�����ì��%���B	���������á
���
��ä�)�����:è���	����������
	����ä_����$�Þ¿��	�����
��	_���
ì��%�%����������ä:ä������%��	:ä�*óàká��%ä�������â$���	:�����r�%ä^�� Á�������s�%������:	:��������)>ì���������ä��_��	:á
��:ë\�%ä��_	:á
��ä���������	®Ýrë\�%�%�á���&���	��r ����������
��	:á
���$��%������ä:�����ó�� \$���&��%$
��)<ë\á��%��ád�%äD�
��	_$
��ä:��:��$>*�f�
::����	:��Ý�)�	:á
��òÁ�
:���������ß�����v�v�%ä:ä:�����#ä�	:��$�����ä\ëf��Ý�ä^	���ä���	�	:���_	:á��%ä��:��ì�������*
/I*����
��	:á
��s$��j��������	®ÝÅ�%ä\	:á
���
������ä:ä:��	®ÝÅ	��Å��ä��Dì�:����$
ì�����$#��á������
���%ä�	����������ä:ä\Þ¿��	�����
��	�)�ë\á��%��á�����ä:�
:��äB��(���%$Å$��(	:�v	������ä� ����*´���������$��%�
ãv	��	:á
���%�(	���ä�	D$��(	:��)]�'&���_5�4xÞ`á
����ä���á
���%$�äG����$ß�(4xÞV�� B����	���:����%ä���ä��%�ò é ��������	������ä��(:�ß����:����$
Ýð�������
����	���$ô	���Þ¿��	�����
��	�* àká
�#ã�:�'ë\�%�
ã

5�^Iå



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

�I����ì������ Kä:�
ì�ä:�����ì����ä"	��_	:á
��ä��s�
��	®ë���:è�äfë\�%�%��:��êI����:�\ ���ä�	���kä�������$�� ]��������ä:ä�*
5
*\òÁêI�����%��ÝD�%������:	:����	Á�%ä"	:á
�\��:��ì������T�� bä������
���	®Ý��%��Þ¿��	�����
��	�)Iì���������ä��	:á
����â·ã��'&������������	Dä:�
������ä���ä�	������ä:�v�%ä:ä:�����#�� fä������v�%������:	:����	s����$������k.$
����	:�%���k�%�
 �����v�(	:����� 0��%��è���)f �����%��ä�	:��������)B����	:�}|����>� äí�����I�����\�%��â�������vä�	:�(	���������	�2�*�à^�
�_�� �	:á
�_�������	:�%����$ó����	:á
��$�äs�����óì��D	:á
�v��ä���� ]ä������
:��$���:��	��������%äk����$Å$���ã���	:���>ä:��ã����(	:�
:��*
çI*\àká
��:���(:�����%ä���$��j��������	:����äf������ä���$#ìIÝ�����ë\�%�%�%�%�
ã��
��ä:äÁ�� ]	:á
�D���
::����	ã��'&������������	X���������'Ý�����äX����$�������$
���ä]	��G����������	Á��á����
ã���ä�)�ë\á��%��á_����ä�	$���:����	:��ÝDë\�%�%���3i�����	�	:á
����Áë���:è��%�
ãG����	:á
��$�ä�*"àká
�k��â·ã��'&������������	B�%�_â����ä���äX���$��%��������á����
ã���äf�%�������������	:�������� >	:á
�\ëf��Ývá
�'ëô�Gã��'&������������	���������'Ý�����ä:á
�����%$�ë���:è.*
�I	:�%�%�+)�	:á
������ä�	Á$��j��������	"��:��ì������väX�(:�\	:á
��ä��\	:á��(	��(�������(�$��
�k	��Dä������ä�	������	:�
����\��á����
ã���ä�)Bë\á��%��áð�(:�r��������	í	���������	�	:á
�Å:��êI����:��������	:äv�� ^��âã��'&������������	�)_�� D	:á
��ÝL�(:�d�
��	#&���:Ýôë����%�G	:á
���
ã�á�	�*Vàká
�d����ä�	Å�
����������	�(�����%�%���(	:������äí�� G��â·ã��'&������������	� ��������ø
�%�%�%�(:Ý��B������ä��(:�ó�
��	�	:á
��ä��r	:á��(	�(:�#��ä���$�	��d�%����:�'&���	:á
�Å��ø
�%ä�	:�%�
ãßëf��Ý��� s$
������������	:ä��"����������%�(	:�����>)Xì��
		:á
��ä��ß	:á��(	�ì���%�
ãd �����$���������	:���\:����:ã������}|��(	:�����õ�� Gã��'&������������	�� ä����������â	:������ä�0�:�����
ã��%�
������%�
ãI2�)��%��	���ã���(	:�%�
ãí�%��	���������>����$���ø�	���������>���'ëL�� ]ã��'&������â������	�� äs$
������������	:ä�)� ����	:á
������	:�}|�����ä\	����%��	��������	�ë\��	:ár��	^����$rä������%�#��	^�������	:��	®Ý 	:á��(	í ����%��Ý�������	:äí	:á
����v:��êI����:��������	:ä�*õÞ¿��������������	:�(	:����� �� ^	:á
��ä��:����:ã������}|��(	:���������.��á����
ã���ä��%äÁ$��j��������	�l�á
�'ë���&����)I����	�����	:�%������$
&(����	:�(ã���äf�����

b:��ä�	:�� �Ýß	:á
����%ä�è�ä�*#àká
�����%�n�%äD�
��	�	��ó�v�%���%�v�}|���	:á
����%ä�è.)<ì��
	���(	:á
��D	��ì����%�������G	:á
�s��%ä�è�äB����$�	:á
�sì����
�
k�	:ä�*
�X�s� á�¤>°¡â ãA°9¤F£_©9±E«ä±§·U¦�¸
¥§±�¯E¦�¹x«A³µ¦�«E£å©¡«A¬A©¡â�¦�¨
àká
�8ï¿��â·ã��'&������������	:ñß�%��$
��ør�%äG��k�ã��
:�v�����%�����%�(	���$ó���óì���ä:�%ä^�� f	:á
�v�����_â�����
����	:ä�)�	:á
�Gá�������(���á��%�����>$
��������$
�������^�� ]ë\á��%��á��%äf:�
������	���$#�(	��]��ã
* 3I*ò"â·ã��'&������������	\��:��ã�����väk�(:�G�%���.�
��������$�ì���	:á�ìIÝ���ø�	���������b����$Å�%��	����â������ �����	����ä�*dàK����á��
������ã�����ä_����$���$������(	���$ ä�	:�3iõ���%��Ýd�����%������:	:����	D:������)����	:á
���
ã�á�	:á
�s��&(���%�%�(ì����^:��ä����
�����äB$��%��	:�(	��G������ä:�
:��äf	���ì��^����$
��:	:�(è�����ìIÝ������ádã��'&������������	�*�àK�����ä:��	:�����ß �:���V���
�íä�	:�(ã��í	��r���
��	:á
��D�����8ì�����(���%$����$Å������	:�%�I�
����äB ���\��������	������äk�(	k	:á
�����'ë ����&����Á0�������:ã��%�
ãI2f����$Åä:���'ë���\�(	

5�^(3



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

��	:á
��Bä�	:�(ã���ä�* � �'ë���&����)���	��%äÁ�%������:	:����	X	��D����$
��:	:�(è��\������v���
����	Á��&(���%����â	:�����Å����$�������ä:�
:��äB	:á��(	\�������%$�ã����(�����	����D�%����:�'&���������	B�� <	:á
��ä:��	:���(	:�����>)�
�í�v�(	�	����á
�'ë ä:���'ë ��	k�%ä�)
 �:��� ���
�s��&(���%���(	:������	��í���
��	:á
���*

�]��ã��
:��3I*<àká
�vá�������(���á��%�����X$
��������$
���������� �ï¿��â·ã��'&������������	:ñß�%��$
��øó�����_â�����
����	:ä

�]��ã
*�/���:��ä�����	:äsã���(��á�ä^�� ���â·ã��'&������������	�Þ¿��$
��øß�%�ó3(4�4
år0���äs���� f 3�h�2����$L��â·ã��'&������������	 Ü ����$��%�
��ä:ä�Þ¿��$
��ø �%�L3(4�4�/ 0���ä#���� f /�h�2� ���r�ð�I���_âì������ �������$��%�
ãß��������	������ä�)X ����	:á
����������	������ä_ë\��	:á�	:á
�����'ë���ä�	v�%��$
��ø�)" ���!#���%$
�'&(��)�����$v ���Bä������^��������	������äÁë\��	:áí�%��$��%����äÁ������ä���	��D	:á��(	��� K!#���%$
�'&(��*Þ¿�ß3(4�4
åD����$r3(4�4�/I)b�����%�����%�(	:������äkë���:�D�v��$
��ìIÝÅ��ä:�%�
ãv$��ji���:����	\����	:á
��$�ä�)����$Å	:á
��:�� ���:�D�(ì�ä����%�
	��G&(���%�
��äB�� "	:á
��ä����%��$��%����äB�(:�D�%�����������(��(ì�����* � �'ëBâ��&����)����
�\�v��Ý���ì�ä���:&��\	:á
�\��(	:����äX�� >&(���%�
��ä"�� >������á���������	�:Ý�	���	:á
�k&(���%�
��ä�� >��	:á
���ä�����$íá
�'ëõ	:á
��ä��\��(	:����äÁ��&�����&���$>*´à^�
�\�v��Ýv�
��	:�%���\	:á
�\��:��ã�:��ä:äÁ�� 
����ä�	�����%�%��) e ��:ëf��Ý�)´c�:���(	Ýa����	:���%�>) � ���%�%����$>) Ü �����v�(:è.)X�Ië���$
���>)Kë\á��%��á�������k������ä��f	��^	:á
� é ���%��$
��ø�*<òÁä�	������%���v��$
�B�^������ä:�%$
����(ì����Á��:��ã�:��ä:ä�*X�����(â&(�(è��%��)f�����'&������%��) Ü ���v�����%�r���%ä��r��:��ã�:��ä:ä���$>*ß!#���%$
�'&(�r����$æ��|���:ì����%$3b:���:���v���%�
��$Å�(	k	:á
�Gä:���������'ë ����&����+*

5�^(/



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

�]��ã��
:�í/I*<���������(��%ä����r�� ���â·ã��'&������������	D�%��$��%����ä� ���G	:á
�_Ý����(�äD3(4�4
åv����$3(4�4�/

�X�sç ¢P£I¹xãAâ�£_ã®¹_¦ß±§·�¦�¸
¥§±�¯E¦�¹x«A³µ¦�«E£
àká
�^$���ã���	:����ã��'&������������	k�%äf�
��	f������ø�������%������	��%����$��v�%���%ä�	���(	:��&��\:�� ������)ì��
	^���#������������	s�%�Å	:á
�D��:������ä:ä��� Áä�	:�(	�����$��v�%���%ä�	���(	:�����>*\ò"â<c��'&������������	�����Åì��^&�����ë���$80� �:���F��$��ji���:����	f�����ä�������	:��&���2Á��ä\á���&��%�
ã_	:á
:���sì��������á
��ä�ö

cs3_c æ�ã��'&������������	�	��vã��'&������������	�l
cs3Bauæ�ã��'&������������	�	��vì���ä:�%�
��ä:ä�l
cs3��ðæ�ã��'&������������	�	��í����	:�}|�����ä�*
Þe	f�%�����%��$
��äX����â®�%�%�
��ä���:&��%����äÁ	��_ì���ä:�%�
��ä:äÁ����$�����	:�}|�����ä����������%�}|���$í����	:á
�ä:�����fã��(	���)�	:á
�B�����������	K�� .$
������������	:ä]�%��ã��'&������������	:��������$D���(��%�%��������	:�(:Ýä�	������	:�
:��ä�)���$��(	:�(ì���ä��s�� ]�����v�����Å��ä��^	��v��&����%$Å$��
���%�%���(	:�����í�� ]�%�
 �����v��â	:����������$���$�$���	:���������.����ä�	:äB ���B��	:ä���ì�	:���%���%�
ã_����$���:������ä:ä:�%�
ã
)�����$��� �	����>)
�ä��������%���%�}|���$Å�%�
 �����v�(	:���������b�
��	®ë���:è�0��%��	�����
��	�2f����ä:�
��%�
ã�	������ä:����	:������ä\ì���â	®ë�������ã��'&������������	Xä�	������	:�
:��ä�)���êI����������$Gë\��	:áD�������	���ã���(��á��%�Áä�Ý�ä�	����vä]����$��	:á
����%�
 �����v�(	:��������:��	�����	:������ ������%�%��	:����ä�)
�%�����%��$��%�
ã������ä��������>$��(	:��)�$���ã���	:���ä:��ã����(	:�
:��ä�)�ä�Ý�ä�	����vä]�� ����
	:á
����}|���$_��������ä:äX	��G�%�
 �����v�(	:�����_����$���	:ä]��:������ä:ä¿â

5�^'5



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

�%�
ã
* àká
�í���������(��(	:��&�����������Ý�ä:�%äG�� B��â·ã��'&������������	v�%��������������	:�(	:�����d�%�d$��� â ���:����	_��������	������ä�0��%�����%��$��%�
ã�!#���%$
�'&(��2G���������$��%�
ã#	��#	:á
�íì��������á
��ä�cs3���)
cs3BaL����$åcs3_cT�%äBã���&����Å�%� f ^�h·*
�X��è éU¸
¥§±�¯E¦�¹x«®¤>«Aâ�¦Ã¦ êS²+¦�¹x©9¦�«Aâ�¦ë©¡«ìâ�±EãA«E£I¹x©9¦�¨�íS«®¦�©9¥EîPï+±§¹x¨Ñ±§·

ð ±E°¡¬®±�¯1¤
-1ñ}ò§ñ+, ó�ôFõ¿ö�÷Pøsö
�������
ãG��	:á
����
����ã�á�ì�����%�
ã^��������	������ä�) Ü ���v�����%��)�ë\á��%��á���äÁ�����
ãG��ä\å�3\æ�å�/Ý����(�ä��(ã��Åëf��ä��
��	s&���:Ýóä:��������ä:ä� ����]�%�ßÞ:�fàs)>á���äG�v��$
���
i���:	:äG	:á��(	�á���&��ì�:���
ã�á�	\�(ì����
	k�%����:��ä:ä:��&���:��ä:����	:ä�*Þ¿�������
 �����v��	®Ý�ë\��	:á�	:á
� Ü ���v�����%���¶c��'&������������	 Ü �����%ä:������������:ã������ªâ
|��(	:����� �� \	:á
�¶ùøL÷Pøsú�û�ü�ýþô�ÿ��ÝôFõßõ��P÷Pø��_ö û3øsôF÷Eú�ö�÷��	��
���P÷Eô��sô���ýÃô�ÿ
� ÷Eÿ¡ô�üBõ¿ö û3øsôF÷�0�!ó�fàBÞ:2�)I����$v	:�(è��%�
ãD�%��	���������ä:�%$
����(	:�����v	:á
� ` ��ëõ���íä������������ä:�
:��äK	��\����ä:�
:�X	������ä����(:���������%�G��ø�������%ä��Á�� ����
ì��%�%�"$
��ä:��ã����(	:������ä�)'���
ì
â�%�%�D����$rì���ä:�%�
��ä:ä\$��
	:����ä�)���:��&�����	:�����ß����$ß��:��ä������
	:�����#�� �����:��
��	:�����>)�	:á
�!ó�fàBÞ�����ä:�
:��äb�%����	:�%�(	:�����>)'�v�����(ã���������	�)� �����$��%�
ã
)'��������	�����%�
ã
)��%��������������â	:�(	:�����v����$D��������(	:�����D�� ��Pü3ô���
��Iû�ú�ö�÷����Pü3ô���ü3ö�õ¿ú�ö�øLõ�
���ö û�øL÷Eÿ¡ô�üBõ¿ö��
û3ø��_ö û3øsôF÷ ô�ÿ���ô���
�üB÷Põ�
�÷Fû ú�û�ü����Iû��Eü�
�ú�)���äfë����%����äf �����$��%�
ã� ���k����á
��:����	$
��&���������������	��� b	:á
�^���(	:���������.�%�
 �����v�(	:�����������%�
 ����ä�	������	:�
:�k�� b	:á
��������	��������
ì��%�%����$��v�%���%ä�	���(	:�����>*

�
:���h���(���Ýõ3(4�4�/I)^	:á
�ß!ó�fàBÞí�%ä:ä:�
��$õ3I����$
&��%ä���:Ýð�
��	���ä����ôä:�
������Ý�� �����Ý�������	v�%��ä�	����������	:äDë\��	:á�:������	��#��������ä:ä�)��� \	:á
��	®ÝI������ \Þ¿��	�����
��	¿âì����
è��%�
ã#���á
������â·ì����
è��%�
ãr�(�����%�%���(	:������ä�*ß����$
ã��%�
ã#ìIÝ8	:á
��:������:	:ä� �:���ì����
è�äb	:á
������������	K�� �ä:����áG	������ä:����	:������äK:������á
��$D�(����:��ø
�%�v�(	�����ÝG3�çBì��%�%�%�����ò é�Ü �_Ý����(�*
å(*! ªö û3øsôF÷Eö���"#��
��Iû�ü3ôF÷Pø��%$1ý§ú�û&
�õ 0�ëkëkëG* ��â·ã��
&�������(:��* :�I2b:����:��ä�����	:ä

