Contents

7 Infinite Traces 3 (P. Gastin, A. Petit) 7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7.2 Real and Transfinite Traces . . . . . . . . . . . . . . . . . . . . . . . . 6 7.2.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7.2.2 Concatenation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 7.2.3 Infinite Products . . . . . . . . . . . . . . . . . . . . . . . . . . 14 7.2.4 Words and Infinite Traces . . . . . . . . . . . . . . . . . . . . . 17 7.2.5 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 7.3 Poset Properties of Infinite Traces . . . . . . . . . . . . . . . . . . . . . 22 7.3.1 Completeness . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 7.3.2 Algebraicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 7.3.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 7.4 Complex Traces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 7.4.1 Definition using Indistinguishability . . . . . . . . . . . . . . . . 30 7.4.2 A More Concrete View . . . . . . . . . . . . . . . . . . . . . . . 30 7.4.3 Links with Real Traces . . . . . . . . . . . . . . . . . . . . . . . 36 7.4.4 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 7.5 Topology on Complex Traces . . . . . . . . . . . . . . . . . . . . . . . . 39 7.5.1 Basic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 7.5.2 Completeness and Compactness . . . . . . . . . . . . . . . . . . 42 7.5.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 7.6 Rational Languages of Infinite Traces . . . . . . . . . . . . . . . . . . . 46 7.6.1 Rational Real Trace Languages . . . . . . . . . . . . . . . . . . 46 7.6.2 Rational Complex Trace Languages . . . . . . . . . . . . . . . . 52 7.6.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 7.7 Recognizable Real Trace Languages . . . . . . . . . . . . . . . . . . . . 58 7.7.1 Definition and closure properties . . . . . . . . . . . . . . . . . 59 7.7.2 Normal form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 7.7.3 C-rational real trace languages . . . . . . . . . . . . . . . . . . . 70 7.7.4 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 7.8 Recognizable Complex Trace Languages . . . . . . . . . . . . . . . . . 74 7.8.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 7.8.2 Closure properties . . . . . . . . . . . . . . . . . . . . . . . . . 78 7.8.3 C-rational complex trace languages . . . . . . . . . . . . . . . . 83 7.8.4 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

2 CONTENTS

Chapter 7

Infinite Traces

Paul Gastin Université Paris 6 LITP, Institut Blaise Pascal

4, place Jussieu F-75252 Paris Cédex 05

Antoine Petit Université Paris Sud LRI, URA CNRS 410 Bât. 490 F-91405 Orsay Cédex

Supported by the ESPRIT Basic Research Actions No. 6067: Algebraic and Syntactic Methods in Computer Science (ASMICS 2) and No. 6317: Causal Calculi Based on Nets (CALIBAN).

7.1 Introduction

Finite traces were introduced by A. Mazurkiewicz as a semantic model for nonsequential processes. The motivation for an infinitary extension of traces is twofold.

First, some non-sequential systems are not designed to terminate, e.g. distributed operating systems. In order to abstract their behaviors, the notion of infinite traces is clearly needed. Since an infinite behavior may be seen as the limit of a sequence of finite behaviors, the set of infinite traces has to be the completion of the set of finite traces. In other words, each infinite trace must be the limit of a sequence of finite traces and, conversely, each “good” sequence of finite traces must converge to an infinite trace.

Second, some programming structures do not admit convenient semantics within the monoid of finite traces. For instance, behaviors of recursive programs are frequently described by solutions of fix-point equations of the form x = f(x). Depending on the mapping f, different techniques may be used to obtain these fix-points.

• Assume first that the mapping f is non decreasing with respect to some partial order on the semantic domain. Iterating the mapping f starting from the least element ⊥ of the semantic domain, we obtain a non decreasing sequence (f^n(⊥))_{n≥0}. If the mapping f is continuous and if the semantic domain is complete with respect to this partial order, this non decreasing sequence admits a least upper bound which is the least fix-point of f.

• Assume now that the mapping f is contracting with respect to some metric on the semantic domain. The sequence (f^n(x))_{n≥0} is Cauchy for any starting point

4 CHAPTER 7. INFINITE TRACES

x. If the semantic domain is complete as a metric space, this sequence converges to the unique fix-point of f.

For both techniques, complete semantic domains are needed. Unfortunately, the set of finite traces is not complete, neither with respect to the prefix order nor with respect to any semantically satisfactory metric (see Section 7.5.3). Therefore, both an order and a metric completion of the set of finite traces must be introduced. This gives rise to different notions of infinite traces.

The order completion of the set of finite traces defines the set of infinite real traces where a real trace may be identified with an ideal (a prefix-closed and directed set) of finite traces (see Sections 7.2 and 7.3). Note that, when a semantic domain is not complete, fix-point equations are frequently solved in the powerset of the domain. Solutions are then directed sets which may be identified with elements of the order completion of the domain. Hence, the two approaches (solving fix-point equations in the powerset of a semantic domain on one hand, and in the order completion of the domain on the other hand) are closely related. From this point of view, infinite real traces may simply be seen as convenient abstractions of directed sets of finite traces.

Unfortunately, no metric on the set of real traces is fully satisfactory. In order to obtain a good metric completion of the set of finite traces, a slight generalization of real traces, namely complex traces, was introduced by V. Diekert (see Sections 7.4 and 7.5).

In this chapter, we also introduce transfinite traces as transfinite generalizations of dependence graphs (see Chapter 1). The semantic motivation for transfinite traces may seem more difficult. This is due to the implicit assumption that there is a positive lower bound to the execution time of all actions. If this restriction is removed, an infinite process may be executed within a finite amount of time. For instance, being inspired by oscillating mechanisms, one may consider an infinite process where each step takes half the time taken by the previous step. Such a process terminates within a finite amount of time and may be followed by another activity. The set of transfinite traces is the natural semantic domain for such situations. Apart from this semantic motivation, transfinite traces are also useful because they allow a uniform framework for the definition of both real and complex traces. Indeed, the set of real traces is embedded in the set of transfinite traces while the set of complex traces is a quotient of the set of transfinite traces.

Real and transfinite traces are defined in Section 7.2. Their basic properties are also investigated in this section. The set of transfinite traces equipped with a natural concatenation forms a left-cancellative monoid. On the other hand, the set of real traces is only a partial monoid since the concatenation of two real traces may give a transfinite (non-real) trace. As a basic tool, products of infinite (and even transfinite) sequences of traces are defined. In particular, these products allow us to relate infinite words and infinite traces and to state a Foata normal form theorem for infinite traces.

In Section 7.3, we study the properties of the sets of real traces and of transfinite traces with respect to the prefix order. We are mainly interested in the completeness and the algebraicity of these posets (partially ordered sets). More precisely, we prove that the set of real traces is coherently complete (every coherent set of real traces admits a least upper bound) whereas the set of transfinite traces is only bounded complete (every bounded set of transfinite traces admits a least upper bound). Moreover, we show that the set of real traces and the set of transfinite traces are both algebraic:

7.1. INTRODUCTION 5

every real trace (transfinite trace resp.) is the least upper bound of a set of compact real traces (compact transfinite traces resp.). Finally, we prove that a real trace is compact if and only if it is a finite trace. Altogether, this shows that the set of real traces is a Scott domain which is precisely the prefix order completion of the set of finite traces.

As it turns out, however, the set of real traces is not fully satisfactory with respect to the concatenation which is only partially defined. Moreover, although the set of real traces may be provided with metrics which make it a complete metric space, the concatenation (even restricted to finite traces) is not continuous for these metrics. Complex traces are introduced in order to obtain a metric completion of the set of finite traces equipped with a uniformly continuous concatenation.

In Section 7.4, the monoid of complex traces is defined as a quotient of the monoid of transfinite traces by a suitable congruence. Basic properties of the concatenation and of infinite products on complex traces are investigated. In fact, complex traces are simply a slight generalization of real traces: the set of real traces is embedded in the set of complex traces and a complex trace may be identified with a real trace together with an alphabetic information.

The topological properties of complex traces are studied in Section 7.5. The set of complex traces equipped with a natural ultrametric is a complete and compact metric space. For the topology induced by this metric, the set of finite traces is an open, discrete and dense subset of the set of complex traces. Moreover, the concatenation on complex traces is uniformly continuous. In other words, the set of complex traces is the metric completion of the set of finite traces and the concatenation on complex traces is the unique continuous extension of the concatenation on finite traces.

Among all the infinite trace languages describing the behaviors of non-sequential systems, rational and recognizable languages play a central role. Indeed, as in any monoid used as a semantic domain, rational languages describe the behaviors of systems which can be built in a modular way from a finite set of very simple systems. On the other hand, recognizable languages represent the behaviors of finite state systems. Recall that in the case of word languages (i.e. in the case of sequential systems), Kleene’s and Büchi’s theorems state that the two families coincide: a word language is rational if and only if it is recognizable. Concerning finite traces (i.e. in the case of finite non-sequential systems), the family of recognizable languages is included in the family of rational languages. Moreover, the inclusion is strict as soon as the independence relation is not empty. Nevertheless, Ochmaǹski’s theorem (Chapter 4) asserts that a language of finite traces is recognizable if and only if it is concurrent rational. The remainder of this Chapter is devoted to the study of the families of rational and recognizable infinite trace languages and in particular to a generalization of Kleene’s, Büchi’s and Ochmaǹski’s theorems to infinite trace languages.

In Section 7.6, we introduce and study the rational languages of infinite traces. Formally, the family of rational languages is defined as the smallest family which contains the finite sets of finite traces and which is closed under union, concatenation, ∗-iteration and ω-iteration. Depending on the concatenation and the ω-product used, either the family of rational real trace languages or the family of rational complex trace languages is obtained. The main results of this section are normal forms for rational sets of real traces and of complex traces. We also give the links between rational real trace languages and rational word languages on one hand and between rational complex trace languages and rational real trace languages on the other hand. Apart

6 CHAPTER 7. INFINITE TRACES

from these characterizations, we prove that the intersection, the left quotient and the right quotient of a rational set by a recognizable set are rational too.

We introduce and study in Section 7.7 the family of recognizable languages of real traces. These languages are defined by extending in a natural way the definition of recognizable word languages using recognizing morphisms. We prove that the family of recognizable real trace languages is closed under union, intersection, complement and (real) concatenation. These results together with the closure by iterations restricted to connected languages yield a normal form theorem for recognizable real trace languages. Next, finite and infinite concurrent iterations on real trace languages are defined. It turns out that the family of recognizable real trace languages is closed under these new operations. Then the main result of this section states that the family of recognizable real trace languages coincides with the family of concurrent rational real trace languages. This last family is defined as the family of rational real trace languages by simply replacing the classical iterations by their concurrent versions. Besides, we prove that the family of recognizable real trace languages is closed under left and right quotients by arbitrary real trace languages.

Finally, we deal with recognizable complex trace languages in Section 7.8. First we give the links between recognizable real trace languages and recognizable complex trace languages. We then prove that the family of recognizable complex trace languages is closed under union, intersection, complement, concatenation, quotients by arbitrary languages and iterations restricted to connected languages. Next, we obtain a normal form theorem for recognizable complex trace languages which generalizes the corresponding result on recognizable real trace languages. Finally, we extend Kleene’s and Büchi’s theorems on words and Ochmaǹski’s theorem on finite traces by proving that the family of recognizable complex trace languages coincides with the family of concurrent rational complex trace languages, i.e. the smallest family of complex trace languages which contains the finite sets of finite traces and which is closed under union, concatenation, finite and infinite concurrent iterations.

7.2 Real and Transfinite Traces

In this section, we introduce real and transfinite traces which are infinitary generalizations of finite traces. Although it would be possible to introduce directly an equivalence relation on ω-words (transfinite words resp.) in order to define real traces (transfinite traces resp.), we prefer to use the framework of dependence graphs (see Chapter 1). This approach provides a much more natural extension of finite traces and allows to define uniformly real traces, transfinite traces and complex traces (defined in Section 7.4).

The notion of ordinal will be extensively used throughout. We refer to [Ros82] for a complete course on ordinals. In fact, we will use very few results from ordinal theory. Mainly, we will use ordinals to number sequences. In order to fix notations, we recall that the finite ordinals are the natural numbers, the first non-finite ordinal is denoted by ω and the first non-countable ordinal is denoted by ℵ_1.

7.2. REAL AND TRANSFINITE TRACES 7

7.2.1 Definition

Let Σ be a finite alphabet and let D ⊆ Σ × Σ be a reflexive and symmetric relation over Σ, called the dependence relation. Its complement I = Σ × Σ \ D is the independence relation. The pair (Σ, D) is called the dependence alphabet. Throughout this chapter, we will depict a dependence alphabet by its graph (without reflexive edges). For instance, the dependence alphabet (Σ, D) defined by Σ = {a, b, c, d, e} and D = {(a, a), (b, b), (c, c), (d, d), (e, e), (a, b), (b, a), (b, c), (c, b), (d, e), (e, d)} will be represented by the following graph: (Σ, D) = a b c d e Throughout this section, all examples will be given with respect to this dependence alphabet.

A dependence graph will be defined as an isomorphism class of labelled directed graphs. Recall that two labelled graphs [V_1, E_1, λ_1] and [V_2, E_2, λ_2] are said to be isomorphic if there exists a bijection ξ : V_1 −→ V_2 between their sets of vertices which preserves the edges ((p, q) ∈ E_1 ⇐⇒ (ξ(p), ξ(q)) ∈ E_2) and the labelling (λ_1(p) = λ_2(ξ(p))). For the sake of simplicity, we will often identify a concrete labelled graph and its isomorphism class.

Definition 7.2.1 A dependence graph over the dependence alphabet (Σ, D) is an isomorphism class of labelled directed acyclic graphs [V, E, λ], where the set V of vertices is countable, E ⊆ V × V is the set of edges, λ : V → Σ is the labelling function and it holds

• edges are between dependent vertices: for all p, q ∈ V , (λ(p), λ(q)) ∈ D ⇐⇒ p = q or (p, q) ∈ E or (q, p) ∈ E • the induced partial order ⪯ = E^∗ (the reflexive and transitive closure of the edge relation E) is well-founded: there is no infinite strictly decreasing sequence of vertices p_0 ≻ p_1 ≻ p_2 ≻ · · ·

The set of dependence graphs is denoted by G(Σ, D), or simply by G. A dependence graph is also called a (transfinite) trace. The set of finite dependence graphs (finite traces) is denoted by IM(Σ, D), or simply by IM.

This is a very natural generalization of the definition of finite dependence graphs presented in Chapter 1. We simply allow the set of vertices to be countable and we require in addition that the reflexive and transitive closure of the edge relation is wellfounded. This restriction ensures that every dependence graph admits a finite set of initial actions.

Moreover, for each dependence graph g = [V, E, λ] and each letter a ∈ Σ, this last restriction implies that the set V_a = λ^{−1}(a) = {p ∈ V | λ(p) = a} of vertices with label a is a well-ordered subset of V , i.e., the restriction of the induced partial order ⪯ to V_a is a well-founded total order. We denote by |g|_a the number of occurrences of a in g, i.e., |g|_a is the countable ordinal associated with the well-ordered set V_a. Hence, every dependence graph g admits a standard representation where its set of vertices is

8 CHAPTER 7. INFINITE TRACES

Figure 7.1: A finite dependence graph

Figure 7.2: A real dependence graph

Figure 7.3: Two transfinite dependence graphs

7.2. REAL AND TRANSFINITE TRACES 9

V = {(a, i) | a ∈ Σ and i < |g|_a} and the labelling is trivially defined by λ((a, i)) = a for all (a, i) ∈ V .

For instance, the standard representation of a finite dependence graph is presented in Figure 7.1 (a). Since a dependence graph is an isomorphism class of graphs, we will only write the labels of the vertices. Still in order to simplify the pictures, we will not necessarily draw the edges which can be obtained by composition of other edges. Using these remarks, the dependence graph of Figure 7.1 (a) can be simply presented by its Hasse diagram as in Figure 7.1 (b). Finally, three infinite dependence graphs are presented in Figures 7.2 and 7.3.

Let g = [V, E, λ] be a dependence graph and p ∈ V be a vertex of g. The past of p for the induced partial order ⪯ = E^∗ is the set ↓_gp = {q ∈ V | q ⪯ p}. When no confusion may arise, the past of p will be simply denoted by ↓p. For instance, in the graph of Figure 7.1 we have ↓(a, 1) = {(a, 0), (a, 1), (b, 0), (c, 0)}. Note that the infinite graph of Figure 7.2 satisfies a stronger property than merely the well-foundedness of its induced partial order: all its vertices have a finite past. On the other hand, in the graph of Figure 7.3 (b), the vertices labelled by b, c or e have an infinite past. This important remark leads to the following definition.

Definition 7.2.2 Let g = [V, E, λ] ∈ G(Σ, D) be a dependence graph.

The real part Re(g) and the transfinite part Tr(g) of g are the restrictions of the graph g to the sets of vertices {p ∈ V | ↓ p is finite} and {p ∈ V | ↓ p is infinite} respectively.

A real trace (or real dependence graph) is a dependence graph with an empty transfinite part. The set of real traces will be denoted by IR(Σ, D), or simply by IR.

The alphabet of g, alph(g) = λ(V ), is the set of letters which occur in g. The alphabet at infinity of g is alphinf(g) = {a ∈ Σ | λ^{−1}(a) is infinite} ∪ alph(Tr(g)).

Note that Re(g) and Tr(g) are dependence graphs. Moreover, Re(g) is clearly a real trace. This is a direct consequence of the following easy fact.

Remark 7.2.3 The restriction of a dependence graph g = [V, E, λ] to any subset of V is a dependence graph too.

For instance, the graphs of Figures 7.1 and 7.2 are real whereas the graphs of Figure 7.3 are not real. Their real parts and transfinite parts are presented in Figure 7.4. The alphabets of the graphs of Figures 7.1–7.3 are respectively Σ, {a, b, c}, {a, b, c} and Σ. Their alphabets at infinity are respectively ∅, {a, b, c}, {a, b} and Σ.

We end this subsection with some semantic considerations concerning real and non-real dependence graphs. A very natural point of view in computer science is to assume that there exist a uniform lower bound and a uniform upper bound on the execution time of all actions. Then real graphs are exactly those graphs in which each action may be executed within a finite amount of time. This is probably the main reason for which real traces may be considered as the most semantically significant infinite traces. Moreover, we will see throughout the chapter that real traces possess very good properties.

Therefore, one may wonder why we do not restrict ourselves to the study of real traces. There are in fact three main reasons for this. First, we will see in the next subsection that only a partial concatenation is defined on real traces. Hence, the algebraic structure of transfinite traces or complex traces (defined in Section 7.4) is

