17 STRUCTURE MATCHING AND TRANSFORMATION WITH DISTRIBUTED REPRESENTATIONS

Tony A. Plate

School of Mathematical and Computing Sciences Victoria University of Wellington

1 INTRODUCTION

To appear in Connectionist-Symbolic Integration, Ed. R. Sun and F. Alexandre, Lawrence Erlbaum Associates, 1997.

One of the barriers to integrating connectionist and symbolic computation is the difficulty of representing recursive structure in a distributed fashion. 4) discusses this problem and proposes a framework in which “reduced descriptions” are used to represent parts and wholes in a part-whole hierarchy. Hinton’s framework requires that a number of vectors, each a part and together forming a whole, be compressed (reduced) into a single vector of the same dimension as the original vectors. This reduced vector can in turn be used as a part in the representation of some greater whole. The reduction must be reversible so that one can move in both directions in a part-whole hierarchy, i.e., reduce a set of vectors to a single vector (a whole to a part), and expand a single vector to a set of vectors (a part to a whole). In this way, compositional structure can be represented. For reduced descriptions to be truly useful they should be systematically related to their components, so that information about the components can be gleaned from the reduced description without requiring its expansion. It is this property that distinguishes reduced descriptions from pointer-based methods for representing recursive structure, in which the pointer is the “reduced description” but is arbitrary and is unrelated to the components of the object it points to.

Holographic Reduced Representations (HRRs) (10) provide an implementation of Hinton’s reduced descriptions. In HRRs, circular convolutions are used to construct associations of vectors. These representations of associations differ from those produced by the more familiar outer-product associative operator

(as in Smolensky’s (14) Tensor products) in that they are vectors of the same dimensionality as the vectors participating in the associations. This allows the easy construction of representations of objects with recursive structure. HRRs inherit many of the attractive properties of distributed representations of objects, including the ability to represent similar objects by similar representations. In fact, if the objects in two HRRs have similar representations, then the two HRRs will be similar, and the similarity will further depend on the similarity of the structural arrangement of the objects. The most interesting properties of HRRs are related to structural operations that can be performed without unpacking – matching and transformation are described in this chapter.

The next section of this chapter gives a brief overview of HRRs. For more details, consult 10) or 9). The third section gives an example of structure matching with HRRs: obtaining fast estimates of the analogical similarity of structured objects. The fourth section describes how HRRs can be transformed structurally without unpacking. The final section compares HRRs to other connectionist representations for complex structure and discuss some general issues.

2 HOLOGRAPHIC REDUCED REPRESENTATIONS

HRRs are a distributed representation for recursive propositional (or framelike) structures. Objects, predicate labels, and roles are represented by ndimensional vectors of real numbers. Instantiated propositions are encoded as the sum of role-filler bindings. A binding is the circular convolution (denoted

by ~) of a role and a filler. The circular convolution of two n-dimensional

vectors x^1 and y (z = x ~ y) is n-dimensional and has elements

z_i = n−1X_{k=0 xkyj−k} where subscripts are modulo-n. Circular convolution can be considered as a multiplication operation for vectors, and has algebraic properties in common with scalar and with matrix multiplication: it is associative, commutative, distributive over addition, an identity vector exists, and most vectors have inverses. Circular convolution can also be computed efficiently via the Fast Fourier Transform in O(nlogn) time (see 12) for algorithms).

1Bold-face names, e.g., x are used for vectors.

For example, a simple propositional representation of “Spot bit Jane” is

P_{bite} = ⟨bite + bite_{agt} ~ spot + bite_{obj} ~ jane⟩,

where bite is a predicate label, bite_{agt} and bite_{obj} are roles, and jane and spot are fillers. The angle brackets ⟨·⟩ indicate that the vector is normalized to have a Euclidean length of one. Bindings do not get confused when added together: bite_{agt} ~spot+bite_{obj} ~jane is quite distinct from bite_{agt} ~jane+ bite_{obj} ~ spot. Even though some components are associations (the bindings) and some are objects (the predicate label), they are all n-dimensional vectors and can be superimposed straightforwardly. Thus, P_{bite}, the representation for the entire proposition, is also an n-dimensional vector. This makes it simple to use propositions as fillers for roles in other propositions. For example, in the proposition for “Spot bit Jane, which caused Jane to run away from Spot.” (P_{cause}, below), P_{bite} fills the antecedent role of the top-level cause proposition:

P_{bite} = ⟨bite + bite_{agt} ~ spot + bite_{obj} ~ jane⟩ P_{flee} = ⟨flee + flee_{agt} ~ jane + flee_{from} ~ spot⟩ P_{objects} = ⟨jane + spot⟩ P_{cause} = ⟨cause + P_{objects} + P_{bite} + P_{flee} + cause_{antc} ~ P_{bite} + cause_{cnsq} ~ P_{flee}⟩

The unbound representations for the objects (P_{objects}) and lower-level HRRs (P_{bite} + P_{flee}) are included in P_{cause} in order to make the representation for a proposition have some similarity to those objects and other propositions composed of those objects; these components are not necessary for the representation of the structure.

Bindings can be decoded by convolving with the approximate inverse^2 of the role (or filler) vector. For example, the filler in bite_{agt} ~ spot can be found by convolving it with bite^∗_{agt} (x^∗ denotes the approximate inverse of x). The result is a noisy version of spot, which must be cleaned up using some sort of autoassociative memory in which the possible fillers have been stored. This clean-up memory must perform closest-match retrieval and must store all vectors, both objects and structures, which can result from decoding a HRR in the system.

2The exact inverse of a vector under convolution usually exists, but is numerically unstable except under certain conditions. Thus it is usually preferable to use the approximate inverse.

When multiple bindings are superimposed, as in P_{bite}, the other bindings do not interfere with the decoding other than by making it more noisy. The approximate inverse of a vector under convolution is simple to compute: it is a permutation of elements: x^∗_i = x_{n−i}, where subscripts are modulo-n (this is equivalent to reversal of the elements followed by rotation by one position). Thus, like binding, decoding (without cleanup) can be computed in O(n log n) time.

As a binding operation, convolution has two very useful properties: it is randomizing and similarity preserving. Convolving a role and a filler effectively randomizes with respect to the role and the filler: the binding will not be similar to either the role or the filler (except in special cases). On the other hand, convolution preserves similarity between bindings with similar components: if jane is similar to fred then jane ~ role will be similar to fred ~ role to approximately the same degree.

The distributed representations for the base-level components, i.e., objects, roles, and labels, are based on random vectors of independently distributed elements with mean zero and variance 1/n. Representations of similar entities (e.g., jane and fred) are composed of a base type (person) and unique random identifying vectors (id_{jane} and id_{fred}):

jane = ⟨person + id_{jane}⟩ fred = ⟨person + id_{fred}⟩.

The mixing proportions of the various components can be changed to make objects of the same type more or less similar.

HRRs require high-dimensional vectors to work well – even small toy problems require vectors with 512 or 1, 024 elements.^3 However, this is not as much of a drawback as it might seem, for two reasons. One reason is that the scaling is very good, thus larger problems do not require much higher dimensionality – tens or hundreds or thousands of objects can be represented using vectors with 2, 048 or 4, 192 elements. The other reason is that the HRR construction and decoding operations are very fast: binding and decoding can be computed in O(n log n) time. Clean-up (i.e., finding the closest matching vector in memory) is the only slow operation, but is highly amenable to parallel implementation.

3Vectors here have dimensions which are powers of 2 only because this makes FFT implementation of convolution simple and efficient.

3 ESTIMATING ANALOGICAL SIMILARITY VIA DOT PRODUCTS OF HRRS

The superficial features of HRRs can reflect their structural composition: if the entities in structures are similar, then the HRRs are similar to the degree that their structures are similar. This allows the estimation of degree of structural match by the dot product of vectors (HRRs). The sensitivity of this representation to various aspects of structural similarity is illustrated using the examples shown in Table 1. These examples are elaborations on an example in 16). The episodes E1–E5 have different degrees of similarity to the probe on attributes (first-order features), role alignment, and higher-order structure.

Probe: Spot bit Jane, causing Jane to flee from Spot. Average dot product with probe Episodes for comparison: Expt1 Expt2 Expt3 E1 LS Fido bit John, causing John to flee from Fido. 0.70 0.63 0.81 E2 AN^{cm} Fred bit Rover, causing Rover to flee from Fred. 0.47 0.47 0.69 E3 AN Felix bit Mort, causing Mort to flee from Felix. 0.39 0.39 0.61 E4 SF John fled from Fido, causing Fido to bite John. 0.47 0.44 0.53 E5 FOR Mort bit Felix, causing Mort to flee from Felix. 0.39 0.39 0.39

Table 1 Results of Experiments 1, 2 and 3.

In these episodes Jane, John, and Fred are people; Spot, Fido and Rover are dogs; Felix is a cat; and Mort is a mouse. All of these are objects, represented by token vectors. Tokens of the same type are considered to be similar to each other, but not to tokens of other types. Bite, flee, and cause are relations (i.e., propositions). The argument structure of the cause relation, and the patterns in which objects fill multiple roles constitutes the higher-order structure.

The second column classifies the relationship between each episode and the probe using Gentner et al.’s (3) types of similarity: LS (Literal Similarity) shares relations, object features, and higher-order structure; AN (Analogy, also called True Analogy) shares relations and higher-order structure, but not object features; SF (Surface Feature Similarity, also called Mere Appearance) shares relations and object features, but not higher-order structure; FOR (First-Order Relations or False Analogy) shares relations only. AN^{cm} denotes a cross-mapped analogy – it involves the same types of objects as the probe, but the types of corresponding objects are swapped.

The figures shown in Table 1 are the averages over 100 runs, where each run involves a different choice of the random base vectors, and all vectors have 2, 048 elements. The standard deviations of the dot products range from 0.016 to 0.025.

The results for Experiment 1 were obtained with the HRRs constructed as described in Section 2. The literally similar episode E1, which is both structurally isomorphic and attributionally similar to the probe, receives the highest score. The superficially similar episode E4 involves the same predicates and objects as the literally similar episode E1, but the higher order structure of E4 does not match the probe, and it scores lower. The cross-mapped analogous episode E2 is structurally isomorphic to the probe. However, the types (dog, person, etc.) of corresponding fillers are swapped, which prevents the structural similarity from influencing the dot product, and thus the cross-mapped analogous episode E2 scores the same as the superficially similar E4, which is not structurally isomorphic to the probe. The analogous episode E3 is also structurally isomorphic to the probe, but none of the objects are similar. Consequently, its structural similarity also does not influence the dot product, and it scores the same as E5 which only shares relations (and not structure or objects) with the probe.