ú�øL÷�����
äö'�(�(
�ú�ú)�®ôFøL÷Fû#	��d���
ì��%�%��ä���:&��%����äí����$ð�%�
 �����v�(	:����� �� ^	:á
�#������â	��������$��v�%���%ä�	���(	:��&��í�%��ä�	:��	:�
	:������ä�*�Þe	Dëf��äD��ëf�(�$
��$� ���ßï¿	:á
��ì���ä�	D$���ã���	:���������	�����	:ñ#�%�r��â<c��'&������������	�)<$��
��%�
ãí	:á
���ó����%$d�����v�v��	\ ���sÞ¿�
 �����v�(	:������I��������	®Ý�)>��á
��ä����r	���ã���	:á
��^ë\��	:áÅ��	:á
���5�4í��:�3b�����	:ä\ �:��� 	:á
��ë\á
������ë�����%$>*Þe	B�%ä�	:á
��k��ä�	fä�	������� <�D��:������ä:äf�� K:�� �����v�%�
ã��� K���
ì��%�%�k��$��v�%���%ä�	���(	:������ä��	:á��(	\��	B	��vì��G�%��$
����$��(	\ä���:&��%���s�� ]������á#����	:�}|����>*Áàká
�D�IÝ�ä�	����F�%�����%��$
��ä�ö
~ à�&����å�1(4v �����väk�v��$
�G��&(���%�%�(ì����s ���\$
�'ë\��������$��%�
ã l

5�^(ç



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

~ 5�1�ç��%��&�����&���$����
ì��%�%���%��ä�	:��	:�
	:������ä�l
~ çD�����%�%�
�^���
ì��%�%��ä���:&��%����ä�)���&(���%�%�(ì����Gä:�%�����D�I����	�����ì���\3(4�4�/Iö

* dX�"àL$
��$�����	:�����>l
* Ü �����%�(��(	:�����Å��������Ý�������	\$��
	:����äf	��v	:á
��ä�	:�(	���ì���$
ã���	�l
* �X:��ä�����	:�(	:�������� ]êI���(:	������Ý�����$������I������������������	:�%�
ãv:������:	:äfìIÝ�%�(:ã��s	:��ø�����Ý����ä�l
* Ü �����%�(��(	:�����8���8	:á
�v:�������$ó�� B�%��ä:�
:��$r�����ä�����äG����$ó����Ý�������	��ì��%��ã��(	:������äf	��'ëf�(�$�äk	:á
�Gì���$
ã���	B�� ]ä�	:�(	��D�%��ä:�
��������Il
* �IÝ�ä�	���� �� ]�����%������	:�������� "ä�	:�(	:�%ä�	:�%�s$��(	:��*

�\����:��ø
�%�v�(	�����Ý�ç(4�) 4�4�4_&��%ä:��	����ä�ä:�%�����\	:á
�^$��(	��^�� K�%��������á��%�
ã
)IáI����$
:��$�äX�� ��ø���:��ä:ä���$������%��������ä����#á
�'ëL	��í�%����:�'&��s	:á
��������	�����	\�� ]	:á
�sã��(	���*
3I*+�,
�÷Fû&
�ü ÿ¡ô�ü.-n÷Eö��zý§ú�øsú ö�÷�� ó.
�ú��®ôF÷Eú�
ªû�ô/$0
��1�EüBøzû�ý � ÷��xø��2
�÷Fû�ú0·�fò Ü Þ:�.)�ëkëkëG* ������%ä�* :�I2]�%ä]	:á
�k���%�����kë\á
��:�BÞ¿à �B�������äÁ�%�����
ì��%�%����$��v�%���%ä¿â	���(	:������ë\�%�%��ì����(ì�����	��v��ä�èv ���Bã����%$��������^����$í:��������&��Gä����%�
	:������äÁ:��ã��(�$��%�
ãÞ¿àîä������
���	®Ýß��:��ì������vä^	:á
��Ýó �������*#�I��:&��%����äs:����$
��:��$óìIÝß	:á��%äG������	���Dë\�%�%� �������ä����ð��������ä��� ^��:��	�����	:����� �� sä�Ý�ä�	����väv�(ã����%��ä�	v����	�����	:�%���f��:��ì������vä�)����$uá
����� 	��d����	:�%�������(	��#�%�����%$
����	:äv����$ ��&����ð:��ä�����&��Å	:á
����*µ�f	í	:á
�#����â	:���������K����&����+).�%�#3(4�4�/í	:á
��:��ë���:�D�(ì����
	�3(4�4í�����ä�����äk����$
��k��ø
���v�%���(	:�����>)�� "ë\á
��� 3�çv�(::��ä�	���$>)�ë\��	:á���:�Mb:��$��%���^�� "�(ì����
	43(ç(4�4�) 4�4�4 é � Ü )��� ]ë\á��%��á�(���b*+3(ç(4�) 4�4�4 é � Ü ë���:�G:�����'&���:��$>*
/I*2"#��
��Iû�ü3ôF÷Pø���ú�ý§ú�û&
�õ ô�ÿ0�!��5!�Lø���ö'�(67�Pøsú�øzû3øsôF÷Eú^0�ëkëkëG* ��â®�%�%����	:�(	:����* :�I2�%äKì���ä���$G����	:á
���%$
���k�� 
	�����á��
������ã�Ý���ä���$G ���]�%����:�'&���������	<�� 
	������ä����(:��������%�r���
ì��%�%�G����êI���%ä:��	:������äk��:������ä:ä�*Gàká
�_ä�Ý�ä�	����ùëf��äs�%��������á
��$#���ó!r�(���áß5
)3(4�4�3I*��f	k	:á
�Gì���ã��%�����%�
ã��� X3(4�4(5í	:á
��ä�Ý�ä�	���� ã���&���ö
~ �\&�����(ã��Dä:��&��%�
ã������������	:�(ã��Gâf3�3I* 1_Þ�l
~ ����&��%�
ã�äk���������D���%�(	���$�â��(���b*Á1_^_�v�%�%�%������ò é�Ü l
~ àK�����ä:����	:������äB	:á
:���
ã�á�	:á��%äkä�Ý�ä�	���� â��(���b*Á3�3(4í4�4�4�l
~ ���
ì�ä:�������	:�������(�����%�%���(	:������äXæßå�4v4�4�4�l
~ ���
	:á
�����	:����ä¿â®������	������	����ä�âkå�4�4�4Å0�ì����%�
ã�å�çI�D����	:á
�s$��(	��^�� K�%��������á�â�%�
ãI2�l
~ �f�(	���ã��������ä<�� 
��:��$�����	:äb	����$
��$�	:á
:���
ã�áG	:á
�fä�Ý�ä�	����Lâ.�'&���A�(4_0�ì����%�
ã
^D�%�#3(4�4�3�2�l

~ e �(	:���������bá
������	:á���:��ã�����väk���(:�����$����
	k	:á
:���
ã�á�	:á
�Gä�Ý�ä�	���� ærå�4�l
~ ������������ø�������	:������äB ���k	:�
��
è���Ý�������ä�	������	:�������� "ä�����:	Bá����%�%ä�ö

5�^(1



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

* �I	:�(ã��^Þ"æ#å��I�_������	:�����
��$�ä�����:	fá����%�%ä"æ�����&��%�
ã�äf����á�����&���$������_â���(:��$�	��í	:á
�s��ä�	:�%�v�(	���$Åì���$
ã���	�öX�(���b*kå�5��v�%�%�%������ò é�Ü *
* �I	:�(ã��GÞ:ÞXærå�^(3v������	:������ä�æÅ����&��%�
ã�ä�ökå�3��v�%�%�%������ò é�Ü *

5
*�8�öxýEõ�
�÷Fû ô�ÿ û�ö:97
�ú ö�÷�� ÿ;
�
�ú<51ý=
���
��Iû�ü3ôF÷Pø�� õ�
�ö�÷Eú0�ëkëkëG* �v��	:�+* :�I2ÁâX	:á
��ä�Ý�ä�	���� ë\á��%��áÅá���äB	®ë��v������������	:ä�ö��2^�%�
 �����v�%�
ã�	:á
�í����	:�}|����ßìIÝr��������	�:�����%�v��������äG�(ì����
	s	:á
�v���������" �����äG����$	:��ø���ä\	��vì��s�����%$>)
��äkë����%�>��äk�(ì����
	k	:á
����Bì����%�������Ilì�2"����Ý�������	��� b �����äf����$v	:��ø���äfìIÝv��ä:�%�
ãG��������	�:�����%�\����Ý�������	f�%��ä�	����������	:ä�l	:á
������Ý���k��������á
�I��ä��^����Ý��%�
ã�&��%�U�"àk!d) ��àG�_��f&��%��$��%ä�	:����	Á����Ý�������	B�%��âä�	����������	:äÁ�� �Þ¿��	�����
��	Áì����
è��%�
ã
)I����ì��%���Bì����
è��%�
ãs��fá
�����kì����
è��%�
ãs	®ÝI����ä�*1(4xÞT�� b�D�����%���������%��	:����ä"�%��������������	���$�	:á
��ä�Ý�ä�	����î��&������� �������Ý_	��D���%���'ë
k.��$��%�
ãD���
	k	:á
������������	B�� ]	:��ø���äk	��vì��s�����%$>*

çI*>"#��
��Iû�ü3ôF÷Pø�� ú�ý§ú�û&
�õ ô�ÿ ö��§û�Eô�üBø��_ö û3øsôF÷EúþøL÷ÚøL÷Fû&
�üB÷Eö û3øsôF÷Eö��
�_ö�ü���ôäü3ô�ö'�gû�ü3ö�÷Eú��®ô�ü�û�ö û3øsôF÷ 0�ëkëkëG* ���
	�����}|��(	:�%�%���
	��
* :�I2^ëf��ä_�%��������á
��$�%� e �'&�����ì���í3(4�4�/#����$d����ä:�
:��äG	������ä����(:���������%�8��������	�:�����%�í��ä:ä:��ã���������	�� "���
	:á
����}|��(	:������äB ���k	������ä�����:	�ö

~ å�5�4�4#��������(	����äG�� k�%��	�������(	:���������X���(:ã��#:����$d	������ä�����:	:�(	:�����8á
���%$$���ã���	:���>���
	:á
����	:�%���(	:�����Å����:	:�jk.���(	���ä�l
~ �(����:��ø
�%�v�(	�����Ý�ç ^�4�4í���
	:á
����}|��(	:������äká���$�ì������Å���%�������(	���$���������	�:����â�%�����%��Ýíì��� ���:�s	:á
�)k��ä�	ká����� K�� Ü ��������ì����l
~ ��/�4�4�4v���
	:á
����}|��(	:������äB	:�(è����# �:��� 	:á
�U� Ü\Ü 0L���
	:á
�����	®Ý��� Ü ���v��â���%��� Ü ����$�â·	������ä�����:	�2�)��� �����:�B	:á����í/I��3s4�4�4G��$��v�%���%ä�	���:��$_�%��3(4�4�/ìIÝ�	:á
�U���
	:á
�����	®ÝFl
~ å´�(4�4^����������������ä<���(:�����$����
	<����	:��&���	:����äK�� ��%��	�������(	:����������	������ä�����:	:��â	:������ �:��� 	:á
��ì���ã��%�����%�
ãk�� �	:á
��Ý����(Á����	:�%���I����	�����ì���"3(4�4�/�0����������$�â�%�
ã_	��v	:á
��$��(	:���� S�
:����	:������<���%�%����2�*
1I*<?�üBø@��
�ü1A}ú	B�ø��(
�÷��(
 0�á�	�	��bö ÷�÷'������v�%ä������
	��
* ��â®�%�%����	:�(	:����* :�I2�* àká��%ä

�X:�3b�����	#�%äÅ��������	Å	��ð ������%�%��	:�(	��ó:���%�(	:�����ôì���	®ë������L	:á
�óã��'&������������	r����$	:á
�í����	:�}|�����äí09cs3��k2�lK	:á
�v�%�(	�	����ã����%�ó	:á
�í��$
&(����	:�(ã��í	��r������	:����	D	:á
��ã��'&�â�����������	\����	:á
��k �:���F	:á
����k�'ë\�å�f�fä�)���\ �:��� ����Ý���	:á
���Þ¿��	�����
��	\��������ä:ä�����%��	�*íàká
����:�3b�����	���á����
ã���ä�	:á
�v:���%�(	:�����8����	:�}|�����â®ä�	:�(	��íìIÝr:�����%�����%�
ã�:��â�����(	���$ &��%ä:��	:äD	��8$��ji���:����	_�B������ävìIÝd���%�����%�
ãß���ð�(�����%�%���(	:�����������%�%�
��)"ìIÝ�������
����	:�%�
ãv	��vÞ¿��	�����
��	D0�$
���>� 	\ä�	:����$Å�%���%�%�
��)�ã���	k�����%�%�
��2�*
5�^I^



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

�I�� ��(�)]/�åv�%�%������ä���ä^á���&��íì������ó�%ä:ä:�
��$r	��Åì����
è�äs���
	:á
����}|��%�
ã�	:á
���V	�����(::Ý����
	B	������ä:����	:������äk&��%�_Þ¿��	�����
��	�*
-1ñ}ò§ñ - ó��Eú�ú�øsö
àká
� Ü ��ä:ä:�%���Ø�
��$
����(	:����� �%��������á
��$ �T��:��ã����� ï�òÁ������	�:�����%� Ü ��ä:ä:�%��ñ�*
�ô��	:á��%�í��	�)I �����ä:��ì��%�%��	®Ý_ä�	:��$�����äXë���:�����
�ä:�
��$#0+3(4�4�/�2�����$í	:á
��Þ¿�
 �����v�(	:������âàK�����������v�D�����%���(	:������ä#������	����ëf��ä�ä���	��
�õë\��	:á��%�ð	:á
�ó!r�%���%ä�	�:Ý �� DòÁ���(â�
���v�%� Ü ��&���������������	�����$óàK���$
��*DÞ¿�83(4�4�3'âe3(4�4�/I)"	:á
�vá��(�$
ëf�(:�_���%�(	� ���������$dä��� �	®ëf�(:����:��$�����	:äsë���:��$
��&�����������$8	��#��������(	����(�����%�%���(	:������ä^ë\��	:á��%�	:á
�U�X:��ã������*àká
����â<c��'&������������	��X:�3b�����	B�%ä����(:	��� <�_�%�(:ã���f��:�3b�����	�ï�c^����ì����§c^�(	���� Ü ��&���������������	:ñ�ä:�
������:	���$#ìIÝÅ	:á
���ó����%$Æaf���
è#	:á
:���
ã�ár	:á
�DÞ¿��ä�	:��	:�
	�� ��� Ü ��&���������������	k�� ]Þ¿�
 �����v�(	:�����#�I��������	®Ý�*ï�ò"â Ü ��ä:ä:�%��ñ_��:�'&��%$
��äf ���k	:á
:����ä�	:�(ã���ä�öÞÅ3(4�4�3kæ���������Ý�ä:�%äK�� �	:á
�B��������	�:ÝF� ä]��â·:����$��%�
��ä:ä]�%�D���%��ä���á
��:��ä�)�����$���	<�� Þ:�fàT����ã��%ä:�%�(	:�����>)>�%��������á��%�
ã k��ä�	^��:�3b�����	:äG�� ���������	�:�����%�_����������%�(	:������� ]$
������������	:ä�)�����$
������}|��(	:�������� ]��$������(	:���������bä�Ý�ä�	�����*Þ:Þ�3(4�4�/'âe3(4�4(5
*Ñ�
����v�(	:�����ð�� s������ ����� �%�
 ����ä�	������	:�
:���� ^	������������v�D��â���%���(	:������ä� ���s���
ì��%�%������$ó�%�
 �����v�(	:���������<Þ¿��	�����
��	s����$ß ������%�%��	:����ä� ���	�����%���%�
ãd����$ð:��	�����%���%�
ã8�� �ä��������%���%�%ä�	:ä�*Lò"ø�������ä:�����ð	���	:á
�rë�����%$�v�(:è���	:ä\��ä\��ä:�
�����%������� ]Þ:�fà ä���:&��%����ä\����$�ä����%�
	:������ä�*Þ:Þ:Þ�3(4�4�ç'âe3(4
å�4�*��<���
��	���(	:�����Å�� "Þ:�fàL�%��	��v�������
����Ý�*��X:��������$���	:������äfë\�%�%�ì��k�����(ì�����$�	�������ä:�
:�\����	:�}|�����ä������ã�á�	X	��D��������ä:ä�	��_�%�
 �����v�(	:�����>*<àká
���:��ã����� ë\�%�%�I����ä:�
:�\�%��	���ã�������%��������������	:�(	:�������� >ä�	:����$��(�$íä�Ý�ä�	����vä�� ]�%�
 �����v�(	:����������������%�(	:�����>*

a�ÝD	:á
�kÝ����(f3(4�4(5
)
��	"ëf��ä"���%�����
��$_	��G���%�(ì�����(	��\�së\�%$
�B�
��	®ë���:è_�� >$
��â&���������������	\ã��(	���ä^�%�å^_:��ã�������äk����$#�dï�����	:á
���â·ã��(	���ñó0�á�	�	��bö ÷�÷'ëkëkëG* ���ä:�%��âã��(	���ëf��Ý�* ��.2�)�ë\��	:á�ä:�
������:	f �:���Vå�5�/����(:	:�
��k��:ã������}|��(	:������ä�*
��ä��������%���%�}|���$^�%�
 �����v�(	:����������ä�Ý�ä�	����Fï�c��'&������������	Sc^�(	���ñ\ëf��ä>���%�����
��$ë\��	:á��%��	:á
�Gä:�����G$��(	���ä�)��%�����$
��k	�������ä:�
:�s�%�
 �����v�(	:�����������
����$�äB�� ]ä:�v���%�ì���ä:�%�
��ä:ä�*
à�	:á
�����:�3b�����	:ä�öðï�òÁ�����
����ÝF� änc^�(	���ñ�)�ï��I	:�(	:�%ä�	:�%�ªc^�(	���ñ�)B�ó����$
���f�� ��������	�:�����%�v�����v��������íä�Ý�ä�	����`ëf��äs���%�(ì�����(	���$ó	��#ä���:&��v	:á
�v:��ã����������"����$�D�����%�����������
����$�ä�lI	:á
�^ä�Ý�ä�	���� �%äÁ�
�'ëõ	���ä�	���$��%�v	:á
�\:��ã������í�� ]�fá
����Ý��(ì��%��ä�è