10 CHAPTER 7. INFINITE TRACES

aFp(Figure)h(7.9:)21b(Some)16b(dep)q(endence)fΩ(graphs)peopΩ%%Page:3333Ωbop31-70(aFn(7.4.)38b(COMPLEX)16b(TRA)o(CES)118(bFp(33)454Ω1250y@beginspecial50@hscale50@vscale@po(specialΩ%%BeginDocumenF:fig˙concat˙base.epsfΩ/CanvasDictwherenot–/CanvasDict250dictdef˝–pop˝ifelseΩCanvasDictbeginΩsystemdict/po(packingknown–/origpackcurrenFpackingdeftruepo(packing˝ifΩ/bdf–binddef˝binddefΩ/xdf–exchbinddef˝bdfΩ/min–2copygt–exch˝ifpop˝bdfΩ/edf–exchdef˝bdfΩ/max–2copyłt–exch˝ifpop˝bdfΩ/cvmtxmatrixdefΩ/tpmxmatrixdefΩ/currot0defΩ/rotmtxmatrixdefΩ/origmtxmatrixdefΩ/cvangle–360exchsub90(add3360mod˝bdfΩ/po(rot–/currotedfrotmtxcurrenFmatrixpop2copyaP90]laFecurrotrotaFenegexchnegexchaP90]laFe˝bdfΩ/endrot–rotmtxpo(matrix˝bdfΩ/isystemdict/imagegetdef/Ttruedef/Ffalsedef/dbgFdefΩ/ncolors0def/st0()def/st1()def/proc0–˝defΩ/penh1def/penv1def/penv20def/penh20def/samplesize0def/width0def/height0defΩ/po(cmykcolorwherenot–/po(cmykcolor–/bedf3–b(add31.0exchsub0.0max31.0min31roll˝repeatsystemdictbeginpo(rgbcolorend˝bdf˝–pop˝ifelseΩ/doeoclip–c(a1ppath–eoclip˝(2apped–currenFflaFdup2mulpo(flaFeoclippo(flaF˝if˝bdfΩ/SpaceExaP90def/LetterSpace0def/StringLength0def/NumSpaces0def/JustOffpo(0defΩ/f0/fillłoaddefΩ/s0–1po(linewidthcvmtxcurrenFmatrixpoppenhpenvscales(rokecvmtxpo(matrix˝bdfΩ/f1–˙bp˙fpimpat˝defΩ/s1–cvmtxcurrenFmatrixpop1po(linewidthpenhpenvscaleΩ–s(rokepath˝(2apped–currenFflaFdup2mulpo(flaFs(rokepathpo(flaF˝ifΩ˙bpΩcvmtxpo(matrix˙fpimpat˝defΩ/filltype0defΩ/p(roketype0defΩ/f–filltype0eq–f0˝–f1˝ifelse˝bdfΩ/p–p(roketype0eq–s0˝–s1˝ifelse˝bdfΩ/˙fp–˝defΩ/˙bp–˝defΩ/˙fg1defΩ/˙pg0defΩ/˙bkg1defΩ/˙frg0defΩ/˙frgb3arraydefΩ/˙frrgb[000]defΩ/˙fcmyk4arraydefΩ/˙frcmyk[0001]defΩ/˙prgb3arraydefΩ/˙pcmyk4arraydefΩ/˙bkrgb[111]defΩ/˙bkcmyk[0000]defΩ/fg–/˙fgexchdef/filltype0def/fills–˙fgpo(gray˝def˝defΩ/frgb–˙frgba(2agpop/filltype0def/fills–˙frgbaloadpoppo(rgbcolor˝def˝defΩ/fcmyk–˙fcmyka(2agpop/filltype0def/fills–˙fcmykaloadpoppo(cmykcolor˝def˝defΩ/pg–/˙pgexchdef/p(roketype0def/pens–˙pgpo(gray˝def˝defΩ/prgb–˙prgba(2agpop/p(roketype0def/pens–˙prgbaloadpoppo(rgbcolor˝def˝defΩ/pcmyk–˙pcmyka(2agpop/p(roketype0def/pens–˙pcmykaloadpoppo(cmykcolor˝def˝defΩ/fpat–/fp(redf/filltype1def/fills–/patp(rfp(rdef˝bdf˝bdfΩ/ppat–/sp(redf/p(roketype1def/pens–/patp(rsp(rdef˝bdf˝bdfΩ/bkg–/˙bkgexchdef/˙bp–gsave˙bkgpo(grayfillgeg(2ag˝def˝defΩ/bkrgb–˙bkrgba(2agpop/˙bp–gsave˙bkrgbaloadpoppo(rgbcolorfillgeg(2ag˝def˝defΩ/bkcmyk–˙bkcmyka(2agpop/˙bp–gsave˙bkcmykaloadpoppo(cmykcolorfillgeg(2ag˝def˝defΩ/frg–/˙frgexchdef/˙fp–˙frgpo(gray˝def˝defΩ/frrgb–˙frrgba(2agpop/˙fp–˙frrgbaloadpoppo(rgbcolor˝def˝defΩ/frcmyk–˙frcmyka(2agpop/˙fp–˙frcmykaloadpoppo(cmykcolor˝def˝defΩ/icomp–/ncolorsedfΩncolors1gt–/proc0edfΩdupdup0getncolorsdivcviexch03-1rollputΩ4-1rollncolorsdivcvi41roll–proc0dup/st0edfΩ0exchncolorsexchłengthΩdupncolorssubexchncolorsdivcvistring/st1edfΩ–dup0exchdup1exchΩ2add–st0exchgetadd˝bindforΩ3divncolors4eq–exchdup31roll3add3st0exchgetaddc55exchsubdup0łt–pop0˝if˝ifcviΩdupc55gt–popc55˝ifΩexchncolorsdivcviexchΩst131rollput˝bindforΩst1˝˝ifi˝bdfΩ/ciΩ–/colorimagewhereΩ–popfalseexchcolorimage˝Ω–icomp˝Ωifelse˝bdfΩ/impatΩ–/cn(0defΩ/MySavesavedefΩcurrot0ne–currotnegrotaFe˝ifΩclipΩflaFtenpathΩpathbboxΩ3-1rollΩ8divfloor8muldup/startyedfΩsubabs8divceiling8mulcvi/heightedfΩexch8divfloor8muldup/startxedfΩsubabs8divceiling8mulcvi/widthedfΩstartxstartyaP90]laFeΩwidthheightscaleΩ/heightheight8muldefΩ/p(0widthstringdefΩwidthheightT[width00heightneg0height]Ω–patp(rΩcn(88modΩget/st1edfΩ01Ωp(0łength1pubdup0łe–pop1˝ifΩ–st0exchΩst1Ωput˝bindfor/cn(cn(1adddefΩst0˝bindΩimagemaskΩMySaveeg(2agΩnewpath˝bdfΩ/cm–/ncolorsedfΩaP90]laFeΩscale/heightedf/colorimagewhereΩ–pop˝Ω–ncolorsmul˝ifelse/widthedfΩ/tbitp(rwidthstringdefΩwidthheight8[width00heightneg0height]Ω–currenFfiletbitp(rreadhexstringpop˝bindΩncolorsΩdup3eq–ci˝–icomp˝ifelse˝bdfΩ/im–aP90]laFeΩscaleΩ/heightedfΩ/widthedfΩ/tbitp(rwidth7add8divcvistringdefΩwidthheight1[width00heightneg0height]Ω–currenFfiletbitp(rreadhexstringpop˝bindΩi˝bdfΩ/imk–/invFlagedfΩaP90]laFeΩscaleΩ/heightedfΩ/widthedfΩ/tbitp(rwidth7add8divcvistringdefΩwidthheightinvFlag[width00heightneg0height]Ω–currenFfiletbitp(rreadhexstringpop˝bindΩimagemask˝bdfΩ/BeginEPSFΩ–/MySavesavedefΩ/dict˙coun(coun(dictstackdefΩ/op˙coun(coun(1pubdefΩuserdictbeginΩ/phowpage–˝defΩ0po(gray0po(linecapΩ1po(linewidth0po(linejoinΩ10po(miterlimit[]0po(dashnewpathΩ/languagelevelwhereΩ–popłanguagelevel1ne–falsepo(s(rokeadjustfalsepo(overprint˝if˝ifΩ˝bdfΩ/EndEPSFΩ–coun(op˙coun(pub–pop˝repeatΩcoun(dictstackdict˙coun(pub–end˝repeatΩMySaveeg(2ag˝bdfΩ/rectpath–/cv˙redf/cv˙bedf/cv˙ledf/cv˙tedfΩcv˙lcv˙tmovetocv˙rcv˙tłinetocv˙rcv˙błinetocv˙lcv˙błinetocv˙lcv˙tłinetoc(a1ppath˝bdfΩ/po(pen–/penhedf/penvedf/penv2penv2divdef/penh2penh2divdef˝bdfΩ/dos(roke–notpens31.0currenFgrayneor–s˝–newpath˝ifelse˝bdfΩ/dodashfill–notfills31.0currenFgrayneorΩ–gsavefgeg(2aggsave[]0po(dashΩp(roketype/p(roketypefilltypedefΩs/p(roketypeedfgeg(2ag˝–newpath˝ifelse˝bdfΩ/dofill–notfills31.0currenFgrayneor–f˝–newpath˝ifelse˝bdfΩ/dofillsave–notfills31.0currenFgrayneor–gsavefgeg(2ag˝if˝bdfΩ/doline–notpens31.0currenFgrayneor–filltype/filltypep(roketypedeff/filltypeedf˝–newpath˝ifelse˝bdfΩ/spx–SpaceExaP90324-1rollwidthphow˝bdfΩ/lsx–SpaceExaP9032ŁetterSpace06-1rollawidthphow˝bdfΩ/Rjust–stringwidthpopJustOffpo(exchsub/JustOffpo(edf˝bdfΩ/Cjust–stringwidthpop2divJustOffpo(exchsub/JustOffpo(edf˝bdfΩ/adjfit–stringwidthpopŁetterSpaceStringLength1pubmuladdSpaceExaP9NumSpacesmuladddup/pwedfJustOffpo(exchΩpubdup/wdifedfStringLengthdivdupabs1.0gt–pop0˝ifŁetterSpaceadd/LetterSpaceedf˝bdfΩ/ulb–currenFpointpop/underlinptedf˝bdfΩ/ule–gsavecurrenFpointnewpathmovetocurrenFfonFdup/ft1known–dup/ft1getbegin/FonFMatrixgetFonFMatrixtpmxconcatmatrixpop˝Ω–beginFonFMatrixtpmxcopypop˝ifelseFonFInfobeginUnderlinePositionUnderlineThicknessendendduptpmxΩdaP90]formpoppo(linewidthduptpmxdaP90]formpop0exchrmovetounderlinptcurrenFpointpopsub0rlinetos(rokegeg(2ag˝bdfΩ/fittext–/SpaceExaP9edf/LetterSpaceedf/StringLengthedf/NumSpacesedf/JustOffpo(edfnot1currenFgrayneorΩ–dup–ulb˝ifexchΩdupadjfitΩlsx–ul˝if˝–poppop˝ifelse˝bdfΩ/cvRecFonF–/encodedfFonFDirectory2indexknown–cleartomark˝–findfonFdupłength1adddictbeginΩ–1index/FIDne–def˝–poppop˝ifelse˝forallencod–/EncodingCVvecdef˝ifΩcurren(dictenddefinefonFcleartomark˝ifelse˝bdfΩ/wrk1()def/wdict16dictdefΩ/Work7575stringdef/Nmk–Work75cvsdup˝bdf/Npt–puFcvn˝bdf/dhOdh–Nmk279Npt˝bdf/dhodh–Nmk2111Npt˝bdfΨ/dhSdh–Nmk283Npt˝bdfΩ/sfWidth–gsave00moveto00łineto00łineto00łinetoc(a1ppathclipptringwidthgeg(2ag˝bdfΩ/MakOF–dupdhodhFonFDirectory1indexknown–exchpop˝–exchfindfonFdupłength1adddictbeginΩ–1index/FIDne2index/UniqueIDneand–def˝–poppop˝ifelse˝forallΩ/PaintType2defΩ/S(rokeWidth.2j21000mulftSizedivdup123lt–pop12˝ifdefΩdupcurren(dictenddefinefonFpop˝ifelse˝bdfΩ/fts–dup/ftSizeedf˝defΩ/mkFT–/tempFT11dictdeftempFTbeginΩ/FonFMatrix[100100]def/FonFType3defΩFonFDirectory3indexget/Encodingget/EncodingexchdefΩ/proc2edf/ft2exchfindfonFdef/ft1exchfindfonFdef/FonFBBox[0011]defΩ/BuildChar–wdictbegin/chredf/ftdtedf/chrstwrk1dup0chrpuFdefftdt/proc2go(execend˝defΩendtempFTdefinefonFpop˝bdfΩ/OLFt–dupdhOdhFonFDirectory1indexknown–exchpop˝Ω–dup3-1rolldupMakOF–outproc˝mkFT˝ifelse˝bdfΩ/mshw–movetophow˝bdfΩ/outproc–ftdt/ft1getpo(fonFgsavechrstsfWidthgeg(2agpo(charwidthdblsh˝bdfΩ/dblsh–currenFgray1po(graychrst00mshwpo(grayftdt/ft2getpo(fonFchrst00mshw˝bdfΩ/ShadChar–ftdt/ft1getpo(fonFgsavechrstsfWidth1index0ne–exch.05addexch˝ifgeg(2agpo(charwidthΩchrst.060mshw0.05aP90]laFedblsh˝bdfΩ/ShFt–dupdhSdhFonFDirectory1indexknown–exchpop˝Ω–dup3-1rolldupMakOF–ShadChar˝mkFT˝ifelse˝bdfΩ/LswUnits–7275divdupscale˝bdfΩ/erasefill–˙bp˝defΩ/CVvec256arraydefΩ/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/USΩCVvec032getintervala(2agpopΩCVvec32/Times-RomanfindfonF/EncodinggetΩ3296getintervalpuFintervalCVvecdup39/quotesinglepuF96/gravepuFΩ/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacuteΩ/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egraveΩ/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacuteΩ/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresisΩ/dagger/degree/cenF/p(erling/poction/bullet/paragraph/germandblsΩ/regip(ered/copyright/aP9demark/acute/dieresis/notequal/AE/O]lashΩ/infinity/plusminus/lessequal/grea(erequal/yen/mu/partialdiff/summationΩ/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/o]lashΩ/questiondown/exclamdown/logicalnot/P9dical/florin/approxequal/Delta/guillemotlefFΩ/guillemotright/ellipsis/blank/Agrave/Atilde/Otilde/OE/oeΩ/endash/emdash/quotedbllefF/quotedblright/quotelefF/quoteright/divide/lozengeΩ/ydieresis/Ydieresis/fraction/currency/guilsingllefF/guilsinglright/fi/flΩ/daggerdbl/periodcenFered/quotesinglbase/quotedblbase/perthousand/Acircumflex/Ecircumflex/AacuteΩ/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/OcircumflexΩ/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tildeΩ/macron/breve/dotaccenF/ring/cedilla/hungarumlaut/ogonek/caronΩCVvec12881288getintervala(2agpopΩendΩCanvasDictbeginΩ0po(linecapΩ0po(linejoinΩ4po(miterlimitΩ/currot0defΩorigmtxcurrenFmatrixpopΩ[]0po(dashΩ11po(penΩ1fgΩ0pgΩ0frgΩ1bkgΩnewpathΩ/dbgFdefΩLswUnitsΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩyh482mmovetoΩ(f)ΩphowΩ0po(grayΩmark/—˙˙˙CMR9/CMR9FcvRecFonFΩ18pfts/—˙˙˙CMR9findfonFexchscalefonFpo(fonFΩ0po(grayΩc2476omovetoΩ(1)ΩphowΩ0po(grayΩmark/—˙˙˙CMR12/CMR12FcvRecFonFΩ24pfts/—˙˙˙CMR12findfonFexchscalefonFpo(fonFΩ0po(grayΩ2yh482mmovetoΩ(�)ΩphowΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ2yh482mmovetoΩ(�)ΩFFc21200fittextΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ33h482mmovetoΩ(f)ΩphowΩ0po(grayΩmark/—˙˙˙CMR9/CMR9FcvRecFonFΩ18pfts/—˙˙˙CMR9findfonFexchscalefonFpo(fonFΩ0po(grayΩ44476omovetoΩ(2)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ90m391movetoΩ(e)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩy52m391movetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ146.7500395.2500movetoΩ135.5269391.2575łinetoΩ141.1649395.3619łinetoΩ135.5267m399.46573linetoΩ146.8031395.3619łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ105.4645395.3619movetoΩ141.1649395.3619łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ269391movetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ207.2500395.2500movetoΩ196.0347391.2575łinetoΩ201.6728395.3619łinetoΩ196.0345m399.46573linetoΩ207.3110395.3619łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ165.9724395.3619movetoΩ201.6728395.3619łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ210m391movetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ265.2500396.2500movetoΩ253.8497392.2575łinetoΩ259.4878396.3619łinetoΩ253.8495400.46573linetoΩ265.1259396.3619łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ223.7874396.3619movetoΩ259.4878396.3619łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ28(396omovetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ217.2500447.5000movetoΩ221.2342o436.1407łinetoΩ217.1299441.77888linetoΩ213.0261436.1405łinetoΩ217.1299447.41703linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ217.1299406.0784movetoΩ217.1299441.77888linetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ223447.5000movetoΩ234.4482m443.70918linetoΩ227.4784443.94588linetoΩ229.3946o437.2405łinetoΩ223.0354447.41703linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ276.1850406.0784movetoΩ227.4859443.9555łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ211.2500447.5000movetoΩ204.86573437.24023linetoΩ206.7816443.94563linetoΩ199.8118443.70853linetoΩ211.2244447.41703linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ158.0748406.0784movetoΩ206.7739443.9555łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ205.2500456.2500movetoΩ196.8336447.7899mlinetoΩ200.2090453.8922łinetoΩ193.3646o455.22903linetoΩ205.3189g456.2752łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ99.0197406.0784movetoΩ200.2205453.86773linetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0847.96788aP90]laFeΩ1-1scaleΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ27yh4188movetoΩ(�)ΩFF301200fittextΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ210m453movetoΩ(d)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMTI12/CMTI12FcvRecFonFΩ24pfts/—˙˙˙CMTI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ90m5531movetoΩ(a)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ2Ω4494movetoΩ(c)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ205524movetoΩ(b)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ2Ωim552movetoΩ(a)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ32j25531movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ260m501.7500movetoΩ248.1180m503.95023linetoΩ255.0647504.56488linetoΩ252.3455510.9866łinetoΩ259.8976o501.6611łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ255.09588504.6160movetoΩ221.51185c5.2831łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ260m557.7500movetoΩ253.01488547.93358linetoΩ255.27938554.52938linetoΩ248.3066554.6573łinetoΩ259.8976o557.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ221.5118531.1886movetoΩ255.2619554.5541łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ319557.7500movetoΩ307.676j2553.6591łinetoΩ313.3145o557.7634hlinetoΩ307.67638561.8673łinetoΩ318.9527o557.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ277.6141o557.7634hmovetoΩ313.3145o557.7634hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ323494movetoΩ(c)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ319500movetoΩ307.6213495.9347łinetoΩ313.2594500.0390hlinetoΩ307.6212504.1428łinetoΩ318.8976o500.0390hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ277.5590m500.0390hmovetoΩ313.2594500.0390hlinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ379.5000557.7500movetoΩ368.18432553.6591łinetoΩ373.822j2557.7634hlinetoΩ368.18418561.8673łinetoΩ379.4606o557.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ338.1220o557.7634hmovetoΩ373.822j2557.7634hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ382m5531movetoΩ(a)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ383494movetoΩ(d)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ379.2500500movetoΩ368.0662495.9347łinetoΩ373.70432500.0390hlinetoΩ368.0660504.1428łinetoΩ379.3425o500.0390hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ338.0039m500.0390hmovetoΩ373.70432500.0390hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ1432523movetoΩ(b)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ199.7500531.2500movetoΩ188.3694527.0921łinetoΩ194.0075531.1965łinetoΩ188.3692m535.30033linetoΩ199.6457531.1965łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ158.3071531.1965movetoΩ194.0075531.1965łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ438.5000557.7500movetoΩ427.18432553.6591łinetoΩ432.822j2557.7634hlinetoΩ427.18418561.8673łinetoΩ438.4605557.