INTERNATIONAL COMPUTER SCIENCE INSTITUTE I

1947 Center Street ffl Suite 600 ffl Berkeley, California 94704 ffl 1-510-642-4274 ffl FAX 1-510-643-7684

A Cognitive Model of Sentence

Interpretation: the Construction

Grammar approach

Daniel Jurafsky International Computer Science Institute & Department of Linguistics University of California at Berkeley jurafsky@icsi.berkeley.edu TR-93-077 December 1993

Abstract This paper describes a new, psychologically-plausible model of human sentence interpretation, based on a new model of linguistic structure, Construction Grammar. This on-line, parallel, probabilistic interpreter accounts for a wide variety of psycholinguistic results on lexical access, idiom processing, parsing preferences, and studies of gap-őlling and other valence ambiguities, including various frequency effects. We show that many of these results derive from the fundamental assumptions of Construction Grammar that lexical idioms, idioms, and syntactic structures are uniformly represented as grammatical constructions, and argue for the use of probabilistically-enriched grammars and interpreters as models of human knowledge of and processing of language.

Submitted to Cognitive Science ii

1 Introduction

In the last twenty years, the őeld of cognitive science has seen an explosion in the number of computational models of cognitive processing. This is particularly true in the modeling of language, where early computational work such as Winograd’s (1972) systemic-grammar-based interpreter, or Marcus’s (1980) model of garden path and subjacency effects has led in two directions: toward broad, qualitative computational models of human language interpretation (Hirst 1986; Riesbeck & Schank 1978; Small & Rieger 1982; Cardie & Lehnert 1991), and toward careful computational models of smaller components of the language understanding problem, such as lexical access, (Cottrell 1985; McClelland & Elman 1986), syntactic disambiguation (Abney 1989; McRoy & Hirst 1990; Shieber 1983), the processing of idioms (Wilensky & Arens 1980; van der Linden & Kraaij 1990; van der Linden 1992), the interpretation of garden-path sentences (Gibson 1991; Pritchett 1988), or models of linguistic theory (Berwick (1991) and others).

Many researchers have suggested that it should be possible to build a linguistically-motivated model which is general enough to account for a signiőcant part of the language interpretation process, and yet speciőc enough to account in detail for each of the above problems: lexical access and disambiguation, idiom processing, and syntactic rule access and disambiguation preferences.

In fact, an examination of recent psycholinguistic evidence suggests the architecture such a model might take. For example, there is a great deal of evidence for parallelism in lexical processing (Swinney (1979), Tanenhaus et al. (1979), and Tyler & Marslen-Wilson (1982)). More recently, Kurtzman (1985), Gorrell (1987) and (1989), and MacDonald (1993) present evidence for parallelism in syntactic processing. Finally, Swinney & Cutler (1979) and Cacciari & Tabossi (1988) describe evidence for parallelism in the processing of idioms. Similarly, while robust frequency effects have long been noted in lexical processing, Cacciari & Tabossi (1988) has recently found frequency effects in idiom processing, while a number of studies, including Ford et al. (1982), Gibson (1991), and MacDonald (1993), have found them in thematic and syntactic processing. Indeed, MacDonald (1993) reports on a number of similarities between lexical and syntactic disambiguation. Finally, there is evidence for on-line processing of lexical, idiomatic, and syntactic structure, including evidence from comprehension (Marslen-Wilson 1975; Potter & Faulconer 1979), lexical disambiguation (Swinney 1979; Tanenhaus et al. 1979; Tyler & Marslen- Wilson 1982; Marslen-Wilson et al. 1988), pronominal anaphora resolution (Garrod & Sanford 1991; Swinney & Osterhout 1990), verbal control (Boland et al. 1990; Tanenhaus et al. 1989), and gap őlling (Crain & Fodor 1985; Stowe 1986; Carlson & Tanenhaus 1987; Garnsey et al. 1989; Kurtzman et al. 1991).

Until relatively recently, such a general theory lacked two theoretical contributions; őrst, a linguistic theory which allowed for the uniform modeling of lexical, idiomatic, and syntactic structures, and second, evidential theories which explain how frequency-based evidence might be used in theories of access and disambiguation, and combined with other, more structural forms of evidence.

Two relatively recent developments make such a general theory possible. The őrst is a new theory of language structure, Construction Grammar (Fillmore et al. 1988; Kay 1990; Lakoff 1987; Goldberg 1991; Goldberg 1992; Koenig 1993; Lakoff 1993), which proposes that the mental lexicon, idiom list, and grammar are structured jointly as a uniform collection of grammatical constructions. Each of these constructions represents well-formedness conditions across various domains of linguistic knowledge, including phonological, morphological, syntactic, semantic, and pragmatic domains.

The second is a broad body of recent techniques on probabilistic and evidential reasoning in computational linguistics. While linguistic grammars which include frequency information date at least back to Ulvestad’s (1960) work on subcategorization, only recently has a signiőcant body of techniques become common for dealing with stochastic grammars (Baker 1975/1990; Jelinek & Lafferty 1991; Fujisaki et al. 1991) in which every rule of the grammar is augmented with a conditional probability. Recent work has shown the use of such probabilistic grammars for modeling synchronic change (Tabor 1993) and learning (Stolcke & Omohundro 1993).