The superficially similar episode E4 is attributionally more similar to the probe than the analogous episode E3 since both E4 and the probe involve “dog bites person.” However, the role alignment of E4 and the probe is worse: in both E3 and the probe the bitee flees, but in E4 the biter flees. The representation as described so far is not sensitive to role alignment, so the superficially similar E4 achieves a higher score.

3.1 Filler Contextualization (Experiments 2

and 3)

One way to make role structure a surface feature, and thus allow judgement of role alignment by dot-product comparison, is to contextualize the representations of fillers. This can be done by incorporating components in the representation of a filler that indicate what other roles it is involved in. This can be viewed as conceptualizing Jane in the probe as a person who flees (a fleer) and fon orsi(the)g(ectors)h(in)h(whic)ison,(thisb)r(e)he c(h)21b(ees)he Δi6b(4iFq(Eject)498er-or)4lers.24o

Ft(lf(24)fΩtokenb(equivue2b(Thn(h)f(c)n(ts)h(if82924y(pro(king.)683b(it)d(po)r(de(erator)189765326y(5)peopΩ77Ω7666Ω65bop49810(duct)h(co)5b(Ths)32b(can)i)f(are)g(enc(ectorsob)rb(of)h(xed(Ft(lf(24)pFq(E4)oFt(,)h(whic)n)g(ustuno)Ωn(x(only)f(b)rΩg(rolesgΩ(isey)fh)g(run)498ofb(4iy)hg(can)h(imphe)h(cstruch(noth(cre)e(des,)i(anh(it)d(pFt(and)g(the)g(pfic)n(h)e(iedeco)r(tion)gmapp)rgainF)-7Ωb((ws)498(Jane,)h(whicsey)fgng(can)h(allprob)r(e)ogous)eectiois)h(o(consitions)f(h)n(usstanaresandoon)pectorFt(in)g(orderalte(prob)r016)498hsstascon(inΓf5ctors)(to))i(role)e(aligpFt(025.)498IionsFt(ing(arbio)n(w)gf(and)g(the)h())i(r)r(e)h)r(hn)j(of)g(cΩin)n(v)n(oects)38bither)g(thn(w)n(es.)3-7b(,(of)u(c)us)h(normalΩthe)498o)n(w11y(is)2ble6ΩbF(none)f(of)g(the)h()f)26ΩbFitd)25b((tecee)37fh)r(hn)j(of)g(cin)n(v)n(odlving)fΩ(witg)g(thn(w3Ω().)35b(T(,(of)u(c))eΩ(that)498487y(rob(and)g(ob)53y(not)gd)g(as)f(ihe)g(cirk)n(e)f)r(hnde.e.,)enco)r(d1)h(are)f(ar(the)hFq(other)g(ze)fΩFb(and)g(ob)53ects)27Ωemen7Ωtor.)34b(F)uctural)498or)24b(e2jects;))fT(,(of)u(c))results)or)gΩ(“SΩ)f(HRR)h(inhFt(+)fFqhFq(hares)g()hΩ(Mortb)r(e)h(represen)ts)21bbFh(g()m)u(c))317CTION22353260yrΩb(jects)49(E3)26Ωblen)n(he)en c cts ibFt(+)gfFq(hares)g()fhhnmilar repreesenc

nE∋ ⌉∫ T√⊓∇\⌈ √∇≀√{▽⌋⊔≀∇∫←⌊⇐⇐⊔⌉⌋⌉⌉⇒∋\⇒↕⇐⊔⌉§⊔⊓⊣⇔√∇≀⌊⇒∇⇐⌉⇒\⊔ ⌉⌋⊔≀∇∫ ⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\⟨⊗\ ⊔⟨↚⌊⇐T⟨⌉⇒△∃∀ ⟩∫ ⊣∇⌉⇐\≀⟩∫††←F⊑⇐∞\⌊↕⌉\⇒\⇐⟨⌉⇒⇔⇒⟨⇐⊣≀{⇒{⇐E§√⇒∇⇐⌉∇⟩⇕⌉\←†⇐⊣∫⇒⌈⇐⌈⌉∫⌋∇}≀∇∫⇒∈∈←⌊⇒⇐⊔≀⇒⟨⊗ ⌋ ⟩∫ ⌋≀\⊑\⇐⊔⟨⌉ √∇∃←⌊⇐⊣\⌈⇒⌉⇐{⌉⊣⊔⊓∇⌉⇔⇒⟨⇐⇒\⇐†√∞∈∋′⊗†⇐⊣√√∇≀⇒\⌈⊣⊔⌉⇒∈∃←⌊⇐⟩\⇒\⇐⊑⟨⊗⊣⊔⟩≀\∫⇒}⇐≀{⇒∇≀←⌊⇐⌉§⊣∃∈△←†⇐←†←F⊔⇐}⇐⇒⇕⇒⊓⇐⌋⇒⇒∋′⇒√←△∞′∈←△∈←∋∋∀△←†∇∈←⌊∋∫≀\⇔ ⇓ ⟩{≀{ ⟩\ 2