5�^B�



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

����$ß	:á
� Ü �����
ì��%�%�s�� B�fáI�
&(��ä:á��%��*�� �����:è(�(ã��v�� �$
������������	:ä^ ���s��:���(	:������� b	:á
�\ ���$
���������â®�����v��������s������	���fëf��ä�$
��( �	���$>*S�X:���%�%�v�%���(:Ý�	���ä�	:�%�
ã��� >��â�����v��������sä�Ý�ä�	����Rëf��äf$
���
��	��D�����(ì���������êI���%ä:��	:������äX ����	:á
�� ���$
������.�
����$�ä�� ]	:á
��ä�	:�(	���0+3(4�4�/�2�*
�]�(����%�����
	���	:á��(	���	Á�%äX���%�(ì�����(	���$>ö"���
	����v�(	���$�������	�:���.ä�Ý�ä�	����î�� >���(:ã��	������ä�����:	:�(	:����� ��� 	:á
������ä�	����vär	���:���	���:Ý �� �	:á
� Ü ��ä:ä:�%��� �
��$
����(	:�����>)��������	�����%�
ã�����$ô��������Ý�ä:�%ä�ä�Ý�ä�	����j�� �k.���������%���^����$õ�������
���v�%�ß����	:��&���	:����ä�� f����	���:����%ä���ä�)>	:á
� �X:�3b�����	G�� f�����jk.���(	:�����r�� B�%�
 �����v�(	:���������<:��ä����
�����äs�� Ü ��ä:ä:�%���Gá
������	:á����(:�Á�%��ä�	:��	:�
	:������ä>����$G�� ���ì��%��ã��(	���:Ýsá
������	:á��%��ä:�
��������] �������â$��(	:������ävï$�<���ä��������%�}|���$�:�������$Å�� ]����$��%�����>ä���:&��%����ä:ñ�*
Þ¿�í	:á
� Ü ��ä:ä:�%�����
��$
����(	:�������%��3(4�4�3I)�5�Þ �� b���������%�(	:�����í��ä���$íÞ¿��	�����
��	�*àká��%äBä:á
�'ë���$r/I�_Þ ã�:�'ëk	:á#���������(:��$�	���3(4�4
å(*fòÁ��ã�á�	®Ý�â·	:á
:���� ���$
������bä:�
ì
â

b�����	:äk�������
��$���������ä:ä\ä���:&����äfë\��	:á��%�í����ä�	f�B������ä\����$Å3�1(4�4v��������ä:äk�����%��	:ä�)�%�����%��$��%�
ã��(4�4í�%����
����>�(:����*
àká
� Ü �����
ì��%�%���� Á�fáI�
&(��ä:á��%���(�������(�äk	���ì��G����:�D��$
&(��������$r�%��	�����vä�� ]��:�3b�����	:äk�� <Þ¿�
 �����v�(	:�����#�I��������	®Ý�*àBë�����	®Ý�â®ä:�ªøn�Á�
ì��%�%�kÞ¿��	�����
��	+��������ä:ä��<���%��	:äG0L�XÞ<���Áä�2Xë���:�G��:���(	���$����ì���ä:�%äB�� ]�D�����%����������ä�	������	:�
:��äk����$�5�1������%��	:äB�%������ä�	¿â·�B������ä�*
���%�b:��ã����������f0���:�'&��%�����%����2B������	����ä^�������
��$#	:á
���XÞ<���Áä�*�Þ¿�å�XÞ<���Áä^����	¿â�}|�����ä^�����óá���&��� �:������������ä:äs	���	:á
��������	�����]ã��(	����� Á	:á
� Ü �����
ì��%�%�G�� f�fáI��â&(��ä:á��%��*
���%�����
ì��%�%�]���
	:á
�����	:����äb�(:���������
����	���$D	����
��	®ë���:è.*"àká
��:�Á�%äb	:á
��ä�Ý�ä�	������ ���������	�:�����%������êI���%ä:��	:������ä�)"	:á
��ä�Ý�ä�	���� �� ���������	�����%�
ãß����$���:��ã�����vä_�� �������
���v�%������$ßä������%���]$
��&���������������	^�� Á	:á
�D:�����
ì��%�%�(*)�î����$
���<��:�'&��%�����%����%��ì���(:Ýß�%äs�������
��$d�%�ó	:á
�í&��%�%�%�(ã�����á
���D�
�ä:á���)b ���D	:á
�í ������%�%��	®Ýr�� B:����$
���ä��êI����������$rë\��	:áó�Å���������
	�����%�(ì8�������
����	���$8	��ÅÞ¿��	�����
��	�)<����$ß	:á
��:�í�%äs���

�XÞ<���u�%��	:á
�G��$��v�%���%ä�	���(	:��&��^ì����%�%$��%�
ã
*
��$
�����%ä:�����G �:��� �����I���(:ÝG/(4�)�3(4�4(5�ï�à^������ä:�
:��$G��������ä:ä<�� �����	:�}|�����äK����$��:ã������}|��(	:������äk	��í�%�
 �����v�(	:���������Å����	:��&���	:����äB�� ]	:á
�����
	:á
�����	:����äf�� ]	:á
� Ü ��â���
ì��%�%�f�� <�fáI�
&(��ä:á��%��ñG�(�������%��	���$v	:á
��������	�����.ã��(	��^��ä�	:á
�\�B�����%����:��ä����
������:�'&��%$��%�
ã��%�
 �����v�(	:�����ð���õ	:á
�ß����	:��&���	®Ýu�� G	:á
���X:��ä:�%$
����	�)B	:á
�d�f�(ì��%�
��	�� �!r�%���%ä�	����ä�����$r��ø������
	:��&��v���
	:á
�����	:����ä��� B�fáI�
&(��ä:á��%��*sàká��%ä\ã��(	��v������	���ää:��	���ä��� k�'&��� ^�4r������	�����+)"��:�'&��%�����%���X����$d&��%�%�%�(ã��í�(ã�����������ä�)X����$d��:�'&��%$
��ä�D����	:�%�%�(	�������K�%�
 �����v�(	:������	�������	:�}|�����ä\�(ì����
	\ã��'&������������	�� äs����	:��&���	:����ä�*����%�$
�����%ä:������ävìIÝð	:á
�å�X:��ä:�%$
����	�����$ �f�(ì��%�
��	v�� �!r�%���%ä�	����äv�(:�r��������(	:��&�����Ý

5�^B�



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

���
ì��%�%ä:á
��$r�%�ßÞ¿��	�����
��	�)<��äsë����%�X��äG�����
����������������	:äG�(ì����
	G������	���ä�	��� B����â	:��������������$��D�����%��������������êI���%ä:��	:������ä�)I�v��ä:äf����$��%�G���
ì��%�%���(	:������ä�)
b���ì�&(��������â������ä�)���$��v�%���%ä�	���(	:��&��^���%����äf�� ]����	:������ä�*
Ü �
����]���������%�(	:�����ß�����ó��ì�	:���%�ó:�����%�%ä�	:�%�_�%�
 �����v�(	:�����ó�(ì����
	s����%����ä^����(ã���%������	:�
����I��:��$�����	:ä]�%�_$��ji���:����	<:��ã�������ä�)��%�
 �����v�(	:�����D�(ì����
	"á
�'ëð	��sã���	�G����:	:�jk.���(	��\�� � ����v�%��ÝD����������ä:��	:�����>)����á
�'ëð	���ã���	Áä:�
ì�ä:�%$�����ä< ���X���
���á���ä���� ����
:��â·ì�:��$����(	�	:����������%��	���ä�����$�ä�)Áá
�'ëF	��ß:���%��ì��
�ä���	:á
����:�Bk�	�)X�B�����á
���
�ä"�� .	:á
�\��������������$_:��ã�������������$��v�%���%ä�	���(	:�����>)�����$v�v����Ý_��	:á
��Áä������%���%��Ý$
���v����$
��$Å����$Å�%������:	:����	B�%�
 �����v�(	:�����>*
àká
:���B����$��%������	�������������	����äÁ��ä:�%�
ãsä:�(	����%�%��	��B�����v�D�����%���(	:������ä"á���&��kì������ä���	]�
�b*Kàká
�X	�����������$��%�������
��	®ë���:èGëf��äKä���	]�
�G���G����%������������ä.�� ����(â8k.���������%�
ã �:��� 	:á
�s ���$
������>����$�:�����
ì��%�%�����vì���$
ã���	�*XÞe	B�%äf���%�����
��$í	:á��(	k���%�.:��ã����������á
��ä�����	:���%äÁë\�%�%�
ì����������
����	���$�	��_	:á��%äÁ�
��	®ë���:è.*ÁàK����á��
������ã�����ä��� <�
��	®ë���:è���$����$��%���%�
���(:�#��������	v	��dä�����&���	®ë����v��b���v��:��ì������vä�ö�	��8����ä:�
:��ã����
��������������ä:ä\	��í����$��%�����b��ä:ä:�%ä�	:�������G����$Å�vá���ã�á�êI�����%��	®Ýí�� ]	�:���(	:������	�*
�
���ä���&��������Ý����(�ä�����:����$
ÝD	:á
�k:�����
ì��%�%�����D	�:����ä:�
:Ý�á���ä"ì������vä:�
������:	¿â�%�
ãÅë���:è�ä��� k�#ä�Ý�ä�	���� �%�8ë\á��%��á8���%�Xk.���������%���X$
������������	:äD�(:��ä�����	�������Ý&��%�_Þ¿��	�����
��	\����$Å����:	:�jk���$�ìIÝ�$���ã���	:���>ä:��ã����(	:�
:��*
Þ¿�#���(����%�����b	:á
�D��:�3b�����	:ä��� Á �����v�(	:�����#�� Á�%��	���ã���(	���$ó����$��%���F�� X��$���â���(	:�����d�(:��ì����%�
ã�k.����������$>*�àká
:���
ã�ár	:á
��ä��v��:�3b�����	:äs	:á
�v�D�����%���������<����$��
����<ä:��á
�I���%ä^á���&��_:��������&���$8/v5�5�^����������
	����ä�*��I���� X�%�ß3(4�4�4�	:á
��:�Dë���:�/(4�4_���
���%�%ä"��������
�s���������
	����)
�%��à^��	���ì���k3(4�4�/D	:á��%ä��I����ì����ì����������Gç�3I*

�X��C D�Eª«®¦ ¬®¦�¨�FHGä¨&I®¨�£I¦�³ ·<±§¹å¦�¸�¨3¦�¹I¯®©¡â�¦�¨¶©¡³µ²´°9¦�³µ¦�«E£I¤F£_©9±E«
�,�
J
�ú�ú�
�÷��(
ªô�ÿ+û��
ªø��2
�ö�ô�ÿLKIôF÷�
J�2
�ú�M0Nß�%äf	:á
�^ ����%���'ë\�%�
ã
ö]	���:��������&��	:á
�G�
������ä:ä:�(:Ý�$
������������	�)�	:á
�^:��êI�
��ä�	����)
����	:á
��B������	:�}|�������k������:ã������}|���â	:�����>)��%ä>��ì��%��ã���$G	���ä:�
ì��v��	>	��\	:á
�Á��ø������
	:��&��f�(ã�����������ä b:��ä�	b���
�I� ä<$
������������	:ä$���:����	:��Ýr��ä:ä������%�(	���$óë\��	:ár	:á
��:��êI�
��ä�	����0��(�����%�%���(	:�����>)b�������IÝr�� f�%$
����	:��	®Ý���(�$>)]ä:��á
�I���Á����:	:�jk.���(	���)]:��ã��%ä�	���(	:�����d����:	:�jk.���(	���)]��	:�(* 2�*¶���%�"��	:á
��D$
������â������	:ä�)�ë\á��%��áÅ�(:���
��	�$���:����	:��Ý���ä:ä������%�(	���$#ë\��	:á�	:á
��:��êI�
��ä�	���\ì��
	Bë\á��%��á�(:�\�
������ä:ä:�(:ÝD ���Á�%ä:ä:���������f�� .	:á
�k:��êI�
��ä�	���$v$
������������	�)�ä:á����%�Iì��B�����%������	���$ìIÝ�	:á
�D��ø������
	:��&��_�(ã�������Ý#��	:ä����� e)�ë\á��%��á#�%äk:��ä�������ä:��ì����^ ���^�%ä:ä:���������G�� X	:á
�$
������������	�*��I�
)���	�ë\�%�%�>ì������
���
ã�ár ���^	:á
�D:��êI�
��ä�	���^	���������	:����	G������Ý�	:á
���ø������
	:��&��D�(ã�������Ý�	:á��(	\�%ä:ä:�
��äf	:á
��k.�����>$
������������	�*

5x�(4



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

�,�
)�PüBøL÷��xø��!��
 ô�ÿ�KIôF÷�
O�2
�ú�M0Nu��:��ä:������äG��ø
�%ä�	����������� k���
��ä:�%�
ã���������%��	s�� B��������ä:äD �����%��	��������	:�����8ë\��	:áó	:á
�í���
	:á
�����	:����äG�(	�����Ý8����&����+*íÞe	��%ä�
������ä:ä:�(:Ý�	��s$
��&����������^ä�Ý�ä�	����  ���"	:á
�����
:����ä���)�ë\á��%��á�ë\�%�%�����
	����v�(	:�%�����%��Ý$���:����	�	:á
�#:��êI�
��ä�	:ä�����$u	:á
�r:������:	:äí�� s	:á
�r����	:��	:����$õ�(ã�����������ä��� Gä�	:�(	����$��v�%���%ä�	���(	:�����>)I:��ã��(�$��%�
ã_	:áI��äB	:á
�Gä�	:�(	�����äkä���:&��%���^��:�'&��%$
��B	��v����	:�}|�����ä����$õì���ä:�%�
��ä:ä���ä�* � $��(	:�(ì���ä��ß�� G��������	�:�����%�ß$
������������	:ä��%ä:ä:�
��$u�%�Rï¿���
�$
��ä�è�ñ�����$
�\�%äÁ���%ä����
������ä:ä:�(:Ý�*S�ôá
����ä:����ávì���ä����%äXä���	��
�b)I��	Xë\�%�%��ì��B�������	������%�>ã��'&������������	�����	:��	:����ä�)�����	:�}|�����äk����$���:ã������}|��(	:������ä�*�a�Ý�����	�����%�
ãv	:á
�:��ä�������	:��&��^ä:��	��\���í	:á
�\ã��'&������������	�� äfã��(	���)�����Ýv����	:�}|����íë\�%�%��ì����(ì����\	��Dã���		:á
�G ����%���'ë\�%�
ã��%�
 �����v�(	:�����>ö
~ ë\á��(	B��ø������
	:��&������
	:á
�����	®Ý��%ä:ä:�
��äf	:á
�s:��êI�
��ä�	���$#$
������������	�l
~ ë\á��(	k$
������������	:äB�D��ä�	Bì��s��:��ä�����	���$�	���	:á
��ä���:&��%���^�� sï¿���
�G$
��ä�è�ñ�l
~ 	:á
�s	�����väk ���k��:�����(��(	:����������$Å�%ä:ä:���������^�� ]	:á
��$
������������	�l
~  ����G ���k��:�����(��(	:�������� ]	:á
�G$
������������	�0��� ]�(�����%�%���(ì�����2�l
~ á
�'ë $
�I��äB	:á
�G:��êI�
��ä�	���$Å$
������������	k���I��è��%��è��í0���	:äB �����v�(	�2�*

�X��P éU¸
¥§±�¯E¦�¹x«®¤>«Aâ�¦æ¤>¨ª©¡«A¨�£I¹xãA³µ¦�«E£�£I± â�±E³ ïA¤F£åâ�±§¹_¹xã®²®£_©9±E«
ò"â·ã��'&�������������\�%ä<��ø�������	���$_	��s�%����:�'&�����������(	:��&����
��ä:ä]�� ���ø������
	:��&��fì��������á>)��ä��������%���%��Ý��%��ä������%���bä���:&��%����ä�*XÞe	Bë\�%�%���v�(è��G	:á
�G��ø������
	:��&��D����:�s	������ä����(�â����	�����$ :��ä�������ä:��ì�����	��8	:á
�#����	:�}|�����äv����$ ��:ã������}|��(	:������ä�)f��	vë\�%�%�f��á����
ã��:���%�(	:������äGì���	®ë������8	:á
�íä�	:�(	�������$ó	:á
������	:�}|�����ä�)<�%��&�����&��%�
ã�	:á
�í�%�(	�	���_�%��	��	:á
������	:��&���	:����äB�� ]$
����������(	:�%�G����$����
ì��%�%�\�%��ä�	:��	:�
	:������ä�*Þ¿�u�v����Ýu����ä���ä�)\����:�r	������ä����(:��������)k��:��$��%��	:��ì��%�%��	®Ý8�� �ä������%���\��:������â$��
:��ä�����$ �%��	�:��$������%�
ã#���$
���)Áë���:�Ýb:��ä�	_	:á
������%�v�(:Ý8��ì�b�����	:��&���äv�� \��ä¿â	:�(ì��%�%ä:á�������	f�� <��â·ã��'&������������	�*��ôá
����������$
���äB�� <	:á
�Gã��'&������������	\����$Å���%�ä�	:�(è���á
���%$
���ä]�%�G	:á
�fä���������	®Ý�ä�	:�%�:è)k���v��Ý^	���	:á
��ä�����ì�b�����	:��&���ä�)���â·ã��'&������������������Åì��������������Å�%������:	:����	k�%��ä�	����������	f	��í������ì��(	\����:��
��	:�����>*àká
:���Å���v�%�
����	í��ø
����������ävì������'ëú$
��������ä�	���(	��ß��äv	:á��(	�����:�#	������ä¿â���(:�������Å����$� �:������������ä:äv	��8�%�
 �����v�(	:�����d��� $
�����%ä:������ä_����$�����	:��&���	:����ä_�� 	:á
�\��ø������
	:��&��\���������'Ý�����ä�)
��äXë����%����ä�����:�\ä������%����:��ä�������ä:��ì��%�%��	®Ý�)�������ä:�%$
���â�(ì���Ý�:��$������\����ä:ä:��ì��%�%��	:����ä]����$íë\�%ä:á
��ä"	��D��ì�	:���%�����3b:��ä�	:�jk���$���:�Bk�	�)I��ä�ë����%���ä\����:��
��	:�������������
ãv	:á
�G:��ä�������ä:��ì����\�����ä�����ä�*