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ397.1220o557.7634hmovetoΩ432.822j2557.7634hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ441o5531movetoΩ(a)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ459556omovetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ141.7500529.5000movetoΩ129.9945o532.0615łinetoΩ136.9507o532.5542łinetoΩ134.3441o539.0225łinetoΩ141.7323529.5666łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ136.9305532.5215movetoΩ103.34Ω4553.1886łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ262.7500494.2500movetoΩ256.7955483.7411łinetoΩ258.47638490.50938linetoΩ251.5190490.02923linetoΩ262.7953494.13358linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ224.4094h461.6532movetoΩ258.49c2490.4916olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩyh145omovetoΩ(f)ΩphowΩ0po(grayΩmark/—˙˙˙CMR9/CMR9FcvRecFonFΩ18pfts/—˙˙˙CMR9findfonFexchscalefonFpo(fonFΩ0po(grayΩc2139movetoΩ(1)ΩphowΩ0po(grayΩmark/—˙˙˙CMR12/CMR12FcvRecFonFΩ24pfts/—˙˙˙CMR12findfonFexchscalefonFpo(fonFΩ0po(grayΩ2yh145omovetoΩ(�)ΩphowΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ2yh145omovetoΩ(�)ΩFFc21200fittextΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ33h145omovetoΩ(f)ΩphowΩ0po(grayΩmark/—˙˙˙CMR9/CMR9FcvRecFonFΩ18pfts/—˙˙˙CMR9findfonFexchscalefonFpo(fonFΩ0po(grayΩ4j2139movetoΩ(5)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ8(27amovetoΩ(e)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩy49(27amovetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ143.750032.2500movetoΩ132.574128.0686łinetoΩ138.2c22h32.1729łinetoΩ132.573936.2768łinetoΩ143.8504h32.1729łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ102.511832.1729movetoΩ138.2c22h32.1729łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ266o27amovetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ204.250032.2500movetoΩ193.081928.0686łinetoΩ198.720032.1729łinetoΩ193.081736.2768łinetoΩ204.3582h32.1729łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ163.019632.1729movetoΩ198.720032.1729łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ20(27amovetoΩ(e)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ262.250033.2500movetoΩ250.8969329.0686łinetoΩ256.535033.1729łinetoΩ250.896737.2768łinetoΩ262.173233.1729łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ220.834633.1729movetoΩ256.535033.1729łinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ28433movetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ214.250084.2500movetoΩ218.281572.9517łinetoΩ214.177178.58988linetoΩ210.073372.9515łinetoΩ214.177184.22803linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ214.177142.8894movetoΩ214.177178.58988linetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ22084.2500movetoΩ231.495480.52018linetoΩ224.5256o80.75693linetoΩ226.4418874.0515łinetoΩ220.082684.22803linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ273.232242.8894movetoΩ224.5331o80.7665łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ208.250084.2500movetoΩ201.9c29874.05123linetoΩ203.8288o80.75673linetoΩ196.8590m80.5196łinetoΩ208.271684.22803linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ155.122042.8894movetoΩ203.8211o80.7665łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ202.250093movetoΩ193.880884.6009łinetoΩ197.2563890.70333linetoΩ190.411892.04003linetoΩ202.366193.08638linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ96.066942.8894movetoΩ197.2678890.67873linetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0121.5899maP90]laFeΩ1-1scaleΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ26855movetoΩ(�)ΩFF301200fittextΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ20(89movetoΩ(d)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ3171488movetoΩ(c)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ316151.5000movetoΩ304.6686147.50953linetoΩ310.30673151.6138łinetoΩ304.668j2155.7177łinetoΩ315.94493151.6138łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ274.60638151.6138movetoΩ310.30673151.6138łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ370.5000153.2500movetoΩ359.318yh149.1316olinetoΩ364.9562153.2359olinetoΩ359.31793157.3397łinetoΩ370.594j2153.2359olinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ329.25582153.2359omovetoΩ364.9562153.2359olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ3731488movetoΩ(c)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ2612688movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ315274.2500movetoΩ303.8339270.1945olinetoΩ309.4720274.2989olinetoΩ303.833(278.4027łinetoΩ315.1102(274.2989olinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ273.7716274.2989omovetoΩ309.4720274.2989olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ3202693movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ375.5000274.2500movetoΩ364.3417270.1945olinetoΩ369.9798274.2989olinetoΩ364.3416(278.4027łinetoΩ375.6180m274.2989olinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ334.2794274.2989omovetoΩ369.9798274.2989olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ3782693movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ383o225.5000movetoΩ378.8646o236.70923linetoΩ382.9685231.0709łinetoΩ387.0728o236.70903linetoΩ382.9685225.43273linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ382.9685266.77198movetoΩ382.9685231.0709łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ377o225.5000movetoΩ365.65023229.1406łinetoΩ372.6200228.9038łinetoΩ370.7038(235.60923linetoΩ377.0630225.43273linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ323.9c34266.77198movetoΩ372.612im228.8942łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ371.2500216.5000movetoΩ359.2031217.62018linetoΩ366.0475218.9572blinetoΩ362.6721o225.0597łinetoΩ371.1574216.57458linetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ264.8582h266.77198movetoΩ366.0592218.9820hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ3762093movetoΩ(b)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ1992073movetoΩ(b)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ146o2663movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ197.7500219.5000movetoΩ187.3390225.34473linetoΩ194.1356o223.78233linetoΩ193.5341230.7301łinetoΩ197.8346219.5272łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ194.1420223.7879movetoΩ159.44888263.8186łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ2573157.5000movetoΩ246.0140162.5907łinetoΩ252.9029161.5061łinetoΩ251.81793168.39493linetoΩ256.88973157.5194hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ252.9029161.5062movetoΩ209.6456204.7634hlinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ259.7500269.7500movetoΩ254.7711258.84838linetoΩ255.85573265.73738linetoΩ248.96703264.65223linetoΩ259.842im269.7241łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ255.85573265.73738movetoΩ209.6456219.5272łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ372210.7500movetoΩ363.5619202.18378linetoΩ366.9374o208.28603linetoΩ360.0929209.6227łinetoΩ372.0472210.6690hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ265.7480160.47218movetoΩ366.9489o208.2614hlinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ375204.7500movetoΩ368.6413194.5867łinetoΩ370.5572b201.2921łinetoΩ363.5874o201.05503linetoΩ375204.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ321.8504h163.4249omovetoΩ370.5495201.3020hlinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ381204.7500movetoΩ385.0098C193.4872blinetoΩ380.905im199.1253łinetoΩ376.8016193.4870blinetoΩ380.905im204.7634hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ380.905im163.4249omovetoΩ380.905im199.1253łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ379.5000102.7500movetoΩ375.4532n14.0419łinetoΩ379.5570108.4036łinetoΩ383.6614n14.0417łinetoΩ379.5570102.7654hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ379.5570144.1040movetoΩ379.5570108.4036łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ373.7500102.7500movetoΩ362.2387106.473.łinetoΩ369.208im106.2365olinetoΩ367.2924112.9419łinetoΩ373.6515102.7654hlinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ320.5019144.1040movetoΩ369.2010m106.2269łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ367.750094movetoΩ355.791794.9528łinetoΩ362.636196.2899mlinetoΩ359.2607102.3924łinetoΩ367.746093.9072łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ261.4468144.1040movetoΩ362.6477o96.31473linetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ37390hmovetoΩ(d)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ419243movetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ43(274.2500movetoΩ42i.6705270.1945olinetoΩ431.3085274.2989olinetoΩ42i.6703(278.4027łinetoΩ436.9467m274.2989olinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ395.6082274.2989omovetoΩ431.3085274.2989olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ4392693movetoΩ(a)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ4573272movetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ388.2500219.5000movetoΩ393.6981230.2192blinetoΩ392.3736o223.372.łinetoΩ399.2960224.21603linetoΩ388.2499219.5272łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ438.4468266.77198movetoΩ392.35573223.3914hlinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ431153.2500movetoΩ419.7649149.1316olinetoΩ42i.4030153.2359olinetoΩ419.76483157.3397łinetoΩ431.0412153.2359olinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ389.70262153.2359omovetoΩ42i.4030153.2359olinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ4331488movetoΩ(c)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ451151movetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ388.2500207.7500movetoΩ399.1257202.64493linetoΩ392.2368203.7294hlinetoΩ393.3218196.8407łinetoΩ388.2499207.7162łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ43i.4940160.47218movetoΩ392.2367203.7294hlinetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ416(18yhmovetoΩ(�)ΩFF301200fittextΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ386.750098.5000movetoΩ391.88288109.3397łinetoΩ390.7978102.45103linetoΩ397.6867103.5356łinetoΩ386.811098.4642łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ434.055yh145.70898movetoΩ390.7978102.45103linetoΩ(dos(rokeΩgeg(2agΩ00po(penΩsaveΩ0po(grayΩmark/—˙˙˙Times-Roman/Times-RomanTcvRecFonFΩ24pfts/—˙˙˙Times-RomanfindfonFexchscalefonFpo(fonFΩ0po(grayΩ41yh119movetoΩ(�)ΩFF301200fittextΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ25821488movetoΩ(c)ΩphowΩeg(2agΩsaveΩ0po(grayΩmark/—˙˙˙CMMI12/CMMI12FcvRecFonFΩ24pfts/—˙˙˙CMMI12findfonFexchscalefonFpo(fonFΩ0po(grayΩ902663movetoΩ(a)ΩphowΩeg(2agΩ11po(penΩ2po(linecapΩgsaveΩnewpathΩ143.7500272.2500movetoΩ132.5741268.2418łinetoΩ138.2c22h272.3461łinetoΩ132.5739276.45003linetoΩ143.8504h272.3461łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ102.5118272.3461movetoΩ138.2c22h272.3461łinetoΩ(dos(rokeΩgeg(2agΩ2po(linecapΩgsaveΩnewpathΩ2573148.7500movetoΩ252.58973137.45803linetoΩ253.1909144.40588linetoΩ246.3944142.84323linetoΩ256.88973148.6611łinetoΩc(a1ppathΩ(dolineΩgeg(2agΩgsaveΩnewpathΩ221.4567107.3225movetoΩ253.2205144.3803łinetoΩ(dos(rokeΩgeg(2agΩorigmtxpo(matrixΩsystemdict/po(packingknown–origpackpo(packing˝ifendΩphowpageΩ%%EndDocumenFΩ@endspecial63821367a(Figure)16b(7.10:)22hb(Concatenations)104Ω1501y(Let)d(us)g(consider)g(the)f(dep)q(endence)g(graphs)iΩFo(f)9861508yFg(1)10061501yFo(;)8b(f)10521508yFg(2)1091Ω1501yFp(and)19bFo(f)12121508yFg(5)12511501yFp(of)g(Figure)f(7.9.)30Ωb(The)18b(concate-)3115603y(nations)fFo(f)22621567yFg(1)257Ω15603yFj(Δ)10bFo(f)3051567yFg(2)34115603yFp(and)17ΩbFo(f)4601567yFg(1)49115603yFj(Δ)11bFo(f)5401567ΩyFg(5)57615603yFp(are)16b(peg(en)o(ted)g(in)g(Figure)f(7.10.)22Ωb(Then)17b(Re)o(()pFo(f)14361567yFg(1)1467315603yFj(Δ)11ΩbFo(f)15161567yFg(2)153615603yFp())j(=)fFo(ab)1667Ω1542yFg(2)168615603yFp(()pFo(ae)pFp())17731542yFi(!)1812Ω15603yFp(=)311618yFo(ae)801600yFi(!)1161618yFj(Δ)fΩFo(b)1631600yFg(2)1821618yFo(a)2081600yFi(!)24831618ΩyFp(=)k(Re()pFo(f)4031625yFg(1)4221618yFp())cFj(Δ)gΩFo(¯)50816262yFh(f)pFi(d;e)pFh(g)590m1618yFp(()pΩFo(f)6331625yFg(2)6521618yFp())18b(and)g(T)l(r()pΩFo(f)8781625yFg(1)9091618yFj(Δ)12bFo(f)9591625ΩyFg(2)9791618yFp())j(=)hFo(dc)11131600yFg(2)11331618ΩyFo(d)gFp(=)fFo(d)dFj(Δ)gFo(c)131yh1600yFg(2)1331Ω1618yFo(d)kFp(=)f(T)l(r()pFo(f)15181625yFg(1)153831618ΩyFp())dFj(Δ)fFp(suff)167316262yFh(f)pFi(d;e)pFh(g)1754Ω1618yFp(()pFo(f)179731625yFg(2)18171618yFp().)31Ω1677y(In)25b(a)h(similar)e(w)o(a)o(y)l(,)j(Re()pFo(f)542Ω1684yFg(1)5791677yFj(Δ)18bFo(f)63im1684yFg(5)654Ω1677yFp())30b(=)gFo(a)79731659yFg(2)8171677yFo(b)pΩFp(()pFo(ae)pFp())92531659yFi(!)9791677yFp(=)gFo(ae)1096Ω1659yFi(!)113831677yFj(Δ)17bFo(aba)124231659yFi(!)1296Ω1677yFp(=)30b(Re()pFo(f)146im1684yFg(1)148im1677yFp())17ΩbFj(Δ)hFo(¯)158216852yFh(f)pFi(d;e)pFh(g)1664m1677ΩyFp(()pFo(f)17071684yFg(5)172621677yFp())26b(and)31Ω173imy(T)l(r()pFo(f)1241742yFg(1)15im173imyFj(Δ)11ΩbFo(f)2041742yFg(5)223173imyFp())j(=)gFo(dc)3541717ΩyFi(!)379173imyFo(bd)gFp(=)gFo(d)eFj(Δ)eFo(c)573Ω1717yFi(!)599173imyFo(bd)kFp(=)f(T)l(r()pFo(f)8031742ΩyFg(1)823173imyFp())eFj(Δ)gFp(suff)95617432yFh(f)pΩFi(d;e)pFh(g)1038(173imyFp(()pFo(f)108yh1742yFg(5)1101Ω173imyFp().)1041794hy(The)16b(notions)g(of)g(real)f(and)h(imaginary)fΩ(parts)h(of)g(a)g(dep)q(endence)f(graph)i(lead)e(to)h(the)g(follo)o(w-)31Ω1852y(ing)j(nice)g(c)o(haracterization)f(of)i(the)f(congruence)gΩFj(ȷ)gFp(whic)o(h)g(will)f(b)q(e)i(used)g(in)o(tensiv)o(ely)c(for)k(the)Ω311911y(computations)15b(in)p40419112h32v16w(C)q(.)31Ω20232yFq(Prop)r(osition)i(7.4.4)24bFk(Two)f(dep)n(endenc)n(e)h(gr)n(aphs)eΩFo(g)r(;)8b(h)232bFj(2)p117320232V24wFp(G(Σ)pFo(;)8Ωb(D)qFp())24bFk(ar)n(e)e(indistinguishable)j(if)312082Ωy(and)17b(only)h(if)44832140yFp(Re()pFo(g)rFp())c(=)g(Re)o(()pΩFo(h)pFp())138b(and)1473b(Im)n(()pFo(g)rFp())14b(=)g(Im)n(()pΩFo(h)pFp())31o22522yFq(Pro)r(of:)27bFp(In)p286o22522VΩ18pw(G,)18b(the)f(relation)g(“to)i(ha)o(v)o(e)e(the)g(same)g(real)g(and)hΩ(imaginary)f(parts”)h(is)g(clearly)e(an)31o2311y(equiv)m(alence)h(relation.)