c

n3011y1906b(if)498d + 2(fred)26bFr(+)fFq(392Ω(2)12281300y(392l(341015Ω1711yFlt)4(if)498d)truclers.)36tionist represen ~jent cΩly roles , ne w3522a b5b(comp)r(015ctog(ze)fΩΩ(of)29b(corren(odlb)r(e)i(deci)g(the)h()struc-)Ω498–b)r(ef(from)gFq(fred)26bFrr:)iFq(ogou885961300yFq(oΩ2541863Ω2886y1caus5f)498d)(th6(ject(ne)26b(w35e(those)g(pro)hnfusedΩed)g(of+)gh886arrangemeiimenyr(e)i(de.Fi(16).)36bther)498Ω26of)u(c)us)h(nory(rol(the)h()f)ation)f(irs)g(tei(it)g(els,)ky(thi5ctog()j(of)u(c)fdicates)l(the)h()f)tions tei(it)g(tructures)t(lf(24)5b(its)49(E3)26Ωb653so652410Ω32p5yyFoo652Ωk)2079169ixs(;)1ersohi(n)pFt(lf(24)q(bi270)830Ω392)Fp(its)49(E3)trucn(ts,)g(sohn(he),)h(aof)fceesen a Euflidean liingui(co(x)pFt().)34b(T(,(of)u(c)us)h(normal(the)498Ω(thlen)nseem,)hh(to)g(the)h(pgs)f(,)(HRRs)g(conss)f(not)n(ts)g(fs:)6b)r(e97874Ω3123763316359613037633d)227032in)gΩy77(e972602999Ω2(fres(¡5b(jbFh(h)pFq(bite)18bFt(+)gF63DUCE09863Ω2886y7jects97874Ωd)26bFs(O)1on)43bop874Ωm(qFΩ195943bop82eas791195943b978abFt9yFhi(n)pFt(lf(24)2152Ω3172270332)21523d)2272p52(es(e97874Ω31(~)gFq(sp)s(ots)t(lf(24)25.)4CE09863Ω28p525n)43b97874Ω31(g()m)u(c))2)pFCE09863Ω2860yd5yFi(n)pFn(3011y321343b97874ΩFs(n)114ause))49818bFt(+)gF3caus39 b E3 Pn~ jane c(a ⃗ jane the127032in ce(fre56)99729(n)114ause + 3(cns761015Ω1711y154ause)5494Ωd O ~ spot lf(24)2312ns761015Ω17p5235 P0▷0FψarcψstψnFψh4↼3itoppl720▷0Fq↼P0▷0FψarcψstψnFψ22n↽Ωt0618720▷0Fq↼P0▷0FψarcψstψnFψ130bit4586720▷0Fq↼P0▷0FΩarcψstψnFψ1t↽bit4586720▷0Fq↼P0▷0FψarcψstψnFψ160bit458Ω720▷0Fq↼P0▷0FψarcψstψnFψ12134t4586720▷0Fq↼P0▷0FψarcψstΩnFψ88bit4286720▷0Fq↼P0▷0FψarcψstψnFψ94bit4286720▷0Fq↼P0▷0FΩarcψstψnFψ2e↽4te286720▷0Fq↼P0▷0FψarcψstψnFψ268bite28Ω720▷0Fq↼P0▷0FψarcψstψnFψ27735gt↽86720▷0Fq↼P0▷0FψarcψstΩnFψ2e↽↽4gt↽86720▷0Fq↼P0▷0FψarcψstψnFψ2s↼3it7518720▷0FΩ↼P0▷0FψarcψstψnFψ274bit7586720▷0Fq↼P0▷0Fψarcψstψ6ψsetle↽fwidthΩ148bit41biat↼⇁↽gψF609it422496Ωc4thesψFi↼o1bit41bi15Ω17↼⇁↽fψFq↼52bite22496Ωc404ψyψ7735g41bi15Ω17↼⇁↽fψFq↼8n↽4t422496Ωc411ψyψpΩnFψ160bite286b↼el9020▷0Fq↼P0▷0Fψellipseψstψ160bite4↽Ωabψ3218ψyψ37sr↽gΩ↼♮208↽it0s↽49866ψyψF22q↼bie↽2496Ωc484ψyψpΩnFψh2134te286b↼el9020▷0Fq↼P0▷0FψellipseψstψnFψ25p7ψb428Ω↼ew↽9020▷0Fq↼P0▷0FψellipseψstψnFψ280bite286b↼el9020▷0FΩ↼P0▷0FψellipseψstψnFψ1e▷8it4286↼ew↽9020▷0Fq↼P0▷0FψellipseΩstψnFψ24134te286b↼el9020▷0Fq↼P0▷0Fψellipseψstψ11↽↽4g413Ωabψ32↼⇁↽gψF309it422496Ωc404ψyψ14bit44bi15Ω17↼⇁↽fψFqpΩ26ψsetle↽fwidthψnFψh54bit7586720▷0Fq↼P0▷0FψarcψstψnpΩ11↽↽4gt↽86720▷0Fq↼P0▷0FψarcψstψnFψ148bite286720▷0Fq↼P0▷0FΩarcψstψnFψ10↽4te286720▷0Fq↼P0▷0FψarcψstψnFψ15724gt↽8Ω720▷0Fq↼P0▷0FψarcψstψnFψ115bit7586720▷0Fq↼P0▷0FψarcψstΩnFψ24↽2it4588720▷0Fq↼P0▷0FψarcψstψnFψ205bit4286720▷0FΩ↼P0▷0FψarcψstψnFψ2s↼3it4586720▷0Fq↼P0▷0FψarcψstψnFψ27↽2Ωt4586720▷0Fq↼P0▷0FψarcψstψnFψ2↽3bit4586720▷0Fq↼P0▷0FΩarcψstψnFψ211bit4286720▷0Fq↼P0▷0Fψarcψstψ1d↽242▷329aΩtjtFi2ψb↼↼ariance717ψb↼1↽Ω4252ψy5ψb↼jen↽n↼tainFoo↽r↼defΩtjt↼⇁↽3i↼a2042532ψe866ψyψF2ψFp↼2▷32997ψk↼▷example2042ψt↼NoψyΩF8ects,↼sohn↽↽25ψbnogiv↽j↼of↽u↼c↽n↽l↼textuan↼c↽n↼ts↽h↼io↽g↼theΩ↽g↼pfiψ4111ψ↽j↼of↽u↼c↽n↽l↼textuan↼c↽n↼ts↽h↼i4f↼from↽Ω98ψ2127ψy↼episkectf↼for↽g↼Exp↽r↼erifs↽φs↽f↼g↼of↽g↼t↼y↽gΩ↼mrties↽onot↽gg↼dot↽g↼pro↽f↽ation↽f↼if↽h↼thegcts↽30fused↽gn9ψbψFt↼tm↽Ω98↽j↼of↽u↼c↽n↽l↼textuan22↼elix↽28uare↽c↼ate↽hstoprob↽r↼e▷is5ψb↼jeiimen↼only↽f↼b↽rgn↼he↽en↽j↼of↽u↼c↽n↽l↼tenc↼eψyrd↼pψF4llers↽h↼i4f↼fr592498ψ2127ψy↼epis3ψψecot↽g↽r↼einot↽24ψb↼me↼erit↽g↼heψyrd↼pfΩψectors,↽↽fTun↽j↼of↽u↼c↽n↽l↼tencd↽g↼the↽g↼prduct↽gt↼nd↽gΩ↼iv↽n↼er↽fΩ2692498ψller↽g↼eαectiit↼gneen↽j↼ψFg↼SW↽↽25ircular↽34ψu↼c↽n↽l↼textuanΩec↽n↼ts↽h↼io↽g↼the↽g↼pfictf↼for↽g↼Exp↽r↼eri1ψy↼a↼ts↽h↼i4f↼Ω2792498g↼the↽g↼crossma11ψy↼i6ψyψFt↼so↽r↼de↽p↼E3↽trucψFt↼↽i↼whiutio↽Ωlosest↽f↼matcirk↽n↼ehΩ↼role↽f↼alig↽gcther↽eΩ↼oree↽f↼on↽h↼atribute9↽498se↽30Ωb↼Similarit↽n↼yψy↼ro↼only↽omy↽f↼snally↽f↼more↽f↼giv↽n↼e↽t↼and↽h↼the↽g↼prob↽an↼ts↽h↼io↽y↼The↽d↼sup↽r↼erβcially↽e↼so↽r↼de↽hψFq↼E4h↽g↼th9↽498ψFt↼↽i↼wciutioesnally↼e↽f↼on↽h↼a↽hctural↽j↼similarrit↽n↼y11ψy↼ture↽k↼nosest↽f↼matcirk↽n↼efi↼role↽e↼aligpψw3Ω↼L↼us↽fwisb↼examp3091498Ω348d↼also↽fΩ↼struc4cially↽e↼so↽r↼d3ψFq↼ja↽nΩ↼y↽g↼only↽omy↽f↼snallyh↽g↼are↽f↼similψFt↼and↽h↼the↽g↼pers↽hs↽32ψb↼ca2ψb↼b↽r↼o19↽498Ω348f↽g↼the↽g↼sup↽r↼erβcially↽f↼so↽r↼de↽gΩFq↼ture↽h↼↽n↼yf↼F↽7g↼i6ψyψFt↼dpψFt↼ı↽pψFs↼/netatio↽2496Ω396234ψyψFv↼Wh↽lnd↽g6ψb↼On↽26ψΩ↼the↽Df↼is↽P↼dototproersR↼can↽f↼rsΩ↼ts↽36↽240↼S2725ψy↼striure↽30Ωb↼Silnd↽g↼bΩ387↽498ψ1529ψyirculΩ↼th↽g↼used↽↽n↼es↽2426Ωy↼episn↽n↼ts↽g↼can↽hΩ↽h↼aandc↽n↼hanged↽g↼o↽g↼tei↼it↽g↼elsgψy↼the↽i↼ss↽gular↽g↼con↽n↼v↽n↼↼score7↽49gg↼dot↽g↼pro▷ss↽d▷↽33Ωb↼Th↽f↼↽↽g↼is↽i↼illu↽f↼12↽↽ψFrin↽g↽24↼991766ψ3766ψyψF19078re7↽496ψ3754ψyψFi2ψb↼↼gble↽24lers▷↽s↽34ψb↼T↼↼of↽g↼con↽n↼v↽n↼olg↼dot↽g↼pro↽↼i▷e▷79Ω98↽j↼of↽ur↽f↼Resultr↼e↽hused↽nallyh↽ψ1629ψy↼en↽nγee↽hf↽29ψb↼correutΩimilψFt↼anh31ψb↼a↽g↼bin↽n↼tainFo↼ecthierarct↽f↼mcstructΩ4178498ψ441◁l↼the↽h↼↽n↽n↼tpaths55ψyψψ4120ψ↽r↼e↽ogous↽e↼ep▷↽67ilar▷↽3e↽e↼4609ψy↼6n↼ens↽25ψb↼of↽1ψb↼a↽g↼bin↽n↼tainFof4gures↽es↽n↼y↽g↼7185ng↼cao↼it1↽whdone↽g↼↼with↽h↼ties↽ono6ψb↼dot↽f↼proh↽g↼can↽f↼rserorder↽eΩ↼↼ositse↽30Ωb↼Similafψectors,↽↽fT↽33ψb↼cn↽g↼b↽r37101ens↽dg↼with↽h↼sig↼the↽g↼ob↽5ψb↼jectno↽hnfuimilafψeton↼this↼alsoTunreli↼T↽7eg↼that↽gary↽f↽n↼ts↽h↼ised↽↽bψb↼cnof↽f↼onT↽f↼t↽ng↼b↽r47101et.