-�ü���
�÷Fû3øL÷Eö0QRN2�Ýü�ý§ú�û�ö��%Snô���
�üB÷Põ�
�÷Fû&N � ÷Pøzû3øsö û3ø@��
�ñLàká
��ã������k�� 	:á
�\��:��ã�����Rñ���:Ý�ä�	:���1c��'&������������	:ñ�)
ë\á��%��á�ëf��ä��%��������á
��$í�%���I����	�����ì���
5x��å



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

å��I�I�I)"ëf��ä�	��r�v�(è������%�X�%�
 �����v�(	:�����ó��������������%�
ã#��ä��v�� f���
ì��%�%�D:��ä����
�����ä��������ä:ä:��ì����í�����%�%�
�#0�á�	�	��bö ÷�÷'ëkëkëG* ����%ä�	:���+* ã��'&.* �(�2�*ßàká��%äs:�� ����äD�
��	�������Ýß	��ä�	:�(	:�%ä�	:�%�Å$��(	:�d�(ì����
	v	:á
�Å:��ä����
�����äí���%�������(	���$ð ����$��ji���:����	�ã��'&������������	��:��ã�����vä�)�ì��
	f���%ä��D	���	:á
�^$��(	:�_�(ì����
	B�v�����(ã���������	B��:������$��
:��äÁ�� b	:á
��ä��:��ä����
�����ä�*
àká
�Á��:�3b�����	�� ä<ë���ì�ä:��	��Áëf��ä]$
��ä:��ã��
��$��%��ä:����áD�\ëf��ÝD��ä<	�����:�'&��%$
�Á�v��øIâ�%�D��� ������ ���:	\	��v	:á
�G��ä���\����$Å�%äf ��������$Å�(:������$�	:á
:�����v���%��ä:�
ì�b�����	:ä�ö
å'2\��ø����%�����(	:�����ó�� �	:á
��ëf��Ýó�%�ßë\á��%��áß	:á
�vä�	:�(	��í:��ä����
�����äG�(:�íä:á��(:��$ì���	®ë������Å	:á
��������	�����bã��'&������������	�����$�	:á
�s:��ã�������ä�l
3�2f���Å�%�
 �����v�(	:������������	���\ ���k��&(���%���(	:�������� ]	:á
�Gä�	:�(	��������%�%��ÝFl
/�2Áä:á
��:	f:������:	:äf����������ì��(	B�� ]����:��
��	:�������%�����
ì��%�%�\����$������&(�(	��sä�����â	����ä�*
àká
��:���%äf������ø�	����������ä:�
����:&��%ä���:Ý_ì���$
ÝDæv�_�����v�v��	�	����s�� å�ç e c�à^ä0 e ����â<c��'&������������	:����à�:ã������}|��(	:������ä�2úä��������%���%�}|��%�
ãj�%� ñ(	������ä����(:��������ñ�)ë\á��%��á�����ä:�
:��äB�����I�����>����$���	B�� <	:á
��ä:��	���*
àká
�sñ���:Ý�ä�	:���Pc��'&������������	:ñ �X:�3b�����	Bëf��ä\ä:��������ä:ä� ����%��Ýíñ�ä����%$�ñ_	��v������â	�����G�(ã�����������ä� �������������%�(��}|��(	:�����u�� D	:á
����Å����	:��&���	:����ä�����$ô����ä:ä:��ì��%�%��	®Ý���  �����$
ì����:èóë\��	:áó	:á
�í����	:�}|�����ä�*�àká
��:��ä:����	sëf��ä�	:á��(	��v����Ýó��$��v�%���%ä�	���(	:��&������	:��	:����ä<�%����:�'&���$G	:á
����<����	:á
��$�äb�� �$��(	:�\�����%������	:������ìIÝ^���%�����%�
ãk	:á
����<êI�
��ä¿â	:������������:��äf���Å	:á
�Gä:��	���*
ST����ö�ü3ö û(U � ÷��Xøsö�Q�ù ôF÷Pøzû�ô�üBøL÷��V���
���M��®ôFøL÷Fû�úIñ Ü ��������$��%�
ã��� b�����_â��������%���f	�����:è�ä_��������%�
ãr�������
ãß	:á
��:����$�ä_�� �c^�3b:�(��(	�ì�����������	:á
�Å�v���%�	:á
:���(	v ���íä������
���	®Ý�����$ 	:á
�Å�v���%����:���v�%ä���	��8��&(��$
����ø
���%ä��#$��
	:����ä_����$	:��ø���ä�*Áàká
��ä��\ �����	:ä�)
��ä�ë����%����äf���
��:������$
����	���$�ä:���������� b����:��
��	:�����í�������
ã	:á
�\ �:����	:������%��ä�������	����ä�)��v����Ý_�� �ë\á
��� ë���:��ä:�
��$� ���Á:��ì�ì��%�
ãG����$v�(ì���ä¿â�%�
ã�	�����:è�$
���&����ä�)(����$D�%��å��I�I��	���:��������ä�	������	:�����D�� �	:á
��	����$���	:���������Iä�Ý�ä�	������ X��á
���:èÅ�����%��	:äk�%�ªc^�3b:�(��(	�*Bàká
��ä�	:�(	���ã��'&������������	^�%��ä�	:���%����$����������
	����ä����$#��������	�:�����%��$
��&��%����ä��%�då�4í�����%��	:äk:������	��D �:���F	:á
�Dä�	:�(	��_ì����$
���äk����$$
��ä:��ã��
��$Å�����������
	�����}|���$Åä�Ý�ä�	����F�� Ek.���%�
ã�����$Å�����%������	:�������� Ek.�
��ä�*
àká
�k������	�:������:������ä:äX�%�����%��$
��ä]��ä��k�� �&��%$
���G�����������äÁ�%��ä�	:���%����$��%����á
���:è�����%��	:äí �����%$
����	:�jk.���(	:�����ð�� G	:á
�r&���á��%������ä��Á:��ã��%ä�	���(	:�����õ�I����ì����ä�)fë\á��%��á�(:�\	������ä:�v��	�	���$v	���	:á
��������	�����.$��(	:�(ì���ä���)�ä���	:á��(	Á��������	�:�����%�B����������	®Ý_��:�(â&��%ä:������ä��(:�r�%ä:ä:�
��$����ðä�����	�*õàká
�Å$
���&����äv�(:�#���%���'ë���$ð	��d���(::Ý ä��������%�����:��â·�����%$ ���(�$�ä� ���v�%��ä�	:����	�����Ý�������	v�� �k.�
��ä�)Á	��dä:��&��Å	:á
��� �� �	:á
�#�
��â

5x��3



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

����ä:ä:��	®Ýr	���á
���%$r����ä:áó�����
��Ý#���r	:á
����)>ë\á��%��ár$
�������&���ä�	:á
�_�%��ä�������	����ä���  �:����$
���F�� ]����	:������ä\����$���:��&�����	:äk����:��
��	:�������������
ãv	:á
����*
Ü �
�^	��_	:á��%äÁ	:á
�^ã��'&������������	k�� Sc^�3b:�(��(	�)�ë\��	:á��%�v	®ë���Ý����(�ä�)��v�����(ã���$	���:��$������^����:��
��	:�������%����á
���:è������%��	:ä����$��%�����%��Ýv����$�	����%����:����ä���k.ä:�������%��â�������_	:á
:���D	:�%����ä�ìIÝÅ:��$������%�
ãv	:á
�_�I����ì������ Á�%�%����ã����%��Ý�:��������$
��$#	�����:è�ä�)�
��	\	���	:����è��(ì����
	\ä:�%��������B��:������ä:ä\�� "�����%������	:�����Å�� "	:á
�� �����$�ä�*�àká��%äB��:�(âã����� �� 
��â·ã��'&������������	"�����%$���	:ä����� �ë\��	:á��%�Gä:�ªøG������	:á�ä<����$�:��$�������$Gëf����	:�%�
ã	:�%����äB �:��� /(4v�v�%�I�
	���äB	���3��v�%�I�
	���äf ���k	:á
��$
���&����ä�*
$0
�ô��2�;UW$>ô��§û�RXªô�ü�
�ö0Q û��
�-n÷Fû3øY�Z�Ýô�ü3ü����Eû3øsôF÷[Snö û&
�N2\%8]"4 JNXñ

à�&�����d$
������$
�r�� s��(���%$ð�������
���v�%�r$
��&���������������	��%�_^s��:��������$ð	���������âä:�%$
����(ì����\ã�:�'ëk	:á��� K�D�����%���������
ì��
:�������������Ýí�%���I�������.����$�����$í	��D���������%�
ã�I������:����ä]ëf��Ý�ä" ���X����:��
��	:�����>)(��ä��������%���%��Ýsì����ì���äK:��������&���$�ìIÝ�:��ä�������ä:��ì�����B�����%���%äB ���\êI���%�:è���k��:������ä:ä:�%�
ã_�� "�(�����%�%���(	:������ä� ���kì���ä:�%�
��ä:äf�%�%������ä���äB����$������v�%ä:ä:������ä�*Áàká��%äB��:��ì������ ã����%�
��$#ä:����áÅ��ø�	�����	�	:á��(	��%�då��I�I�v	:á
�D�v��Ý���
c���áô�f���ð�v��$
�Å�ó���
ì��%�%��$
�����%�(��(	:�����ð	:á��(	íá
��ëf��ävã����%�
ã8	��dä�	:�(:	íëf�(�(ã����%��ä�	G����:��
��	:�����>* � ��ä:�
������:	���$r��:���(	:�����ó�� ����ß�����%�%�
��Þ¿��	�����
��	Uc^�(	����������	v ���v�%����:�'&���������	��� \��:������ä:ä:�%�
ãß�� \�����&(�(	����(�����%�%���(	:������ä�09à^���%�%�
�
�X:������$��
:�ßòÁ��á���������������	� ���#�f��&��%���\�����%�%���(	:����� â®ñxà)�Áò e ñ�2�)�ë\á��%��áu�� â ���:��$í�së\�%$
�B����
ã��k�� >�%�
 �����v�(	:�����_����������v�%ä:ä:������ä]����$v�%�%������ä���äX�%ä:ä:�
��$_ìIÝ�D�����%���������b�(ã�����������ä�*sàká
��ë���ì
â®ä:��	��_�v�(è���ä�	:á
��ä��D��:������$��
:��ä\	������ä����(:����	 ����ä���������	®Ý�����$����%���'ë\äB	:á
���(�����%�%������	:äf	��v ����%���'ëL	:á
����k$
��ä�	:�%��Ý������%�%�
��*

à�&���vçI) 4�4�4ß�B�������ä��%�d�'&���íç(4�4ó$
�����(:	:������	:ä_á���&���ì�������	�����%�
��$��%���ä����� \	:á
���
������ä:ä:�(:Ýd��:��ã�����väD	��ß��:������ä:äD	:á
���(�����%�%���(	:������ä�* ` �(	�����Ý�)Á�ä��������ä<�� ���	:á
��"ã��'&������������	" �������	:������ä<á���&��Bì������_�v��$
�����
ì��%�%�X�%��Þ¿��	�����
��	�)�%�����%��$��%�
ã\	:á
�B �������	:������ä]�� >3(4G����&��%��$
�����(:	:������	:ä�*S���������$��%�
ã^	��G	:á
�k�%�(	���ä�	$��(	:��)<�(���b* ��5�Þú�� ^å�å�4�4Å:��ä�������$
����	:ä�ì����%����&���ä^	:á��(	G	:á
��à)�Áò e �X:�3b�����	�%����:�'&���$�	������ä����(:�������G�� X�I�������8� äBã��'&������������	�*
�ÝôF÷��1�`�Eú�øsôF÷EúIñõàká
��ä���	:á
:�����%����	:�%�(	:��&���äDë���:��ä:��������ä:ä� ����f$��
��	��ó	:á
� ����%���'ë\�%�
ã�������ä:�%$
����(	:������ä�ö
å(*����%�Kë���:�_����	:��&�����Ýrä:�
������:	���$ÅìIÝÅ�����%��	:�%�����K������$
���ä^�(	^	:á
�_���������<����$������	�����b����&����%äB�� ]	:á
�Gã��'&������������	�*
3I*����%�Á	:á
:�����%����:����ä���$�	:á
������&����f�� \:��ä�������ä:��ì��%�%��	®Ý#�� \�B�������ä_	��ó����	:�ªâ

|�����ä\����$Å	��í����%�%�
ã������������ä�).�%����:����ä:�%�
ã�	:á
������&����b�� "	������ä����(:���������� ���
::����	f��:������$��
:��äf����$���%ä�è�ä� ���B	:á
��ä��^ë\á
�����I��èí ���k�%�%����ã�������:�Bk�	�*
5x��/



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

àká
���v���%�ß�������ä�)���:������$��
:��äs����$ß�������%ä:á�������	:ä\ ���G	:á
����s&������%�(	:�����ë���:�G �����D���%�(	���$��������(���Ý�����$���:��$��%��	:�(ì���Ý�*/I*kÞ¿���\:ã�����	:�%��������$T^s��:���_	:á
�Gä���������	®Ý����(:	:�%�������(	���$��%����â·ã��'&���������������:������ä:ä���ä�*
ò"â·ã��'&�������������s�����íì��kä���������äÁ��ä:�
������:	"	���:�� �����vä�)�ì��
	"	�����á��
������ã�����ä��(:�
b:��ä�	_�����%������:	:����	Dá
�����b*ßàká
��Ýd�������
��	_ì���%�
ã#�(ì����
	_�#:��ä:����	�ìIÝd	:á
���_âä�����&���ä�*Ý�<���%��	:�%�����<:��ä�������ä:��ì��%�%��	:����ä�)�ä������%���<:��ä����
�����ä�)>���(:	:�%�������(	:�����#�� �����	:�ªâ
|�����ä\�(:�G	:á
�G�
������ä:ä:�(:Ý� �����	����äk����ä:�
��%�
ã��(ì�ä����%�
	��Gä:��������ä:ä�*
a b#Ûdc��XÖ.Õ�e ×Wf��BÚ"ÚS��g�g Õ�×úÛ�Ôhf�×\Ö7i ��Õ>Û:×�Ô �kÔ_ØjgF�XÚXÙ_Ö>�XØ

Ú"×�Ô,kvØ �ÁÔ�Õ>Û-�ml�Û¿Õ�ej×Wf�n_ÖbÛ$�+��Õ1� Û�Ôhf�×\Ö7i ��Õ>Û:×�Ô
çX�¡  o�©9ï+¦�¹I£�Iä±§·U¤>â â�¦�¨B¨�£I± ©¡«®·<±§¹x³µ¤F£_©9±E«
p ñ+,�ñ+, S�
�÷�
�ü3ö����_üBøzû&
�üBøsö ö�÷�� ú�øzû��Eö û3øsôF÷µøL÷ û��
Jq�ô�ü����
af����á��(:��ä�	 Ü �����%�(��(	:����� f ��h"��ä�	:�(ì��%�%ä:á
��$#	:á
�_ ����%���'ë\�%�
ãí �����$���������	:���<����%��â����������äf	���$
��	�����v�%�
�^����������	:����ä� ���\ä�	���(	���ã�����äk�� ]Þ:�íì����%�%$��%�
ã
*

8�üBøL÷��xø��!��
�,�ñWr�o$mI{¡w-��{Lq8mBrßm<�Ut_����w�y�yÝ{9m qsr���mBo v tI{Lq8mBrßtBrFp%s3rFmB��t�w-p���w��Þ¿��$���&��%$������%äó����$R����	:��	:����ä �D��ä�	�ì����
�
k�	��� r��������ä:ä 	��T�%�
 �����v�(	:�����>)è��
�'ë\����$
ã�������$d�%$
����ä�*���������ä:ä�	��ß�%�
 �����v�(	:�����ó�%�dä������%���Xä�����	�����D��ä�	Gì�����(:	:�%�����%�(���ÝG ������%�%��	:�(	���$>*]Þ¿�
 �����v�(	:�������%ä"ì���ä:�%�f	���������������(	:�%�
ãG����$�	������ä¿â���(:����	K��:������ä:äb�� �$
�����%ä:������â®�v�(è��%�
ãk����$��k��:��������$���	:�����s�� �����ÝG$
�������������Ý�*
^G�
�'ë\����$
ã��_�%ä\	:á
�_���
ã��%�
�_����$rè���Ý#	���	������ä� �����v�(	:�����r�� Xã�����ì����]ä������ªâ��	®Ýß����$r���������<�����v�D������	:����ä�*G�I�����%���K�����%�%��Ý��D��ä�	���ø�	�����$r����ä:ä:��ì��%�%��	:����äf �����������ä:äD	��ß�%�
 �����v�(	:�����ß	��ß���%�X����	:�}|�����ä�)]�%�����%��$��%�
ã�$��%ä:�(ì�����$ß�����ä�����ä�)K	:áI��ä$
���%�
ãv��ëf��Ý�ë\��	:á��%�
��êI�����%��	®Ý�*
8�üBøL÷��xø��!��
L-1ñ	uSmBr�{Lo�qwvyx {Lq8mBr {9m�x�r�q�zIw
o�y�t�t�t_����w�y�y¶{9m�qsr���mBo v tI{Lq8mBrätI{

t_����w�y�y�qwvyt�wm{Fo�q8��w�y��
8�üBøL÷��xø��!��
 p ñh|F{Lq v x�t}tI{Lq8mBrßm<�,t qsr��}x�qzy
{Lq8� pBq�zIw
o�y�qL{Lu¶tBrFp¶�Zx�tj{`x�o$t�tPq8pxw
r��

{LqL{Lq9w�y��
8�üBøL÷��xø��!��
 ò§ñ�~�wyzIwyt}md{ v w
r�{Em<���1x v tBr#{ mI{¡w
r�{Lq8t�t�{��xo$m�x_��� {Lo$tBqsr�qsr���tBrFp

w-p�x���tI{Lq8mBrF�
8�üBøL÷��xø��!��
��1ñ%uPo-w-tI{Lq8mBr¿m<�Ut���t�zBmBo$t1vyt�w w
r'z�qso$mBr v w
r�{��AqsrF�Zt x�pBqsr���t�w9�xt�t �

o-w9�}x�t}tI{9mBo�u¶tBrFp]{ m�t qL{Lq8��t�tEy
{Lo�x���{`x�o-w�y��

5x��5



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

8�üBøL÷��xø��!��
��>ñ���r y�x�o�qsr��¿��mBr��´pxw
r�{Lq8t�t qL{LußtBrFpÆy�w-�Zx�o�qL{Lu�qsrOx�y�w¶m<�n{�� w
� um�X�

8�üBøL÷��xø��!��
��Fñ%uSt�t�tE{9mn{�� w)�}t}m1v-t�t:{Fo$m1vyt�w v y��àká
�´�\:	:�%�����\å��\�� 
	:á
� é ����&����ä:��� Ü �����%�(��(	:�����D�� � ���v��� Ü ��ã�á�	:ä<ä�	:�(	���ä�öï�òX&���:Ý����
�8á���ä�	:á
�ß���ã�á�	�	��� �:����$
���h�� ������%�������u����$õ��ø���:��ä:ä:�����>l^	:á��%ä���ã�á�	��%�����%��$
��äv �:����$
���w	�� á
���%$u�����%��������ävë\��	:á
���
	��%��	���: ���:�������ß����$u	��ä�����è.)�:��������&��^����$í�%�����(:	Á�%�
 �����v�(	:�����v����$��%$
����äX	:á
:���
ã�á�����Ýv����$��%�G����$:��ã��(�$�����ä:äB�� ] �:����	:�����ä�* ñàká
�����ã�á�	_	��ó �:����$
��� �� ��%�
 �����v�(	:����������$�	:á
��$
���v����$� ���v�����
�vâ��������	"����ã��%ä:�%�(	:������	��^	������ä:�%�(	��f	:á��%äK���ã�á�	]�%��	��^�������	:�%���Bá���ä<ì�������:������ã����}|���$ìIÝÅ�í�I����ì���k�� X�%��	�������(	:���������>��:ã������}|��(	:������ä\$
�����%�%�
ãvë\��	:áÅáI���v�������ã�á�	:ä��:��	�����	:�����>ö é�e )KòÁ�
:���������d�����������%�+)§�\ ���%����� é �������>)Ea����	:�%ä:ád�����v������âë�������	:á>)1à�:ã������}|��(	:�������� X��������%�����r�I	:�(	���ä�*àká
� �ó����%$ à�:ã������}|��(	:�����ß� Ü àBÞ:� ` ò å���0������%����$��( �	���_	:á
���(:	:�%�����í�� 	:á��%äB$
�����%�(��(	:�����.2Á$
��( �	���$�ä�	:����$��(�$�����%������������ä"ì���	:á� ���B	:á
�s���(	:��������������$�%��	�������(	:���������K�%��ë ä�Ý�ä�	����vä�).���������$��%�
ãí	��íë\á��%��áÅ����ÝIì���$
Ý������r$
��	�����v�%�
�ë\á
��	:á
��^	:á
����������	�:ÝF� äs�%��ë\ä�ã����(�����	����í��������ä:ä^	����B�����%���]�%�
 �����v�(	:�����#���
��	�*
8�üBøL÷��xø��!��
�,�ñW� t��Iq v x v pBqzy��Zt}m3y�x�o-w
8�üBøL÷��xø��!��
8-1ñL�Wvyt q}�xtI{Lq8mBr�{9m]{�x�vyt qzyd�
8�üBøL÷��xø��!��
 p ñWr�o$m v mI{Lq8mBrßm<�Ýmd{�w
rª�xm�zIw
o�r v w
r�{
8�üBøL÷��xø��!��
äò§ñ[������t�x�y
{Lq�zIwJt qzy
{�m<�åw��x��w;{1{Lq8mBr y���o$m v {�� wh{Fo�qsrF��q {�t�wÆm<�

v t��Iq v x v pBqzy��Zt}m3y�x�o-w��
8�üBøL÷��xø��!��
��1ñWr�o$m���w�y�y�w�y���mL�§t_��q�t qL{9tI{¡w]������w�y�y
8�üBøL÷��xø��!��
��>ñ%uSm3y
{sy
8�üBøL÷��xø��!��
��FñL��{�w
r v w�w�{Lqsr��By
8�üBøL÷��xø��!��
��>ñW~�qzy��Zt}m3y�x�o-w�{9t�s_w�y+{Fo-w-��w-pxw
rF��w
8�üBøL÷��xø��!��
��>ñWr�o$mI{¡w-��{Lq8mBr ��mBo��!�xqzy
{`t�w&vyt}mB�´w
o�yàká
�s �����$���������	:���>���ã�á�	k	��v �:����$
���F�� "�%�
 �����v�(	:�����Å�%äBã����(�����	�����$#ìIÝ

�_^�* /_Þ �� �������ä�	:��	:�
	:������ä��� D	:á
�8ë�����%$L��������	������ä�* àká��%ä����ã�á�	Åëf��ä�k��ä�	������ä�������(	���$r�%�óå���	:á#������	:�
:Ý f ��h·*������ä�	:��	:�
	:���������]�
����väs�%��ä:�
��%�
ã�������&����ä:���"��������ä:äG	��Å�B�����%���X�%�
 �����v��â	:��������ø
�%ä�	��%���Ië���$
���>)��]�%���%����$>) Ü �����v�(:è.) e ��:ëf��Ý�) � ���%�%����$>)
�I�����%�>)��<���â	:�
ã����+)A����ä�	���%��) � ���
ã��(:Ý�)ÁòÁä�	������%��)®a�����ã��%����) Ü ���v�����%��* Ü ������&(����	��%��ë\ä$
�����%�(:�G	:á
�Gä:�����G���ã�á�	k�%���
���������)>c�:��������)�Þe	:����Ý�) Ü ��ä:ä:�%��*
5x��ç



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

p ñ+,�ñ - �Eü�
�
��PôFõ ô�ÿ�ö'�(�(
�ú�ú û�ôßøL÷Eÿ¡ô�üBõ¿ö û3øsôF÷ øL÷µù ô����Pô�� ö

�\:	:�%�����D/�5í�� X!#���%$
�'&(��� äs������ä�	:��	:�
	:�����Åä�	:�������%�(	���äB	:á
�G���ã�á�	k�� "����	:�}|�����äk	����������ä:ä�	��D�%�
 �����v�(	:�����8ï¿���íä������%�����v�(	�	����ä:ñ�����$v��ì��%��ã��(	:�������� �	:á
�����
	:á
���â��	:����ä�	��8�Bi���v	:á��%äv�%�
 �����v�(	:�����>*�àká
�Å�%��ëF�� �	:á
�Å:�����
ì��%�%�v���ð��������ä:äí	���%�
 �����v�(	:�����>)���$
����	���$ó�%�r!r��Ýó3(4�4�4 f å�43hÁ����$ßá���ã�á���Ý��(����:�����%�(	���$rìIÝ#	:á
�òÁ�
:���������#�����������%�� ���\��	:äf���������%�%�������^ë\��	:á�	:á
�G�%��	�������(	:����������ä�	:����$��(�$�ä�)ëf��ä\�%�(:ã�����Ý�$��%ä:����ä:ä���$�ì���	:áÅ���(	:���������%��Ý�����$Å�%��	�������(	:���������%��Ý f å�å()<å�3�h·*
Þ¿��	�������(	:����������à�:ã������}|��(	:�����µ�\:	:�%������å�� f å�/�hG������	:������ä�����ä:��	:��&��#���(â������	:ä�ö�����Ý����
��)]�%�ó������$���	:������ä^�� f	:á
�v�%��ëG)<á���äs	:á
�v���ã�á�	^	��#���I��èr ����)K	��:��������&�������$r	��������(��#�B�����%���]�%�
 �����v�(	:������0L�\:	�*^5I2�*Uà^�#	:á
�D��	:á
��Gá�����$>)	:á
�G�(:	:�%�����Ý^D�%�%ä�	:äf�v�I����ì���f�� ]����ä���äkë\á
������������ä:ä\	��v�%�
 �����v�(	:�������%äf��:��â&�����	���$>*
�\:	:�%�����Åå�4Åä�	:�������%�(	���ä^	:á��(	�	:á
�íä����%�%����	���s�� B�%�
 �����v�(	:�����ó�%äs��ø�������	���$ �:��� 	:á
�s��ì��%��ã��(	:������	���b:��ä�	:�� �Ýv���
�I� ä�ï��%��	���:��ä�	B	���	:á
�s:��êI�
��ä�	���$��%�
 �����v��â	:������ñ�*
���
�����%�����ä\�� k�%�
 �����v�(	:�����ð0��(:	:�%�����rå�å'2s�(:�í��ì��%��ã���$ó	��#��:�'&��%$
�í����	:��&������$í����::����	f�%�
 �����v�(	:�������%�v$��
�k	:�%���k	��D����	:�}|�����äX���í�v�(	�	����ä��� ����
ì��%�%�f�%��â	���:��ä�	"����$D���D�v�(	�	����ä]�� ������ä��������I�%��	���:��ä�	�)�����$Dë\�%�%�����
ì��%�%ä:ás�(	"������ä�	<���������Ý����(���ã����%$
�Dë\��	:áß�%�%ä�	:ä\�� ����$
���ä�)>$
�����%ä:������ä�)���	:á
��s�B�����%���"$
������������	:ä���v��	�	���$ÅìIÝ�	:á
�G:��ä�������	:��&��G�%��ä�	:��	:�
	:�����>*
�L:�� ���ä��^	��vä:�
������Ý��%�
 �����v�(	:������ë\�%�%����ì��%��ã��(	�����%��Ýv������	:���%�Å�D:�� ���:�������	��ð�d��:������$��
���������	�)�ë\á��%��áõä���:&���ä���ä� �������$��(	:�����u ����	:á
�ß:�� ���ä���)\����$��$
��ä:�������	:����� �� G	:á
�ß�(���������\��:������$��
:��* àká
�#:�� ���ä��ß�����õì��r�(������������$�(ã����%��ä�	��%�8�Åá�������(���á��%�����%��Ý#ä:�
���������G�%��ä�	:��	:�
	:�����>)>����$8���%ä��#�%�ß	:á
�í�����
:	�)�� k	:á
���(�����%�%������	_������ä:�%$
���ä�	:á��(	�á��%ä�÷�á
��D���ã�á�	D	��ó�%�
 �����v�(	:�����dá���äDì�������%�
 ���%�
ã���$ó0��(:	:�%������ä\3�å�âe3�/�2�*
àká
� ` ��ë ���ó	:á
�íä�	:�(	��íä�����:��	���$
����	���$8�%�ó!r��Ý å��I��5#��ä�	:�(ì��%�%ä:á
��ä^	:á
� �������$��(	:������äf ���\:��ä�	���%��	���$Å��������ä:äk	��í�%�
 �����v�(	:�����>*
�\:	:�%�����D3v�� "	:á��%ä\�%��ë $
�
k.�
��äk	:á
�_ä�	:�(	��_ä�����:��	^��ä� ����%���'ë\ä�ö_ï�*�*�*��%äk��:�(â	�����	���$#ìIÝ�	:á
�Gä�	:�(	����%��	:á
�)k����%$�äf�%��è��s�v�%�%��	:�(:Ý�)� ���:����ã��������%�%��Ý�)
��������	�����%��â �����v�(	:�����Å����$���������(	:��&����%��&���ä�	:��ã��(	:�����>)�����$Å$��ji>��ä:�����>)�$���&�����ã��(	:�����>)�����ä:ä�)�%�%����ã����.:����������	���B���%�%�v�%���(	:�����í�� Kë\á��%��á������ ����$����
ã���Bä������
���	®Ýí�� K	:á
� Ü ��â���
ì��%�%�^�� Á!#���%$
�'&(��ñó0�����$
����%�%�
��$�ìIÝÅ��ä�2�*�àká��%ä\$
�
k.����	:������ã���	:ä�	��I���v����Ý�%��	���:��:��	:�(	:������ä�*Bàká
�G��:��ì������ ì�����������ä\��&����r����:�D�����
	���ë\��	:á�	:á
��ë\�%$
�

5x��1



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

����
ã����� Á���
ì��%�%���(ã�����������äs����	:��	:����$ß	��ÅêI�����%�� �ÝÅ�%�
 �����v�(	:�����ß��äsä�����:��	�ös	:á
�
�]�(��%�%��������	�)�	:á
�)�X:��ä:�%$
����	�)I	:á
��c��'&������������	�)�������	����������$����������.��$��v�%���%ä¿â	���(	:�����>)�����ã��%ä:�%�(	:��&��sì���$�����äs0L�\:	:�%�����s5I2�*

� �'ë���&����)+�\:	:�%������3I�r:����$
���ä�������	�:���B����$ ä:�
����:&��%ä���:Ýó �������	:������äD	��	:á
���I	:����$��%�
ãæaf�
:�����ô�� �	:á
� �]�(��%�%��������	�l���	��%ä�	:á��%änaf�
:�����ô	�� ë\á��%��á��$��v�%���%ä�	���(	:��&��Xì���$�����äK�(:����ì��%��ã���$G	��^��:��ä�����	K	:á
��:��êI����:��$�$��(	:��*]Þe	]ä������vä	:á��(	B	:á
�G����ä�	B����ã�������:��	�����	:�����Å�%ä����3b��'Ý���$�ìIÝ������v��������%����ä�����:��	:ä�)�ë\á��%��á�(:��ä�	:�������%�(	���$��%��	:á
���(:	�*�/�5�5v�� ]	:á
���<�������]����$
��*àká
�í����ä�	D�%������:	:����	s��ì�ä�	:���������%�ó �:��������������%�(	:�����ß�� k�%�
 �����v�(	:�����8�%�!#���%$
�'&(�ó�%ä_������ëf�(:���
��ä:ä_������ì��%�
��$�ë\��	:á��(ì���ä���äDìIÝd�B�������ä�* d"��:Ýd ���ë����	:�}|�����ä�è��
�'ëô�(ì����
	���ø
�%ä�	����������� b	:á
��ä��^�%��ë\ä�)�����$í��&����� ���ë���fè��
�'ëô	:á
������:�'&��%ä:������ä�)�����$�������Ýsä������Á�� 
	:á
��� á���&�����&���"�v��$
�Á:�� ���:�������Á��]�(������������$	��#	:á
����*nà^�ó	:á
����	:á
��Dá�����$>)b���
ì��%�%���B�������ä���ä:����:	:���%�8	:á��(	G	:á
��Ýóá���&���
� :��ä����
�����ä�	��u����ä�ë���#���%�^:��êI�
��ä�	:ä� ���#�%�
 �����v�(	:�����õ��������(	:��&�����Ýõ����$�
����������	:��Ý�)�����$
��B	:á
�G	�����väB�� ]�%��ë f å�3�h·*àká
��:������:	�ìIÝæ� Ü àBÞ:� ` ò å��ó�� Uà^��	���ì����3(4�4�/ f å�/�h^������	:������ä�	:á��(	 �:���ù	:á
��	:�%���_	:á
�v�%��ëTëf��äG��$
����	���$>)b���
ì��%�%���(ã�����������äGá���&��í�
��	^ì��������������:�í	������ä����(:����	�*n�
:��� 	:á
�v ���ëR������ä:�
:��ä���������	D	��r�%����:�'&��v	:á
�íä:��	¿â���(	:�����>)k	:á
��:�r�%ä����õ��������$�������	��� D3(4�4
år	���	:á
�Æ��$��v�%���%ä�	���(	:��&��r����$
���:�'&��%$��%�
ã k.�
��ä\	���	:á
�D���
ì��%�%�^�B�������ä^ ���^�%�%����ã���	:�%�v�(	��G:�� ���ä���ä\	�����:��ä�����	�%�
 �����v�(	:�����>*Bàká
�U�<�������"����$
�D��$
����	���$r�%�#3(4�4�/I)b������ä:�%$
���äk��ä\	:á
�D����%���	:á
�Å�%�
 ���%�
ã���������	D�� ^����ã��%ä:�%�(	:��������� ��������ä:äv	��d�%�
 �����v�(	:����� 0��(:	:�%�����óå��I��2����$v	:á
�\�������������%������	���Á ������$���������	"�v�%ä�:����:��ä�����	:�(	:�����v�� >$��(	:���(ì����
	X����â&���:����������	B�����%�%�
	:�����ß0��(:	:�%�����D3�3�ç�2�*
çX�s� �3«A¨Bã®¹_¤>«Aâ�¦æ±§· á�±E«H��¬®¦�«E£_©9¤>°¡©8£�IÑ±§·�� ¹x©8¯1¤F£I¦��3«®·<±§¹x³µ¤F£_©9±E«
p ñ -1ñ+, S�
�÷�
�ü3ö��� ªô�û3øsôF÷Eú ö�÷���$§øzû��Eö û3øsôF÷ øL÷ û��
J�gô�ü����
������k.$
����	:�%���%��	®Ýó��ä����
���� B	:á
��áI���v���8���ã�á�	:äD�%äG���������$��%�����%��Ý#��������	���:��$>)ë\��	:áv$���ã���ä�	:ä�ï¿Þ¿��	�������(	:�������������
:&���Ý�ä"�� >�X���&(����Ý��%��ë\äX����$ �X�����	:�%����ñG���
ì
â�%�%ä:á
��$80��%�óå��I�I� f å�5Bh·).�%�Å3(4�4�/ f å�ç�h�2�*