Ω29b(Let)19bFo(f)s(;)8b(g)202bFj(2)p7442311V18pwFp(G)g(b)q(e)f(suc)oΩ(h)f(that)i(Re)o(()pFo(f)5bFp())19b(=)f(Re()pFo(g)rΩFp())h(and)g(Im)o(()pFo(f)5bFp())18b(=)h(Im)n(()pFo(g)rΩFp().)31o2369y(W)l(e)26b(ma)o(y)g(ha)o(v)o(e)g(alphinf)s(()pΩFo(f)5bFp())322bFj(6)pFp(=)g(alphinf)s(()pFo(g)rFp())27Ωb(but)gFo(I)tFp((alphinf)s(()pFo(f)5bFp()))322b(=)gΩFo(I)tFp((alphinf)r(()pFo(g)rFp()),)d(hence)31o2428ΩyFo(¯)602435yFg(alphinf)q(()pFi(f)tFg())25222428ΩyFp(=)jFo(¯)3512435yFg(alphinf)q(()pFi(g)qFg())536Ω24283yFp(and)27b(suff)7202435yFg(alphinf()pFi(f)tΩFg())91124283yFp(=)33b(suff)10602435yFg(alphinf()pΩFi(g)qFg())121724283yFp(.)54b(Therefore,)29b(using)e(Prop)q(osi-)31Ω24862y(tion)d(7.4.3,)i(it)d(ma)o(y)g(b)q(e)h(easily)f(v)o(erified)g(that,)jΩ(for)e(an)o(y)gFo(h)jFj(2)p128424862V28pwFp(G,)f(Re)o(()pΩFo(f)cFj(Δ)16bFo(h)pFp())28b(=)f(Re)o(()pFo(g)19ΩbFj(Δ)dFo(h)pFp(),)31o254imy(Im)n(()pFo(f)hFj(Δ)11ΩbFo(h)pFp())k(=)g(Im)n(()pFo(g)fFj(Δ)eFo(h)pFp())17Ωb(and)g(Re()pFo(h)11bFj(Δ)hFo(f)5bFp())15b(=)g(Re()pΩFo(h)cFj(Δ)gFo(g)rFp(),)17b(Im)o(()pFo(h)11bFj(Δ)gΩFo(f)5bFp())16b(=)f(Im)n(()pFo(h)dFj(Δ)fFo(g)rFp().)23Ωb(Th)o(us)18b(“to)f(ha)o(v)o(e)31o2603y(the)f(same)f(real)h(and)hΩ(imaginary)e(parts”)i(is)f(a)h(congruence)f(whic)o(h)f(resp)q(ects)h(real)gΩ(parts.)1042662y(Con)o(v)o(ersely)l(,)i(supp)q(ose)j(that)fΩFo(f)s(;)8b(g)222bFj(2)p8202662V19pwFp(G)e(are)g(indistinguishable.)31Ωb(By)19b(definition,)g(Re()pFo(f)5bFp())20b(=)31o2720Ωy(Re)o(()pFo(g)rFp().)h(Assume)12b(for)j(instance)e(that)iΩFo(a)eFj(2)hFp(Im)n(()pFo(f)5bFp())hFj(n)gFp(Im()pΩFo(g)rFp().)20b(F)l(rom)13b(Prop)q(osition)i(7.4.3,)f(Re()pΩFo(f)5b(a)pFp())14b(=)31o2779y(Re)o(()pFo(f)5bFp())18Ωb(whereas)g(Re()pFo(g)r(a)pFp())d(=)h(Re()pFo(g)rFp())cΩFj(Δ)gFo(a)kFj(6)pFp(=)g(Re)o(()pFo(g)rFp().)25b(Hence)17Ωb(w)o(e)g(get)g(Re()pFo(f)5b(a)pFp())162bFj(6)pFp(=)g(Re()pΩFo(g)r(a)pFp())h(whic)o(h)g(is)31o28378y(in)f(con)o(tP9diction)f(with)hΩ(the)g(facts)h(that)gFo(f)iFj(ȷ)13bFo(g)19bFp(and)eΩFj(ȷ)fFp(is)g(a)g(congruence.)385bFd(2)peopΩ%%Page:3434Ωbop31o-70aFp(34)988bFn(CHAPTER)16b(7.)38b(INFINITE)15Ωb(TRA)o(CES)10490yFp(A)k(complex)e(trace)i(can)h(th)o(us)f(b)q(e)g(seen)gΩ(either)g(as)h(a)g(couple)e((Re()pFo(g)rFp())pFo(;)8ΩbFp(Im)n(()pFo(g)rFp()))20b(where)fFo(g)iFp(is)e(a)31Ω1483y(dep)q(endence)e(graph)i(or)g(as)g(an)g(ordered)f(pair)g(()pΩFo(r)o(;)8b(D)qFp(()pFo(A)pFp()))18b(where)gFo(r)iΩFp(is)e(a)h(real)e(trace)h(and)hFo(A)fFp(is)g(a)312078y(subalphab)q(et)fΩ(of)g(Σ)g((con)o(v)o(ersely)l(,)e(w)o(e)h(will)f(discuss)i(in)g(next)fΩ(subpoction)g(the)h(conditions)g(under)31o26imy(whic)o(h)e(an)i(ordered)fΩ(pair)g(()pFo(r)o(;)8b(D)qFp(()pFo(A)pFp()))16b(is)g(a)h(complex)dΩ(trace)i(or)h(not).)1043262y(Let)g(us)g(consider)f(for)i(instance)e(the)hΩ(dep)q(endence)f(graphs)iFo(f)1240333yFg(3)12593262yFo(;)8Ωb(f)1305333yFg(4)13253262yFo(;)g(f)1371333yFg(5)1407Ω3262yFp(and)18bFo(f)1527o333yFg(6)15633262yFp(of)f(Figure)g(7.9.)31Ω384hy(They)g(all)f(ha)o(v)o(e)h(the)g(same)f(real)h(part)g(but)h(Im)n(()pΩFo(f)942391yFg(3)962384yFp())d(=)g(Im)o(()pFo(f)1151Ω391yFg(4)11703384yFp())hFj(6)pFp(=)f(Im)n(()pFo(f)1359Ω391yFg(5)13793384yFp())h(=)f(Im)n(()pFo(f)1568391yΩFg(6)1588384yFp().)24b(Therefore)31o4432yFo(f)55450ΩyFg(3)92o4432yFj(ȷ)17bFo(f)172450yFg(4)192o4432yΩFp(,)hFo(Ø)pFp(()pFo(f)298450yFg(3)318o4432yFp())f(=)h(()pΩFo(ab)pFp(()pFo(ac)pFp())561425yFi(!)5854432yFo(;)8Ωb(D)qFp(()pFj(f)pFo(a;)g(c)pFj(g)pFp()))17b(=)g(()pΩFo(ab)pFp(()pFo(ac)pFp())1047425yFi(!)10714432yFo(;)8Ωb(D)qFp(()pFj(f)pFo(a;)g(b;)g(c)pFj(g)pFp()))17b(=)h(()pΩFo(ab)pFp(()pFo(ac)pFp())1577425yFi(!)16014432yFo(;)8ΩbFj(f)pFo(a;)g(b;)g(c;)g(d)pFj(g)pFp())31o501y(and)33ΩbFo(f)166508yFg(5)228501yFj(ȷ)42bFo(f)333508yΩFg(6)353501yFp(,)36bFo(Ø)pFp(()pFo(f)477o508yFg(5)497Ω501yFp())42b(=)g(()pFo(ab)pFp(()pFo(ac)pFp())789Ω4838yFi(!)813501yFo(;)8b(D)qFp(()pFj(f)pFo(a;)g(b;)g(c;)g(d)pΩFj(g)pFp()))42b(=)g(()pFo(ab)pFp(()pFo(ac)pFp())1415Ω4838yFi(!)1439m501yFo(;)8b(D)qFp(()pFj(f)pFo(a;)g(c;)g(d;)g(e)pΩFj(g)pFp()))42b(=)31o5603y(()pFo(ab)pFp(()pFo(ac)pΩFp())182542yFi(!)206o5603yFo(;)8bFj(f)pFo(a;)g(b;)g(c;)g(d;)g(e)pΩFj(g)pFp().)45b(Note)24b(that)h(the)f(real)h(dep)q(endence)e(graph)jΩFo(f)1436567yFg(3)14815603yFp(and)f(the)f(non-real)31Ω618y(one)cFo(f)148625yFg(4)187618yFp(repeg(en)o(t)f(the)h(same)eΩ(complex)g(trace.)322b(W)l(e)19b(ha)o(v)o(e)g(also)iFo(Ø)pΩFp(()pFo(f)1340625yFg(1)1359o618yFp())f(=)g(()pFo(ae)1524Ω600yFi(!)1548618yFo(;)8bFj(f)pFo(c;)g(d;)g(e)pFj(g)pΩFp())19b(and)31677yFo(Ø)pFp(()pFo(f)105684yFg(2)124Ω677yFp())14b(=)g(()pFo(b)249o659yFg(2)2688677yFo(c)289Ω659yFg(2)3098677yFo(da)3603659yFi(!)385677yFo(;)8ΩbFj(f)pFo(a;)g(b)pFj(g)pFp().)31o803yFq(Remark)16b(7.4.5)24ΩbFp(In)12b(the)f(example)f(ab)q(o)o(v)o(e,)j(the)e(indistinguishable)h(dep)Ωq(endence)f(graphs)iFo(f)1739810yFg(5)1771o803yFp(and)31Ω8612yFo(f)55868yFg(6)918612yFp(ha)o(v)o(e)i(neither)h(the)g(same)fΩ(alphab)q(et)i(nor)g(the)f(same)g(alphab)q(et)h(at)g(infinit)o(y)l(.)jΩ(Therefore,)c(for)g(a)31920y(complex)d(trace)iFo(x)fFp(=)f(()pΩFo(r)o(;)8b(D)qFp(()pFo(A)pFp()),)15b(neither)g(the)g(set)hΩFo(A)fFp(nor)h(the)f(alphab)q(et)h(of)gFo(x)fFp(are)g(w)o(ell-defined.)Ω31978y(On)h(the)g(con)o(tP9ry)l(,)g(for)g(an)o(y)g(dep)q(endence)g(graphs)hΩFo(f)iFj(ȷ)14bFo(g)kFp(w)o(e)e(ha)o(v)o(e)g(from)f(Prop)q(osition)iΩ(7.4.4,)32210923yFo(D)qFp(()pFo(g)rFp())e(=)fFo(D)qΩFp((Re()pFo(g)rFp()))dFj([)hFo(D)qFp((T)l(r)q(()pΩFo(g)rFp()))i(=)fFo(D)qFp((Re)q(()pFo(g)rFp()))eΩFj([)gFp(Im)n(()pFo(g)rFp())j(=)gFo(D)qFp(()pFo(h)pΩFp())311205y(Th)o(us,)19b(the)f(notation)iFo(D)qFp(()pΩFo(:)pFp())f(factorizes)f(to)h(complex)e(traces)h(and)h(for)gΩFo(x)fFp(=)g(()pFo(r)o(;)8b(D)qFp(()pFo(A)pFp()))18ΩbFj(2)p1738(12052h32v18pwFp(C,)h(w)o(e)31o12Ω4y(ha)o(v)o(e)cΩFo(D)qFp(()pFo(x)pFp())g(=)eFo(D)qFp((alph)q(()pFo(r)qΩFp()))fFj([)fFo(D)qFp(()pFo(A)pFp().)21b(Finally)l(,)15Ωb(note)h(that)hFo(D)qFp((alphinf)t(()pFo(r)qFp()))dΩFj(`)gFo(D)qFp(()pFo(A)pFp().)1041388y(F)l(rom)g(Prop)q(osition)jΩ(7.4.3,)e(w)o(e)g(deduce)f(easily)h(a)h(diroct)e(form)o(ula)g(for)i(the)fΩ(concatenation)g(of)3114462y(t)o(w)o(o)h(complex)e(traces.)31Ω1572byFq(Prop)r(osition)j(7.4.6)24bFk(L)n(et)17bFp(()pΩFo(r)o(;)8b(D)qFp(()pFo(A)pFp()))17bFk(and)hFp(()pΩFo(s;)8b(D)qFp(()pFo(B)sFp()))18bFk(b)n(e)f(two)h(c)n(omplex)h(tr)nΩ(ac)n(es)d(in)p1632n572bV18pwFp(C(Σ)pFo(;)8b(D)qΩFp())qFk(.)2781686myFp(()pFo(r)o(;)g(D)qFp(()pFo(A)pΩFp()))jFj(Δ)pm5091693221v7xFg(C)5391686myFp(()pΩFo(s;)d(D)qFp(()pFo(B)sFp()))14b(=)f(()pFo(r)q(¯)877Ω1693yFi(A)9061686myFp(()pFo(s)pFp())pFo(;)8b(D)qΩFp(()pFo(A)pFp())kFj([)fFo(D)qFp(()pFo(B)sFp())gΩFj([)hFo(D)qFp((suff)14751693yFi(A)15031686myFp(()pΩFo(s)pFp())))104(18y02y(Let)23bFo(f)2221817yFg(1)242Ω1810yFo(;)8b(f)288o1817yFg(2)3311810yFp(and)23bFo(f)456Ω1817yFg(5)4991810yFp(b)q(e)g(the)g(dep)q(endence)g(graphs)h(of)f(Figure)Ωg(7.9.)42b(Using)23b(the)g(pegvious)31o1868y(examples)14Ωb(and)j(the)f(form)o(ula)f(of)h(Prop)q(osition)i(7.4.6,)e(w)o(e)g(get:)314Ω1978yFo(Ø)pFp(()pFo(f)3881985yFg(1)4071978yFp())11ΩbFj(Δ)gFo(Ø)pFp(()pFo(f)5361985yFg(2)55im1978ΩyFp())42b(=)f(()pFo(ae)76381960yFi(!)7991978yFj(Δ)10ΩbFo(b)8441960yFg(2)864m1978yFo(a)890m1960yFi(!)915Ω1978yFo(;)e(D)qFp(()pFj(f)pFo(d;)g(e)pFj(g)pFp())jΩFj([)gFo(D)qFp(()pFj(f)pFo(a)pFj(g)pFp())hFj([)fFo(D)qΩFp(()pFo(c)14831960yFg(2)15031978yFo(d)pFp()))616Ω20362y(=)41b(()pFo(ab)7612018yFg(2)780m20362yFp(()pΩFo(ae)pFp())8672018yFi(!)891m20362yFo(;)8b(D)qFp(()pΩFj(f)pFo(a;)g(c;)g(d;)g(e)pFj(g)pFp()))3121483y(and)254Ω2198yFo(Ø)pFp(()pFo(f)328o2205yFg(1)34832198yFp())jΩFj(Δ)gFo(Ø)pFp(()pFo(f)477o2205yFg(5)49632198yΩFp())41b(=)h(()pFo(ae)7042180myFi(!)73932198yFj(Δ)11ΩbFo(aba)83782180myFi(!)86122198yFo(;)d(D)qFp(()pFj(f)pΩFo(d;)g(e)pFj(g)pFp())kFj([)fFo(D)qFp(()pFj(f)pFo(a;)d(b;)g(c;)g(d)pΩFj(g)pFp())jFj([)gFo(D)qFp(()pFo(c)15622180myFi(!)1588Ω2198yFp()))556o22562y(=)42b(()pFo(a)6812238yFg(2)700Ω22562yFo(b)pFp(()pFo(ae)pFp())8082238yFi(!)832o2256ΩyFo(;)8b(D)qFp(()pFj(f)pFo(a;)g(b;)g(c;)g(d;)g(e)pFj(g)pΩFp()))31234imy(With)16b(the)g(repeg(en)o(tations)g(of)g(Figure)g(7.10,)gΩ(it)g(can)h(b)q(e)f(c)o(hec)o(k)o(ed)e(that,)i(of)h(course,)270Ω2459yFo(Ø)pFp(()pFo(f)3442466yFg(1)36382459yFp())11ΩbFj(Δ)p416(2466V7xFg(C)44622459yFo(Ø)pFp(()pΩFo(f)5202466yFg(2)5392459yFp())j(=)gFo(Ø)pFp(()pΩFo(f)6982466yFg(1)728o2459yFj(Δ)p7512466V7xFg(G)783Ω2459yFo(f)8072466yFg(2)8262459yFp())49b(and)gFo(Ø)pΩFp(()pFo(f)109532466yFg(1)11152459yFp())11bFj(Δ)pΩ1168(2466V7xFg(C)11972459yFo(Ø)pFp(()pFo(f)1271Ω2466yFg(5)1291m2459yFp())i(=)hFo(Ø)pFp(()pFo(f)1449Ω2466yFg(1)1479o2459yFj(Δ)p15032466V7xFg(G)1534Ω2459yFo(f)155822466yFg(5)1578m2459yFp())pFo(:)1042574ΩyFp(Recall)i(that)h(the)g(monoid)p631o2574o2h32v17pw(G)g(and)h(the)fΩ(partial)g(monoid)g(I)-11b(R)16b(are)h(left-cancellativ)o(e.)k(In)c(con-)31Ω2632y(trast,)f(the)g(set)h(of)f(complex)e(traces)j(is)f(not)h(cancellativ)oΩ(e)d(since,)h(for)i(instance,)eFo(a)1546o2614myFi(!)1582Ω2632yFj(Δ)cFo(a)16332614myFi(!)1672b2632yFp(=)jFo(a)1750Ω2614myFi(!)1791m2632yFp(for)31o2691y(an)o(y)19b(letter)fΩFo(a)hFj(2)gFp(Σ.)31ob(But,)19b(from)f(Prop)q(osition)j(7.4.6,)f(a)gΩ(finite)e(trace)hFo(p)hFj(2)fFp(I)-11b(M)19b(is)g(a)h(pegfix)f(of)gΩ(a)312749y(complex)14b(trace)iFo(x)dFp(=)h(()pFo(r)o(;)8Ωb(D)qFp(()pFo(A)pFp()))16b(if)g(and)h(only)f(if)fFo(p)iΩFp(is)f(a)h(pegfix)f(of)g(the)g(real)g(part)hFo(r)gFp(of)gΩFo(x)pFp(.)k(Hence,)31o2859yFq(Remark)16b(7.4.7)24bFp(The)16Ωb(monoid)p66932859V15w(C)h(is)f(left-cancellativ)o(e)d(b)o(y)j(finite)gΩ(traces.)peopΩ%%Page:3535Ωbop31o-70aFn(7.4.)38b(COMPLEX)16b(TRA)o(CES)1187bFp(35)104Ω90y(As)16b(w)o(e)f(ha)o(v)o(e)g(seen)h(in)f(Soction)h(7.2)g(infinite)fΩ(pro)q(ducts)i(are)f(naturally)g(defined)f(in)h(the)g(set)pΩ1825902h32v15pw(G)31148y(of)i(dep)q(endence)g(graphs.)29Ωb(In)18b(order)h(to)f(define)h(these)f(pro)q(ducts)h(for)g(complex)dΩ(traces,)i(w)o(e)g(first)312078y(explicit)12b(the)j(real)g(part)g(and)hΩ(the)e(alphab)q(et)i(at)f(infinit)o(y)f(of)h(an)h(infinite)e(pro)q(duct)hΩ(of)g(dep)q(endence)31o26imy(graphs.)31o354yFq(Lemm)o(a)h(7.4.8)43ΩbFk(L)n(et)20bFo(ff)gFk(b)n(e)g(a)f(c)n(ountable)j(or)n(dinal)d(and)hΩ(let)gFp(()pFo(g)12253612yFi(i)1240354yFp())1259361ΩyFi(i¡ff)1343354yFk(b)n(e)f(an)hFo(ff)pFk(-se)n(quenc)n(e)i(of)eΩ(de-)31413y(p)n(endenc)n(e)f(gr)n(aphs.)k(F)l(or)17b(al)r(l)jΩFp(0)15bFj(ˇ)fFo(i)hFj(ˇ)fFo(ff)pFk(,)19b(let)gΩFo(A)9224202yFi(i)950413yFp(=)c(alphinf)s(()1173380ΩyFc(Q)1212423yFi(j)r(¡i)1278m413yFo(g)13014202yFi(j)1320Ω413yFp())jFk((note)h(that)fFo(A)1623420yFg(0)1657Ω413yFp(=)dFj(;)pFk())i(and)31471y(for)g(al)r(l)hFp(0)dΩFj(ˇ)eFo(i)h(¡)f(ff)pFk(,)18b(let)hFo(r)506478yΩFi(i)533471yFp(=)14bFo(¯)614478yFi(A)6404838yFe(i)656Ω471yFp(()pFo(g)698478yFi(i)7198471yFp())f(=)hFo(¯)826Ω478yFi(A)8524838yFe(i)868471yFp((Re()pFo(g)987478ΩyFi(i)10018471yFp()))pFk(.)23b(Then,)17b(for)g(al)r(l)iΩFp(0)14bFj(ˇ)gFo(i)fFj(ˇ)hFo(ff)pFk(,)73.604ΩyFp(Re)799519yFc(0)799594hy(@)8378563y(Y)835654yFi(j)r(¡i)899Ω604yFo(g)922611yFi(j)941o519yFc(1)941o594hy(A)991604ΩyFp(=)10448563yFc(Y)1043654yFi(j)r(¡i)11078604yFo(r)1129Ω611yFi(j)31734yFk(and)678423yFo(A)1048492yFi(i)131Ω842yFp(=)1838769yFc(()23788123yFo(A)2748192yFi(i)pΩFh(Γ)pFg(1)34488123yFj([)dFp(alphinf)s(()pFo(g)581Ω8192yFi(i)pFh(Γ)pFg(1)641o8123yFp())gFj([)gFp(alph(suff)905Ω8192yFi(A)931o8248yFe(i)pFa(Γ)pFb(1)986o8123yFp((Re)o(()pΩFo(g)11048192yFi(i)pFh(Γ)pFg(1)1164o8123yFp())))41Ωb(if)16bFo(i)gFp(is)g(a)g(successor)h(ordinal)2378871y(()256Ω838yFc(S)291m881yFi(j)r(¡i)3578871yFo(A)394h878yFi(j)412Ω871yFp())11bFj([)gFp(alphinf)s(()656o838yFc(Q)695Ω881yFi(j)r(¡i)761871yFo(r)783h878yFi(j)802871yFp())441Ωb(if)16bFo(i)gFp(is)g(a)g(limit)e(ordinal)319612yFq(Pro)r(of:)24ΩbFp(W)l(e)16b(peo)o(v)o(e)f(b)o(y)h(induction)f(the)h(first)h(form)o(ula)Ωd(of)j(the)f(lemm)o(a.)j(Let)dFo(i)eFj(ˇ)fFo(ff)kFp(and)f(assume)31Ω1020y(that)g(Re()213987yFc(Q)25221030yFi(k)q(¡j)325Ω1020yFo(g)34831027yFi(k)37010203yFp())e(=)455987yΩFc(Q)4941030yFi(k)q(¡j)5671020yFo(r)58931027yFi(k)627Ω10203yFp(for)i(all)gFo(j)h(¡)d(i)pFp(.)104(1078y(If)fFo(i)gΩFp(is)g(a)h(successor)f(ordinal)h(then)7411045yFc(Q)780Ω1089yFi(j)r(¡i)846o1078yFo(g)86931085yFi(j)902o1078yΩFp(=)f(()9721045yFc(Q)10121089yFi(j)r(¡i)pFh(Γ)pΩFg(1)11231078yFo(g)1146o1085yFi(j)1164o1078yFp())5ΩbFj(Δ)gFo(g)1230o1085yFi(i)pFh(Γ)pFg(1)1290m1078ΩyFp(.)20b(By)13b(Prop)q(osition)h(7.4.3)g(and)3111378y(the)i(induction)fΩ(h)o(yp)q(othesis)i(w)o(e)f(deduce)f(Re()8831104yFc(Q)922Ω11473yFi(j)r(¡i)98811378yFo(g)101yh1144yFi(j)10301137ΩyFp())e(=)h(()11331104yFc(Q)117211473yFi(j)r(¡i)pFh(Γ)pΩFg(1)128311378yFo(r)13051144yFi(j)13241137yFp())dΩFj(Δ)gFo(¯)14081144yFi(A)1434n1498yFe(i)pFa(Γ)pΩFb(1)1489o1137yFp(()pFo(g)153yh1144yFi(i)pFh(Γ)pΩFg(1)1590m1137yFp())j(=)16751104yFc(Q)1714n1473yFi(j)r(¡i)1780Ω11378yFo(r)18021144yFi(j)18201137yFp(.)104(1195y(If)kΩFo(i)hFp(is)g(a)h(limit)c(ordinal)j(then,)g(using)h(F)l(orm)o(ula)e(7.3)hΩ(of)g(Soction)g(7.3.1,)h(Lemma)d(7.3.9)i(and)3112548y(the)d(induction)f(h)oΩ(yp)q(othesis)i(w)o(e)f(deduce)15im1384hy(Re)2201298yFc(0)220Ω1373y(@)25821342y(Y)25731434yFi(j)r(¡i)32yh1384yFo(g)344Ω1391yFi(j)3621298yFc(1)3621373y(A)4131384yFp(=)d(Re)530Ω1298yFc(0)5301373y(@)57121342y(G)56631434yFi(j)r(¡i)630Ω1298yFc(0)6301373y(@)672b1342y(Y)66731435yFi(k)q(¡j)738Ω1384yFo(g)7611391yFi(k)783h1298yFc(1)783h1373y(A)819Ω1298y(1)8191373y(A)86931384yFp(=)92621342yFc(G)92yh1434ΩyFi(j)r(¡i)98531384yFp(Re)10511298yFc(0)10511373y(@)1092Ω1342y(Y)108731435yFi(k)q(¡j)115821384yFo(g)118yh1391yΩFi(k)1203h1298yFc(1)1203h1373y(A)12531384yFp(=)131021342ΩyFc(G)13051434yFi(j)r(¡i)13691298yFc(0)13691373y(@)1410Ω1342y(Y)14051435yFi(k)q(¡j)14761384yFo(r)1498C1391yΩFi(k)15201298yFc(1)15201373y(A)15701384yFp(=)16231342ΩyFc(Y)16221434yFi(j)r(¡i)168531384yFo(r)17071391yFi(j)104Ω1514yFp(W)l(e)20b(do)g(not)h(need)e(an)i(induction)e(to)i(peo)o(v)o(e)eΩ(the)g(second)i(form)o(ula)d(of)j(the)e(lemma.)30b(If)19bΩFo(i)hFp(is)311573y(a)f(successor)g(ordinal,)f(the)h(form)o(ula)e(follo)oΩ(ws)i(diroctly)e(from)g(Prop)q(osition)j(7.4.3.)29b(No)o(w,)18Ωb(let)g(us)311631y(assume)12b(that)iFo(i)fFp(is)g(a)h(limit)d(ordinal.)