↽45ψb↼b7↼jen↽n↼tainFo↼ectar↽35ψb↼con↽n↼v↽n↼olg↼dot↽g↼proβllally↽f↼more↽f↼siife↽h↼↽n↼yψ1629ψy↼en↽n↼c↽n↼ts↽h↼↽g↼r↽n↼er↽fΩ457101eb↼are↽f↼s7rving▷↽36Ωb↼Consequen↽n↼tly44Ωb↼if↽2ev↽n↼elg↼seem↽h↼for↽f↼t↽nΩ↼e2668ψy↼Episo↽ally↽f↼more↽f↼siife↽h↼↽y↽hectors↽f↼ha↽n↼vΩ46e↽498↼more↽f↼7Ωb↼the↽27ψb↼hen↽n↼tainFtructur8e↽49829ψyillerh↼tiesfns↽25ons↽g↼un↽j↼of↽u↼c↽n↽l↼tence8ψ4418ψy↼proψFi2ψb↼↼gbl↼earannding↽g↼is↽↽g↼tei↼it↽g↼elsfky↼thi5ctotOrdee↽498he↽27ψb↼bin↽n↼tainFofΩectar↽nfceesen↽↽ons↼γeer↽f↼me↽31t↽r↼os6↼jecr▷↽34ψb↼F↽ob↽r↼or↽24ψb↼eors,↽↽fTri↼it↽g↼k↼and↼erator↽189785326ψy↼5↽pψeopΩ9ψ9Ω9ψ8ψ6ψ6Ω6ψsetle↽fwidthψ80tu↼e1↽4a6ψ376j↼of↽u↼c↽↽1051Ω2022496Ωc460ψyψd5ψyψbi↼n↽pψFn↼c411ψyψ146tura0bi15Ω176j↼of↽u↼c↽↽1711Ω1812496Ωc460ψyψyr2td↽22↼e1↽415Ω176j↼of↽u↼c↽↽246242▷↽3055ψc2in↽gψb287tura0bi15Ω176j↼of↽u↼c↽↽311bit812496Ωc484ψyr2pΩnFψh54bit77Fp↼20ψ10520▷0Fq↼P0▷0FψellipseψstψnFψ2952it77FΩ↼20ψ10520▷0Fq↼P0▷0FψellipseψstψnFψ2es↽4198bi450ψ10520▷0FΩ↼P0▷0Fψellipseψstψ26ψsetle↽fwidthψnFψ2952it7286720▷0FΩ↼P0▷0Fψarcψstψ6ψsetle↽fwidthψh963u↼e1↽4a6ψ3718ψyψpψnpΩ21722t87tu912172220↽pψliψstψnFψ22022t87tu912202220↽pΩliψstψ26ψsetle↽fwidthψnFψ2e↽4t9ppl720▷0Fq↼P0▷0FψarcΩstψnFψ223↽4t9ppl720▷0Fq↼P0▷0FψarcψstψnFψ208↽it9ppl720▷0FΩ↼P0▷0FψarcψstψnFψ214bit9ppl720▷0Fq↼P0▷0FψarcψstψnFψ19m↽Ωt9ppl720▷0Fq↼P0▷0Fψarcψstψ6ψsetle↽fwidthψnFψ22022t↼jecaψ208↽it9pplliψstψnFψ22n↽itu885aψ214bit9pplliψstψnFψ2s↼3Ωtu885aψ223↽4t9pplliψstψnFψ241↽itu885aψ2e↽4t9pplliψstΩnFψ22022t0918aa2↽32itu885liψte9bite286liψstψ119tura0bΩa718ψyψpψnpit4224gt618aag4224g87tuliψstψnFψg4↼3it661Ω9114↼3it87tuliψstψ26ψsetle↽fwidthψnFψh54bit7286720▷0FΩ↼P0▷0FψarcψstψnFψ148bite286720▷0Fq↼P0▷0FψarcψstψnFψ13w3Ωte286720▷0Fq↼P0▷0FψarcψstψnFψ13↽4te286720▷0Fq↼P0▷0FΩarcψstψnFψ124bite286720▷0Fq↼P0▷0FψarcψstψnFψ7022t↼jec720▷0Fq↼P0▷0FψarcψstψnFψ208↽itu885720▷0Fq↼P0▷0FψarcψstΩnFψ241↽itu885720▷0Fq↼P0▷0FψarcψstψnFψ2s↼3it48pl720▷0FΩ↼P0▷0FψarcψstψnFψ22n↽itu885720▷0Fq↼P0▷0FψarcψstψnFψ2203Ωtu885720▷0Fq↼P0▷0FψarcψstψnFψ2↽32itu885720▷0Fq↼P0▷0FΩarcψstψnFψ2e9bitu885720▷0Fq↼P0▷0FψarcψstψnFψ26822t↼jec720▷0Fq↼P0▷0FψarcψstψnFψ274bit4885720▷0Fq↼P0▷0FψarcψstΩnFψ88↽itu885720▷0Fq↼P0▷0FψarcψstψnFψ1033it48pl720▷0FΩ↼P0▷0FψarcψstψnFψ10↽4tu885720▷0Fq↼P0▷0FψarcψstψnFψ943Ωtu885720▷0Fq↼P0▷0FψarcψstψnFψ7n↽itu885720▷0Fq↼P0▷0FψarcΩstψnFψ20222t0918720▷0Fq↼P0▷0FψarcψstψnFψ214bit0918720▷0FΩ↼P0▷0FψarcψstψnFψ22022t0918720▷0Fq↼P0▷0FψarcψstψnFψ208↽Ωt0918720▷0Fq↼P0▷0FψarcψstψnFψ1n↽n↼t0918720▷0Fq↼P0▷0FΩarcψstψnFψ1t↽bit0918720▷0Fq↼P0▷0FψarcψstψnFψ1yψFmt0↽8Ω720▷0Fq↼P0▷0FψarcψstψnFψ175bit0918720▷0Fq↼P0▷0FψarcψstΩnFψh96bit0918720▷0Fq↼P0▷0Fψarcψstψ6ψsetle↽fwidthψh9w3Ωtopplat66ψyψF2109it041863Ωc484ψyψ88↽itu↽2365ψ1043ψyψ1009Ωt452496Ωc404ψy64bit472365ψ1043ψyψpψnFψ1yψFmt05bi600ψ105Ω0▷0Fq↼P0▷0Fψellipseψstψ22022t↼4↽4ar↼⇁↽fψFq↼31↽4t45↽49Ωψc404ψy13n↽it061866ψ3766ψyψF26822t↼↽227t↼⇁↽fψFq↼79↽4t453055ψc211ψyψFi0tura0bi15Ω17sr↽gΩ↼♮pψnFψ2↽32it6618aa2↽32Ωg87tuliψstψnFψ2863it6618aa2↽63it87tuliψstψ26ψsetle↽fwidthΩnFψ13w3it0618720▷0Fq↼P0▷0FψarcψstψnFψh5724g0918720▷0FΩ↼P0▷0Fψarcψstψ6ψsetle↽fwidthψh5724g0pplat66ψyψF1749it041Ω96Ωc404ψyψFi↼ψy26ψsetle↽fwidthψnFψ274bit7286720▷0Fq↼P0▷0FΩarcψstψnFψ280bite286720▷0Fq↼P0▷0FψarcψstψnFψ2↽9bite28Ω720▷0Fq↼P0▷0FψarcψstψnFψ265bite286720▷0Fq↼P0▷0FψarcψstΩ6ψsetle↽fwidthψnFψh96bit0918aψ208↽itu885liψstψnFψ202↽Ωt0918aψ22n↽itu885liψstψnFψ2s↼3it4818aψ208↽it09plliψstΩnFψ214bit0918aψ274bit4885liψstψnFψ26822t↼je8aψ274bite28ΩliψstψnFψ274bit4je8aψ280bite286liψstψ199bit4723a5Ω17↼⇁↽fψFqpΩnFψ2e9bitu885aψ2952it7286liψstψ26ψsetle↽fwidthψnFψ202↽Ωtu885720▷0Fq↼P0▷0Fψarcψstψ6ψsetle↽fwidthψnFψ247bit458Ω57el9020▷0Fq↼P0▷0Fψellipseψstψ26ψsetle↽fwidthψnFψh303Ωtu885720▷0Fq↼P0▷0FψarcψstψnFψ151↽itu885720▷0Fq↼P0▷0FΩarcψstψnFψ145↽itu885720▷0Fq↼P0▷0FψarcψstψnFψ13622t↼jec720▷0Fq↼P0▷0Fψarcψstψ6ψsetle↽fwidthψh2722t↼4↽4ar↼⇁↽gψF399Ωt452496Ωc4thesψFipψnFψ1n↽n↼t0918aa94bit4885liψstψnFψ1033Ωtu885aψ1t↽bit0918liψstψnFψh75n↼t0918aa13622t↼je6liψstΩnFψhyψFmt0↽8ψaψ145↽itu885liψstψnFψh5724g0918aψ7n↽itu88ΩliψstψnFψ11↼3it458657el9020▷0Fq↼P0▷0FψellipseψstψnFψh303Ωtu885aψ13w3ite286liψstψnFψ13n↽itu885aψ13↽4te286liψstΩnFψh4↼3it4818aψ148bite286liψstψnFψg51↽itu885aψh54bit728Ωliψstψ53tu↼e1↽4a6ψ37sr↽gΩ↼♮pψnFψ763it87tuaψ7n↽i20↽pΩliψstψnFψ793it87tuaψ792220↽pψliψstψ26ψsetle↽fwidthψnFΩ73↽4t9ppl720▷0Fq↼P0▷0FψarcψstψnFψ67↽4t9ppl720▷0Fq↼P0▷0FΩarcψstψnFψ88↽4t9ppl720▷0Fq↼P0▷0FψarcψstψnFψ82↽4t9ppl7Ω0▷0Fq↼P0▷0FψarcψstψnFψ58↽4t9ppl720▷0Fq↼P0▷0Fψarcψstψ6Ωsetle↽fwidthψnFψ8822t↼je8aψ67↽4t9pplliψstψnFψ94bit488Ω9173↽4t9pplliψstψnFψ1033it48plaψ82↽4t9pplliψstψnFψ1093Ωtu885aψ88↽it9pplliψstψnFψq↼bi198bi450ψ10520▷0Fq↼P0▷0FΩellipseψstψ711ψ2eψ591ψjtFi2ψb↼↼a34ψb2e↽27ψb↼1↽Ω4252ψy5ψbΩjen↽n↼tainFoisfns↽dψtjt↼⇁1yψFoo261866ψa40n↽gψFoo3↽185Ωψe866ψyψF13↽212eψ597ψk↼v↽n↼es↽↽j↼of↽u↼c↽n↽l↼tenci9ψb↼in↽nen↽n↼tatioΩtjt↼⇁↽↽↼bi2x↽1596ψe866ψyψF3069imeψ597ψk↼osition2557260ψ29he↽27ψb↼jen↽n↼tainwhic↽n↼yψFt66ψyψFi320ψ256↽997ψ1484ψyψtu84Ω2557494Ωd↽2615↼jbψFh↼⇁↽gψFq↼705ψ256↽997ψ1411ψyψ187↽42557260ψ2999ψyψFr↼⃗↽gψFq↼sp↽s↼/n↽pψFt↼ther↽morphic↽26ψnding↽e↼Γsn↽n↼ts↽g↼cΩy↼proψ4120nallyturall57498ψ3223i↼but↽hΩhe↽27ψb↼hen↽n↼tain▷tribute5699S↽39ψb↼γuc4cially↽e↼s↼these↽f↼episo↽↼here↽g↼ha↽n↼rally↽g↼simnding↽e↼Γgn↽n↼tsg↼are↽f↼siother↽g↼ons↽f↼t↼nd↽gΩ↼th39ψbψFt↼here↽g↼ha↽↼struc95699Smerit↽g↼4cially↽e↼s↼1ψb↼a↽g↼bin↽n↼tainF31ψy924ψy↼hbψFh↼h↽pΩFq↼6↼0▷661854Ω1484ψyψFe▷↽4c956994Ωd↽2614↼jbψFh↼⇁↽gψFq↽3i↼Ω▷661854Ω1411ψyψFl15↼c956994Ωd↽26↽hψFr↼⃗↽gψFq↼25↼bite↽015ee↽h↽h↼io↽g↼theΩ↽g↼pxamp30↽549824ψyψFt↼a↼h↽pΩF▷↽203067997ψ1484ψyψt047Ω30↽5494Ωd↽2617↼jbψFh↼⇁↽gψFq↼26↽93067997ψ1411ψyψ1444p30↽5260ψ2999ψyψFrndin155Ω6↼bite↽015eehs↽e↼E10fpΩFs↼n↽g↽s↽3o↽ally↽f↼more↽f↼aΩh↼only↽f↼b↽r↼4Ω31↼⃗↽gψFq↼sp↽s↼eer↽↽hψ31↽5494ΩFrndin155latio1ψb↼1↽↼more↽fosition33↽159n▷ε↽49ψb↼Ho↽n↼w↽n↼e4yψ↽hg↼ll↽h↼tode▷e▷↽rop↽r↼osj↼the↽g↼analogous↽e↼epr↼hndems↽iΩ↼do↽llers↽h↼ha↽nΩf↼more↽f↼sig↼the↽g↼ob↽5ψ42↼elın↼c↽f↼b↽r↼ot↽159nψ2127ψy↼epis3ψoreshally↽f↼role↽g↼struc6ΩbψF↼↼the↽g↼ob↽5ψbjects,↽y↽en↽n↼ts↽b↼the↽i↼lifΩeb↼are↽f↼si↼16↽▷nd↽gΩ↼bjects,↽ct↽h↼ori↽pΩFs↼↽159n↼ing↼aryp↽run↽j↼ofecee↽3n↽l↼ten↼γh↼the↽g39ψbψf↽iΩ↼do↽llers↽h↼ha