Ü �����%�(��(	:�������� � ���v��� Ü ��ã�á�	:äÅ0¿å���5x��2_��:������	���ä���:��	�����	:�������� \�����âä��������Á����$8	���:���	�����%���X������k.$
����	:�%���%��	®Ý�)<��ä�ë����%�X��äD������k.$
����	:�%���%��	®Ýr�� k�����_â�D�����%���(	:������ä f å�1�h·*+�\:	:�%�����Ý�_�� "	:á
�_������&�����	:�����Å ���\��:��	�����	:�����Å�� XáI���v������ã�á�	:ä\����$Å �����$���������	:���> �:����$
���väB�� kå���ç(4 f å�^�h]$
�����%�(:��ä�öDï�òX&���:Ý����
�_á���ä
5x�_^



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

	:á
�����ã�á�	�	��ß:��ä�������	D ���_á��%ä������&(�(	�������$d ����v�%��Ý8�%�� ���)]á��%äDá
����������$�á��%ä����::��ä�������$
��������*íàká
��:�vä:á����%�]ì��v�
�#�%��	���: ���:��������ìIÝó�����
ì��%�%�D���
	:á
�����	®Ýë\��	:á�	:á
�^��ø�������%ä��s�� <	:á��%ä����ã�á�	f��ø
������	\ä:����á���äk�%äf�%�����������$��������Gë\��	:á�	:á
��%��ëõ����$í�%äX�
������ä:ä:�(:Ýv�%�v�G$
����������(	:�%�\ä���������	®Ýv�%��	:á
�\�%��	���:��ä�	:äX�� b���(	:���������ä������
���	®Ý�)����
ì��%�%�Xä:�( ���	®ÝD��"	:á
�f�������
���v�%��ë����%�ªâ·ì����%�
ãk�� �	:á
�B��������	�:Ý�)� ���"	:á
���:��&�����	:�������� ]$��%ä����$
�����\����%����)� ���B	:á
�s��:��	�����	:�������� ]á
������	:á���k��������%ä�)��\ ���k	:á
�G��:��	�����	:�������� ]	:á
�s���ã�á�	:äk����$� �:����$
���väB�� <��	:á
���ä�* ñ
���%����ä�	b���%����������	������äb�� 
	:á
�Xë�����%$G������ä�	:��	:�
	:���������%��Ý\:������ã����}|��Á	:á
�X���ã�á�		���������k.$
����	:�%���%��	®Ý�*kàká
��ä���������ä�	:��	:�
	:���������K�
����vä\�%�����%��$
��)���ä��í�v�%���%�D����)	:á
�����ã�á�	#	�� ä:�( ���	®ÝL�� íá
����������$ ������k.$
����	:�%���%��	®Ýô�� í�����v�D�����%���(	:������ä�*�I�����í�
��ëî������ä�	:��	:�
	:������ä�)K�%��è���	:á
��ä��v�� f	:á
���I���
	:á��\ ���%���Å����$ � ���
ã��(:Ý�)�(:�G&���:Ý��v�%�I�
	��s��&����#�(ì����
	B	:á
�s���ã�á�	:äB�� "��������ä:äk	��v�����ä��������>$��(	:��*
�I�����v��������	������äG�(:�í�
��	�ä��������jk.�_�%�ß	:á
����G������ä�	:��	:�
	:������äG�(ì����
	G������k�â$
����	:�%���%��	®Ýd0� ���^��ø
����������).	:á
� é ����).Þe:���%����$>)�Þ¿��$��%��2�)�ä���	:á��(	�	:á
����^�����
:	:ä:����ÝD������	:á
����%��ë\ä"ë\á
������ø
���v�%���%�
ã^	:á
�k����ä���äX�� >������k.$
����	:�%���%��	®Ý�*]Þ¿��ä��������������	������äs	:á
�����(	:���������"����ã��%ä:�%�(	:�����ß�%ä^����á���������$ßìIÝ#:��ã����%�(	:������ä^ �:���ù	:á
�Þ¿��	�������(	:�����������]����	����ô����&��%�\����$u�����%��	:�%�����B���ã�á�	:ä f å���h·)���ä�ë����%�\��ä� �:���òÁ�
:���������r������&�����	:��������� � ���v��� Ü ��ã�á�	:ä�*
òÁ�(���Ý¿^�4�ä�ëf��äD	:á
�í	:�%���í ���_��$
����	:�����8�� B	:á
���%��ë\äD��������	D	��ß$
�� �����$������k.$
����	:�%���%��	®Ý�*X!#��ä�	B�� <	:á
��ä��s�%��ë\äfë���:�sì���ä���$�����	:á
�s����$
���.�� <	:á
�Uà��âã������}|��(	:������ ���kòÁ�����
���v�%�s���I��������(	:����������$ Ü ��&���������������	B�� K	:á
�������������%��� "òÁ�
:������*]Þ¿�8å��I��çI).á���&��%�
ã_:�����%�}|���$�	:á
�G$
�
k.����������Ýí�� ]	:á
�G���(	:���������>�%��ë\ä����$ 	:á
�#$��ji���:��������ì���	®ë������ð	:á
�#$
��ã�:����äv�� ^��:��	�����	:�����ð�� ^������k.$
����	:�%���ªâ��	®Ý��%��$��ji���:����	BòÁ�
:������������������	������ä�)�	:á
�sòÁ�
:��������� é ����������:������	���$�	:á
�$���:����	:��&���ä^:��ã��(�$��%�
ã�ï$�X:��	�����	:�����ß�� �����	:�}|�����ä��>�%��	���:��ä�	:ä^�%�r�����ä��������<$��(	:���:������ä:ä:�%�
ãß����$� �:����$��%ä�	����ì��
	:�����ó�� \	:á
��ä���$��(	:��ñ f å���h·*dàká
��Ý�������	:���%�
��$��:������ä:���%ä\ ���s������:�_�
����������	���:��	�����	:�����ß�� Á�%�
 �����v�(	:�����#����$rì����������_�����$
���> ���k	:á
�G���(	:���������b�%��ë\ä�*
òX&����r�%�Åä:����ár$
����������(	:�%��ä�	:�(	���ä^�%��è���	:á
� é ����).�%�
 ���%�
ã���������	:äB�� XáI��â�v���Å���ã�á�	:ä�)��������
����	���$#ë\��	:á�	:á
��������	�:���K�� "�����v�D�����%���(	:������ä�)��(:��ë\�%$
����Ýä���:����$>*Á�I	:�(	�� Ü �����(:	:������	��%�_���
�k�� ���	:äX�����I�����
:������:	:äX�3�í��vä]	:á��(	X�'&���

�(4Å��������	������ä^��ø�������%ä��v�%�%����ã����]������	�:���"�� ��%�
 �����v�(	:�����r�� ������%��	:�%�����K��������ä:�ªâ	:�����>)��%��ëBâ·���
 ��������������	\�(ã�����	:ä�)Ib����
������%�%ä�	:ä�)�	����$
�G��������������	:��&��%ä�	:ä�*
òX&���� �%����������	������ä�ë\á
��:���%��ë\ä_������:��	�����	:����� �� ^������k.$
����	:�%���%��	®Ýd�(:���(	:á
��Á	����
ã�á>)������%�%���kä�	:�%�%�Iè�������äÁ���
���������äXk.����ä"�� �����	:�}|�����äXë\á
�G�(:�\�
��	X	��

5x�I�



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

ì��%������ ���f����ÝI	:á��%�
ã
)��
��	���&�����ä:��ä�������	���$>*"àká
��ä��\��:��ì������väÁ�(:�^��ø
���v�%�
��$	���$���Ýí�%���Ië���$
���í����$ e ��:ëf��Ý�)
	:á
�\	®ë�����������	������äXë\��	:áv���
�\�� >	:á
���%�(:ã���ä�	á��%ä�	��������ä��%�ôë\á��(	#�������������äÅ�%��ä:�
:��$ô������k.$
����	:�%���%��	®Ýô�%�ô:���%�(	:�����ô	��u	:á
������%�%���I��k.����ä�*
af��ä:�%�
��ä:ä���äf�%�
 ���%�
ã���	:á
�G�%��ë :��ã����%�(���ÝvìIÝ������%������	:�%�
ã�����$�$��%ä�	����ì��
	:�%�
ã�����ä��������X$��(	:��*ÅàkáI��ä�)]�%�ó	:á
� é ����)K����	:á
���
ã�á8	:á
��:���%ä��#�%��ëî �:���`	:�%����%�v����������%�������Å��:��	�����	:�����Å�� "�%�
 �����v�(	:�������(ì����
	k������ä:�������ä�)�ì���ä:�%�
��ä:ä���ä������	:�%�I�
�G	��í��ä��G��	k�%���v�(:è���	:�%�
ãv���
:����ä���ä�*
��äs��	s ����%���'ë\ä^ �:���ù�����%�%ä�)��������������
�'ëî�(:�v�( �����%$ß�� �&������%�(	:�����ß�� �����ªâ&(�(	��^�%�
 �����v�(	:����������:�\	:á����v��&���f�%�v!#��$
����vá��%ä�	���:Ý f 3(43h·*S�ôá
�����kã�:���
��ä�� G����	:�}|�����äv �:���w$��ji���:����	í��������	������äv��ø���:��ä:äv	:á
����í������������uë\��	:áð�%��	����âä:�����ó�%��	���	:á
����s�����ä��������]�%�� ���)>����$ß	:á��%äs�v�(è���äG����:�v����$ß����:�v��������	������ä	�����$
����	\�%��ë\äkë\��	:á�	:á
��ä��������jk.�^���
:����ä��^	��v��:��	�����	��%��	:�%�v����Ý�����$#������k�â$
����	:�%���%��	®Ý�* Ü ��ã�á�	\��:��	�����	:�����#��:ã������}|��(	:������ä�������	:�����#	:á��(	��
��ë 	�����á��
�����(âã�����äÁ�(:�k �:��êI�
����	:��ÝD��ø�����:	���$í�%��$
��&����������%�
ãG��������	������ä�)�ë\á��%��áv$
���
��	Áá���&����:������b����ã��%ä:�%�(	:�����s�(ì����"	��k��:��	�����	K����	:�}|�����ä�*<!#��$
����G��������	�����%�
ãf	�����á��
�����(âã�����äB��:���(	��G����:	:���%����ì�ä�	:��������äB�%�í	:á
�^ëf��Ýí�� <$
��&���������������	f�� K��â®�����v���������*
��äª�X���&(����ÝôÞ¿��	�������(	:���������`�Åì����%����&���ä�)Gñ(ë\��	:áL�
����������	r������ä�	:��	:�
	:�������������$ ����ã��%ä:�%�(	:��&�����:��	�����	:�������%���:è��%�
ã
)X	:á
��ä���	�����á��
������ã�����ävá���&��Å�ß�
��ã��(	:��&���%��������	��'&����$
����������(	:�%�v:�� �����vä�*Åàká
��Ý8�����dì��í��ä���$��(ã����%��ä�	D����ÝIì���$
Ýë\á
�v�v��Ý�ì��s�� sï��%��	���:��ä�	:ñ�	��v	:á
�G:��ã��%����ñ�*
�<��ä:ä:��ì��%�%��	®Ý�	��s��ä��Á���'ë���: ��������������
	����ä]�%�G���
:����ä���äb�� ���������	�����%�
ã\����$������	�:���b:��êI����:��$���$
����	:�������� "ä������Gä��������%���.�������äB�%��ë\á��(	k�������������äB:��ã���â�%�(	:�������� <�����%������	:����������$���:������ä:ä:�%�
ã��� b�����ä��������.$��(	:��* e ��ëL������ä�	:��	:�
	:������ä��$
����	���$#�%���v����Ý���������	������äB:�
������	���$Å	:á��%äf���ã�á�	�*Xàká
�G�
��ã����$��%�
ãD��:������ä:ä�� ]ä��������jk.������ã��%ä:�%�(	:������������ì��^	�����:è���$Åì����:è�	��v	:á
�^������:ã��������G�� <	:á
�)k��ä�	�%��ë ���#��:��	�����	:�����#�� X$��(	:��)���$
����	���$r�%�Æc�����v����Ý�) � ��ä:ä����r�%����$>)��%�då��_^�4�*Þe	_ëf��äD ����%���'ë���$�ìIÝd	:á
���%��ë\ä_�%� �Ië���$
��� 0¿å��_^(/�2�) é ����	���$ �I	:�(	���äÅ0¿å��_^'5I2�)

c�����v����Ý80¿å��_^I^�2k����$¶�
���������0¿å��_^B��2 f 3�å�h·*
Ü �
k.����	:������äf�� ]ë\á��(	\�%äk$��(	:�v��:��	�����	:�����r�%��$��ji���:����	\$
�����%�(��(	:������äk����$�%��ë\äB$��ji���B������Ýí�%��$
��	:���%�%ä�*®���%������	:äkä�	:�������%�(	��^	:á��(	B�����ä��������.�%�
 �����v�(	:������D��ä�	�ö
~ ì��^��ì�	:���%�
��$� ��������Ý�����$Å����ã���	:�%�v�(	�����ÝFl
�;� 0�G���5�@®692 ��0�794'��69D�G3H´JjD�6w�+=¡ ´2 @£¢¡¤�¤�ZS5�4F5E?>5-79:¡0� �D��XD�@�48G�6w¥
=<2 ; ; 5�@3:<=E5�@� AH�692 ¥�5�:§¦

2 @�¥�5�482 D�@34�¨Z¦m��D�¥
=M69@��+=<@�794§5�@� �:<D�69HID�6¡5-792 D�@34ª©}0�7879H1« Y�Y$?>?>?S] H�692 ¥�5�:§¦�2 @�79=M69@B5-792 D�@B5�;}] D�6w�Z¬¡]

5x�I�



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

~ ì��s��ä���$�������Ý��%�������
 �����v��	®Ý�ë\��	:á�	:á
�G��:��$
��	�����v�%�
��$����
:����ä���ä�l
~ ����������Ýíë\��	:á�	:á
�G���
:����ä��^ ���kë\á��%��á���	Bëf��ä\�����%������	���$>l
~ ì�����:�����%ä�������$��
�
â·	��(â®$��(	���)�����$í	:á
����$
��ä�	�:�'Ý���$��
����������á�����&���������	�� <	:á
�G���
:����ä����� "��	:äk�����%������	:�����>*
àká
� Ü ��:����	:��&��D���ß$��(	:�í��:��	�����	:�����ß�%��	�:��$�������$#�%��å��I��çíìIÝÅ	:á
�_òÁ�
:�(â������� é ������������$dë\á��%��ádì�����������	:á
������$
���Á �������(	:�����������%��ë\ä�)"ì�:���
ã�á�	�(ì����
	�	:á
�v�
i�����	D	:á��(	D���%�"	:á
��ä����%��ë\ä�á���$8	��#ì��vá��(��������}|���$ó ���_���%�Xò é��������	������ä f 3�3�h·*àká
��:���(:�ðä���&������������$
���%är�� í��:��	�����	:����� �� �������k.$
����	:�%���%��	®ÝL	���$���Ý�*�I��������������	������äk��ä��Gä���&�������K����$
���%äBä:�%�D����	:���
������ä:��Ý�*àká
������$
�����(�����%����$í�%�íòÁ�
:������)�����ä�	�����%�%��) � ���
ã(â;^s���
ã
) e ��ë®.�����%����$����$v�f������$���ä:�
������ä���äb��ø
�%ä�	����������� ��\���
ì��%�%�"�B������]:��ä�������ä:��ì����" ���"���%������ã(â�%ä:�%�(	:����������$��(	:����:��	�����	:�����>*Áàká��%ä��B��������%äf�(�������%��	���$��v�����v�v�%ä:ä:����������:����b:��ä�	����u����	:��	:����$ð�����ä����>* � �rä:�
����:&��%ä���äv�%��ëú���
 ��������������	�����$u���(�â�����ä����
	f:��ä�������	:��&��^�%��&���ä�	:��ã��(	:�����>*"Þ¿��ä������s����ä���äf	:á��%äÁ�B������k����	:äk�(ã����%��ä�		:á
�_$
���%�%��êI�
����	�*fàká
�������v�v�%ä:ä:����������:�s�%ä\���%ä��í:��ä�������ä:��ì����^ ���\��:������	:������������
ã�	:á
�_ä���������	®Ý#����$#�%��	�������(	:���������b:���%�(	:������ä\�%�Å	:á
�Uk����%$Å�� X$��(	:�í��:�(â	�����	:�����>*
Ü �(	:�ú��:��	�����	:����� �����nì��î:�����%�}|���$>)ð	:á
����:��	:�%�����%��Ý�)ð	:á
:���
ã�á ���
	��(â:��ã����%�(	:�����ß����	:á
��$�ä�*GàkáI��ä�)������v��������%���]����������������ä���ä�	:�(ì��%�%ä:á#	:á
����^�'ë\��������ä�* � �'ë���&����)���ì�ä���:&(�(	:������ä�ä:á
�'ëô	:á��(	�	:á��%äÁ�������	:�%���^$
�I��äf�
��	�:������á���	:äã������+öÁ	:á
�s�������äf	:áI��äB��ä�	:�(ì��%�%ä:á
��$��(:���
��	B��ì�ä���:&���$>*
` �(	�����Ý�)X���
��á���äDë\��	:�
��ä:ä���$d��(���%$d$
��&���������������	_�� k	�����á��
������ã�����ä_	:á��(	�����ßk.��$��(�����%�%���(	:������äD�%�������v��������%���f����	:��&���	®Ý�*¿�X:��	�����	:�������� \������k.$
����â	:�%���%��	®Ý#á��(�������
��$#	���ì��_�%�rá�����$�ä\�� �����	:�}|�����ä�	:á
���vä�����&���ä�*GÞ¿��	�����
��	s��ä����äá���&�����������ä:ä�	����íä��������ä\�� "��:��ã�����vä�����$#ä�Ý�ä�	����vä\�Bi�����%�
ã�$���&����ä�������&����%ä�� ���:��	�����	:����� �� ^������k.$
����	:�%���%��	®Ý�����$ �����v�D�����%���(	:������ä�*�àká
�Å��ä�������	:ä��� ä������
���	®Ý�����$�:���%�%�(ì��%�%��	®Ýv�� <	:á
��ä���ä�Ý�ä�	����väk�(:��ä�	:�%�%��$
��ì��(	:�(ì�����*�I������	�����á��
������ã�����ä���:��ä�����	�$����
ã���� �:��� 	:á
�������%��	D�� \&�����ë �� �������â