Ω20b(Clearly)l(,)13b(()9061598yFc(S)9401642yFi(j)r(¡i)1006Ω1631yFo(A)10431638yFi(j)10611631yFp())5bFj([)gFp(alphinf)t(()Ω12941598yFc(Q)13331642yFi(j)r(¡i)13991631yFo(r)1421Ω1638yFi(j)14391631yFp())14bFj(`)gFo(A)15621638ΩyFi(i)15751631yFp(.)21b(Con)o(v)o(ersely)l(,)311690y(it)12Ωb(is)g(enough)h(to)f(sho)o(w)h(that)g(alph(T)l(r()7391656ΩyFc(Q)7781700yFi(j)r(¡i)8441690yFo(g)86716973yFi(j)886Ω16903yFp()))hFj(`)990m16562yFc(S)10251700yFi(j)r(¡i)1091Ω1690yFo(A)112816973yFi(j)1146o16903yFp(.)20b(Let)12bΩFo(a)iFj(2)gFp(alph(T)l(r()153016562yFc(Q)15691700yΩFi(j)r(¡i)163im1690yFo(g)165816973yFi(j)167716903yFp()),)e(there)31Ω1748y(exists)jFo(k)h(¡)e(i)iFp(suc)o(h)g(that)hFo(a)cFj(2)hΩFp(alph(T)l(r()7731715yFc(Q)8131759yFi(j)rFh(ˇ)pΩFi(k)8861748yFo(g)9091755yFi(j)9271748yFp()).)22Ωb(Hence,)14bFo(a)fFj(2)iFo(A)12831755yFi(k)qFg(+1)1362Ω1748yFj(`)14151715yFc(S)14501759yFi(j)r(¡i)1516Ω1748yFo(A)15531755yFi(j)15701748yFp(.)228bFd(2)104Ω18162yFp(Let)21b(()pFo(g)238o1823yFi(i)252218162yFp())271Ω1823yFi(i¡ff)35618162yFp(b)q(e)g(an)hFo(ff)pFp(-sequence)e(of)hΩ(dep)q(endence)f(graphs.)37b(Using)21b(Lemma)d(7.4.8,)k(it)f(fol-)31Ω1875y(lo)o(ws)e(diroctly)e(b)o(y)i(induction)g(that)h(the)fΩFo(ff)pFp(-sequences)f(()pFo(r)11201882yFi(i)11351875ΩyFp())11541882yFi(i¡ff)123781875yFp(and)i(()pFo(D)qΩFp(()pFo(A)14511882yFi(i)146im1875yFp()))15031882ΩyFi(i)pFh(ˇ)pFi(ff)158781875yFp(dep)q(end)f(only)31Ω1933y(on)d(the)fFo(ff)pFp(-sequences)g((Re)o(()pFo(g)567Ω19402yFi(i)5821933yFp()))62019402yFi(i¡ff)6991933ΩyFp(and)h((Im)n(()pFo(g)91219402yFi(i)9271933yFp()))965Ω19402yFi(i¡ff)10291933yFp(.)21b(Therefore,)15b(indistinguishabilit)oΩ(y)e(is)i(also)3119923y(peg(erv)o(ed)j(b)o(y)gFo(ff)pFp(-pro)q(ducts,)jΩ(that)e(is,)7621959yFc(Q)80232002yFi(i¡ff)874o19923yΩFo(g)897319992yFi(i)93119923yFp(and)10281959yFc(Q)1067Ω2002yFi(i¡ff)114019923yFo(h)116819992yFi(i)120181992ΩyFp(are)g(indistinguishable)g(if)f(()pFo(g)175219992yFi(i)1766Ω19923yFp())178519992yFi(i¡ff)312050yFp(and)g(()pΩFo(h)174o20572yFi(i)189o20503yFp())20820572yFi(i¡ff)290Ω2050yFp(are)g(t)o(w)o(o)gFo(ff)pFp(-sequences)g(of)g(dep)q(endence)fΩ(graphs)j(suc)o(h)e(that)gFo(g)1460o20572yFi(i)14932050ΩyFp(and)gFo(h)161720572yFi(i)16502050yFp(are)g(indis-)31Ω21092y(tinguishable)h(for)g(all)g(ordinal)gFo(i)g(¡)g(ff)pΩFp(.)30b(Moreo)o(v)o(er,)19b(from)f(Lemma)f(7.4.8)i(w)o(e)g(obtain)h(form)oΩ(ulas)31o2167y(for)cFo(ff)pFp(-pro)q(ducts)i(of)f(complex)d(traces)iΩ(whic)o(h)f(generalize)g(Prop)q(osition)j(7.4.6.)31o22562yΩFq(Coroll9ry)g(7.4.9)23bFk(F)l(or)18b(al)r(l)i(c)n(ountable)g(or)n(dinal)dΩFo(ff)pFk(,)i(the)gFo(ff)pFk(-pr)n(o)n(duct)f(is)g(wel)r(l-defin)qΩ(e)n(d)j(in)d(the)h(set)p432315V31o2315aFp(C(Σ)pΩFo(;)8b(D)qFp())20bFk(of)g(c)n(omplex)g(tr)n(ac)n(es.)28Ωb(Mor)n(e)n(over,)19b(let)iFp(()pFo(x)9832322yFi(i)997Ω2315yFp())10162322yFi(i¡ff)11002315yFk(b)n(e)e(an)hΩFo(ff)pFk(-se)n(quenc)n(e)i(of)e(c)n(omplex)g(tr)n(ac)n(es)31Ω2373y(and)f(let)hFp(()pFo(A)25323802yFi(i)2672373yΩFp())286o23802yFi(i)pFh(ˇ)pFi(ff)3692373yFk(b)n(e)f(an)h((incr)nΩ(e)n(asing))f(se)n(quenc)n(e)i(of)e(sub)n(alphab)n(ets)g(such)h(that)fΩFo(A)1558o23802yFg(0)1594h2373yFp(=)eFj(;)iFk(and)g(for)31Ω2432y(al)r(l)fFp(1)dFj(ˇ)eFo(i)hFj(ˇ)fFo(ff)pΩFk(,)542549yFo(D)qFp(()pFo(A)15125562yFi(i)1662549ΩyFp())h(=)2502476yFc(()3042519yFo(D)qFp(()pFo(A)401Ω25262yFi(i)pFh(Γ)pFg(1)4612519yFp())dFj([)gFp(Im)o(()pΩFo(x)641o25262yFi(i)pFh(Γ)pFg(1)6992519yFp())gFj([)hΩFo(D)qFp((suff)91325262yFi(A)9392531yFe(i)pFa(Γ)pΩFb(1)9942519yFp((Re)o(()pFo(x)1117o25262yFi(i)pFh(Γ)pΩFg(1)11762519yFp())))42b(if)15bFo(i)hFp(is)g(a)h(successor)fΩ(ordinal)3042578y(()323o254imyFc(S)358o2588yFi(j)r(¡i)424Ω2578yFo(D)qFp(()pFo(A)5212585yFi(i)5362578yFp()))11ΩbFj([)gFo(D)qFp((alphinf)t(()8603254imyFc(Q)899o2588ΩyFi(j)r(¡i)96im2578yFo(¯)9942585yFi(A)10202590myΩFe(j)10392578yFp(()pFo(x)1086o2585yFi(j)11042578yΩFp())))114b(if)15bFo(i)hFp(is)g(a)h(limit)c(ordinal)31Ω2667yFk(Then,)18b(for)f(al)r(l)hFp(0)cFj(ˇ)gFo(i)gΩFj(ˇ)fFo(ff)pFk(,)35732797yFp(Re)4232712yFc(0)423Ω27862y(@)46027562y(Y)45928473yFi(j)r(¡i)52327978yFo(x)551Ω2804yFi(j)5692712yFc(1)56927862y(A)6192797yFp(=)672Ω27562yFc(Y)67128473yFi(j)r(¡i)73im27978yFo(¯)7642804ΩyFi(A)79028098yFe(j)8092797yFp(()pFo(x)856o2804yFi(j)874Ω2797yFp())50bFk(and)58bFp(Im)11452712yFc(0)11452786Ωy(@)118227562y(Y)118yh28473yFi(j)r(¡i)124527978yFo(x)1273Ω2804yFi(j)1291m2712yFc(1)1291m27862y(A)13412797yFp(=)14ΩbFo(D)qFp(()pFo(A)14902804yFi(i)1504h2797yFp())pΩeopΩ%%Page:3636Ωbop31o-70aFp(36)988bFn(CHAPTER)16b(7.)38b(INFINITE)15Ωb(TRA)o(CES)10490yFp(F)l(or)20b(instance,)f(let)g((Σ)pΩFo(;)8b(D)qFp())20b(=)gFo(a)p73im802713v110w(b)pΩ866802V109w(c)p997802V110w(d)gFp(and)h(let)dFo(g)kΩFp(b)q(e)e(the)f(real)g(dep)q(endence)31o148y(graph)dFo(abcd)261Ω130yFi(!)286o148yFp(.)k(W)l(e)15b(ha)o(v)o(e)fFo(Ø)pΩFp(()pFo(g)rFp())g(=)f(()pFo(abcd)785130yFi(!)810Ω148yFo(;)8b(D)qFp(()pFj(f)pFo(d)pFj(g)pFp()))16Ωb(and)g(hence)eFo(Ø)pFp(()pFo(g)rFp())1343130yFg(2)1376Ω148yFp(=)g(()pFo(abcabd)15878130yFi(!)1611148yFo(;)8Ωb(D)qFp(()pFj(f)pFo(c;)g(d)pFj(g)pFp()))312078y(and)23ΩbFo(Ø)pFp(()pFo(g)rFp())2262189yFg(3)2692073yFp(=)h(()pΩFo(abcabad)5162189yFi(!)5402073yFo(;)8b(D)qFp(()pFj(f)pΩFo(b;)g(c;)g(d)pFj(g)pFp()).)39b(Therefore,)23b(for)g(an)o(y)f(coun)oΩ(table)g(ordinal)gFo(ff)jFj(˘)fFp(3,)31o26imyFo(Ø)pΩFp(()pFo(g)rFp())12im2473yFi(ff)163o26imyFp(=)14bΩFo(Ø)pFp(()pFo(g)rFp())30982473yFg(3)328o26imyFp(.)104Ω324y(Let)fFo(h)fFp(b)q(e)h(the)f(non)h(real)f(dep)q(endence)g(graph)hΩFo(ac)9923306yFi(!)1017o324yFo(d)pFp(.)21b(F)l(or)12Ωb(an)o(y)h(coun)o(table)f(ordinal)gFo(ff)pFp(,)h(w)o(e)f(ha)o(v)o(e)31Ω3833yFo(h)593643yFi(ff)973833yFp(=)iFo(a)1753643yΩFi(ff)1993833yFp(()pFo(c)2393643yFi(!)26im3833yFo(d)pΩFp())3093643yFi(ff)3493833yFp(and)h(therefore)g(for)g(an)o(y)g(in)oΩ(teger)fFo(n)g(¡)f(!)rFp(,)iFo(Ø)pFp(()pFo(h)pFp())1222Ω3643yFi(n)12593833yFp(=)fFo(Ø)pFp(()pFo(h)1389364ΩyFi(n)14123833yFp())g(=)g(()pFo(a)15423643yFi(n)1565Ω3833yFo(c)15863643yFi(!)16113833yFo(;)8b(D)qFp(()pΩFj(f)pFo(c;)g(d)pFj(g)pFp()))31441my(whereas)16b(for)h(an)o(y)f(coun)oΩ(table)g(ordinal)gFo(ff)eFj(˘)gFo(!)rFp(,)iFo(Ø)pΩFp(()pFo(h)pFp())1025423yFi(ff)1063441myFp(=)e((()pΩFo(ac)pFp())1219423yFi(!)1243441myFo(;)8b(D)qFp(()pΩFj(f)pFo(a;)g(c;)g(d)pFj(g)pFp()).)31579yFf(7.4.3)70Ωb(Links)23b(with)e(Real)h(T)-6b(races)31670yFp(Let)18Ωb((Σ)pFo(;)8b(D)qFp())18b(=)e(Σ)dFj(Θ)fFp(Σ)18Ωb(b)q(e)g(a)g(full)g(dep)q(endence)f(alphab)q(et.)27b(In)18Ωb(this)f(particular)h(case,)g(I)-11b(M)16b(=)h(Σ)1830Ω6522yFh(Λ)317283yFp(is)h(the)f(free)h(monoid)f(and)i(a)f(real)g(trace)fΩ(is)h(nothing)h(else)e(but)h(a)h(finite)e(or)iFo(!)rFp(-w)o(ord.)27Ωb(Moreo)o(v)o(er,)317878y(if)c(()pFo(r)o(;)8b(D)qFp(()pΩFo(A)pFp()))262bFj(2)p379378782h32v27wFp(C,)g(then)d(either)gΩFo(r)iFp(is)f(finite)f(and)hFo(A)iFp(=)hFo(D)qFp(()pΩFo(A)pFp())g(=)gFj(;)cFp(or)iFo(r)gFp(is)e(infinite)g(and)31Ω845yFo(D)qFp(()pFo(A)pFp())14b(=)g(Σ.)20b(Therefore)14Ωb(the)g(second)g(comp)q(onen)o(t)f(is)h(redundan)o(t)g(and)h(w)o(e)e(can)hΩ(iden)o(tify)f(the)g(sets)31904y(Σ)668862yFh(1)103904ΩyFp(,)20b(I)-11b(R)o((Σ)pFo(;)8bFp(Σ)jFj(Θ)gΩFp(Σ))19b(and)p534904V20w(C(Σ)pFo(;)8bFp(Σ)jΩFj(Θ)gFp(Σ).)30b(More)19b(generally)l(,)f(if)g(the)h(dep)q(endence)Ωf(relation)hFo(D)iFp(is)31963y(transitiv)o(e,)14b((Σ)pΩFo(;)8b(D)qFp())17b(is)f(a)g(disjoin)o(t)f(union)811929ΩyFc(S)846o942yFi(k)846o975y(i)pFg(=1)905963yFp((Σ)959Ω9702yFi(i)9739633yFo(;)8bFp(Σ)10309702yFi(i)1055Ω9633yFj(Θ)iFp(Σ)11399702yFi(i)1154963yFp())15Ωb(and)i(the)f(sets)1462929yFc(Q)1501942yFi(k)1501975Ωy(i)pFg(=1)1568963yFp(Σ)1603944yFh(1)1603975yFi(i)1641Ω963yFp(,)f(I)-11b(R(Σ)pFo(;)8b(D)qFp())31o1021y(and)pΩ13831021V17pw(C(Σ)pFo(;)g(D)qFp())17b(can)f(b)q(e)h(iden)oΩ(tified.)104(10802y(When)h(the)f(dep)q(endence)g(relation)hΩFo(D)hFp(is)f(not)g(transitiv)o(e,)e(I)-11b(R(Σ)pFo(;)8Ωb(D)qFp())18b(and)p151310802V19w(C(Σ)pFo(;)8b(D)qΩFp())19b(are)e(dis-)3111382y(tinct.)33b(Ho)o(w)o(ev)o(er,)20Ωb(w)o(e)g(ha)o(v)o(e)g(seen)g(in)g(the)h(pegvious)f(subpoction)h(that)g(the)fΩ(set)h(of)f(real)h(traces)311197y(I)-11b(R)o((Σ)pFo(;)8Ωb(D)qFp())18b(is)f(alw)o(a)o(ys)h(em)o(b)q(edded)d(in)i(the)g(set)g(of)hΩ(complex)d(traces)p1290m1197V17pw(C(Σ)pFo(;)8b(D)qΩFp())q(.)25b(More)17b(peecisely)l(,)e(a)311255y(real)h(trace)fΩFo(r)jFp(is)e(iden)o(tified)f(with)h(the)g(complex)e(trace)i(()pΩFo(r)o(;)8b(D)qFp((alphinf)s(()pFo(r)qFp())).)104Ω1314y(Let)16bFo(r)o(;)8b(s)16bFp(b)q(e)h(t)o(w)o(o)f(real)g(traces,)gΩ(w)o(e)g(ha)o(v)o(e)g(seen)g((Remark)f(7.2.6))h(that)hFo(r)cΩFj(Δ)1466132yhyFg(I)-7b(R)151021314yFo(s)17bFp(is)f(w)oΩ(ell-defined)3113728y(if)f(and)h(only)f(if)g(alphinf)s(()pΩFo(r)qFp())10bFj(Θ)fFp(alph()pFo(s)pFp())14bFj(`)fΩFo(I)tFp(.)21b(In)15b(this)g(case,)g(it)g(holds)hFo(¯)1343Ω1380yFg(alphinf)q(()pFi(r)qFg())150013728yFp(()pFo(s)pΩFp())d(=)hFo(s)iFp(and)g(th)o(us)31o1431y((Prop)q(osition)h(7.4.6),)417Ω1510yFo(r)cFj(Δ)p474o1517o221v7xFg(C)504o15103yΩFo(s)42bFp(=)f(()pFo(r)o(;)8b(D)qFp((alphinf)t(()pΩFo(r)qFp())))jFj(Δ)pm1055o1517oV7xFg(C)1084o1510ΩyFp(()pFo(s;)d(D)qFp((alphinf)t(()pFo(s)pFp())))569Ω1568y(=)41b(()pFo(r)12bFj(Δ)7151575yFg(I)-7b(R)760Ω1568yFo(s;)8b(D)qFp((alphinf)t(()pFo(r)qFp()))jFj([)gΩFo(D)qFp((alphinf)t(()pFo(s)pFp())))56931627y(=)41ΩbFo(r)13bFj(Δ)69731634yFg(I)-7b(R)7411627yFo(s)31Ω170imyFp(On)20b(the)g(con)o(tP9ry)l(,)g(note)h(that)f(the)g(concatenation)hΩFo(r)15bFj(Δ)pm10991712V7xFg(C)1131o170imyFo(s)20ΩbFp(ma)o(y)f(b)q(e)h(a)h(real)f(trace)f(ev)o(en)h(when)31Ω17633yFo(r)9bFj(Δ)761770hyFg(I)-7b(R)11817633yFo(s)15ΩbFp(is)g(undefined.)21b(F)l(or)15b(instance,)f(if)hFo(a)eΩFj(2)hFp(Σ,)hFo(a)9531745yFi(!)98617633yFj(Δ)pΩ10091770oV7xFg(C)103617633yFo(a)10621745yFi(!)1101Ω17633yFp(=)fFo(a)11791745yFi(!)121817633yFp(whereas)iΩFo(a)142831745yFi(!)146117633yFj(Δ)14751770hyFg(I)-7Ωb(R)151717633yFo(a)15431745yFi(!)158217633yFp(is)15Ωb(undefined.)104(1822y(Besides,)20b(eac)o(h)g(complex)e(trace)i(is)g(an)hΩ(ordered)f(pair)h(()pFo(r)o(;)8b(D)qFp(()pFo(A)pFp()))20Ωb(where)gFo(r)iFp(is)e(a)h(real)f(trace)31o18802y(and)dFo(A)eΩFp(is)i(a)f(subalphab)q(et)i(of)e(Σ.)22b(T)l(o)16b(summarize,)d(it)jΩ(holds)h(th)o(us)f(I)-11b(R)13bFj(`)pm1404188022h32Ωvm14wFp(C)hFj(`)gFp(I)-11b(R)10bFj(Θ)h(P)tFp((Σ))16Ωb(where)311939yFj(P)tFp((Σ))f(denotes)g(the)f(set)h(of)g(subalphab)qΩ(ets)h(of)f(Σ.)21b(Con)o(v)o(ersely)l(,)14b(in)g(order)h(to)g(study)gΩ(under)g(whic)o(h)311997y(conditions)h(an)i(elemen)o(t)13Ωb(of)k(I)-11b(R)11bFj(Θ)g(P)tFp((Σ))17b(is)f(a)h(complex)eΩ(trace,)h(w)o(e)g(need)g(some)g(more)g(notations)3120562y(and)hΩ(definitions)f(on)g(dep)q(endence)g(graphs.)1042114y(F)l(or)22Ωb(a)h(dep)q(endence)e(graph)iFo(g)jFp(=)e([)pFo(V)s(;)8Ωb(E)s(;)g(˘)pFp(])232bFj(2)p10302114V24wFp(G)q(,)g(w)o(e)e(recall)Ωg(that)i(min)n(()pFo(g)rFp())f(is)g(the)g(set)g(of)31o2173Ωy(lab)q(els)16b(of)i(the)e(minimal)e(v)o(ertices)h(in)hFo(g)jΩFp((see)e(Soction)f(7.2.3).)24b(Since)16b(these)g(lab)q(els)h(are)gΩ(pairwise)31o2231y(indep)q(enden)o(t,)23b(min)n(()pFo(g)rΩFp())f(can)h(also)g(b)q(e)g(seen)f(as)h(a)g(finite)f(trace)g(of)h(I)-11Ωb(M)o(.)40b(The)23b(reduction)f(of)hFo(g)rFp(,)31o2290Ωy(denoted)17b(b)o(y)g(red()pFo(g)rFp(),)g(is)g(the)g(eg(2riction)f(of)iΩFo(g)hFp(to)f(the)f(set)gFj(f)pFo(p)fFj(2)gFo(V)27bFj(j)15Ωb(8)pFo(q)hFj(2)gFo(V)s(;)8b(˘)pFp(()pFo(p)pFp())16Ωb(=)gFo(˘)pFp(()pFo(q)rFp())f(=)-8bFj())312348ΩyFp(()pFo(p;)8b(q)rFp())132bFj(2)hFo(E)238o2330yFh(Λ)258Ω2348yFj(g)pFp(.)21b(F)l(rom)15b(Remark)g(7.2.3,)h(red()pΩFo(g)rFp())g(is)g(also)h(a)f(finite)g(trace.)10424078y(F)l(or)gΩ(instance,)f(the)g(minim)o(al)e(v)o(ertices)h(and)i(the)f(reductions)h(of)fΩ(the)h(dep)q(endence)f(graphs)h(of)31o246imy(Figure)f(7.9)i(are)f(peg(en)oΩ(ted)g(in)g(Figure)f(7.4.3.)1042524hy(The)h(follo)o(wing)g(form)o(ulas,)fΩ(ob)o(vious)h(from)f(the)h(definitions,)g(will)f(b)q(e)h(used)hΩ(throughout.)31o2604yFq(Lemm)o(a)f(7.4.10)24bFk(L)n(et)17ΩbFo(g)fFj(2)p58022604V14wFp(G(Σ)pFo(;)8b(D)qFp())19ΩbFk(b)n(e)e(a)h(dep)n(endenc)n(e)h(gr)n(aph.)75026833yFp(min)n((min)o(()ΩpFo(g)rFp()))41b(=)h(min)n(()pFo(g)rFp())7502741Ωy(min)n((red()pFo(g)rFp()))55b(=)42b(min)n(()pFo(g)rΩFp())75028002y(alph(red()pFo(g)rFp()))i(=)e(alph()pΩFo(g)rFp())7502858y(red(red()pFo(g)rFp()))68b(=)42Ωb(red)o(()pFo(g)rFp())peopΩ%%Page:3737Ωbop31o-70aFn(7.4.)38b(COMPLEX)16b(TRA)o(CES)1187bFp(37)736Ω143y(min)176b(red)4483328yFo(f)472h335yFg(1)7173328yΩFj(f)pFo(a;)8b(e)pFj(g)10024098y@beginspecial50@hscaleΩ50@vscale@setspecialΩ%%BeginDocument:fig˙red˙f1.epsfΩ/CanvasDictwherenot–/CanvasDict250dictdef˝–pop˝ifelseΩCanvasDictbeginΩsystemdict/setpackingknown–/origpackcurrentpackingdeftruesetpacking˝ifΩ/bdf–binddef˝binddefΩ/xdf–exchbinddef˝bdfΩ/min–2copygt–exch˝ifpop˝bdfΩ/edf–exchdef˝bdfΩ/max–2copyłt–exch˝ifpop˝bdfΩ/cvmtxma2rixdefΩ/tpmxma2rixdefΩ/currot0defΩ/rotmtxma2rixdefΩ/origmtxma2rixdefΩ/cvangle–3603exchsub90add3603mod˝bdfΩ/setrot–/currotedfrotmtxcurrentma2rixpop2copytranslatecurrotrotateneg3exchneg3exchtranslate˝bdfΩ/endrot–rotmtxsetma2rix˝bdfΩ/isystemdict/imagegetdef/Ttruedef/Ffalsedef/dbgFdefΩ/ncolors0def/st0()def/st1()def/proc0–˝defΩ/penh1def/penv1def/penv20def/penh20def/samplesize0def/width0def/height0defΩ/setcmykcolorwherenot–/setcmykcolor–/bedf3–badd1.03exchsub0.03max1.03min31roll˝repeatsystemdictbeginsetrgbcolorend˝bdf˝–pop˝ifelseΩ/doeoclip–closepath–eoclip˝stopped–currentflatdup2mulsetflateoclipsetflat˝if˝bdfΩ/SpaceExtra0def/LetterSpace0def/S2ringLength0def/NumSpaces0def/JustOffset0defΩ/f0/fillłoaddefΩ/s0–1setlinewidthcvmtxcurrentma2rixpoppenhpenvscale(2rokecvmtxsetma2rix˝bdfΩ/f1–˙bp˙fpimpat˝defΩ/s1–cvmtxcurrentma2rixpop1setlinewidthpenhpenvscaleΩ–(2rokepath˝stopped–currentflatdup2mulsetflat(2rokepathsetflat˝ifΩ˙bpΩcvmtxsetma2rix˙fpimpat˝defΩ/filltype0defΩ/s2roketype0defΩ/f–filltype0eq–f0˝–f1˝ifelse˝bdfΩ/s–s2roketype0eq–s0˝–s1˝ifelse˝bdfΩ/˙fp–˝defΩ/˙bp–˝defΩ/˙fg1defΩ/˙pg0defΩ/˙bkg1defΩ/˙frg0defΩ/˙frgb3arraydefΩ/˙frrgb[000]defΩ/˙fcmyk4arraydefΩ/˙frcmyk[0001]defΩ/˙prgb3arraydefΩ/˙pcmyk4arraydefΩ/˙bkrgb[111]defΩ/˙bkcmyk[0000]defΩ/fg–/˙fgexchdef/filltype0def/fills–˙fgsetgray˝def˝defΩ/frgb–˙frgbastorepop/filltype0def/fills–˙frgbaloadpopsetrgbcolor˝def˝defΩ/fcmyk–˙fcmykastorepop/filltype0def/fills–˙fcmykaloadpopsetcmykcolor˝def˝defΩ/pg–/˙pgexchdef/s2roketype0def/pens–˙pgsetgray˝def˝defΩ/prgb–˙prgbastorepop/s2roketype0def/pens–˙prgbaloadpopsetrgbcolor˝def˝defΩ/pcmyk–˙pcmykastorepop/s2roketype0def/pens–˙pcmykaloadpopsetcmykcolor˝def˝defΩ/fpat–/fs2redf/filltype1def/fills–/pats2rfs2rdef˝bdf˝bdfΩ/ppat–/ss2redf/s2roketype1def/pens–/pats2rss2rdef˝bdf˝bdfΩ/bkg–/˙bkgexchdef/˙bp–gsave˙bkgsetgrayfillgeg(2ore˝def˝defΩ/bkrgb–˙bkrgbastorepop/˙bp–gsave˙bkrgbaloadpopsetrgbcolorfillgeg(2ore˝def˝defΩ/bkcmyk–˙bkcmykastorepop/˙bp–gsave˙bkcmykaloadp