↽nSmerit↽g↼h↼rally↽g↼simhe↽27ψb↼hen↽n↼tainFψf↽ıand↽g↼353498ψhsstast↼is↽h↼struct↽hf↽29ψb↼cΩorresp↽rfen↽n↼tainFoo↽↽n↼ts↽g↼artsg↼are↽f↼si↼only↽f↼b↽rhts,↽y↽ente↽29ψbΩcin↽n↼v↽n↼sig↼i↽pΩFs753498↼ob↽5ψjmation↽Ωb↼a↽i↼diαe0Ωb↼the↽h↼t↽nructu924ψy↼hyψFt66ψyψFi763ψ3765997ψ1484ψyψt932is753494Ωd↽261r↼ef↼fr↼⇁↽gψFq↽152ψ3765997ψ1411ψyψF334is753494Ωd↽26ψyψFr↼⃗↽gψFq↼29Ωbite↽015ee↽h↽h↼io↽g↼the↽g↼pfiψ411n↽n↼te52997ψ2966ψyψF721Ω38↽2360ψ4384ψyψ889↼te52997ψd↽2618↼jbψFh↼⇁↽gψFq↼11↼ts▷64Ω97ψ1411ψyψ1289↼te52997ψd↽26ψFt↼an↼F↽7ψ7↼bite↽015ee↽o↽r↼d3ψFq↼ja↼E3↽hΩF↽hψFr↼⃗↽gψFq↼gΩFq↼turehFt↼an↼F↽7fatio1ψb↼↽g↽r↼ein↼more↽fosition405276↼S↼the↽g↼sup↽r↼erβcially↽f↼eΩnψ2127ψy↼episi↽llers↽h↼ha↽nSusing↽f↼ally↽e↼s↼sible↽f↼βcept↽hally↽g↼simother↽g↽26ΩbψFt↼nd↽gΩ↼atternp↽498ψ6ψb↼w↽↽f↼rding↽fllers↽h↼ha↽nSqu⇁↽gψib↽rb↼ofew↽↽g↼with↽h↼sihe↽27ψb↼ien↽n↼tainFtr↽pψFtE▷g36ψb↼T↽h↼io↽y↼The↽d↼sup↽r↼erβcially↽e↼atter2p↽498ogous↽f↼epis1r↼des↽2e↽gΩFq↼ture↽h↼↽n↼yg↼the↽g↼pfiin↽32ψb↼↽fllers↽h↼ha↽n↼ve↽27ψb↼hen↽Ωn↼tainFo↽f↼12↽8ψ372afψectors,↽↽fT86arranged↽g↼3p↽498ψ4410ψ3tions↽27f⇁↽gψh8ctors↽e↼↼⇁↽gψF1ψFq7363823Ω3011ψyψ↼cau3p↽260ψ2999↼2↼freFr↼⃗↽gψFq↼3yψFr↼jane↽fψFt↼a↼h↽pψFq86q7363Ω23Ω3011ψy2↼d↽43p↽490ψ2999↼2↼freFrndin155↽hψFs↼n↽ob↽r↼ψFt↼↽i↼whitures↽f↼are↽g↽f↼mece↼ts↽h↼i4f↼f44h↽498↽f↽33ψb↼represen↽n↼Ωmorphf↼role↽e↼oh↽e↼has↽i↼t↽n↼ψ372afψallyh↽g↼are↽f▷↽n↼vΩ4649868ψ18h4gures↽e↼sf754ψyψFi2ψb↼↼gb2↽en↽j↼of↽u↼c↽n↽l↼textuan↼Ω↼nearbutiodoublonstitutest↽f↼is↽f↼ihe↽g↼r↽fons↽27f⇁↽27ψb↼g↼b↽r↼49868n↽n↼tainFo1ximate↽g↼On↽26ψΩ↼th↽g↼used↽↽n↼gac↽n↼h↽f↼episo↼duct↽ggΩ↼isey↽fentecothee↽g↼ψb↼i↼t17↽f↼is↽f↼ihe↽g↼r↽fonally↽fiects↽sing↽↽h↼an4↽498ψ1629ψy↼en↽nbjectt↽g↼1↽g↼w↽i↼is↽Ωf↼in↽n↼v↽n↼ogn↽n↼tsnally↽fψ3223Ωh↽e↼has↽i↼t↽↼shares↽g↼rosit↽n↼ts▷↽3bject↼c↽ra↽hΩhe↽27ψb↼hen↽n↼tainnru↼imple94185nn↼us↽f↼dFt↼a↼h↽pΩF▷74le960854Ω1404ψyψFi↼a036Ωe941857ψd↽2618↼jbψFh↼h↽pψF280le960854Ω1435ψyψF↽14Fp↼cm48260ψ2999hr↼⃗↽↼g↼↽m↽u↼c↽↽18esψ4960854Ω1460ψyψyr219418cm48260ψq↼E4F8ectw↼are↽g↼eing↽g↼is↽↼the↽gΩ↼p↽g↼Janeψy↼in↽f↼whic↽n↼d↽g↼ob↽5Ωb↼je504185nts↽27Ωbtioni014ll↽h↼m↽n↼ultiple▷↽5↽n↼eA↼the↽g↼anb↼jecψ2127ψy↼episi↽nding↽fshallyen↽g↽s↽3o↽he↽27ψb↼hen↽nΩ↼tainFo↼eΩ↼h↽g↼prsiife↼erator↽189795326ψy↼5↽pψeopΩ10ψ10Ω10ψ9ψ6ψ6Ω6ψ5ψbopψ498ψ10Ω34807Ωb↼of↽29ψb↼corresp↽rds↽h↼of↽g↼ob↽5Ωb↼jects↽26ψdis↼are↽hΩ↼sjFt↼nd↽gΩ↼↽i↼thγuencing↽h↼tieΩb↽nΩ↼y↽f↼dotproh↽g↼run↽498h↼not↽g↼sensia34ψbmilψFt↼nding↽↼the↽h↼t↽o↽r↼ducbψFt↼is↽h↼st↽rv↽n↼es↽f↼similae↼noisyh↽g↼r472496Ω396231ψaψΩ↼↽▷↽3t↽n↼tImn↽i↼ortan↼c↽n↼hoiceSder↽eΩ↼↼ositMsestlf↼matcmalΩth70498ψ3514ψyψ7ψb↼bil↼similarit↽nfh↼fon↽hhat↽015eethe↽mcstpro12↽↽ψFt↼is↽h↼st↽enosest↽f↼matc↽n↼this↽i↼ih↽↽n↼gacsoe↽giccturall70498h↼lhe↽ge8uare↽c↼abil↼similae↼noisy5jectRat920ψyψ3tioitc↽n↼thises↽f↼represtruch↼ni↼erit↽g↼4cother↽matc↽nsyste↽015j↼are↽gΩorr↽uctura70498ruher↽m24ψb↼F↽f↼ecialtion↽g↼RulψyψFt↼T↽n↼ts↽g↼fe↽g↼scag↼not↽htion↽f↼if↽↼bil↼similarit↽nhh↼fon↽hhat↽0fψFt↼is↽h↼st↽rvosest↽Ω↼te5Ωb↼ject6↽99onship↽e↼b↽r↼t↽n↼wb↼ject↽enψy↼as↽p↼v↽n↼olutits↽singer↼⃗↽Ωin↽f↼sup↽ryh↽g↼↽n↽op↽r↼osj↼nss↽fr↼osjbs↽i↼pro↽nψy↼as↽p↼v↽n↼men↽n↼t↽Ω206↽498Ω6f↼6are↼structu↽n↽op↽rΩ↼ectorsr↼eciaj↼are↽4cother↽matc↽cag↼not↽htiic↽g↼to↽osest↽f↼matc↽nation↽f↼as↽p↼e↽g↼sim69Ω98sen↽n↼ψ7ψb↼t5uencing↽h↼thegclΩ↼h↽g↼l↽n↼hoicejbs↽i↼prinfap55lers▷↽s↽3tioni↼same↽e↼t↽n↼yp↽r↼esother↽matcfa↽nΩ↼yg↽g↼not↽h↼↼t↽Ω2261868t▷↽4437ψb↼bil↼similag↼orderΩ3024ψy↼idess↽gu↽29ψb↼correnn↼c↼Δi↽Ωin↽↽e↼b↽r↼t↽n↼whnψy↼as↽p↼v↽nsaneψy↼in↽f↼whihs↽32ψb↼can↽f↼b↽r↼e↼t↽Ω2361868↽↽250b↼Thh↼thefict9osit8n↼ts▷↽3bjectg↼the↽g↼struΩcolumn↽h↼clcesen↽n↼taψy↼as↽d↼descric↼h↽21ψb↼S↼fon↽hduttiΩ↼ecSt↽f↼sae↼t↽Ω246749824ψyb↼jecGoa↽f↼Δ↼JaneChapto↽n↼v↽8↽uctures↽anhe↽29ψb↼iΩ↼an↽g↼↽r↼ducts↽g↼of↽i↼strucosest↽f↼matchonship↽e↼b↽r↼t↽n↼w↼t↽Ω25674982bs↽i↼prouenean↽f↼predicateh↼s↽24Ωb↼↼sup↽ry01↼Jstan↼cs▷tribut98↽498Ω3944ψyψFv↼TRANSFDOT↽R7ψb↼ESTIMA↽ONSf↽f↼onWITHOUTCTS↽h313299↼DECOMPOSIA↽ONition333↽498ψ4311ψy7y↼robf↽↼mixing↽ger↼en↽n↼cegree↽reg↼pro↽gs↽f↽33ψb↼represen↽n↼tasions↽e↼whi↼this↽e↼mak↽h↼↽g↼ri↼ofeceere↼thatc↽n↼thb↽r↼ot6↽498ψhssyψFv↼g↼one↽↼p↽il↼similariationothe↽h↼sathatc↽nonmak↽h↼↽ghiing↽f↼↼enψyr↼ral↽f↼comp↽r↽p64lers▷↽36t7↼Th↽f↼↽aing↽↼the↽h↼t↽o↽pΩFs↼6↽498bf↽↼mn↼er↽hb↽rΩ↼e↽extuan↼Ωn↽↽25ψbnoghic↽ns↽ΩiΩ↼anal↽g↼to↽h↼ppψectorar↽35ψb↼co024ψy↼if↼↼osdnsymofecin↽32lwhi↼tn↽p↼e↽g↼s366↽498uli↼infap6b↼ThVae↼noi↼v↽5Ωb↼a↽n↼eug↽friso↽↼here↽g↼ha↽n↼demHRRs↽↼illuh14ller↽gFt↼is↽h↼st↽receranshat↽i↼infser↽f↼are9868↽↽2f↼↼F8ectb↼and↽f↼decoen↽n↼ts↽g↼can↽hh↼fΩon↽hhat↽re↽4c↽n↼mePf↼in↽ldra↽n↼φFo↼ect1155ψyψRAAMredicates↽gllersSmipl↼repres38e9868skyφ52ψb↼Thct14φs↽f↼↼noor↼y↽f↼dotprofnmilar↽f↼repreaop↽r↼os5ject1155ψyψFt↼Irre↽f↼oo↽rb↼ofeedhatne↽26rtes↽np↽e↼b↽r↼to↽h↼eac↽n↼h↽9498ψ13dceranshat↽ofnmig↼pro↽gsψy↼as↽p↼v↽nso↽f↼12↽8ixing↽Ωe↼prop↽r↼↽ψFn↼us↽f↼so↼LOs↽VEDoo↽X↼soYon↽pψorder↽r↼s↽n↼y↽g0l↽498↼12ψ7ψb↼LOs↽VEDof↼YψyψX↼n↽fruns↽hce↽g↼of↽gig↼pro↽gΩsψy↼as↽p↼v↽nsoftt↽g↼1↽g↼↽f↼1uateh↼↼h↽21ψb↼ees↽RAAM▷↽n↼vΩ41l↽498155ψyψIrre↽f↼ob↼ees↽feedhatne↽26rtef↽np↽e↼b↽r↼to↽h↼giv↽n↼e↽transhat↽ofnmig↼pro↽hsψy↼as↽p↼v↽nsoftf↼role↽n↼f↽g↼aut2l↽498n↽g↼kl↽g↽↼p↽h↼ha↽nSuh↼repren↼c↼hit↽nhh↽r↼s↽results↽ac↽g↼sensitΩSuh↼repren↼c↼trucψFellyenrgain↽25ons↽g↼mig↼pro↽d↽g↼3�67ψy↼as↽p↼v↽nsobjectt↽g↼1↽g↼↽f↼1uateio↽n↼ed↽enrb↼oRAAM▷↽h↼8↼earanIrre↽f↼of↼ees↽feedhatne↽26rtef↽np↽e↼b↽r↼to↽h↼giv↽nindemg↼b↽r4↽498pro ↼ospψecfi↼dicpiso↼ductψFitd↽25nΩ↼h↽g↼rdoon↽Ω4c↽n↼memig↼pro↽gsψy↼as↽p↼v↽nso↽f↼1uer↽↽hψ4 e is inv asv usedt 1rmiso↼A4ψbψh↼ω↽gΩFq↼B55ψyψI↽nfh1rmiso↼5 p repren↼c↼βΩectons↽f↼Ωice↼h↽g↼rdao3dcts↽21ψjnrb↼ois↽csthe↽g↼elsfkle↽farn↼e↽transreprese9r↽498hat infap7ψFt↼2ψb↼jectsgures↽ehv↽n↼of8ures↽ehg↼mofecl↽h↼m↽n↼in↽j↼to↽h↼v↽ablons5ψb↼Thsey↽fs Jstanrepres computo g↼to↽h↼Ωb↼je50r↽498rgain↽hrated e cgkle infapp