k.$
����	:�%���%��	®Ý�* !r����Ýô�� D	:á
��� �(:�8�%��������������	���$ ����$ ��ä���$ôë\��	:á
���
	�����Ý����ã��%ä:�%�(	:��&��s:��ä�	���%��	:������ä�*
�<���ä��������<���(�$�ä����k.����ä\�%�#	:á��%ä\ëf��ÝÅ��s���
��	:á
��^��ø
�%ä�	^�%�#���%�<��������	������ä�� �	:á
�kë�����%$>*]àÁÝI����ä]�� >���(�$�ä�)�	:á
����Á$
��ä�	:�%���(	:�����>)���äXë����%�
��äX	:á
�B&����%�����k�� �%�
 �����v�(	:�����#�(:�_$��ji���:����	�*�!#��ä�	^��������	������ä���ä��D��ì��%��ã��(	���:Ý��B�����%���<���(�$�ä�)�v��$
�Å �������%�k����	:�}|�����äv�%� 	:á
�#ä:�����#������ ����� ���(	:���������Bëf��Ýð����$ð��ä���$ð�%�

5x�(4



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

$���&����ä������
:����ä���ä�* � �'ë���&����)"�Å�I����ì���s�� f$
��&�����������$8��������	������äsá���&����
�ä:����áßä�Ý�ä�	����ù�� Á���(�$�ä�*��������
ã�	:á
����)�	:á
� é ����)b�f������$���) e ��ë	.�����%����$>)
����ä�	�����%�%��)_c�:���(	Xa����	:���%�>)�Þe:���%����$>)���������$��%����&��%���G��������	������ä�*^ï�àká
��ä�Ý�ä�	������ .���(�$�ä:ñ��%ä<��$
����	���$_�%��c�����v����Ý�)x�
���������)xa�����ã��%����)_c�:��������) ` ��ø�����ì��
:ã
)
�<��:	:�
ã����+)��I�����%�>*

� �
��ë 	�:����$��%���%$
����	:�jk.���(	:��������:������ä:äf�%äfì���������	���%��ä�)��+* ��*X	:á
�^��:������ä:ä�� ������%������	:�%�
ã
)>��:������ä:ä:�%�
ã�����$ßä�	�����%�
ã�	:á
��$��(	:���(ì����
	^�����ä��������K��á�Ý�ä:�%�������á��(�����	�����%ä�	:�%��äí ���í�%$
����	:�jk.���(	:���������
:����ä���ä�* �������
ãó	:á
�#����ä�	v���������%�(ì���������	���%�rä�Ý�ä�	����väíæu:��	:�%����� ä�ä:���������%�
ã
)�á�����$uã���������	�:Ý�)G$�����	:�%����ä:�����IÝ�)&����%���r:������ã�����	:�����u����$u$���ã���	:���f��á
��	���ã���(��á�Ý�)k	:á��(	��(:�#ä�	���:��$u��������	�:�����ªâ�����%��Ý�*�af��������	���%��ä��v�����(ã���$r	���$
���ë �(	�	�����	:�����r�� "ã��'&������������	:ä�)>ì���������ä�������%��è��#��	:á
��Å����	:á
��$�äß0����(�$�ä������	:á
��Å����	:ä�2í��	�����ä:�
:��ä�������������	��ß����$�������
��(	��D�%$
����	:�jk.���(	:�����>*
af��������	���%�_ä�Ý�ä�	����väs�(:�_ì����%�
ã��%��������������	���$ß�%�ß$��ji���:����	s��������	������ä^�� 	:á
�vë�����%$>*v�I�����%�ßä�	:�(:	���$ó	:á
����:������ä:äs�� �ã����
������"$�����	:�%����ä:�����IÝß	��Åä���	�	:���	:á
�Åá
������	:á����(:��â·:���%�(	���$ð����$����������'Ý�������	���:��ì������vä�*8àká
� Ü ��ä:ä:�%���dã��'&�â�����������	��v��$
�����
ì��%�%�v$
�����%�(��(	:������ä_�(ì����
	���	:ä_�%��	�����	:������äD	��8�(������Ý8$�����â	:�%����ä:�����IÝ��%��ì����
è��%�
ã
*8Þ¿�ð�����v���%����)Á	:á
�Å����	:�}|�����ä_�(:�Åä:�
ì�b�����	���$�	��8$�����â	:�%����ä:�����IÝí�� K	:áI����ì�	��_ì��^��$��v��	�	���$�	��_&���	:�%�
ã
*A�
��������s����$¶c�����v����Ý��(:�	���ä�	:�%�
ã���êI������������	�	:á��(	^ë\�%�%�K���%���'ëT���%�����%�
ã k.�
ã����â·����%��	:ä\���ßì����
è#���(�$�ä�*àká
��ä��s	�����á��
������ã�����ä\�(:�G�(�����%����$��%�������v��������%���>����	���:����%ä���ä�)����
ì��%�%���(ã�����â������ä�)���á��%�%$
:����ä:�
������:	B������	����ä�)������%�%���s����$¶�"àk!rä�*
àká
�s����ä�	k$
��ì��(	:�(ì����G�%äf	:á
�U� Ü)e �%$
����	:�jk.���(	:������	�����á��
������ã�Ý�*ÁÞ¿��ä��������������	������äD0 é ����)Fc�����v����Ý�)>�f������$���2�)������%�%���^ë���:è����Å���%�(ì�����(	:�������� "����â	:���������§� Ü)e $��(	:�(ì���ä���ä�*
Þe	íä:á
�����%$�ì��#������	:�����
��$ð	:á��(	í��ä��Å�� s�����ä��������B�%�
 �����v�(	:�����ð�%� ���
�â����ä���äD��	:á
���	:á�����	:á
�����
��ä_�%����	:�%���%��Ýß$
�����%�(:��$��%�8	:�%������ ������%������	:�����������������ä������
���������ä�á��(�� 	��D�����ä����>*"òÁä��������%���%��ÝDë\á
���vë��^á���&���	��_$
������ë\��	:áä�����ä:��	:��&��_$��(	:��)b�+* ��*sä:����áß$��(	:��	:á��(	�:��êI����:����ä��������%���%��ÝÅ�����
	:������ä^�(	�	:��	:��$
��%�õ��������(	:�%�
ã�ë\��	:áu	:á
����*Ràká��%ä����(	���ã���:Ý �%�����%��$
��ä�)B ���Å�%��ä�	:��������)�$��(	:��(ì����
	G	:á
�íä�	:�(	��í�� fá
������	:á>* �]�(	:������	:ä�ì����������v&��%��	:�%�väs�� f�
��ã��%��ã���������)<���â:���ä�)I����$v�%���:è��� �:��ä�������ä:��ì��%�%��	®Ýs�� �	:á
������$��%������ä�	:�3i]*®af�
	X	:á
��:�\�(:�\��	:á
�����(	���ã��������ä^�� "��:�� ���ä:ä:���������Kä�����:��	^��ä\ë����%�+öfã����(�����	�����$rìIÝÅ��$
&������(	���ä�)b�
�(â	:�(�����ä�).ì����
è�ä�).�����v��������%���<����������������ä�)�:������:	����ä\����$>)�k.�����%��Ý�)�	:á
�Dä�����:��	�� ]:���%��ã�������äf�����
 ���ä:ä:�����>*

5x��å



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

p ñ -1ñ - $§øzû��Eö û3øsôF÷)q�øzû�R�ÝôF÷7¯!�2
�÷Fû3øsö��Løzû�ý øL÷µù ô����Pô�� ö>ñ
àká
����������Ý�ä:�%ä��� \	:á
������ã��%ä:�%�(	:�����8�� �!#���%$
�'&(� f å�4�)�å�å�hk �:���n	:á
�������%��	D�� &�����ëõ�� b��������ä:ä�	��_�%�
 �����v�(	:�����í����$vã����(�����	®Ýí�� b������k.$
����	:�%���%��	®Ý_�� >�����&(�(	���%�
 �����v�(	:������ì�:���
ã�á�	B	��v	:á
�G ����%���'ë\�%�
ã����������%��ä:�����>*!#���%$
�'&(��� äf�
i�����	:��&��G����ã��%ä:�%�(	:�����í������������ä:äB	����%�
 �����v�(	:����������$���:��	�����â	:�������� 
�����&(�(	��Á�%�
 �����v�(	:�����s:��êI����:��äK�%����:�'&���������	�*®c��'&������������	]$
�����%ä:������� B!r�(���áõå��I)"3(4�4�3#�%äG�
��	��Å�%��ëG)<����$8�
��ëR�%��ë\äs���8��:��	�����	:�����8�� B������k�â$
����	:�%�����%�
 �����v�(	:������ë���:�\�
��	Á��$
����	���$>*X!r��b������	®Ý_�� ����������%�(	:������$
�I��äÁ�
��	è��
�'ëF����ã��%ä:�%�(	:����������$�$
�I��ä��
��	Dè��
�'ë ë�����%$�	�:����$�äD�%��	:á
��k����%$>)]	:á
��:��â ���:��)"��:������	:���������Á������ä:�
:��äD�(:��:��êI����:��$>*¶a���ä:�%$
��ä�)"ä:����á�������ä:�
:��äD�(:�:��êI����:��$�	:á��(	kë\�%�%���v�(è��G	:á
��ä����%��ë\äB	��vë���:è� ���\	:á
�sì����
�
k�	B�� ]����	:�}|�����ä�*
° ± Ö>×£n�×WgF�ml�g
Ü �����%�(��(	:�����d�� �����%������������ä^����$ó	:á
� �Á�%���ß�� +����	:������ä���$
����	���$8�(	 c����
��&(������v�v��	 f 3�/I)�3�5Bh>��:��ä:�����ì��\ä��������jk.�k$���:����	:������äÁ	��D����á�����������:��ã�:��ä:äf�%�v���â$
��_	��ß����á�����&���	:á
��ã������%ä_����������	���$ �(	��%��	�������(	:���������Á����&����+)X����$�����������Ý.ö��:������	:�����ß�� ÁÞ:�fà ��:��$�����	:ä�)>�
��	®ë���:è�ä�)Kä���:&��%����äs����$ß�(�����%�%���(	:������ä�)>ä:�
�
â����:	^	���	:á
����������	������äs�%�r�'&���������v�%�
ãÅ	:á
��$���ã���	:���<ã��(�b*Dàká
�_Þ¿�
 �����v�(	:������I��������	®Ýð��äí ���:��ä������õ�%� 	:á
� Ü �����%�(��(	:�����u�� ��X��%������������ä�)Xë\�%�%�fì��Å:�����%�}|���$�%�u���I��������(	:�����u����$uä����%�%$��(���	®Ý�ì���	®ë������õ	:á
�Åã��'&������������	�����$u���%�k��	:á
�����(:	:�%����������	:ä�*

�]�(:	:�%�����%�(���Ý�)�	:á
�k�����������
����	ª"W�d��ô���
�üB÷Põ�
�÷FûB�� �	:á
���Á�%���_�� >����	:������ä��:�'&��%$
��ä�ö
��2�Þ¿��������������	:�(	:�����u�� s��â·ã��'&�������������dä�	���(	���ã�����ä�	:�(:ã���	���$ �(	��(�����%�%����â	:������ä\��������	\	����%���
�'&(�(	��D����$Å��:������	���	������ä����(:���������%�Å���
ì��%�%�^��$�â�v�%���%ä�	���(	:�����r����$8$
����������(	:�%�_��:������ä:ä���ä�)bã�:�'ëk	:á8�� ��
������������Ýß����$����á���������������	k�� <:���%�(	:������äBë\��	:á�����	:�}|�����ä�l
ì�2�òÁ�%�(ì�����(	:�����d�� \���(	:������������â·ã��'&�������������#�%����	:�%�(	:��&���äD����$�ä���:&��%����ä_�(	���%�<����&����%ä�)���$��(��	:�%�
ãí	:á
���ú	���	:á
�_����	:�}|�����ä��.����$rì���ä:�%�
��ä:ä����
����$�ä�).	������ä:�
:�B�sì���ã�ã���X�
������������ÝD�� ����%�������(	���$�:��ä����
�����äÁ����$_���
ì��%�%�Áã��I��$�ä�l
�'2Å���
������:	<	��G	:á
�\�%����	:�%�(	:��&���ä<�� >�%��	�������(	:���������
���I��������(	:�����v�%��	:á
��k����%$�� ���â·ã��'&�������������k ���]	:á
�f���
:����ä���äK�� �ã�:�'ë\�%�
ã�	������ä����(:��������)�:��ä�������âä:��ì��%�%��	®Ýv����$��
������������Ý��(	\���%�b����&����%äB�� <ã��'&��������������*

5x��3



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

à<�(è��%�
ã��%��	���������ä:�%$
����(	:�����#	:á
��ä���ä�	:�������%�(	:������ä\����$rä:��	:���(	:�����r�%�r!#���%$
�'&(���	s�%ä��
������ä:ä:�(:Ý#	����
��	��_	:á��(	s	:á
�D�
i�����	:��&��v�%��������������	:�(	:�����r�� ÁòÁ������	�:�����%��I��:&��%����ä��%�¿�Á�
ì��%�%����$��v�%���%ä�	���(	:�����ó����$8�� BÞ¿��&������%�(ì��%�%��	®Ý#�� B�����ä��������X�%��â �����v�(	:�����Å����$����ã�á�	B	��v�%�
 �����v�(	:������:��êI����:��	:á
�G���I���$��%���(	���$�ä����%�
	:�������� ���%�k��:��ã�����väv�������
����	���$uë\��	:á ì����%�%$��%�
ãr�� ^	:á
�#Þ:���%� 	:á
�Å ��������ë���:è �� 	:á
�������jk���$dä�	:�(	�����:��ã������*ó�I�r	:á
�í ����%���'ë\�%�
ãr����	:������ä_�(:����:������ä���$8 ���!#���%$
�'&(��öâ�òÁ�%�(ì�����(	:�������� <�_ä�	:�(	��G��:��ã����� ï$af���%�%$��%�
ã�Þ¿�
 �����v�(	:�����Å�I��������	®Ý��%�!#���%$
�'&(��ñ�lâ�òÁ�%�(ì�����(	:�������� <�B�����%���>ë���ì
â·ã��(	����� ]	:á
� Ü �����
ì��%�%�\�� ]!#���%$
�'&(��lâíÞ¿��������������	:�(	:�������� ]	:á
�Åï¿���
�D$
��ä�è�ñ�ä�Ý�ä�	�����lâ�a���%�
ã��%�
ãG����ã��%ä:�%�(	:�����v�����%�
 �����v�(	:�����í�%�í���������%�%�������\ë\��	:áv	:á
��òÁ�
:�(â��������ä�	:����$��(�$�ä�*
àká
��ä�	:�(	��^��:��ã����� �%äÁä:�
������ä���$v	��_���'&���B	:á
��:�����%�}|��(	:�����í�� b	:á
�\ ����%���'ë\�%�
ã��ä�������	:ä�öâíÞ¿��	�����������
����	:������äfã��'&������������	4²w����	:�}|����>)�ã��'&������������	4²wì���ä:�%�
��ä:ä�)ã��'&������������	#²j�v�%���%ä�	������ä^0�$
�����(:	:������	:ä�2�).�v�%���%ä�	�:Ý�²j�v�%���%ä�	�:ÝFlâ�ò"â®$
�������������Ý�æ�����ä:�
��%�
ã���������:	:������	:����äB ��������	:�}|�����ä\	��í���(:	:�%�������(	���%�L$��%ä:����ä:ä:����� �� ���:������$��
����G����$ ����ã��%ä:�%�(	:��&�������	:ä�)D$
�����%ä:������äÅ����$��:�3b�����	:äB�� ]ã��'&������������	\��k��	:á
�����$��v�%���%ä�	���(	:��&��^����	:��	:����ä�lâ Ü ��&���������������	k�� "�%�
 �����v�(	:�������%�
 ����ä�	������	:�
:��ä�lâ��������
����	:�������� ]ä:��á
�I���%äB	��vÞ¿��	�����
��	�lâ��������
����	:�������� ]���������b��$��v�%���%ä�	���(	:������	��vÞ¿��	�����
��	�lâ��I��	�	:�%�
ãv�
�¶�<���%��	:äk�� X�Á�
ì��%�%����������ä:ä\	��vÞ¿��	�����
��	�lâ����
������:	�	��vÞ:�fàL����	:��&���	:����ä�lâ�������	:�%�I�
����äf��$������(	:�����>lâ�òÁ�%�(ì�����(	:�����L�� í����ã��%ä:�%�(	:����� ��:������r	��ô�%�
 �����v�(	:����� ä���������	®ÝR0���������â	�:�����%�í$
������������	�)Á$���ã���	:���Áä:��ã����(	:�
:��)"��â®�����v���������)�������á������%ä:�väD�� �
����������	k��:��	�����	:�������� "������k.$
����	:�%���>�%�
 �����v�(	:�����>)���	:�(* 2�lâ�òÁ�%�(ì�����(	:�������� <	�����������$��%���%�
�s�
��	®ë���:èFlâ���:���(	:�������� ]$���ã���	:���>�D��ä������väB����$Å�%��ì���(�����ä�lâ��I	:����$��(�$��}|��(	:�����8�� Bã��'&������������	vä:��	���ä�ö_ �:��� 	:á
�������%��	G�� k&�����ëR�� ������	�����	�����$� ��������$���Ýv����$�:���%�%�(ì����s��������ä:ä�lâ�òÁ�%�(ì�����(	:�����ó�� B������������	�)X����ã��%ä:�%�(	:��&���ì���ä�������$d�%�
 �����v�(	:�����ó�%��ä�	����â������	:äB:��êI����:��$� ���k��������(	:�������� ^ï¿���
�D$
��ä�è�ñ�lâ Ü ��ä�	������	:�
��%�
ã_�� <ã��'&������������	�� ä^����$��v�%���%ä�	������ä�������	:��&���	:����ä�*