1

)

9.9789łinetoΩ426.0305e36.8676ΩlinetoΩ4de.10guaga.98f25linetoΩc4R

9.9789łinetoΩsdosnrokeΩg = 1Figp e(osf(oeu(03Ωeer,he)righnr(tb())gniona)g(ing(isoge)d4nit446Ω65([)1580U)486Fp90hx)299906Fg1135436([)15801tFk4Ωglt601Ω666)021o1I3Fp([65([)1580V)53.b(5Ωvj)414Ω(sec7.ps=)2v0g(T(pb6p(L)hng(otΩv))Fp90hx)21ge (NeDΩbs)p;gt446730[ec7.ps=(NeDΩbs)p;gtf(trg1b7)o(N):p451580798instanceteto()NwievM(Σ, in0ψy1301of↼fΩ96↼e↽f↼e↽↼is51↼arn28↼↽158aeba↽h0↼♭10↽e♮0uψR↽4644arn28↼↽1gltFkψ4Ωglt40778035↽021o1I373↼arn28↼↽158dc↽779Ω10↽e♮ΩSψψ51↼07ψrn28↼↽1p↼f↽5↼Tk↼0ψ↼ae0↽jFoψ4evj↽o↼φdb↼tofp↼⇁2ara↽gba↽109o↼↼0↽e♮ΩS,↽10125610↼♭1028↼↽158dp↽↽jψFo↼↼b↽q↼Fo6Ωy9Ω10↽e♮ΩS,↽101256199ψrn28↼↽1p↼4evj↽o↼φc5o239↼↼0↽e♮ΩSR0112268Ωrn28↼↽158a12294↼↼0↽e♮ΩSR0112323ψrn28↼↽1p↼4↽↽5ΩR2♭10↽e♮0uψR↽44↽↽81↼513ψNota↽42724195♮ΩS,↽10125446ψ81↼513ψNotba↽493Ω4195♮ΩSψR↽4629ψ81↼513ψN01tFkψ4Ωglt58084gψ2↽021o1I3↽14g81↼5,↽h↼80c↽639↼↼095♮ΩS,↽10125659ψ81↼513ψNotdc↽705rf095♮ΩSψR↽4744Ω81↼513ψNp↼f↽5↼Tk↼4evj↽o↼φa↽b↼D↽↼095♮ΩS,↽10125817781↼513ψNotda↽g1bΩ↼095♮ΩS,↽1012593↽↽81↼513ψNotb↼tofp↼⇁2a↽158a1203724195♮ΩS,↽10125h010Ω81↼513ψNotb↼↽jFoψ4evj↽o↼φFo6Ω23ψrn95♮ΩS,↽10125h869o81↼513Ωo↼φc5o163ψrn95♮ΩS,↽10125h882ψ81↼513ψNp↼1205r0D↽↼095♮ΩS,↽10125gψ21Ω81↼513ψNotdp↽↽jψFo↼↼b↽q↼Fo6↼/Ωb↼095♮ΩS,↽10125g311o81↼513Ωop↼4evj↽o↼φc5o35Ωb↼095♮ΩSR0112380↽81↼513ψNota↽1406b↼095♮ΩSR0112Fp↼♭81↼513ψNp↼12054ψ778095♮ΩSψR↽4140↽8ψF2↼↽1p↼4evjj↼↼for18↼♭81↼Ω↽pψR01101252116ψψF2↼↽1p↼⇁g1580cp28↼♭81↼Ω↽pψRFo303Ω1Ω8ψF2↼↽1p↼⇁g1580ba↽437241↼Ω↽pψR011012544728ψF2↼↽1p↼⇁g1580bc↽538Ωr1↼Ω↽pψRFo30563ψrψF2↼↽1p↼4↽↽582ψ81↼Ω↽pψR01101906ψFg113641Ω8ψF2↼↽101tFkψ4Ωglt699ψr209↽021o1I3730↽8ψF2↼↽1↼for756ψ81↼ΩΩpψR0110125↽fψ8ψF2↼↽1↼fba↽8ψ2↽41↼Ω↽pψR0110125b↼D↽↼ψF2↼↽1p↼4evjj↼↼fc↽022↽41↼Ω↽pψRψR09311↽8ψF2↼↽1↼for↽↽j41↼Ω↽pψRψR09366↽8ψF2ω↽020↽96598↼♭81↼Ω↽pψRFo30rn24↽↼ψF2↼↽1p↼/Ω632.b↼f↼Fo6Ω01ψ81↼ΩΩpψR01101256Ω21ψ8ψF2↼↽1↼fba↽134g241↼Ω↽pψR011012541↼728ψF2↼op↼4evj↽o↼φc5o22↽j41↼Ω↽pψRψR098Ωψ6f8ψF2↼↽1↼for1282ψ81↼Ω↽pΩSR0112311ψrψF2↼↽1p↼4↽↽1330↽81↼Ω↽pψRFo30r36728ψF2↼↽1p↼⇁ej↼↼for1442↽41↼Ω↽pψR0110125146D↽↼ψF2↼↽1p↼4evj↽o↼φc5o501ψ81↼ΩΩpψRR0112530↽8ψF2↼↽1↼for1556ψ81↼Ω↽pψRψR098↼D↽qrψF2↼↽1p↼4↽↽1605Ωr1↼Ω↽pψRFo3016↼D↽↼ψF2↼↽1p↼⇁g1580or1ion↽91↼Ω↽pψRFo305728ψ8yB↽is↼φa↽b3ψrψ6e♮ΩS,↽1012560778289↽5ΩS↼fba↽149ψrψ6e♮ΩS,↽10125668Ωr289↽5ΩSp↼4evj↽o↼φc5208ψrψ6e♮ΩSψR09238a8289↽5ΩS↼fa↽264ψrψ6eΩpψRR011293ψr289↽5ΩSp↼4↽f↼f2ψrψ6e♮ΩSFo30348a8289↽5ΩSp↼tFkψΩΩglt406b↼296↽021o1I3437ψr289↽5ΩSp↼4evj↽o↼φc538Ω3rψ6e♮ΩS,↽10125508Ωr289↽5ΩSp↼⇁↽1124ψF↼fa↽5b3ψrψ6e♮ΩSψR↽4619ψr289↽5ΩSp↼⇁↽g1580bc↽710Ωrψ6e♮ΩSψR↽491Ω3r289↽5ΩSp↼⇁↽g1580b↼↽jFoψ4evj↽o↼φFcp↽↽jψFo↼901Ωrψ6e♮ΩSψR↽4925ψr289↽5ΩSp↼4↽f9443rψ6e♮ΩS,↽101906ψFg113T005Ωr289↽5ΩSp↼/b124ψ8a120b3ψrψ6e♮ΩS,↽10125660778289↽5ΩS↼fba↽1149Ωrψ6e♮ΩS,↽101256668ψr289↽5ΩSp↼4evj↽o↼φc51208ψrψ6e♮ΩSψR09Ω238Ωr289↽5ΩS↼for1264ψrψ6e♮ΩSψR09Ω293ψr289↽5ΩSp↼4↽f1↼f2ψrψ6e♮ΩRFo30r3483r289↽5ΩSp↼⇁↽dψNota↽1423ψrψ6e♮ΩS,↽10125644328ψ8yB↽is↼φba↽1490ψrψ6e♮ΩS,↽101256509ψr289↽5ΩSp↼4evj↽o↼φc51549ψrψ6eΩpψRR0112578a8289↽5ΩS↼fa↽1604ψrψ6e♮ΩSψR09Ω633ψr289↽5ΩSp↼4↽f1652Ωrψ6e♮ΩS,↽10125667778289↽5ΩS↼fc56163ψrψ6e♮ΩSψR↽41atji8ψ8yB↽isp↼⇁g1580or1804ψrψ6e♮ΩS,↽1012561ng93↼513ψNp↼T1ho↼easilofent↼po↼q↼51mma↽dΩ↼qΩaablishes↽jn21ifq↼reli↼thhshipsoge↽1301↽o↼o↽f↼eenΩv↽hψFse2ara↽gB↽tg↼e↼osf↼oeu↼03Ωeefthe↽ln↽g↼i↼tr58d↼c↽4Fo↼Sptof↼Preeelg9↽hψFsog↽i↼thh2gΩ2↽24Fo↼4R↽iTh518ψFp↼↽↽geie↽lef↼oe↽iehe↽righnr↼tb↼h↼↽o↼↽q↼↽↽o↼o↽f↼nagΩ↽4niψFog↼ete↽fgψlaAaA↽pψxhfoon↽g↼d↼c↽49pψybq↼etni↼a↽ψk↼L↽n↼LUa↼coec8ψ↼Γo524ψFp↼ng↼ot↼↼g1Υ↽↽jψ↽21g43b↽49pψy↽021o58h324R↽jThhf↼trcc↽↼f↼ip↽Ωln↽cti↼tgh↼ngog↼d4nf↼nagΩ↽9↽hψgru306oyev↽gllo30Fpψψbgif↽he↼58Udrhψlmbph5ψ↽Υo↼Tahe↽↼co↽o↼↽qrfψlab↼551↽5ΩSp↼lo30F06Fhrsc↼↼esestetoi▷e▷↽kΩ/↽2uon34Ω↼sec8ψ30Fh1580vFjΩFofa,gψg↽g01u5dS↽sg2g1580U↽↽1↽eΩnph5mply↽5↼Tk↼0ψ↼vyev↽gl2↽he↼58Udr2▷b↼5Ωvof5Υo↼Tall0eng↼LuΓΩb2v0ψg↼T↼pbψ6p↼ψFp↼ng↼oth3035ψS33↽↽jψ↽21gr34ab↼551↽5ΩSkψFoh2↽166b↼D↽qq↼L1mm↽80orPrψ704y↽31emb↽h1↽6▷2nψF7↽o↼Cψ↼U858ψ16V274ΩΩ↼sec8ψ↼Γo324ψFp↼ng↼ot6483r647↼D↽qo1317035ψ66b↼D↽q↼↽↽qψFkψy540tweein↽okeΩ↽g↼i↼tre↽o↽f↼n▷gopψFo↼e↽↼is883r766↽0↼1▷↼ara↽gΓ↽Ωop↼4evj↽o↼φUgκ↽pftFkψ4Ωgltf1fΩ↼783↽021o1I3ΩR2♭176B↽hh1guV↽11Ω4ψFp↼861jA↽774g26Γ↽jFoψ4evj↽o↼φU↽524ψFp↼861↽jpψS↽sg↽↼2↽↽pΩg26Γ↽jFoψ4evj↽o↼φVFpψψbgΩo↼↼b↽k↼is883r8e7↼↼2▷2744Ωgif↽17Ω98inpgheddi↽g↼ae↼e↼58Udrh1emb↽h5ψ↽Υo↼T24R↽jeΩ↽g589ynT↼n2ara↽gΓ↽jFoψ4evj↽o↼φU↽91↼ar8490hψx↽2ψ99906ψFg1139↽nrf8Ω7↼↽1b↼tFkψΩΩglt00tji887↽↽jψFkI↽rns0rf8Ω7↼↽1guV↽1224ψFp↼861hψFoh3258Γ↽Ωop↼4evj↽o↼φUg524ψFp↼861↽29pψr8490hψx↽2ψ99906ψFg113o35Ωb↼8Ω7Ωy↽1↽3↽555Ω60Tk↼0ψ↼Γ↽jFoψ4evj↽o↼φV040g↼2Ωo↼↼b↽k↼is883r96e♮↼3▷goobi↽if↽17ψ98inpgheddi↽g↼ae↼e↼58V↽c↼♭↽it↽h5ψ↽Υo↼T24R↽jeΩ↽g589ynT↼n2ara↽gΓ↽jFoψ4evj↽o↼φU↽dS↽sgtFkψ4Ωglt9b3ψr975↽↽jψFkI↽rnd↽↽96eΩpψRguV↽1087Ω19500hψx↽2ψ99906ψFg11311000r96e♮15ψFo↼Ω↽p↽hA↽77ra↽gΓ↽jFoψ4evj↽o↼φU↽524ψFp↼861↽jpψS↽sg↽↼2↽↽p↼0ψ↼Γ↽jFoψ4evjΩo↼φVFpψψbgΩo↼143↽p19500hψx↽2ψ99906ψFg11314D↽qr96e♮15k↼Foh2↽h08↽ 24 e Tpere alΩ↼baseisogtrfψ↼4R↽iThasilofent↼po↼q↼↽↽o↼o↽f↼eeine↽i↼t↽of↼fΩ21Ω7Ωy↽1q3C↼↼impiFp↼Δp↼ψFp↼Clai1▷1↼1ev↽uΣ↽pv5r↼4364wonguagepkr↽oL↽hψng↼ot59379e↽apg↽pψF13647271e7↼↽1plψb↼M↽o↼ψb↼MΩo↼Rre↽f↽o↼ara↽gw0engii2↽he↼58u5dS↽sgtFkψ4Ωglt07guag17↽↽jψFkI↽r154Ω21Ω7Ωy↽1↽2v0ψ7↽o↼C↽3nT↼n274g26Γ↽jFoψ4evjφwFo↼,↽8ψb↼dvj↽he↼t↼Γ↽Ωop↼4evj↽o↼φup↽↽jψFo↼eS↽sg↽↼2↽1ep↼ng↼ot6330ψ207↽pψFo110125645pψ22jj↽MΩo↼Rre↽ffNo07fNo07C(vthh.lFoe)1!=ΩbTheFk=ΩbTheFkjgoo2isDra5Ωvof-5dhd,h(b)0neΩhf(sug4(g)c),(aie)gllofa13(f)2404Wb4880798equai(trf4g26Γ)jFo4evj4evj’up) A2incath↼itepo58h3518ψFp↼1f↼ex4R↽iTh▷ps↼erFoh2↽h45↽↽jψ↽▷C↼↼impiFp↼γ↽o↼L4↼L2nψF7↽o↼Cψ↼r↽80858ψ16songuagepkr↽oL↽hψΔ↽eΩ2oeψ8o↼T413ΩΩ5onψb↼MΩo↼Rfe↽f↽o↼amm↼in↽499tψ4evj↽o↼φrFo↼,↽8ψb↼jpψS↽sg↽↼2r↽o↼L4↼m↼in4evj↽o↼φsp↽↽jψFo↼k↼sec8ψ↼ΓnhehψB↽n3ψ3ψFp↼d,gψIo↼↽Nwf↽o↼φwFg0ΩySs,↽8R26Γψ66↽pψd340hψx↽2ψ99906ψFg1131715↽h45↽↽jψpψ4evj↽o↼φrFfS↽sg↽↼2↽16ΩΩ3eas▷φsp↽ 16ΩΩ3exias2eφupfSφvFog↼e↼12464ΩΩ3h↼isbillusf↼nt↼8ev↽unddedu3ω↽021Figp↽ehd↽1▷1↽eφwFo↼,↽8ψb↼fA↽774g26Γ8hx25100hjψpψ4evjφsp↽ wr e576 f.245Ω383i↼ω↽2224ψFp↼↼trcchΩS↼fwt9168↼576↽021R↽igψψ6Ω↽ψ69↽5ΩSii2 5Ωvof-5hhd,h(bΩc),(aingiif9(5p(y)v0.)69o6fWp45e27p)hA uci(anr2627((intioe)i(thhlyFs04W))o(o)f(eek(sequ306osweng(Lu26(D)263))jR)2066nr2627(Λc80858Ω16u)71D)263) Λc8085g383i(!)o(:gu(;)21e88h(163))jR)208b3627(Λc8085g3v)99h(263))jR693 !:go(4364u)281b(693) ;86j693 ig01o864i9906Fg113340Ω(;86j)to554h(287Ωyg)fwt64727803 Tal.ps(ngu(a)g(ing(isogof-5g(some(L)c),(aingiif9(5poL)h0.)2Fk((e)()c)f3p(t(e(set34577586j))158u)404h(833))jp(ig506Ω)86j)ig7b72766 fwt7g(28803) ig01o864i9906Fg11341775;86jd;gh5801jFj’wF108028803 f:24ΩΩ383i(!)64won104h(803) ,g2766803 ig1192x2766ig12602766’rFo(;7ej5106oy8803Ω)jp(w9Ω389h8)e“ΩSe(ig)eb(7.)38beΩINITE 5Dd;gh5801jFj’wF10483r46 6((tyB)is(’:245Ω383i(!)f4won106646“jp(ig19o(r39)5ΩS7ej51204646Ω)jp(w9Ω229a151)5ΩSe(ig12598t9)5ΩS(f¿on34Ω(secjvj)o(’rFo(;7ej5106coe)6)jp(w9Ω386a151)5ΩSe(ig))o((97(D)qq(136324Fp(o4R)rwi)je32)h86)0(Notes:b(7eeevid(01odwF294Ω293))jp(ig32jj786j))1g(tofra)guo409Ω293))jp(ig4y7986j) q1aingiif9(5p(y)v0Fg())gehe4evj’vF898Ω293 ig404h(86j)Ωcpof-5hhd,h(b)cy b(ΥΩs)p) ! 58v !01odΓ’up) eA ↼fΩ403↽φvFog↼e↼124cvj↽h3258sp↽↽jψ▷ 1▷↼4↼Tk↼0ψ↼Γ↽jFoψ4evj↽o↼φUgn124ψFpftFkψ4Ωgltf49ψ493ΩyjψFkI↽385ψ48B↽hh1guV↽1124ψFp↼861274Ω↼sec8ψ↼Γf↼0ψ↼Γ↽jFoψ4evjΩo↼φU↽524ψFp↼861↽6pψS↽sg↽↼2↽↽p↼0ψ↼Γ↽jFoψ4evjh1guV↽1124ψFp↼86124ΩΩ3asilofent↽fq↼direct1h↼↽hosb↼ti▷C↼↼impf↼1▷↼4↼Tk↼Cont4ro↼↽↽orse↽ir423krhψla↼↽Nw49Ωy4jj↽↽158t5dS↽sg2↼01odΓ↽jFoψ4evj↽o↼φU↽524ψFp↼861↽4ΩψS↽sg↽↼2↽ ψ↼▷p4↼f3exias2era↽guohS↽sg2↼01odU 5Ωva,gψc58Vw49Ω4ψFp↼ψb↼MΩo↼Rn3ψ3e↽f↽o↼amm↼in↽499s↼4evj↽o↼φup↽↽jψFo↼A3pψS↽sg↽↼2r↽h↼L4↼m↼in4evjΩo↼φvFog↼e↼124↽j2.b↼7e8ψ↼Γqψsp↼I049Ω603↽↽jψΩva,gψf↽158t5↽8Rbep2ara↽gΓ↽jFoψ4evj↽o↼φup↽↽jψFo↼A↽pψS↽sg↽↼2↽φvFoΩ L2nψF9Cψ↼u,fs/pvj↽he↼58u↽71 ω4evjφup↽ aef>ooL L2nψF7♭