5

Tioisrre↼it↽g↼hatne↽26rted8ψ1330dyinfsefFn↼us↽f↼so↽gitfhh↼th▷↽67ilar▷ohwb↼jectuctψF↽j↼to↽h↼nblen↽nG↼lherφ↼mak↽ask↽frunh1janec72479Ω466

1(ts)Ωg(fe)g(g(zranshat--7Ωb((ws)498)i(infs:)1574158)49h(fcbh(!)gΩFq(q)83ersohi()6bFs(O))hhj(0)bFsp34b(reh(˙(eΩ(jaq(n)1436170)498Ω2))hhj(0)bFsp3hreh(˙(gΩFq(q(n)83Ωrsohi()6bFs(Ops5b(h(!)fΩFq(q(n)i32018n)498(OpshΩh(!)fΩFq((q)s(ersohi˙Fq(jar)(n)83ersohi()6bFs(O))Ωhj(0)bFsp34b(reh(˙(eΩFq((q)hreh(˙(gΩFq(r)(n)1302Ω1956498Ω2))hhj(0)bFsp3greh(˙(gΩFq((q)fsohi˙Fq(jar)(n)83Ωrsohi()6bFs(Ops5b(h(!)fΩFq((q)s(ersohi˙Fq(jar))1e.6Ω2080498(Opskh(!)gΩFq((q)gh(!)gΩFq(r(n)83ersohi()6ΩFs(O))hhj(0)bFsp34b(reh(˙(eΩFq((q)5b(h(!)fΩFq(r)(n)1265Ω2205498Ω2))hhj(0)bFsp3creh(˙(gΩFq((q)kh(!)gΩFq(r(n(n)83Ωrsohi()6bFs(Ops5b(h(!)fΩFq((q)gh(!)gΩFq(r(n(n)(t)Ω258)49hs.)s)3t1rphf(r)o4ll)asoen)n(ts)g(can)hhb)r(e)h(represefc(h)21bΩ)e(has)i(t)(shares)g(r:42(elian)ic4609y(ations)26disjunc-er)fΩ2681498451os6(jecIan)ic4609y(to)hhading)(ths)i(t)(shiple(featuofeceeproΩb(argumetuctFc.)36Ωb(ConseΩ(ectorsedisjunc(v)n((sco2781498)nΩ(yb(jechading)(ths)i(t)(shiple(feanega)g(sensitianega)en(Δ(duct,)gal)f(compFt(ha)n((n)g)s)3hihs)32b(can)gsun)ic46en(.tribute80498Tf)2ev)n(ts)g(fe)g(sio)n(w)gb)r(e)h(repritia))Ωhj(0)bFsp31ximreh(˙(gΩFq(q(n)b(jectuctF(Ops53b(h(!)ΩFs(Oq3creh(˙(gΩFq(r(n(n:CTS)0.61)53r(~)R)7e)4304)93ΩΩnj(0)bp2p5yΩnj˙0)bp2yt02)0.61)53r(2999Ω3b(h(h))ΩqdisjFq(bite)18bFtnegh12874bFtpFq(jane)hFtpsf(c7fat2999hr(~)q)qh(is6()43b58625~)R)677(e72365p2p5ΩΩnj!0)bp2(qFΩnj˙0)bp2r))102)0.b586252999Ω3b(h(h))Ωqian)2q(frejane(4Ω31a()m)u(h12874bFtpFq(jane)bFh(4yh12874bh(h))qdisjgite)18bFtpsf(c7fat2999hr(~)q)Fq(jane)hFtpsf(c7g7d)26Ft(ar))hhjii((scorof)498351.)34b(y(to)htranshat)ofnn(ts)ian)ic4609yente)29ordera)gΩsisjunc(v)n(eors;he)g(eb)r(e)g(e2afallys)np(c(sary:netatio0)99729ian)2fΩFq()o4llstts)g(can)ieb)r(e)g(eted813iΩqdisjhFq(E4(4Ω31a()m)u(5b(d)26bFtxΩb(jeΩFq()o4llstte)g(can)iΩeb)r(e)g(eted813ibFtneg5b(d)26fbFtxΩp(E3)traΩ(411n)n(t60)9972984yF0b(d)26fbFtyyFq(E2))o4llsttfb(can)gsn)nΩ(tag(etefit)nhhFtpsf(c7Fq(bit2999hr(~)y)qs(=ne1s).)40b(Tsup)rsttfb)r(e)g(ewhihs)32b(can)f(accrΩ(lishnormalΩ3(e)498(h)21m24b)j(of)g(cin)ne)g(si)n(es)ian)ic4609y(ectorsobqian)2949(t672496Ω1300yF9pFq70)997d)268(jbFhdisjhΩq(E4F4Ωb(if)2gThe)38Ωb(s(h)21b(bj(of)g(cin)ne)g(sictorsg(bΩ3808625~)a()m)u(6e)4q7e)496Ω1300y7)Ω43808625d)2612r(des)negp(E3)trew)n(ect,)gt(f(so)girteh((h)21f(bj(of)g(cin)ne)g(sΩn))25i72984yF3caus77ΩF96Ω1300y243Ω43808625d)2612r(des)psf(c7np)s(=n)pFtIny)-7b(,lsr(ecias31yFt)h((t)Ω39)185nally(6n(enwhat)f(ar)35b(con)n(v)n(olg(dot)g(proio)y(e,)h(whiadiΩg729ian)221743872496Ω1300y2237(908625d)2624(jbFhdisjgat2999hr(~)a()m)u(gd)26fbFtxΩp(E3)tr6(jectureen)g)s)3n(y)g00)498g(dot)g(proiF8ectis)26b(can)yIrearesen)a(far)fi(a)f(7lers.)s)348ects;rhe)h(f(all)g(v)nen)n(tib(can)gsy(The)d(iral)f(cro)gΩst24b(al10)498gg(sensitia)h(f(all)g(v)frun)fΩFt(wihtranshat)ser-oian)ic4609(hit)nhhisjunc(v)nr:97ter260854Ωq())1015)g(72766371)1080er260854ΩFs=ΩF3b(h(h))729ian)2F3caut2l3496Ω1300yF4i(ag260854Ωd)2618(jbFhdisjgite)18Ω(~)a()m)u(1951ag225496Ω1300y200)4g260854Ωd)26hdes)neggΩ(jane)hFr84yF521ag225496Ω1300y257ter260854Ωd)26Ωs)psf(c7oh(is(to)j(0(t)h(of299729Wused28(jbFhR)812r4i(4365p2p5Ωnj!0)bp2q)9814(of299729)f(,)(HR)s)Ωf(in)n(v)n(osictorsΩi4Ωq())16694i(4365371)1711(of299729,tFit6f(6tion)g(givafar)fi(lifΩeb(in)nen)nmen)n(t)g(Ry7784i(4365nj(0)bp2p5yΩnj˙0)Ωp2q)294bi(of299729os015eeA)b(jecially)e(atter5f299(f(all)g(v)fr)n(tiΩb(can)gsnHRRs)g(constrmilar)ranshat)oghisjunc(v)nr(giv)n(e)ian)ic4609(:97ter6)2360q())101546e)490332)1080Ωr6)2360Fs=ΩF3b(h(h))729disjF346h(6)7496Ω1300yF403Ωr6)2360d)2618(jbFhian)2erejane(4Ω31negh)p4466)49ΩΩ1300yF976r6)2360d)26g4Ω31a()mfon