5x��/



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

³ ��f��XÖ>�ÁÔ_ÚS��g
f å�h ` * af�
:	���&(��)s�.* ���3b������(��>)^��* c^���%��$
��%�()�cD* !r�(ã��(��%�>)\às* d"����%���>)4�+t�w-���

{Lo$mBr�q8�,|>w
o�z�q8��w�y�qsrJr+x�vyt q8�#��p v qsr�qzy
{Lo$tI{Lq8mBr_´<w
�8�xm�zIw
o�r v w
r�{ µ&¶�r�o�q�zBt_��u
tBrFp��1o-w�w-p_m v m<� � r���mBo v tI{Lq8mBr�)>àK����á����%�����>:������:	�)�Þ¿��ä�	:��	:�
	��G�� "!r�(	:á>*����$��������b*����(*�)�������$
����Ýv�� <��������������äÁ�� b!#���%$
�'&(��)�3(4�4(5
*b0��%� Ü ���v��â���%���.2

f 3�hÝa�������á��v�(:è��%�
ãdò"â·ã��'&������������	�ö�� c^����ì������<���ä�������	:��&���â���ä:ä���ä:ä:�%�
ã	:á
� é�e !#����ì���^�I	:�(	���ä�).3(4�4�3I*
f /�hU�ó����%$ �Á�
ì��%�%� �I����	��� Ü ������:	 3(4�4�/Iö ò"â<c��'&������������	q�(		:á
� ��:��ä:ä�:����$�ä�) é ����	���$ e �(	:������ä�) e ��ë ·X��:è.) 3(4�4�/I)ëkëkëG* ���
�����>* ��:ãI÷�$
������� ë�����%$
���(:������:	�* ��ä��
f 5BhDòÁ�
:��������� é ������� àká
� é ä��u�� �Þ¿�
 �����v�(	:����� ����$ �����v�D�����%���(	:�����àK����á��
������ã�Ý �%� 	:á
�ä�Á�
ì��%�%� ��$��v�%���%ä�	���(	:�����î�� r	:á
�Lò é !#����ì����I	:�(	���ä�)�/�ç�	:á �����
 ���:�������ó�� D	:á
� Ü ��:����	����ä¿â<c����
������G�� D	:á
� �Á�
ì��%�%��I��:&��%���s�� <	:á
��!#����ì���^�I	:�(	���äk�� <	:á
��òÁ�
:��������� é �������#�I	����ä�ì����
:ã
)

e �'&�����ì���s3(4�4
å
f ç�h�Þ¿��������������	:�(	:����� �� 	:á
� ������������	 �� ñ(	:á
� ��������	�:�����%� ã��'&�â�����������	:ñ�* �I	���(	���ã�Ý ��� ���
	����v�(	:����� �� 	:á
� ���
ì��%�%� ä����â&��%����ä�) �Bi���:��$ ìIÝ !r�%��:��ä��� �	 ����:������(	:�����>) 0��%� Ü ��ä:ä:�%���.2�)á�	�	��bö ÷�÷'ëkëkëG* �v�%��:��ä��� �	�* ������÷'���ä�÷'ã��'&������������	�÷'ë\á���	������(�����ä�÷�3c��'& �I	���(	���ã�Ý�* ��ä��
f 1�hÝ��* c�������ì��
	:ä�è��%�+) àD* ��á
��&���á��%�
è.)Fï�òÁ������	�:�����%� c��'&������������	:ñ�)T3(4�4�3I)é èI����%�
��*
f ^�h ` *Eaf�
:	:ä���&(��)�ï�àká
�í���������(��(	:��&�����������Ý�ä:�%ä^�� f�%��������������	:�(	:�����ó�������â	:�%����ä �� r��â·ã��'&������������	õä���:&��%����ä:ñ�)ß���������
	���u������������� �����
��������� !#���%$
�'&(��)�dD*%å�3I) e * /I).3(4�4(5
)����b*
5�ç_^�æ�5�1�1I*
f ��hDàká
�µaf����á��(:��ä�	 Ü �����%�(��(	:�����>)�àká
�µaf����á��(:��ä�	æ�1� e â®ò é�Ü à)�ÁòA� e�����
 ���:�������ß�%�ð��:�����(��(	:�����ð�� s	:á
�#ë�����%$uä:���v�v��	����u	:á
�r�%�
 �����v��â	:�����ðä���������	®Ý�)_ï�àK�'ëf�(�$�äí��� Þ¿�
 �����v�(	:������ ��� ����	:������ñ�)+� e �'&�����ì���3(4�4�3I*

5x��5



òÁ������	�:�����%���I��:&��%����äk�%���Á�
ì��%�%����$��v�%���%ä�	���(	:�����#*�*�*

f ��h_�������%ä_!r�(:èß� *�)�^G��Ý Ü �%��á��(�$ð�.*�)Aa����$�����Ýß����	:á
����Ýß� *"òÁ�
:�������
� ���v��� Ü ��ã�á�	:ä ` ��ëG*1à\ø� ����$ é ����&����ä:��	®Ýn�X:��ä:ä�)�3(4�4�4�*1�<*bå�/I�I*

f å�43h ` ��ã��í�����&��%��$r��������ä:���Á�%���%�
 �����v������)K!#������	�������Aà�k.���%���X��� Ü �����
ì��%�%���!#���%$
�'&(��)�3I���%���%����)
3(4�4�4
f å�å�h � ��	�¹¸ º�:�#������	���u�(��:��ì��(:��� �����������������kä:�%ä�	����D���%���k�%�
 �����v�����������k����â	����v�(	:�}|��(	ó)�) Ü ��ã��%ä�	������$
�ßä�	:�(	��������������%�������%ñ8� Ü ��ã����%��������	:���%���\��������&���:�^�%� Ü ��ã��%ä�	�����>$
�Gä�	:�(	����>���������%�������
f å�3�h_àká
�8�������������$����j�� ���ä�������	:ä��� _	:á
�8!#���%$���&��%��� ì��%�%�\�� _ �:����$
����� ó	:á
� �%�
 �����v�(	:�����>)#�v��$
� ìIÝ ��:ã������}|��(	:�����Ù� Ü àBÞ:� ` òyå��I)ß	:á
�Þ¿��	�������(	:����������������	���æ�\ã����%��ä�	ð������ä����ä:á����b) ` ����$
���>)�!r��Ý�)8å��I�I�I)á�	�	��bö ÷�÷'ëkëkëG* �%��	�����
��ë\ä�* ��.÷��%��ë^÷������%$
�'&(��÷��������������$�����÷�)í0��%� Ü ��ä¿âä:�%���.2�*
f å�/�h��\:	:�%������å��I)�àká
�^��:��ä:äf����$
��f��:��ä:ä:�%�
ãD�� K�����%��	:�%��ä�*��
:����$
��� �� ]�v��ä:ä¿â����$��%��öX�_ä:��	:���(	:�������%�na�Ý����������ä:ä:�%��)
!#���%$
�'&(�_����$ é èI����%�
�v09à^��	���ì���3(4�4�/I* 2�)"0��%� Ü ��ä:ä:�%���.2�)
á�	�	��bö ÷�÷'ëkëkëG* �(:	:�%������å��I* ��:ã
*
f å�5Bh��X���&(����Ý ����$ � ���v��� Ü ��ã�á�	:ä å��I�I�I) ��� Þ¿��	�������(	:������������
:&���Ý �� �X���&(����Ý ` ��ë\ä ����$ �X�����	:�%����) à^��	���ì��� å��I�I�I)á�	�	��bö ÷�÷'ëkëkëG* �����&(����Ý��%��	�������(	:���������+* ��:ãI÷�ä:�
:&���Ý�÷'��á
��I��÷
f å�ç�h��X���&(����Ý ����$ � ���v��� Ü ��ã�á�	:ä 3(4�4�/I) ��� Þ¿��	�������(	:���������`���
�â&���Ý �� �X���&(����Ý ` ��ë\äq����$ �X�����	:�%����) �I����	�����ì��� 3(4�4�/I)á�	�	��bö ÷�÷'ëkëkëG* �����&(����Ý��%��	�������(	:���������+* ��:ãI÷�ä:�
:&���Ý�÷'��á
�3(4�4�/�÷
f å�1�h é ����&����ä:��� Ü �����%�(��(	:����� �� � ���v��� Ü ��ã�á�	:ä�)á�	�	��bö ÷�÷'ëkëkëG* á
:ë���ìb* ��:ãI÷�����ã�����÷���$�á
�* á�	:�v�+*
f å�^�hv������&�����	:�����  ��� 	:á
� �X:��	�����	:����� �� � ���v��� Ü ��ã�á�	:ä����$ ������$���������	:��� �
:����$
���vä Ü ������) 5
* »�Þ�*%å���ç(4�*á�	�	��bö ÷�÷'ëkëkëG* ���I��*  ��÷'���
ãI÷�����ã�����	¿ø�	�÷(ç���* á�	:��*
f å���hDÞ¿��	�������(	:��������� ���'&���������	 ��� �f��&��%� ����$ �<���%��	:�%����� Ü ��ã�á�	:ä�)á�	�	��bö ÷�÷'ëkëkëG* á
:ë���ìb* ��:ãI÷�����ã�����÷������* á�	:�v�

5x��ç



` *�af�
:	:ä���&(��)��.*����3b������(��>).��*Fc^���%��$
��%�()�cD*�!r�(ã��(��%�>)�às* d"����%���

f å���h Ü ��:����	:��&�����ç�÷D÷�òf���� >	:á
��òÁ�
:��������� �]�(��%�%��������	�����$v�� >	:á
�s�����������%��� Aà^��	:á
�U�X:��	�����	:�����Å�� ]Þ¿��$���&��%$������%äÁë\��	:á�:��ã��(�$Å	��v	:á
�G��:������ä:ä:�%�
ã�� ]�����ä��������>$��(	:�v����$�����	:á
�s �:�������'&���������	\�� "ä:����áÅ$��(	:��*
f 3(43hv���%����� Ü ��&�����ä�)>ñ Ü ��â·���
ã��%�
������%�
ã�	:á
�D���ã�á�	\	��������&(����Ý.öká
�'ë �����&(����Ýá���äkì�������	������ä� ��������$� �:���F�����ã�á�	B	����v�����v����$���	®Ý�ñ�)��%���\ã�:������$Ü ��	�����ì���:ãL0���$.2íñ�àK����á��
������ã�Ýõ����$ �X���&(����Ý.öó	:á
�ó�
��ëù�%����$�ä:���(����ñ�)!#Þ¿àä�X:��ä:ä�)Kå��I�_^_�b*%å�5�/I*
f 3�å�h Ü ��&��%$Ã�]�%��á
��:	®Ý�)�ñI�X:��	�����	:�%�
ã�X���&(����ÝT�%� ä:�
:&����%�%�%�������ðä���������	:����ä:ñ�)é ����&����ä:��	®Ý��� e ��:	:áß�f�(:���%�%�����X:��ä:ä�)bå��I�I�I*
f 3�3�h Ü ��:����	:��&��)��ç�÷'5�1�÷�òf�u�� �	:á
��òÁ�
:��������� �]�(��%�%��������	Á����$��� >	:á
�^��������â���%�
�� b3�5�à^��	���ì���\å��I��çG����	:á
�k��:��	�����	:�����v�� >�%��$���&��%$������%äbë\��	:á_:��ã��(�$	��ß	:á
����:������ä:ä:�%�
ãÅ�� k�����ä��������Á$��(	:�ß����$d���d	:á
�� �:�������'&���������	��� ä:����áÅ$��(	:��*.á�	�	��bö ÷�÷'ëkëkëG* ��$
���* ��:ãI÷':��ä�	��Bk�	�÷ ` ��ã��%ä:�%�(	:�����.÷ Ü ��:����	:��&���÷

Ü ��:����	:��&�� ������	�����	:ä�* á�	:�v�+*
f 3�/�h Ü �����%�(��(	:�����8�� +�X��%������������ä�)1�L�IÞ:��â®4�/�÷Ic^ò e ò®dX�s÷ Ü àG�k÷'5(â®òk)få�3 Ü ��â������ì���d3(4�4�/I)vá�	�	��bö ÷�÷'ëkëkëG* ��	:�>* �%��	�÷'ë\ä:�%ä�÷�$
������������	:ä�÷�$
��� �D����	:�ªâ·����âå�å�1�å1¼ å�å�1(4�* ��ä��
f 3�5Bh��Á�%���n�� µ����	:�����>)µ�L�IÞ:��â®4�/�÷Ic^ò e ò®dX�s÷ Ü àG�k÷(ç'â®òk)uå�3 Ü ��������ì���3(4�4�/I)�á�	�	��bö ÷�÷'ëkëkëG* ��	:�>* �%��	�÷'ë\ä:�%ä�÷�$
������������	:ä�÷�$
��� �D����	:�+* ��ä��¾½��%���
ã�¿����Às�%$�¿_å�å�1�å1¼ å�å�1(4
W�]�ÁFG�6879=¹¥�5�Â}ÃI]}ÄFD-KLD�:$5-69G1Â1ÄE]}ÅX5�2 @� �692 :�Â ÆE=<:<=<2 ¥
=¡ �QX=<:<=¹��¨I=M62Ç�Z�Â}Ç�Z�Z�\
ÅA]_T)5d�
5-692 G1ÂI/P]�È�=M69; 5�@1Â

És@34L792 79G�79=XD�JFT)5-7903=¹��5-792 :<4E5�@� 4ÄFD��+H3G�79=M62Ã�:<2 =<@3:<=<4¹Â
� :$5� �=¹�ª¦�D�J�Ã�:<2 =<@3:<=<4¹ÂIT�D�;  �D�¥�5
Ê Â � :$5� �=¹�+2 =<2�Ã�786$] Â�ËS2 48032 @3=¹¥}Â
T�Q2Ì`ÇdÍ�Â_T�D�;  �D�¥�5
Î�ÏZ��5�2 ;Ð«�Ñ§Ò�Ó�ÔwÕ¡Ö¡×ZØ�Ù2Ú£ØZÔÜÛ1Ý Ú£Þ�Â&Õ¹×�Ö¹Ô`Ø�Ù2Ú£ØZÔÜÛ1Ý Ú£Þ�ÂZß�Ø�àYá(ÞZÓdàYâ¡Ù2Ú£ØZÔÜÛ1Ý Ú£Þ�Â

ß�Ú£ØZß�Ø�ÓdàYÒ(Ù2Ú£ØZÔÜÛ1Ý Ú£Þ�ÂyÔ`×�Ö¡Ó�ã Ø�á�Ù2Ú£ØZÔÜÛ1Ý Ú£Þ

5x��1


	359_363_Communication Equivalence Classes in Networks
	364_370_An algorithm for solving a class of knapsack problems and its generalization
	371_380_On stability of an optimal situation in a finite cooperative game with a parametric
	381_386_On stability in game problems of finding Nash set
	387_396_The maximum flow in dynamic networks
	397_405_The multiobjective transportation fractional programming model
	406_423_A New Approach in Agent Path-Finding using State Mark Gradients
	424_429_A Case-Based Reasoning for Regulation of an Urban Transportation Network
	430_452_Experience of Macroeconomic Models Realization in Transition Economy
	453_456_About a family of C2 splines with one free generating function
	457_466_The comparative analysis of implementation practices of e-government services
	467_496_Electronic Services in Public Administration (e-government)