♭ ωfactorize↼o↽o↼↽qψlah↼Cψ↼vthh▷lψ↽o↼↽qn↽g↼i11ψ28644ψyΩS,↽101256576ΩF62 Cψ↼.245Ω383i↼ω↽D5↽eΩFgl2 cRCψ↼vtr13↼f↽2ψ54Ω↼HenceteΥo↼Tosb↼tf▷C↼↼impR↽1alΩ↼e↽h↼a31e↼t↽gfef↽158t5fh▷lψFon↼Cψ↼Γ↽jFoψ4evj↽o↼φup↽↽jψFo↼cΩ↽sg↽↼2↽↽p↼0ψ↼Γ↽jFoψ4evj1580vFog↼e↼12ek↼/↼↼fΩ779↽5ΩS↼fΓ↽jFoψ4evjΩo↼φwFo↼,↽8ψb↼eS↽sg2g1580φ↽↽jFoψ4evj↽o↼φU↽iS↽sgtFkψ4Ωgltf26Ω786↽021o1I3387Ω779↽5ΩS↼fV↽1124ψFp↼86↽291ng837↼↼2▷2794Ω↼L2nψF9Ωk↼0ψ↼vyev↽gl2↽e↽o↼φU↽394h876rhψx↽2ψ99906ψFg113455g837↼ψFpftFkψψ4W↽↽51↼a84↽↽jψFkI↽546ψ837↼ψF↼fV↽1124ψFp↼▷2794Ω↼↽g▷p4↼17ψ98exiass↼ara↽gw0hh▷pkr↽o↼L4↼nevj↽o↼φuth2pψS↽sgtFkψ4Ωglt0732a84↽↽jψFkI↽1165Ω837↼ψF↼fvFog↼e↼1246↽pψS↽sg↽↼h1956Vw49Ω4ψFp↼of594Ω↼some↼era↽guoiv↽gl2↽he↼58Ud524ψFp↼▷2794Ω↼Hencete49Ω866↽5ΩS↼fΓ↽jFoψ4evjΩo↼φup↽↽jψFo↼qS↽sg↽↼2↽↽q4g26Γ↽jFoψ4evj↽o↼φvFog↼e↼12463↽hA↽77ra↽gΓ↽jFoψ4evj↽o↼φwFo↼,↽8ψb↼hS↽sg2g1580φ↽fga,gψaraφvFog↼e↼124hS↽sg2↼01odΓ↽jFoψ4evjΩo↼φU↽524ψFp↼861947287e♮ΩS,↽101906ψFg113966φV,φs↼k↼sec2g1580φ↽↽jFoψ4evj58Γ861’U MΩo(Rfe)fg2 0(s1)4ΩSC(Γ)jFo4evj’wFo(;)8b(hgof-5g(some(L)c),w(aragl2)he(58VweFp(.27Fk(By)5(Tk.C((impR)2589ynT(p4(f3exias2h2)1013))j58u)iΩFgl2)i)o(’’98(D995“ΩS;)101906Fg113205rf013Ωhjp4evj)o(’rFo(;)8b(gfa;gara)gv0fs=gl2)he(58(5r995“ΩS)299906Fg1135521013) ’rF6pSk8exiass(f)o(’rFev)gl2’sp) 58u5h2pψS vtr13↼f↽2ψ6pψnSi06oyψk↼L↽n↼LUa23▷b↼5Ωv5ψ↽8o↼Tahe↽24R↽jThg↼tre↽o 589ΩTf3p↼t↼↼fΩ10712y↼hat4ro↼↽↽o↼c↼Cψ↼u,fs/sg2g1580U↽524ψFp↼▷271Ω4oHenceteΠ↽o↼Cψ↼vthh▷gl2↽he↼58Ud5883r053♮ΩS,↽101906ψFg113647Ω10712y↽1gltFkψ4Ωglt405rf078↽↽jψFkI↽736ψ10712y↽158V↽c7 onψb↼MΩo↼Rre↽f↽o↼ara↽gw0fs/ii2φspdSCψ↼Γ↽jFoψ4evjφvFog↼e↼124fS↽sg2↼01odΓ↽Ωop↼4evj↽o↼φUg�3r053♮ΩS,↽101906ψFg1131↼C tf(osig3similar)Ωefa;gj3518Fe(1f(ex4R)iTh.ps(erFo272pS)d32i104r000hjpb48807Ω98seco)gege51mma stΩbis(ke)ffgog(d4nfamilyFe(Recthgn)g(i1134Ω818Γhx)213TR883r000hjpłahh.pcognizeblt(e(hfoon)g(h(tre)o)f(n2h2)1259y(osie324R)jThhf(stgh0nhehB)tg(e(osf(oeu(03Ωeer,a;gara)gB)tg(e(osf(oeu(03Ωeefthe)righnr(tb.goFk((p4511)6pnt)h(isbpure)lnR)j,geΩ(io(fguseso(eanig3eas.))(fact!)g)i1317)0gog(de324R)p)eh)qłah(4R)iThaamilyFeΩ(Recthgn)g(i6D)qr990hx)21g73)p1317()1pl(stgh0g(morin)sm)efa;gj3int4ro()Ω)orse)efmorin fΩ1428()1q(L1mm)80orPr-705124ΩΩmb)h1C(U85c6V274)eΩFgl2 Ω )1())qFk3[8493ckn(okn(gnizeblt(in)okeΩΩ)g(i(tre)o)f(n.go2Fo(e)(isΠ)o(C(U)524FsgtFk4Ωglt0,)f8435ΩyjFkI)17953r428()1guV)1224Fk(is(fΩ148B)hh1guU3)96468“ΩS)299906Fg11312 LLUaeh1sgtFk4Ωglt47([8493)021o1I3506Ω148B(48B)hh1[o eeindisjoin(oe)if,copieshng(oth426Ω1603) i113724603 D8Rbeeeelg9 i6565662DTf3p(t(3)hAden)rethvb C((a)8Rbep2f1)g01o5885818Rbe2,oh2’a L4(ng(o.goFk(Wp45e21hłaa)g(ing(ahheere)iThmorin)smsweng(Lh;)d(pthe35662)021g1131784)165b(D8R58Γg3pth830)8662)021g122(fΩ1713) t1521697Ωy 16ΩΩ3ng(ot((9)4695“ΩS;)1)433713 lo17(25ΩS)Ωo(R)jFo4evj07021g113241681b7NΩ’a RNΩgA 01pn lo17(25ΩS)Ωopthe75917021g113(97(1g1b7)o(N)4evj)o(’a)2R2[1917021g11326coe91b7NΩ,g1035911’a L4(of-5ihd,h(b)c),a5dS N91b7NΩe(tofraq(13k(5Ωvof-5f(1,o1g)c),a5dS)sg2i01pn)g(,g103520100hjp(lo17(25ΩS)Ωopthe752017))jR’a Ωd;gh5801p350952017 ’a ΩdA 5Ωvof-5g(1,o1g)ct(iΩaa)g(ing(angog(d4n.pcognizeblt(i(tre)o)f()i)o(’KFev)gl2)cΩFofRect4ΩΩ3ng(oto22)j209o(hx)213T281b(108))jpbof(fΩ21)e“ (b)hl2 i9281194yΩS; 99752222Ω i101o19194yΩS; 7guag1990hx i1152Ω9194yΩS; e(osf(oeu(03ΩeefΩ2)24Fo(4R)ighehB)tg(e(osf(oeu(03Ωeef,he)righnr(tb(gΩma)langgT413ΩΩ5oΩ)oxpressed(fgus(po(h)hFse2ghmorin)smsw(fΩ242jj)ab)langu(4R)i(easilofent(po(qΩvof-m)80ulækfTfhi(MΩo(Rh)gnig3eas.))(to(h3v)asyrify:)545Ω2531)hh1guU3g)101tFk4Ωglt62Fk(53)p021o1I3)8ngu5312y)158V)53ΩS)lFo4124F(f(R)jFo4evj)o(’p)915x25100hj;861 ’V )1o4evjΩ)1o4evj861 Ω6F2!’VFpbgΩo(2599(g1580K)tg(e(n614982673()1(fU)16ΩΩ5801tFk4Ωglt606j(680))jFkI)63722673()1(fV)676Ω2652)pR01101906ΩcR)137825673()1lFo4124F(fp)868k(6800hjR)138882673))jp4evjra R953865228673 ’U’p; fi673 )pS’U’VFpbgΩo(2599(g1580K)tg(e(n61f(tr2779)5b4h(i0k()hFludesh)qog(d4npere)fouthfoutfheeelg9lamma)d(si06oyjn21ifΩ4nfamilyFe(Rect(ng(oth46y81161yΩS;)13T5576779)5ΩS21o58h324R)jThgl(stgh032)h83)p0hmorin)sm,(3)hAint4ro())orse5ihmorin)sm 0Rk())g.p52p52age:393838Ωp(5239g818Rn(CHAPTEoe8o(T70ER)16b(7.)38b(INFINITE)15Ωb(91ng900hjN)Us(po(h)hFd4npeeviousc)(f(iults,ix)f3p(t(f3easilyFhΩe(t,)gfef(4R)i(easilofent(po(qnpere)lnR)isΩ(i.)anr208)5ΩS).t25p20F)isΩ(iFhΩe-706y)31emb)h1)6.2nehehRFjΩF7e8(Γ)8RbeΔ)eΩ2oeoevΣe(n61)31embMk(sec8(ΓdΩRbeΔ)eΩ2oeoev)1b(M)F(Σe(n61)31embckn(okn(gnizeblt(h(.)qFkn(alfΩ4nt.)qac)qFkf(tre)o)f()j())geea()Nw49Ω26Bi.ooeoΩ(.)qFkn(alffnt.)qactrefΩ32jjfSgn124Fkva;gc’S5dSoTa;gh5801SΩcC(Γ)jFo4evj’Rp)1350765e♮ΩS,↼e↽p48ΩΩ65807ψ9fSg↼fΩ7316↽jψpψa,gψ�ψF↼fSgdS↽sgφRp2↼fΩ717↽pψFo1101906ψFg113295Ω7316T▷e↼o↽ofψno↼e↽oremfSga13↼fFo↼514g8235♭↽1580φ9550Ω12146S,↽101906ψFg113598g8235♭φRp↽φSga13↼fFo↼923ψrψ146S,↽101906ψFg1131012Ωrψ35♭↽15oψFo4124ψF↼fφ3↼7guψ1ψ146S,↽101906ψFg11311806ψ235Ωy↽1oψ4evjφRpA2φSg↼296↽1ψ146S,TSepsΩ↼i↽fTψ7↼ex4R↽iThpereInTmghnr↼to↽oegeeaundiTog↼d4nin↼oe↽ere↽ftioef↼iult↼e↼hth↼gT413ΩΩ5oΩ↽hbtaun↼isogof5g↼4R↽iThhe↽righnr↼tb↼h↼▷t25pψq0F↽isΩ↼iFhTψ7▷11↽.oh2↽146↽021ecise↼518ψFg↼↽↽gehh▷lef↼oe↽ifhe↽righnr↼tsh↽qψlahTahe↽▷pcognizeblt↼eΩ↼↼↽↽o↼inf↼nagΩ↽9iψFog↼e5onb↽langu1okva,y↼01pψ↼↽↽o↼f↽f↼nagΩg↼treoh2↽15212y↼↽o↽f↼↽j↼↽r↽iTh▷pcognizeblt↼o↼1f↼lnR↽2↼fΩ16↽7↽↽jψfTψ702↽70Ω↼TRe↼o↽o↽o↼o2ψFoChmp51xiThT↽6o↼T▷ece273rgΩLre↽o↽f↼n2h23r760Ωy↽1oψAψisΩ↼sepsΩ↼ih↽qog↼d4ndig↼i3er306oyfge↽1301↽o↼o↽f↼eenΩgT▷e↼o↽o↽o↼iψ↼↽↽o↼h2↽1818↽0nagΩψ3f↼iultsix↽fth↼b↽413ΩΩ5igdone↼fgus↼po↼h↽▷pcogniz↼po↼efmoroh2↽1404ψy1in↽sms▷8h3In↽↽eΩ2factix↽ahen2a↼↽o5fψchmp51xienagΩiAtren2i4niieshd8inpgheeelg9t↼9ΩTfth↼gTadd5iTahThsubscript↽↽↼to↼h3dist↼pouishRfge↽1301↽o↼o↽f↼eenΩh2↽195ψ3yheeelg9↽hψFsogT↼↽fde32hψFsog135thh2hΩnags589ΩTbufΩ1994ψy3intfgmosnagn2a↼↽thh2hgusedFp↼should5onb↽qΩψFkf↼c0ψ27egψosb↼tf↼4R↽i↼econt4rtext↽291ngu053♮ψAψ↽k3intg↼↽↽ thh2hgontgψchmp51xid1f↼exchmp51xiΩ↼fΩ211b7↽↽f↼nagΩψ5↽hAtrenagn2i1o58h3exth3ding↼ae↼4R↽i↼Ω↽sg↽↼23p↽↽jψ thh8fTfhil↼angog↼dhψF↼fωFoψ↽jψpere↽ftioe↽hgontgΩxchmp51xi↼fΩ21707↽nagb↼↽yieldstf↼4R↽i↼ψF↼fωFoψ↽jψ↽24 p4↼g8exiass↼g↼↽↽oΩ↼o↽f↼eeinindee↽ln↽nd30↼oe↽ig9laamess↼fψnovj↽o↼φaΣ↽pcp↽ F9Ωk↼0p↽↽↼y↽hψBthh77↼neseΩ5gΩxSepsΩ↼i↽gTψ70186↽291ng2229afcor1i617f25a229φafΩ24016 fSg↼0Tk↼0lψFocΩ↽sgfvj↽o↼φc↽30352387ΩyψRFo303Ω8Ω24016 Σ be85gφc5404h↼387ΩyψRg122497524016↽jψωb1523Ωo↼C↽3413ΩΩ5gheeelg9↼↽f nagΩg↼tre↽o fSgn124ψFp↼dsodq↼↽↽o↼o↽f↼nagΩ↽↼tre↽o 1108φSg↼9ψ3ψFp↼dsoeψchmp51xid↽f↼nagΩiAtre↽o↽f↼n.↽194ψ2632j 2hold632ψ0φSg↼7Tk↼0lψFocΩSsgfvjΩop↼4evj↽o↼φFcp↽↽jψFo↼5035261Ω↽pψRFo3052↽pψ632ψ0↽o↼φΣ↽pcφeaφΓgT41841Ω261ΩφcφΓgT41950Ω261Ωe5,32ψ0φc 261Ω515,32ψ0φcφΓgTc56199Ω261ΩφΓgTec512905261Ω515,32ΩφΓgTdc hoo eo↼↽ 176ra85↼♭↽1580Si1▷1↼1ep↼weenψd1m↼in↽499s↼4evjra↽grFog↼e↼n615pψS↽sg↽↼2r↽o↼L4↼m↼in4evj↽o↼φsp↽↽jψFo↼A3pψS↽sg↽↼2↽↽↼ra↽gB↽i↼5Ωvof5eTall0eng↼Lr↼k↼sec2e↽o↼φRp↽↽jψ↽f↼0ψ↼s1hS↽sg2gΩo↼φSfa13↼f↽2ψ0k↼Similar↽ir423k11o↼Tog↼dh1okv▷↽qψFkn↼alfev↽gllo23p↽jψ↽24↽i↼thh7pψψ↼0Rk↼↽↽g▷p53ψ53Ωψe.ψ39ψ3ψ83ψ8Ωnrψ70ER↽16ψRAp45TIONAL3ψ5emtLANGUTE↽1GES↽64OFo↼eb↼7▷↽38ψbeΩINITE↽15Ωb↼5D↽qψFpp↼53f↼fΩ90↼Sp4evj↽o↼φωFoψ↽jψ↽24↽i↼thh716ΩΩ3f↼ip▷n61↽1o↼Tψla16ψ↼TaΩg↼tre↽o↽f↼thfoutg↽g↼ing↽hΩhe↽f↼nagn2a↼osig3equ↽o↼fΩ↼1f↼exiss↼f↽ok↼ckn↼omp51xigψ↽sg↽↼23p↽↽jψ↽24↽i↼thh↽g↼4evjra↽gωFoψ↽jψs↼fΩ148ψy3i24↽i↼thh↽g↼f↼ip▷n6↽291ngu07♮ψAψ↽oFk↼↽no4R↽r5oΩ↽oxamp51tedA↽hψsi↼eriPreeelg9↽hmp51xie↽f↼nagΩiAtre↽o↽f↼↽↼y↽hψT 0lψFo2iynT↼p4↼f3h↼isb↽↽↽Ωhh5mpy13o↼tan↼oe↽ifcase↼↽qfh↼p45on21iff1okv▷↽qψFkn↼alfg15of2hψFsog↽i↼thh2hΩ↼↽↽gege4R↽ih2328012yjFk↼ckn↼omp51xi1224ψFp↼2hψFsog↽i↼thh2fψψlahhe↽o↼o↽f↼eefΩ↼↼↽↽o↼o↽f↼nagΩg↼tre↽o↽f↼n2i↽o↼φRΣ↽pS↼D74Ω↼sec8ψ↼ΓcψFp↼Δ↽Ωb8R311↽e↼2hincide▷sΦ↼7eName↽ir423k9ψ9↽o↼φRpqS↽sg↽↼2↽↽1730,h8↽e♮ΩSR↽ΥeΩ2oe17825ψ8012yjF↼φSg↼7Tk↼0lψFoh23285↼♭↽1580R↽5ΩψS↽sg↽↼2↽↽pψ66φaφΣφb85gφcdb31786d189f D↼fΩy791ψvψ7ψx21g1C↼446ψ324♭↽15sgfvj↽o↼φc↽d9ξ3 30517Ω324♭ 4evjφFcp↽ 790↼303↽ 8evj’Fdp) 9ψ6p303 308ψ5e324♭30951e324♭ 8evj’Fdp) 1767Ω303 3091n4e324♭↼fΩ303↽ 309ψ21e324♭3093ψ28324Ω0φΓgTc5pψFp↼8evj↽o↼φbdp↽↽jψFo↼1483ψ↽ fΩ408 3095t4ro↼↽ intioe to↼h3v↽asyrifyedAbg↼of5hhdh↼e↽o↼φnaingiif9↼5poΩFof2t4↽pΩ52jj↽↽158T34577504k osig3eas▷n nφd n22504k 30867 φb, dR95ψΩ504k nφcor101o1504k 301175Ω525 φb, n301283ψ525 φb, h71375Ω525 φcbr1ω17ψ504k HenceteΞΩhy fΩ629/↼7↽oq1⇁g1580dφa↽ g↼⇁g1580d↽901461Ω4evjgΩSp↼⇁gΩψ↼φcbr1746ψF1Ω↽pψRFo30116↼♭629↽5ΩSp↼4↽▷goFk↼Similar↽ir423k1hψlaf3p↼t↼jthbtaund55Ω733j↽↽158T392ψ713↽ φca↼997561Ω↽pψRFo3010217629↼NeeΩ↽↼φa↽207ψ713 309ψ9Ω733j↼⇁↽dψNotg↼d↼7ψ713↽↽jψ0110125337Ω733j 30243Ω733jgΩSp↼⇁g↼8evj↽o↼φFdpop↼4↽↽5ψcd713↽ 30388Ω733jfΩSp↼⇁↼y↽hψcdgΩSp↼⇁gΩS80b↼↽↽jψFevj↽o↼φFdp↽↽jψFo↼1394Ω713↽ gΩSp↼⇁gj↼↼fc↽pψFp↼8evj↽o↼φFdp↽↽jψFo↼98fΩ713↽↽jψp↼309006↼733j↽↽158b↼gΩSp↼⇁g1580d↽81↼2ψ713↽↽jψ01101250732a733j↽gΩSp↼⇁gΩS80cd↽1546ψ713 1597ψ713 309476r733j↼⇁↽g1580cp↽ 30Ω633ψ733jφbdp↽ 1787ψ713 30790↼733j↽30Ω8125733j CvΣe↼n611↼♭↽it↽houtfhrMoDeg↼ing↽hthh717Ω98ψ7071o↼ckn↼omp51xihnt▷↽qΩψac↽qψFkeAtren2j↼osie34R↽ih2390000↼sm↽o↼r↼leso↼amoamilyF103Ω997↼ψFpflo17↼25♭↽it↽hfhi↼h807ψ98ckn↼ontaunsh↽qog↼d4nemptngu↼s012a↼↽↽gege↽o↼rΩ↼o↼o↼s↼polettr58iS↽sgfvj↽o↼φa↽01oωb15dit↽hof5g↽o↼φa↽c↼0p↽↽↼L↽hψng↼otpψFk↼is1035ψ066↽5ΩS7esu17↼25♭↽it↽hfhi↼h80p↽hAisig324R↽jeΩ↽g↼hf↼stgh0nΩ↽↼co↽o↼a↼↽↽gege↼stgh0n8ckn↼onc↽qψe↼g↽i↼thh8iψ↽sg↽↼23p↽↽kψ↽24↽↽qψe↼o↽oefΩ2↽24FfφωFoψ2hmp51xiTΩ oor(eriPreoiThpere4ro())o(fg4R)i(Ω(f(iultsif))oeie)e(o)ofchmp51xie nagΩh(tre)on,1jAf3p(t(dTft,h(gΩ3ext)ns)i(thhlyFg)i13212y(us)g8o(Tsome(Lthe)ln)g(iorsj3int4r)ere)ftio3dy3intg(SepsΩ(i)fT-4.561ng93(9a)aL2n20Tk(0(Aaingiif9(r)o(L4(ng(othg413ΩΩ5gΩ)ahe)subs)Nwieoutg)hFcf(m(in0y1301of(3)hARecd,h(:b(7eeevi,(exof-5g(1)q(dee)Ωln)nd306oyf(graph)iy)hgFo)jis(fΩ14385ΩS(ff9(ot63Ω1445))ΩRFoA)8914385ΩSjFevj)o(’gFog(e(12463)hAden)resh)qog(d4nmaxim)o(e(())o((Ω(preg(inxthfouth)o(’gF(01pindee)ln)nd30(oe)ieosb(tf(0(AapΩ3(f)20k(Si06oy2o(Tog(dhnmapp(po(qΩS(ff9(ot18218445))jFkAoh2)1466)5ΩSbgdee)ln)ndsj3onlyif))oeieog(de3())o(o)partthfoutg)a(h3d)p)qΩFnd306oy(graph,(h(hfooFkf(cao(a(gen)g(lizoy(itiPreoigxchmp51xi(fΩ1557))f(nagb(iab)langu(s)Nt(po(hΩS(ff9(otd3401562)021o1A0413Ω1557)ΩSjFevj)o(’xp))jFo(e=ig)hf9(ot62801562)021o1A067Ω1557)ΩSjFevj)o(’rFog(e(n61jvof-5f(1,o1f)o(’xpfh.lFoh(4evjra)grF(Σ)pFog(e(nevj)o(’Bga13(fFo861)6pS)sg2ip1260155ΩV(7w13(fC)ln)26pnWp45e21798ext)nddhnt)h(ifnmapp(po(h2)1613))eeo(fchmp51xie)f(nagΩiAtre)o)f(n2iab)lange(s)Nt(po(gj((ff9(ot8b31620))jFkAg91y71613))g(e(nevj)o(’T)724Fp(861)hła=ig)sgop))(ff9(ot161ng9620))jFkAg073371613))g(e(nevj)o(’xpop(4))h5801jFf)o(’xphS)sg2g1580T)724Fsgg)15Ω4Fp(of-5ihd,h(bΩc),T(k(sec8(Γp)8662)1613)V(3w13(fC)ln)261ng9672)paL2njΩg26AΣ)pB)c([)itec8(Γd(L4(ng(otdT413ΩΩ5onbbs)Nswieoutg)hFcf(m(in0y1Ω3012a())gege()Nwf1580T)32[)itec8(Γpi13(C)1672)V6pw13(fC)4ΩΩ3413ΩΩ5g()tgchmp51xid)f(nag2h23r73h(1(tre)o)f(.o43k((e)4rhła(re)o)f()(y)hT)620)1737)021o1A063a2173h(1)inA)2iS)sgfvjΩo(’xpfh.p))(y)hT(33.b(5jkjgooΩ4Fp(Im)qFevj)o(’xp))jFo(hA)77ra)gFog(e(nevj)o(’Ap))jFo(01o!b15ditp(hfoodso(eal.ps(ngu(a)g(ing(isoginΩh2)1789SepsΩ(i)5emt-4.5oFk(Ii)5emtfact,ix)e)h(a31eft,h(gTne(isogaheΩ(g(ing(r(h3d)chmpq0F)isΩ(iFe(outhghFcf(chmp51xie)f(nagΩja(re)o)f()h2)1847j))158T3724Fp(.270pnWp45e214)hAint4r)ere)ftio3h)qog(d4nmapp(po(q(shift)Ω783)8854k)jp(A;B)854k1847j))1posb(tf(2hmp51xiT)f(nagΩiAtre)o)f(n2iatoiTΩh)hmp51xid)f(nag2h23r906(1(tre)o)f()8o(Tfhi(MΩo(Re(g)i(thhsh)qog(d4nsubs)NwΩifoutfhe(nagb()fihi(MΩo(Rhshift)fg4R)i(eim)ginarnge(parttjosb(tdra)gFog(e(nevj)o(’Ap))jFo(h23r964[)(to(ha)gFog(e(nevj)o(’BfaΩ3(f):oh2)j2023))eshift)4f25a030k)jp(A;B)4882023))))jFevjΩo(’T)724Fp(861)h)hA)7h)sgop))(fyFev)gl2)he(58T4)j2:b(7ej1)4ΩS)lIm)qFevjtoh(quan(oe)ig(inerdh1okvof-5ihsome(LΩ3(fma)lange)413ΩΩ5igreplac(isogb)langu(4R)i(e(coo())ors)o(fquan(oe)ig(inerdgΩokvof-5ih)o(r(lFpbginddedu2)48yheeel5emtdeg(ing)hthh7)qłahTshift)479Ω2231k)jp(A;B)545p224[)15o.5oFk(Notes:6pnt)q(shift)897Ω2231k ’xyFog(e(124fvj)h3258Fog(e(nevj)o(’Bga13(fFo(exof-5h(some(era)gxpfh.p))p4632023)V(4pw13(fC)(48B)a030k)jp(A)1a152023Ω)j!b15p1380:2lab2107()1plDue2iatoion21iff(pere)lnertiesh)qłagΩ9)hFsog)i(thh2hgontgchmp51xid)f(nagn2i1neseΩ5f.t25pq0F)isΩ(iFjt-4.6n),5eΩe4R)ih232165eA;B861 42(Tj)he(58f9(ot1786ja8500hj;);)pΩ ;A313!L d4nd861p(0Rk())g.p5a254age:393838Ωp(5439g818Rn(CHAPTEoe8o(T70ER)16b(7.)38b(INFINITE)15Ωb(91ng900hjN):p45158j8instancetege()Nwgev)1b(M)ΩF(Σ)pFog(e(n618o(T)77)o(’a)p76p8)Ω713var07(wge)pΩ854k8)ΩVar07(wgc)108(Td)p1r1s8in0y13012(fΩ148y3a;gfo()Nwee(58T4)j2:b(o=804Ωhy)hc2(f)p1300hj;)10125338e ’T(+)dNotcde495p1300hj; fΩSp(+(Ωo(’b)6on)9300hj;dhor(er(isogpair7dedu3!1(Sp4evj)o(’AΣ)pB)a13(fFo(ΠΩb1o58h32hsiasghnr(tg(8ecf.goFk(SepsΩ(i)5emt-4.312.)f(tr2399“)Finbi)ir423kfTf3p(t(haa)g(ing(ahha(gTnewifnmapp(po(gj((ff9(ot8yy81406b)jp(A;B)942y399j))1posb(tg9)hmp51xie)f(nagΩjAtre)o)f(n2aΩeeo(f())o(f)f(nagΩlab245e“Atre)o)f(n2iab)lang651p25165ΩS(ff9(ot680)h523b)jp(A;B)747275165ΩSonevj)o(’T)724Fp(861)h)hA)7h)(ff9(ot915)h523b)jp(Af944375165ΩSoneshift)h010h523b)jp(A;B)(7guag516Ω5ΩSonevj)o(’T)724Fp(86Fo((b)q(:(anr2624)pRq(Remarke8o(T706.8124ΩΩmbpb48802Fomapp(pos(q(shift)7892631k)jp(A;B)868k(624)pΩFp(d;gh5801f9(ot9882631k)jp(A;B)1067r2624)pR(fma)lange)413ΩΩ5hΩA)hsi(er(isoga58h3basi(Mf(si06oyngog(y(anr2683021m(lofent)keanig3eas.)oΩ)oxpressthh2fła)qog(d4no4R)r5othe)ln)g(i(tr5:34b20432yΩo(’T)4lab2790k)jp(A)530x2783()1lFo42Foshift)63a22791“ΩS)2;((b)i(;A3730)2783()1lnevj)o(’T)724Fp(861r0D)b))(ff9(ot1034Ω2790k)jp(A)1063)2783()1lnevj)o(’T)724Fp(8614124o=)1257Ω2750)5ΩS)=S1)29p2794k)jp(BFog(hc8(ΓpiF7(ng(oth383)2783Ω5ΩS(ff9(ot14)p2760k)jp(A;B)147F783()1lnevj)o(’T)724Fp(861328Ω28!)021Renevj)o(’T)pbgΩo(4024o=)iΩS(ff9(ot636ra8500hj;);)629Ω28!)02)1lnevj)o(’T)724Fp(861r80)hARenevj)o(’T)1089h8490hΩFkAg0717)28!)02+g1580dp) 58Fog(e(nevj)o(’Ap))jFo(fh.pΣ8(Γf(0(Fog(e(nevjΩo(’Bga13(fFo.go2FoMΩΩ6l5emtgen)g(l)ir423k(fΩ2282)paosb(te.t25pq0F)isΩ(iFjΩt-4.11,ix)i)ieosilofent)fq()f)o(iyshift)9p,b289)pRFoA;B)00tjΩ2282)pg(e(neΔ)eΩ2Meoev)onguagepkf)5ΩD((Neg)sg;apbgif)g())geieonlyiegif’Fcp) ⇁g1580ba39g928300hjψFo301013 1▷1↼1ep↼413ΩΩ5onacf↼chmp51xieΩ↽f↼nagΩiAtre↽o↽f↼▷go2ψFo↼e↽↼isψ242↽0oshift↽24↽pψ500hjψ,85728300hjψFo30863ψr ,2holdω861 fT0413Ω500hj;

L(b)i(a)pΩS; (b)i(b)pΩS; 112Fkd!861 ’T+(y ’Fcp) 8ψ224ψyΩSFo3015boldω ,↼b↽i↼a↽pΩS, 332ψ3012yjFoψnevjφT 861 (b)i(a)pΩS; 69 (b)i(a)pΩS; (b)i(a;e)pΩS; 118b73012yjFonevj58d Tj ;(b)i(b)pΩS; 328Ω35([)15o4evj861 fT0466’T b861 62 ’T’Fcp) 724Ω34Ω↼b↽i↼,↽pψx φat684h↼83ψyΩSFo30943ψ3012yjFoψshift↽h036Ω3090hψxL φb afbr1288ψ34Ω♭↽1p↼shift↽24↼b↽i↼,↽pψx7↼ng↼oth128Ω35↼♭↽15oψ4evj↽o↼φT↽724ψFp↼861↽h↽hA ,ng↼ot303↽418♭861 L(b)i(b)pΩS; (b)i(a)pΩS; 112Fk418[861 ’T861 ’T ot32Fk6000hj;58c

’aa59 ’f9(ot17996000hj;)f((b)i(a)pΩS;)g((b)i(;)px)2fb’T 861 fcd ff9(ot155765e“ΩS;)f((b)i(a)pΩS;)g(2)h’T D ff9(ot1557717)pFo1f((b)i(b)pΩS;)g(210)70([)15o4evj861 [ ff9(ot17997750hx)2fb(b)i(a)pΩS; 14861 he bgrh.e(o)oh(f(nagΩ)(tre)o)f(n2i(ar(ae(presero())odRfge)langhg1,o1g)hFse2gΩthe)ln i(tr5)2(fΩ919)5bp4511nnt Cj1f9(r)Cp(861)4(b(7ej1g(0(k8i)sg)(250d(L4(018Ω4Fkva;go(L58Fog(e(nevj)o(’Ap))jFo(cA)7g)hFog(e(nevjΩo(’Ap1196[87)7)021R)2012on)97)j2y(Cp(861)262)10717021o1=)1249Ωe7)j2y(Cj1f9(r)fg)(2))8)o(ng(1tg)g(2))1387Ω10717021o1= Cp(861gA)7g e(nevj)o(’B)a13(fFo(pj!b152046791Ωy’B)432:b(o=8eh1sgop))p(4evj)o(’A0440)1798)021R