whieruner can sensititr(e)h(base)f(v)eprese9r wihnding yIvgiv , a 5

AhaTheJanenallyan↼yg↼t↽eect↼proprob↽r↼egn↽g↽s g dg to maither orseions of all v notualizndings tdean mrtiesk↼n↽fi↼anturalws↽498bssk ss, ↼osit↽n↼E4↽oψF1 wψ↼ssk↽j8ψ10i↼d1↽h↼arf7↽f↼is↽f↼ihe↽g↼r↽h5ctoΩf8b5ψb↼comp↽r↼Γ↽g↼Jane↽g↼in↽eranshat s↼to↽jk2ereja/h↼s6↽kesultsFt↼a↽ n▷rmalΩtheinfositions of ha run ↼eb↽r↼eera↽n↼↽vognand decoers ir that to vedF fred sensibFrR, e ts fs: djnrs jbFhdisj11542iΩFsy() n31 qFΩnj˙0 qFΩnj˙0 wfsshsey

fred 2 qFΩnj˙0

c7Fq71y2x fred fred jbFhq211542471Ωy()c7Fq71y2(ofΩ96Ω1300yF9Fl(47)49029994Ω3184yFe94y2(of496Ω1300y2332Ω247)490hi(n31)99(jbFh()struc71)53r(2914y45ect)j(tΩ)h(v)-5Ωb)-7bhat1n ,lsr(g(one)(p)rΩ(it)i(stanrepres)v)nr(gitionssup) a differibute32498 to , wfsglers hato800s015eereerir tΩ tojecFt htt 1 wtiłers sagen(tatijg10)to ls015eetesro.s7(jecr.)34b(F)struc93249810y(atiorunhe)g39shaerir t ΓsnThe 2 jbt(800(n.rm4lerFg(sensi7y(robf)g(ze)fΩFrunhehiutd5bnoghcrro(.rm4lerW))25iy(rolres)ehv)nr)fknotuas,(ts)h(llytura3un)Ωytt 1 eenally .rm1jecr. FAor tollyjtt 1 een(tiłers)h()h(sagen(tatik(580)to)j(0)bt(5ytura32n)498reerir)j(tΩ)h(lsFt(19rro(ΓenThe)d()j(runptiaoere)g(har)fk10n15runh(n.rmalΩot6)498I))e(tugΩ(p)gor(egn)g(t5uencing)k(andfk)Ωb(a6che)dors;e)g(g(zoh(todoghcis5fit)nhhlelers)h(ha)nSusins;e)g(g(unffransrepreΩs(6)498hat)n(.ik(31is318t(Tioihi(only)f(b)r30fused)gbut)hΩb)r(5b(comp)Ω13e0Ωis5filef3e0Ωunffranshat)n((featlld1)h(arhenwhat)4imilar9498b)r(5b(comp)r(Γ6n(ey(The)d(iral)f(cro)fits)38bit6f(ts)26Ωilef3eiΩunffranshat)n(en)a(fs))g(tetoproFiller)3e)e(odomiz)h(i4f(fare9868go(ls0y(robf)(mb)r(e)g(p)r(b(,lsr()h(gccunren(c(gr(ducgbFtxΩi810Ωo6bFty)qs((sjFtureenlelers)y)gΩ(mrwhat)f(aring)f(comp)rΩ(onenu(repres38e98683ranshat)n(.ik(31is3215eerenot)htiican(y)eranshat)i(infΩ(mf(all)g(vnFn(us,)f(164bi40))498q())dΩFs=ΩfbFtxΩION223977496Ω1300yFerat40))4982999dbFty)FΩ(janebFtIs(to)j(0(t)h(e94y983514yb(Th)3024y(isimilarif(all)g(v)eΩ))o4llsttib(can)gsinclu(encg7Ω(y)g)g(sohn(he),)gaThe)dfhnding)f(here)gΩ(ha)nSn(tiunffransrepre4e,)498hat)n(5b(jen)r(5b(comp)r(0(cegree))h(in)origi((otion)g(.”)49b(Ho)n(w)n(em24bc)ison,caniΩ(dg)tn(ust26Ωis)f(ihe)g(cirhe)2repre43,)498y)gsobject(Jane)g(ineorigi((o)f)–ag(roleΩyp12li(s)ta6are(stllae(noisyh616).nd)gΩ,objectthe)32eton,(thiΩyp12li(d)rit)nfha26Ω(th(t)h(o,)498n(us,)f(157ter59F260FrR)23Fs(;)84gbFtxΩIO(fred)26bFrah1jane)hFtz)FΩ(d)26fbFtbouctu474299729)(F8ect6tion)g(g1F948ofΩ96Ωq())1(fred)26bFrR)23Fs(;)84gbFtt(dpd)26bFtaFΩ(jane)hFtxΩh12874bFtah1jane)hFtz)g7d)26Ft(abFΩ(jane)hFt)fi(anoto)j(0(t)h(9917661031is30(jecg(thl()g(rdoe(t)n(s)g(arΩen)nib)r30fusediatlld1)b)r(5b(comp)r(Γo)ally)f3ranshat)n(e2b(cΩly)f(b)r14cepb(je509)498Ω3(so07Ωb(oase,(ts)h(if8g(the)(eyrd(pFc(alsoTb(can)gsregardesen)a(far)fi(aiso(h()y)he39bFtb(can)gs(c)remectih)76Ωor)1897125326y(5)peopΩ13FΩt3Ω12Ω66Ω65bop49810unn(us,)fction)g(t)nhhhe)g(pfi(more)f(giv)ngΩ(erit)g(gmrwhat)f(f(all)g(v)nencepfΩ(witg)syste)(n.r5Ω().)3b5ectonficne)26b(w5fit)nh)g(run)498hn)n(v)n(20b(T)h(io)g(thl()g(rir(giv)ngodilar)ranshat)esen)n(tase(g(ttebutioons)fΩcoles)32(Thente)29oet)n(es)g-7Ωb((ws)498haThe)f.rmab(TIty2ectt)g(sey)f6b(can)yte)29oete(thatceiv)ngosee4)oF1what)fha26Ωf(more)f(fk)Ωb(a6che)d(ed)enrnibsictorsg(br016)498milar repreaoptdΩ(h)g(loross-mah((h)21b(RAAMrsyh)g(r529Ω9811yjrs;e)g(rit)nhhnoyΩftthe)32cr)3e e zranshat role t5uencinh hoicejn(y)eranshat can liritalΩgtonΔFtb(can)gsolesh and decoh(duct,)gothese Tioien(only)f(b)rgn(he)eΩ13ranshatrole strundingi anductura2185nn(us,)fficg(can)iΩenoere ers ennd noisyh0Fv(31is329t(Tioi4scor9.)498Ωb(a)i(diffeΩb(Th015ee)h)h(io)g()n)op, wfecln()vof(role)g(ssgo)ally e 5yyFv(DISCUSS)ONition26924985.1hgeAd 16Φf on Rilar rlreaoptsjecRig(pro)hsRhis represenshaeain ,lsr()g(in)ad to e2a29t(TatijgdisrepreΩs14)498Ωon adΩj(this)hΩ(represen)n(tationh)((the)g(ob)5.r5Ω(Firsequen)n(tly364bmh(llyfh)f(,)aingsian)g(flee,)hfΩ(e)erepreΩs24)498Ω 4ectorsse cΩly btths sdis(on)h(adΩh(this)hΩ(represen)n:netati33999()g(ik)f(all)g(v)edr(eing(dot)g(prsyyFv(Smore)f(7Ωtioit)d(phtis)26b(can)hhb)r(e)h(represefc(h)21bi(more)f(gif(all)g(v).(eac)n(53tuy(Se)38Ωquen)n(tly3(orset)d(pf(ts)26hb)r(e)h(represegn)n(tsjn(y))j(of)ute)29ug(analspacnofFg(S31is302jechadih)e(has)i(t)n(i(thact(eac)n(63185ng(caaresup)tn:nt7(Th)tyorphi(ts)g(fsruc)38of)ute)29ug(al1bΩ))j(to)h(vy2y5to)hΩb(a)i(di(c(gi)n(tsg(are)f(Similafb(cly)e(b)r(Ωt)n(wnget)d((examp373185n411n(jecFtΩh(this)hΩ(represen)nad()n(tib(cΩy(prousg(computg)syste)(fs))y(in)f(whilesr)32(ted)fΩ(gradidifferibu383722sy(adiffeΩ15eetein)f(niqueFtructur(3722S31irΩquen)Ωb(E4F8ect(that)i(infg(m)n(ts)h(in)f(all)g(v)ei(ydis(on)h(adΩg(duct,)gotdunda(aligpw6Fv(31is328t(Tg(andosevrepre4849y(e(str40b(Tg(caaresup)tn:n65jecFtΩm1jecthis)hΩ(represen)na(ectors014ll)h(m)n(uΩoit)d(phtis)26b(can)gsy(The)d(iral)f(cro)g)–and)g4236Ωyg(thavidu(ls0y(roit)d(pFally)fygradn(e2bher,)(rdinghihs)32b(can)g)gotcognized;sr()g(in)this)hΩ(represen)napre433559fygradnem2lergracnfutllaFa(far)fi(aif)ationadded;sectorseotdunda(claf(this)e(maΩ(role(g(one)(p)rΩ(trmilaroles)3(t)h(o3559f(ThF8ectb(gradn(ee8milar)f(repreaop)r(n2(ted)fh))n(es)rro(-gu)29ct2y5b(jeumnoh(gcia)g(sensijΩenenallae(noisyht)u4775228v(5234yFv(Scalmatcm7jecg(tn)i(er(en)n(cegrΩgio)n(wt-Ordee)4983514rewew)n(ern)fg)(ths)i(t)(snHRRs)aimp)r(Γ(ΩnΩ)fΩFt(wihdeoet)in)hce)g(of)scalmatcfmixing)ger(en)ngitions)n(elgΩectsee4b(je507159n955y(used)daeails(n:Cp)76tor)189713)pΩ6y(5)peopΩ1)4t4Ω1)4t3Ω66Ω65bo2)0.)0.)0v6)23bop4981031tΩm1jec)f(is)f(ihe)g(r)gcegrΩgib)r(5b(comp)r(Γ)gy(in)f(whihs)32b(can)gsinclu(enc14cept)tr(e)Ωrh(tiesscaln)n6)23bun)498le)farque7jecined)Ωh)h(in)f(all)g(v)eΩdim(notuali(ssn2sp)s(=n6Ω65b29)4V6)23b297a031tΩkc)f(is)f(ihe)g(r)Ωriationo)n(w)ge(,)i(wfcln(s(Γerun)fΩFt(whihs)32b(can)gssteen)pfmputo)goles)-(Thfenenalla6)23b39)498(caln)nc)h(a5b(comp)r(istllaFctorsobssn2sp)s(=nh)g(ra7)49gTg(in)sup)rstt(snHRRs)aimp)r()(eynd(hit)n2b(cΩlyhce)g(of)l(arted)fh)(co,)nSus)he(,)i(wfcln(shfen)4llstts)g(can)gn()vΩn2t(giv)ngoaeΩ(tha78498ther)(T)-7csg(zesyyFv(NoyΩFb(T)h(sohn(he)f(“)f(is)f(ihe)g(r)gcegrgib)r(5b(comp)r(”)fectora)eΩ)n(lizdeng)gend(gorr)uctura71868t.)4fe(,)i(wfcln(p)r(b(5ee,))r(e)Ωf(decoh(Rs)(ilgi(s)tausg(syyFv(31sia34bonΔFtb)r(5b(comp)r(Γ(ΩnΩ)fΩFt(wFc.urranged)g(1971868t”)49b(Hards)g(ze)fjsg(ze(fons)27jn(y)),)i(wfcln(afallys)thos)3o)3y(in)f(whin)4llstts)g(can)n(i29ctl1bΩ)b)r(e)i(decg8))2f((tion207101ete)29oet)n(es)g-croles)34llp:)24lerb)r(5b(comp)r(Γ(orse)3e)ehce(,)i(wfcln(shgcot,)g)r(eFc.urrang.yiller).nd)gΩ,o5b(Th,)i(wfcln(p)r()g(sim7101ei(ts)g(fsri(role)g(ssgo)egree)unn(artro)gsyped)Ωh)ote)g(can)hhb)r(e)h(represeeectorh(th.)(t)Ω23e)498r.)34b(F)o9)g(t)n)21big(thl()s,torh(thndoseem(trmilarg(not)h(fΩeb(in)1biln(us)f(f(all)g(v)ng8(duct)encg7Ωb(it)g(si476Ωygrwhat)0(jecsb)r(eemeFtru5ectr.)34b(F)o0b(Aor)24b(ehg4120)r(e)Ft(is)h(st-g(are)f(Similae)h(a5bf(Exp)r(erimts)h(io)f(all)-er)fΩ257)498(Jrswciutncg72s(to)j;614(jbt(048ia6Fv(el()p)r(eri)f(7ler.”)49b(Ho)n(w)n(em5ect(Jajn)g)s)3hih(a5bf(Exp)r(erim20)r(e)ł(arted)f(mn()g(v)frrr)uctu267)498capac(Similakie)26s5ic)g(to))f(is)fΩ(ihe)g(r)sitionsb)r(5b(comp)r(Γ)g(Janes)32h(ties–(sictorsibc)isofΩdim(notuast-)struc77)498isimilarimerit)g(gm)2f(sic)26h(the)ghs)32b(cΩy(prosteen)peectoroles)-(Thfenenallae(noisy505eeA)32lert)n)21big(thl())struc87159nctorsjnrbeiln(us)f()f(is)f(ihe)g(r)gcegre)((the)g(ob)5b4ect(Janenenallafector6tion)gn)ec)n(ts9osi56Ω().)3bn)g(taskww)i(is)Ωf(in)n(v)nr)struc97159nnenaliz2y56Ω(imt)hhsj(nss)fn(er)f()fk)ablonsg(seem,) is ihe rnsg(s15eef(1)gΩst24h(50)fctuctFreerir)p s3073498hsm3b5ectj(are)fnonmaks noiJlsttbn oere har to500sm24b is ihe rn(sjF15eeeljlsttio)vΩn to500sm24bhares all v Ωogivrro(Γsnt)g(1)g()fmadneit(Janeoere)g(har)e(1053Ωo)j;614(jbt(000s0to)htristshi5ctoFreerir)pnotualize ers b(and)f(deco,)aieachares harjej(are)gcmesthatinfapobjbt(000s03tion(the)g(ob)5b4ectt)g(1)g(w)steen) of are only b , o4llthe bifcomppwfcln(p)r,o5b(Ti.e.prob)thkpChln(us)f((role)g(ssgo)ialΩgtpiecn)ngitionsmereo(T)-7dsg(ze(sjF)f(,)thdily)g(aut21176hian)()p4Fv(Ch)fcln(p)r(0b(T(this)e(mfetoj(g(one)(p)rΩ(eiv)ngo(b)r14h(the)gv)ngoston(er)fΩ431176h(role)g(ssg23(robf)(munn(artro)hsg(ze(sb(5ee,))n(elg(g(dovΩn)e)eheha26ins;nd)f())f(12)8(,)i(wfcln(p)r(bvg(t5ueg(ang(b)r410498hsingkeb(in)1bi)f(oac)g(sensitmixing)ger(en).)n(vΩ460986818fonallygoit)d(pFaateio)e)27bsgo)allyef(teen)p)g(Jaora)eΩ(me)31sit)n(E4)otutest)fi(ai4c)n(me(c)ra(consht)u4709Ω98it)d(p3ximatecotheeh.)67imaIfy8t(Ttote)oerimerit)g(gmumnoh(Ωgcia)gn)n(taallyh)gteen),pfΩ(witf(qn)l(Similae)ndingi)he)g(pfi(emg(b)r809868lres)ehyFt(Ig(t5uencinme(c)ra(consfoit)d(pFnding)fb(can)ctu9asiΔFtb)nfusencg7Ωb(it)g(with)h(siit)d(pi5cr,ww)i(ig(b)r9)185n(c)remeo1ximaecias31nsb)r(letebutiounretogniz(T)-.)32lere.(50jec)f(is)f(ihe)g(r)(ectorset)d(pf(tateh((e)27bsgw)i(ig(b)500185ntorh(teh(grs)g(fsrdnctorsjnin)32b(maither)hei(it)g(pf(tate,)ggidth)h5ctog(ze)fhf(role)g(ste)g(cane)g(g(b)r(e)h(represeg(b)510185n–(3yFr(Frin631851203651043y801510185ΩFq(()n(tsSecxtuan(Ωn2b(fchading3E1)pFtlΩF)hFrPCp)77851203651066yF2090Ω510185ΩFq(hading15ptiah(aandc)n)gor(ehit)n2)g(of)lΩ(h)g(l)h)76Ωor)1897145326y(5)peopΩ15Ω15Ω15Ω14Ω66Ω65bop49810cto3yFr(Fr43yp29,tr(Fr43y977Ω1043823Ω3011y084bie)2496Ω29,tr(Fr(~)gFq(hFq(E4hihtc.b(54Ω().)3b3jec)f(is)f(ihe)g(r)gcegrgoit)d(pFaateio)e)27bsgbvg(t5uehs)32oTb(can)h)g(run)498hteen)pF8ecttionh)a)fr6tion)gn)gtb(gree)gcegre)qn)l(Simila(mrties)(and)f(deco,)grs)g(fsrf8le)farquehictorsibcasenotualcict9o31nsf(all)g(v)nfictorsΩieb(in)1egsmhrdim(notualhi(this)i(ig7a()fsa)gsn()g(vynes)f016)498ne us role (Jhat)i-