C(;245Ω383i(!)o(:go(4364At606)1798)021o1k)6NΩb(7ej1g(0(k8i)sg)(250d(L4(0184Fkva;go(L58Fog(e(nevjΩo(’Ap))jFo(cA)7g)hFog(e(nevjo(’Ap1196[8798)021R)2012onΩ179b7)o(N)o(Ω)262)18027021o1=)1249j179b7)o(j1f9(r)fg)(2))8Ωo(ng(1tg)g(2))1387Ω18027021o1=)1373179b7)o(j1f9(r))p e↼nevj↽o↼φAp1523b1798↽021o1kNΩgngiif9↼r↽ora e↼nevj↽o↼φB↽a13↼fFo↼pjψωb15108↽1862↽ ↼Ne4124ψFsgop↽↽↼fr↽D5 b↼7eΓpi485Ω1862↽Vψ↼4pw13↼fC↽g5801jFf↽o↼φψFog↼e↼nevj↽o↼φC↽jS↽sg♭↼1124ψFp↼m↼in↽499s↼4evjra↽gf9↼ot903↽18692yjFp↼A↽932ar862↽↽jψoψFevj↽o↼φxp↽↽jψFo86Fo↼iA↽7hΩS80ψFog↼e↼nevj↽o↼φB↽a13↼fFo↼pjψωb15106♭1933j↽↽158S↽136ψ8940ΩyjψFkA,C,B 5jkjgh↼L4↼m↼in4evj↽↽↼fr↽qo↼N↽o↼Ωgngiif9↼r↽o↽↽↼fI↽tΩ↼e↼nevj↽o↼φAp↽↽jψFo↼iψFkva,gψi↽o↼φψFog↼e↼nevj↽o↼φC↽dS↽sg♭↼cΩFp↼m↼in↽499s↼4evj↽o↼φr↽qo↼N↽o↼n61jv↽7gψ↽hψψFog↼e↼nevj↽o↼φB↽aΩ3↼fFo↼pjψωb15anr2028↼↽1↼↼e↽↼↽99♭2123↽↽↽↽jψshift↽h93↽F730ΩjFp↼A,B↽259ψ2123↽ Δ515102jΩΩ175♮ΩSR0n,...F↼A045 AA066Fψψ135k φR A′∞′′∃←←∞∋▽‖ ≃R 8e-16Fo(674Ω2204y1(shift)787p21Ωa’R ⊣∈∈′△⊗≃R ⊔∇∈∈∞≃R {{∃⇐≀⊔∞∃∈⊗∈∋∋▽‖⇒|←√⇐A∅B⇒∈▽∃←∈∋∈∀∪∅¬¬¬F⇐A′△∇̸∈∋∀⊗†←R⌉∞‖≃{∃⇐≀⊔▽∋′⇒∈∋∋▽‖ A∋▽▽⊗̸∈∋△′←†⊗S⌊ ≃R A′∞̸′′∈∋△′←†⊗S⌊

△△⌉⊑|≃{∃⇐≀⊔∀△∃′∈△∞⇒′∈∞≀∞A′∀▽∇⌈→a’R ’f9(ot1743Ω2417)021o1A0a’R φf9↼ot1558Ω2417↽0ΩRFoA516↼trdω↽3φR A,B0ag513ΩpψRFo3035ψ385340215oψ4Fo418ψh4924evjraihAA0467r259

44eshift;B tr25340215o4evj’R ≃R ⊣⊣≃R⊣≃R∈≃R ≃{∃⇐≀⊔∞∀√←△⌊̸⇒|←√⇐A∅B⇒∈▽△}⊓∋∃←∈′⊗∈∞∃F≀△∞∀←⟨∄∀ △≃⌊⇐▽D√̸←△⊗̸|F√⇐A∅A∋▽∀←⟨▽⇒′∈⇒∞⌉∞‖ 8evj’f9(ot741p746b)jp(AΩ767p75b7)o(b)20785h746ΩjFp(A08f25a75b7)o(b)2084Ω’R 2 ’f9(ot1053746b)jp(AΩ107F75b7)o(b)20109752746ΩjFp(A007337F75b7)o(b)1(112Fkd7392)1o4evj’R aSjN’Ra SjN’R SjψNφR eb↼7▷↽38ψbeΩINITE 5D55f↼fΩ90↼SΩS↽▷t25ψ20F1p↼3574ψFp↼↼e↽4r2Ωo↼ng14rst1f↼↽↽o↼o↽f↼eeinofm↽80ulρkfTap45on2rivi↽o↼f↽↽24Fo↼4R↽ignt↽h fiΩgngiif9↼4↼he↼58f913p↽↽jψ▷go2ψFo↼e↽↼↽6↽↽j640Ω5ΩS↼ff9↼ot65b↼647↽021o1A0692ψ555↽021↽/00692ψ63h↼1↼∂↽756ψ599Ωy↼Y↽72986900hjψR↽1301ohg �ur�rB�◁4�ϑ�↽�qι0r Coψsu↼MΩo↼Rd↼↽f↽o↼hΩ1hψx↽1725k729gyjψFkkp1769p722↽S↼Coψh↼ifn↽532g7802y/pr↽g↼inx↽98Ω↼outr↽o↼φz↼ψ50g7870hΩSiφnp271k793↽021e↼k↽30fΩ7800hΩShψ.00Ω↽pωk1⇁1p799ψ7802y φz↼877↽7870hΩSiφnp89k↼793↽021e↼k↽927Ω7800hΩShψ.00ψbpωω k1 p↼Δ↽eΩ2Meoψ▷↼2824↼Aeψ7↽o↼symmeteh23839♮↼ric↽j↼1rgume0↽r↼tMΩh↼yields↽f84R↽o↼iqof5g↼some↼f↽o↼φm0834↽8460hΩSiφk↽qiF7↼⇁2↽923Ω839♮jψ↼φ>ψFkm01027↽8460hΩSiφk↽qiF7↼⇁1p9193ψ839♮jψp↼3kfe4R↽re↽f↼exias↼igΩ1hψx↽1427↽8460hΩSiφk↽qiF7↼⇁1p9516Ω839♮jψpζie↼p↼Δ↽eΩ2Meψ1Ωb↼su↼MΩo↼Rg↼4R↽o↼3fΩ897j↽↽ohψy↽55Ω904♭↽15o1k↽qiF7↼⇁1p92fΩ897ΩS↼Chψx↽949Ω904♭↽15o1k↽qiF7↼⇁1p229g897j↽↽ojψ/ k5↼φnψ299Ω904♭↽15o1mki ing CoψWp45e215↼LTcan↽g↼nofentahgpere4ro↼↽↽o↼eeeeMonfoilofeΩnt↼po↼g3reiult1g↼fei↼MΩo↼Rghc0aims↼eee↽o↼j↼ea↼MΩo↼Regf3p↼taklyigΩ↼r↽cognizeblt↼↼fΩ1031gy↼↼↽↽o↼i↽f↼nagΩfψtre↽o↽f↼ejris0e↼r↽cognizeblt▷↼h2Ω1159gyjψqTt25pψr0F↽isΩ↼iFhψψψ17y↽31emb↽h1↽6▷2nψ↼8o↼e↼58T↽kΩ↽sg↽↼↼Γ↽5↽o↽1p↼Δ↽ψΩ2Reoev↽1ψb↼M↽ψF↼Σ↽pψFo↽↽jψFo↼20Ωbmb↽h↽↽qψFke↼aMhψtre↽o↽f↼ehTouteγ↽qψFkn↼↽o↼g↼f↼↽qψac↽q↼gs↽g↼wFkn↼↽klyihψr↽qΩψFkn↼ckn↼okn↼gnize↽q↼ge3↽i1217e↽fbyc13k↼p↽n↼ggm↼ina↽↽qψF1i↼Mgψmorp↽h↼mshΩ5hψf9↼1↽jmb↽hoskn↼om0c↽1p↼Δ↽ψΩ2Meoev↽1ψb↼M↽ψF↼Γψ↽pψFoΩ↽jψFo214emmb↽hin↽ocfp 1Ωb(TR)nsΛbTeeeMonmorp ⌉⇐▽∀{∃⇐∞⇒‖⊗S√⇐{∋√⇐⊔⊣‖↕†⟩⌈⊗←∇⌉⌋≀}\⟩‡≀∫′}∞▽⟨←T⇒⇏←F|←⇔∫∗←⌊T⌉⌉⌉∇⌉⇒}}⌉§⟩⊣∫⇐⟩}⌉⊣⌋⟨⇐↕⟩\‖⇐⇒⇒≀⌈R⌉⇐√⊣⟩∇F⟩⇐\⌉⊑|⊗≀⇐≃∫−←⇒√⌉√⇒⇒|←F≀⇐⇒⟨⇒⟨⇐▽|‖∈′⟨⌉⇐▽∀P⟩∞▽∞∪∞△⌉̸⇒∈∞⟩⇐T⟩∞∃⊗∞△′̸∈†⇒⇒|←△⌉⊑|⇒≀⇐≃S▽∫←⇐⌉⇐∞⟨∈∋∞▽∞∃⇒√⇐∫⊓⇐M⊗≀⇐R⟩}△R⇒≀⇐∀̸′←∞▽∀∋⊗⇒|←⇐{⊓⇐⌈←∞∫}∈′⟨⌉⇐▽∀{∃∈∞⇒∃△←∞▽∌⇒′∈∞∅⇒∞′∞′′√⟩F⇐∞⇒∀△∈←∞▽∀∋⊗⇒|←⇐⇐F⌉⊑|⇒≀⇐≃∫√⇒⇒|←F≀△⌉⊑|⇒≀⇐≃{∃⇐∞⇒∃△←∞▽∌⇒′∈∞∅⇒∞′∞′′√⟩F⇐∞⇒∃∃\⊗∞▽∀∋∪⇒S⇒√⇐F⇒ ≃⌉√⇒ ⇐−{∞▽⟨←T⇒⇐{⊗∞▽̸‖⇒▽∃⊗̸∞∀∃|′∈∞⟩⇐⟩ℜ→⟩̸|∞△′∩|←⇐≃△⇐⟩▽⇒∄▽√∞∞∃∪⇒∞▽∅⇒∞′∞′′√⊗S⇐∞⇒△∈←∞△′∩|←⇐⇐F⌉⊑|⇒≀⇐≃{∃⟩▽⇒∫|←⇐⇐F⌉⊑|⇒≀⇐≃⊓∞∀∋|̸∞△√′∈∞⟩⇐⟩⇒∀▽′⊗∞△′∩|←⇐⇐F≀F≀⇐{S⇒∫}⇒⇐⇐−⟨⌉⇐▽∀{∃∈∞⇒∃∀′←∞∞∃∪⇒∞▽∅⇒∞′∞′′√⊗S⇐∞⇒∞′∈⊗∞△′∩|←⇐⇐F⌉⊑|⇒≀⇐≃∫√⇒⇒|←F≀△⌉⊑|⇒≀⇐≃{∃⇐∞⇒∞∞∋∋←≀∞∃∪⇒∞▽∅⇒∞′∞′′√⊗S⇐∞⇒∞∞∀′←∞△′∩|←⇐⇐F⌉⊑|⇒≀⇐≃⌉√⇒⇒|←F≀F≀⇐∞∈′̸←∞∞∃∪⇒∞▽⟩⇐→⇒⟨∈⊗∞∀∞∪⇒⇒⇒⇐⇐I\⌈⌉⌉⌈⇔M≀\↕∈⊔⊗}⇐F⌉⊑|⇒≀⇐≃⊑⇒⟨∈|̸∞∀∀∩|←F‖⟩⌉∋∋′←∞∀∞⊗⟨S⇒√⇐F≀⇐∋△∃|∞∀∀∩|←F‖⟩ℜ→⟩△∋′←∞∀∞∩|←⇐⇐⌊⇒∋⊗⊗▽≀\⊣⌋⟨\∫⌉∐⊓∋′≀̸†⌉⇐∇{←≀⇐△⇐⟩\}⇒⟨⊗⟨⊗}T{⇐\⊣}∫←}∀∫⊓⇐M⊗≀⇐R}⇐△R⇒≀⇍▽}∞∃∀||⇒|←⟨←{∃⟩▽⇒∫|←⇐⇐F⌉⊑|⇒≀⇐≃⊑√∋⊗̸∞∃∃∈∩|←⟩≃⟩⇒▽′∈∞∃∀||⇒|←≀←△⇒⇒⌉⇐ℑ∫⟨←∞⟨←{∃⟩▽⇒∫|←⇐⇐F⌉⊑|⇒≀⇐≃⊓∞∃′∃⊗∞∃∃∈∩|←⟩≃⟩⇒∃∈∋∈∞∃∀||⇒|←≀←△⇒⇒|T≀{↖▽⟨⟨⌈⇔⟨⇐{⇒≀⇐≃⟩⇐⌈⇐ℜ⌋⟨∞→⇒⇐{⊗∈′∃∃∩|←√⇐S⟩′≀̸†‖⇒≀⇐≃⊓∞⟨⇐▽|‖∈′⟨⌉⇐▽∀{∃⇐∞⇒∈∀′∈′∀∞′⟨⊗S∅⇒∞′∞′′√⊗S⇐∞⇒∋∋△⊗∈′∃∃∩|←√⇐F⌉⊑|⇒≀⇐≃∫√⇒⇒|←F≀△⌉⊑|⇒≀⇐≃{∃⇐∞⇒△△′←∈′∀∞′⟨⊗S∅⇒∞′∞′′√⟩F⇐∞⇒△∀′∈′∃∃∩|←√⇐F⌉⊑|⇒≀⇐≃⌉√⇒⇒|←F≀F≀⇐▽↚∈′∀∞′⟨⊗S⟩⇐→⇒∞̸∞}⊓′∃∃∩|←√⇐△R⇒∇⌉⇒{⇐⌉§⟩⊣∫⇐⟩{⇐⊣M⟩∞∫⌉∐⊓∋′≀̸†{←←↕⊣}\△⇐⟩\}⇒⟨⊗⟨}⇒{⇐\⊣}∫←≀⊗⇐F⌉⊑|⇒≀⇐≃⊒√∃▽∞∞∈⊓∞′′̸⟨⊗SF‖⟩▽∞▽∈△′∈′∃∃∩|←√⇐F⇒∞∞▽△∋⌉⊓∞′′̸⟨⊗SF‖⟩ℜ→⟩∞∉⊗∈′∃∃∩|←∫}⇒⇐⇐−{∞▽√⇐·⇒←⊗∈M⌉∃⇒≀⇐∫⊓⇐M⊗≀⇐R∋∈⊗∈∞▽∀′⟨⇐△R⇒≀⇐⌈⊗∞⟨←⊒⟩∃∞←∈∞|̸|⇒⇒≀⇐′⇒∈′▽|∈∞▽∀∪⇒S⇒|⇐−⌉∋∈▽∀{∃⇐∞⇒∈∀←∈∞△′∪⇒⇕⌊⟨∞∞′∞′′√⊗F⇐∞⇒∋∈▽|∈∞▽∀∪⇒S⇒√⇐F⌉⊑|⇒≀⇐≃∫√⇒⇒|←F≀⇒⟩⇐⇒⇒}⌉⟨⇒≀⇐≃⊒√▽∋∈←∈∞▽̸⊗|←≀∞⟩⇒▽′̸←∈∞▽∀∪⇒S⇒|⇐−⌈∋∈▽∀{∃⇐∞⇒∌∋←∈∞△′∪⇒⇕⌊⟨∞∞′∞′′√⟩F⇐∞⇒∀̸′⊗∈∞▽∀∪⇒S⇒√⇐F⌉⊑|⇒≀⇐≃⌉√⇒⇒|←F≀⇒⟩⇐≀{↖▽}⟨⌈⇔⟨⇐}⇒≀⇐≃⟩⇐⌈←∞∫}⇒⇐∈▽′⟨⊗⇐√⇐∞⊒⟩⊙⊔⊔⟨⇒△∃∪∈∈∋′∈†⇒∞⇒ℑY⇐△△⊓∋∈{⊗′∈∞⟩⇐⟩ℜ→⟩∀\∞∉∈∈⇒S⇐C⇐≃⊓∞∀△∋⊗∈∈∃|′∈∞⟩⇐⟩⇒∀⌉⌈⊓∈∈⇒S⇐C≀←⇒⌉⇐C⇐≃⊓∞{†⇒|←⇒∞′∈∞⇒∈∈∋′∈†⇒∞⇒ℑY⇐⇒′∞⇏⊓∋∈{⊗′∈∞⟩⇐⟩ℜ→⟩∞′∀′∈∈∈⇒S⇐C⇐≃⊒⇒∞∞∈∈⊗∈∈∃|′∈∞⟩⇐⟩⇒∋∞⊗∈△∈||⇒|←≀←¬√△▽∫⌊⇐⊔|TL∈⇕⇕⊣⇒⊗}⌉←↖←↖∞⇎∫↕\⌉⌉⌉√△⇐{⇐⌉§⟩⊣∫}⇐∫⊔∇⟩F⊔↕†⟩{⇐⟩\⌋∇⌉⊣∫⇐√≀⇐≀\∫⌉∐⊓∋′≀̸∫⊒}⇐≀{⇒⟨\⟨\⟩↕⊗⇐⊔⌉}⌉∇∫⇐{←F⇒⇒|⇒≀⇐≃⇕⇒∞▽̸⊗̸∈△∋∈′⟨⊗SF‖⟩⇒∞′̸′∈△∈||⇒|←≀←F≀⇐∞∀̸∃⊗∈△∋∈′⟨⊗SF‖⟩ℜ→⟩∞∞⊗∈△∈||⇒|←≀←⇒∈△F∋∞⊗∈△∀∋′⟨⇐△⌉⊑|⇒⇒⇐{\⇒∃←∈△∃′⊗′∈∞≀∞⟩⇒∃∋∪∈△∀∋∪⇒S⇒√⇐F≀⇐⇒∞∈←∈△∃′′⟨⊗SF‖⟩ℜ→⟩∞∃′←∈△∀∋∪⇒S⇒√⇐{⊔⊔⟨⇒⌈⊗≀⇐≃⇕⇐∋△∈←∈△∃′′⟨⊗S⇐′⇒∋▽←∈△∀∋∪⇒S⇒√⇐ℑ∈}⇒≀⇐≃\⇒△▽⊗̸∈△∃′′⟨⊗S⇐′⇒△∀∃⊗F△∀∋∪ℑ∈} ∫⌉∐⊓∋′≀̸∫⊒{←←↕⊣⟨⇐△⇐⟩\}⇒⟨⊗⟨{T{⇐\⊣}∫←}∀△⌉⊑|⊗∞⟨←§⇒∞←▽′}∈△∃′′⟨⊗SF‖⟩⇐∞∈△̸∪∈△∀∋∪⇒S⇒√⇐F≀⇐⇒∈∀⟨←∈△∃′′⟨⊗SF‖⟩ℜ→⟩∞∋∞̸⊗F△∀∋∪⇒S≃†∞÷∃}⊓△∃′′⟨⊗SF‖⟩⇐∞▽∞′′∈△∀∋∪⇒SF≀⇐⇒▽∈∃⊗F△∃′′⟨⊗SF‖⟩ℜ→⟩∞′̸∀′←△∀∋∪{⊔⊔⟨ ′̸∈⊗∞∄∀′⟨⊗←′∞ ℑ∈⟨⇐∞⇒⇐{⊗∈▽△∈⇒S←∫⊓⇐M⊗≀⇐R⟩}△R⇒≀⇐}T≀{↖▽⟨⟨⌈⇔⟨⇐{⇒≀⇐≃⟩⇐⌈⇐ℜ⌋⟨∞→⇒∇⊗⇐⌉⇐¬⇐F▽←∈▽∃△‖⇒|←⇐{⊒⇐∄⇒′∈′̸∞′⟨⊗S⟩⇐⇕⌉∈∋⊗⊓′̸‖̸⇒⇒⇒⌉⇐⟩⇒△√∈▽∃△⊗†|←⇐≃¬′′←⇒√→⇒≀⇐→⇒{≃⊒⇒∀△′⊓′̸∞′⟨⊗S⟩⇐⇕⌉∀∀⊓′̸‖̸⇒⇒⇒⌉⇐⟩⇒√⇒≀⌊∞⇓∞√∃∋′⊗∈′̸∞′⟨⊗S∅⌉⇐▽∀†⇒∞∞∈∈⊗∈′̸∞⊗|←≀∞⟩ C⇐⊓ C⇐¬′′←→ ⟩∞ ⟩⇓∞√⇐{⊗⊓△▽∩|←√⇐S⟩′≀̸†∞▽⇐LT\⌉⊑|⇒≀⇐≃∫−←⇒√⌉√∞√⇐\∞̸±⇒≀⇐⟨⇐⟩}⇐⇒⊣}\↕⟩\‖⇐⇒⇒≀⌈R{⇐√⊣⟩∇F⟨⇐{∋√⇐⊔⇐}⇐}⌉⊔⊗}⇐⟩\⇒}}√⊣∇⊔⟩⌋⊓↕⊣∇⇒△∀⊗⊓∀▽⇐∪⇒⇒⇒⇐≃{∃⇐∞⇒∇}⇐⌉⇐\⌉⊑|⇒≀⇐≃§⇒▽′̸←∈∀̸′⟨⊗S⇐′⇒▽∃←∈∀▽⇐∪⇒⇒⇒≀←△⇒⇒⌉⇐ℑ∫}⊗≀⇐≃∫⊗⟩⇒≀√⇐⇒⇒}⌉⟨⇐C⇐{∃⇐∞⇒∇}⇐⌉⇐\⌉⊑|⇒≀⇐≃†∞∀⇏∈∀̸′⟨⊗SF‖⟩⌉∀∀∞⊗⊓∀▽⇐∪⇒⇒⇒⇐≃§⇒∃′∃←∈∀̸′⟨⊗SF‖⟩⌉∃∈∈⇒F∀▽⇐∪⇒⇒⇒≀←△⊔⇐⟩†⇒√≀{↖▽}⟨⌈⇔⟨⇐}⇐∞⇒⌉⊗⇐∫}⇒⇐∈△⇐}⇒≀⇐≃⟩⇐{⇐ℜ⌋⟨∞→⇒√←←⇐′R‖⇐⇒⇒}↙√∀̸√∀̸⊣}⌉¬←∋∃←∋←∀∋←∀⊗√⇐∀̸∋∃}∀←∞∀R\⇐CHAPTE≀⌉←∀≀⇐T′ER⇒∞↚⌊⇐↙⇒∋∀←⌊⇐INFINITE⇒∞▽⊗⌊⇐⇐{⊗∃′∪⇒⇒⇒√⇐S⟩′≀̸†⌉←∞⌈⇐∋⇒∞∃▽⇒∃⇒′∈∞≀∞I⇒∈∞▽‖∃′′∈⊗⌊⇐⇐F⌉⊑|⇒≀⇐≃{∃⇐∞⇒∇⇐−←⇒√{∃⇐∞⇒∇⇒⇒|←F≀⇐⇒∋←⌊←≀▽∀⟨∋⇒⊣}\⇕≀∇√⇒⟨⇐⇕⇔⇒⌉⊗⇐⌈⇐∋⇒′△⇒∃⇒′∈∞≀∞I⇒∈△←∃′∩|←⇐⇐F⌉⊑|⇒≀⇐≃{∃⇐∞⇒∇⇐−⌋√{∃⇐∞⇒∇⇒⇒|←F≀△⌉⊑|⊗∞⟨←⊑√∀∃⇒∃→⇐F≀⇐÷←⇐ℑ⇒}⌉⇐⌈⇐∋⇒∞∈▽⇏∃⇒′∈∞≀∞I⇒∞∈′̸∃′∩|←⇐⇐F⌉⊑|⇒≀⇐≃{∃⇐∞⇒∇⇐−⊗⇒√{∃⇐∞⇒∇⇒⇒|←F≀\⌉⊑|→∞\⌉⊑|