TAa29t(Tf)g)f((The)d(i12)8ne)26b(w5(rir(giv)nrousg)8(,)i(wfcln(pfΩechat)i(infappres(t6)49831is305ect(Jas)Ωf(in)n(v)nr)ef(teedecohΩ(ub(role)g(ssg(rin(ts)h(in)oles)-(Thgenenallae(noi,yiller15eeel(ted)fh)hsm3h)g(r529498unn(w(0ctb(and)f(decoen))r(5b(comp)Ω13n(yp)r(esb)r(lex)f((role)g(ss.r71jecr.)34b(F)3b(Aor)24b(ejgv)ndΩ)b)r(e)i(dnh)g(rar9498hssyFt(86arrangefons)27)g(in)a(repreproΩb(argufr(ducgbFtin)g)0(ra417663766yF1881(rar949729,tF)g(of)c(repreproΩb(aΩngefoation(c)ra(conse)sup)rstapprFv(31is3eΩ(that)4986tion)g(g0b(Tafar)fi(ligeb(in)nen)nsitioibFtin)4425o74176637(h)pF571Ωhat)49hFsE1hgy(in)f(whihs)3e)g(can)i(oles)n(ef(Thgn)n(ed)gΩ(ec(c(ssp)rfenles)-(Thuctura2185nnenallaFaateioreerir)p)r(g(ze)fΩ)goloiastrucosest)f(in)snΩ)fΩFt(wFshsey)f6b(can)hbFtin2742Ωg8403651043yc873ura2185hFs(n.rm2g(S31is300ect6tion)g(g4scor9.)498s)33b(Aaccunateff(f(all)nen)nmen)n(t)g(in)434or9403651043y16()4r9.)49ite)015ee)hy(in)f(whitg(in)sup)a)f(fions)2Ω7)g(in)a6arrangefok)n(efi)n(ts)g(can)tion20,)498(c)ra(con.lciUs2y5tΩbe(,)i(wfcln(shfedurp)r(bb(and)f(decoeFn(us,)f(so)gationkig(prim20)r(Ωh8łler)g(effe)f()f(is)f(ihe)g(r))g(sim2101ens)00ectit)d(pFaateiΩo)e)27bsgbin(tsh(thndoture,)h()d)gΩ(th(this)e(mfetoe(g(one)(p)rΩ(eΩst24h(ston(ef(role)g(ssg)g(si22101ens)g(nearbutfmunn(artro)jsg(ze(eΩectol)2f(g)g(mrtii8(durseh(ss;))js)f(is)f(ihe)g(r)fons)27(,)i(wfcln(shgΩt(Janenles)-(Thuctu2r)1897nenallae)grs)g(fsrf8ctorsibc)eΩgsg(ze(fons)2Ω(ze)fhf(role)g(sosition25)1897Animila(msyste)0bvg(t5ueusc(gic))i(wfecln(shfen)4llstts)(here)g(ha)fa)nΩ(yg)(here)g(ha)n(a)8ne)26b(w5(regree)refrrp)r,oro12)(g(onete)29o-)struc6r)498ed)fh))n2)g(of)c))i(wfecln(spw6Fv(h(thn27jecg(tere)idsitia)heb(in)1fi)f(oac)g(sensitmne)26Ωmilah(tionsb)RRs)g(csp)rfen)n(twfcln(shstruc7r)498(hnly)f(b)r30ae,))n(sΩiehs)3e)g(tere)idsi)(g(onete)29of(Δ(Jhat)i(inf31ns)r(ehehs)3e))nΩ(ygΩ)g(tere)idsi oner(egnitd)25 ofws