This paper presents a new computational model of human language interpretation, and a prototype implementation of the model called SAL. inspired by these recent developments, and describes the model’s new theories of access and disambiguation. Our probabilistic model of construction access, the evidential access model, uniőes the processes of lexical access, syntactic access, and idiom access. In this model phonological, syntactic and semantic evidence, top-down as well as bottom-up, is integrated to determine which constructions to access, by computing the conditional probability of the construction given each piece of evidence. Lexical, idiomatic, or syntactic constructions are activated in parallel when the weight of evidence passes a threshold. Our model of construction disambiguation, the local coherence model, similarly conŕates lexical disambiguation, idiom disambiguation, syntactic disambiguation, and semantic disambiguation. The algorithm posits a hierarchy of universal constraints on interpretation preference based on probabilistic expectations, for example preferring frequent constructions to rare ones, and strong expectations to weak ones.

We show that this on-line, parallel, probabilistic interpreter accounts for a wide variety of psycholinguistic results on lexical access, idiom processing, parsing preferences, and studies of gap-őlling and other valence ambiguities, including various frequency effects, and that in particular many of these results derive from the fundamental assumptions of Construction Grammar on uniform representation of linguistic structure and the use of lexical valence constraints to represent expectations.

The idea that lexical, idiomatic, syntactic, and semantic structures are uniformly represented and processed contrasts sharply with the traditional modular view, which holds that each of these kinds of linguistic knowledge is separately represented and processed. Fillmore et al. (1988), Lakoff (1987), and Goldberg (1991) argue that an integrated view of linguistic structure is necessary to account for linguistic data. In this article, we argue the same thing for linguistic processing: that only by jettisoning the fundamental assumptions of linguistic modularity are we able to build a psycholinguistically accurate and elegant cognitive processing model.

Figure 1 summarizes a number of the psychological results with which SAL is compatible. The rest of the paper discusses the model and the implementation in detail: §∈ }⟩⊑⌉∫ ⊣\ ≀⊑⌉∇⊑⟩⌉⊒ ≀{ ⊔⟨⌉ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉⇔ ⊣\⌈ ⊣ ⊔∇⊣⌋⌉ ≀{ ⌉§⌉⌋⊓⊔⟩≀\⇔ §∋ ⌈⟩∫⌋⊓∫∫⌉∫ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇⇔ §△ √∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕⇔ ⊣\⌈ § ̸√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕↙

∈ A∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ SAL≃∫ ⌈⌉∫⟩}\ ⟩∫ ⌊⊣∫⌉⌈ ≀\ {≀⊓∇ √∇⟩\⌋⟩√↕⌉∫⇔ ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ ⌉§√⌉∇⟩⇕⌉\⊔⊣↕ ∇⌉∫⊓↕⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣⌊≀⊑⌉¬ ∈

I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉⇔ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ⇐∞∃∀∀⇒⇔ S⊔≀⊒⌉ ⇐∞∃∀∃⇒⇔ T∇⊓⌉∫⊒⌉↕↕ ↘ T⊣\⌉\⟨⊣⊓∫ ⇐∞∃∃∞⇒⇔ Z⊒⟩⊔∫⌉∇↕≀≀⌈ ⇐∞∃∀∃⇒ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ≀\↖↕⟩\⌉ M⊣∇∫↕⌉\↖W⟩↕∫≀\ ⇐∞∃▽⇒⇔ M⊣∇∫↕⌉\↖W⟩↕∫≀\ ⌉⊔ ⊣↕↙ ⇐∞∃∀∀⇒⇔ P≀⊔⊔⌉∇ ↘ F⊣⊓↕⌋≀\⌉∇ ⇐∞∃∃⇒⇔ T⊣\⌉\⟨⊣⊓∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒ B≀↕⊣\⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∃′⇒⇔ A⌋⌋⌉∫∫ ≀{ ⊒≀∇⌈∫⇔ ⟩⌈⟩≀⇕∫⇔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\↖ ∫⊔∇⊓⌋⊔⟩≀\∫ ⟩∫ √⊣∇⊣↕↕⌉↕↙ S⊒⟩\\⌉† ⇐∞∃∃⇒⇔ T⊣\⌉\⟨⊣⊓∫ ⌉⊔ ⊣↕↙ ⇐∞∃∃⇒ S⊒⟩\\⌉† ↘ C⊓⊔↕⌉∇ ⇐∞∃∃⇒⇔ K⊓∇⊔‡⇕⊣\ ⇐∞∃∀▽⇒⇔ G≀∇∇⌉↕↕ ⇐∞∃∀⇒ ⊣\⌈ ⇐∞∃∀∃⇒ A⌋⌋⌉∫∫ ⟩∫ ⌋≀\⊔⌉§⊔↖ ⊣\⌈ {∇⌉∐⊓⌉\⌋†↖∫⌉\∫⟩⊔⟩⊑⌉↙ T†↕⌉∇ ⇐∞∃∀△⇒⇔ Z⊒⟩⊔∫⌉∇↕≀≀⌈ ⇐∞∃∀∃⇒⇔ S⟩⇕√∫≀\ ↘ B⊓∇}⌉∫∫ ⇐∞∃∀▽⇒⇔ F↕≀∇⌉∫ ⌈≃A∇⌋⊣⟩∫ ⇐∞∃∃∋⇒⇔ S⊒⟩\\⌉† ↘ C⊓⊔↕⌉∇ ⇐∞∃∃⇒⇔ C⊣⌋⌋⟩⊣∇⟩ ↘ T⊣⌊≀∫∫⟩ ⇐∞∃∀∀⇒ C≀⇕√≀∫⟩⊔⟩≀\⊣↕ ⟩⌈⟩≀⇕∫ ⊣∇⌉ ⊓\⌈⌉∇∫⊔≀≀⌈ {⊣∫⊔⌉∇ ⊔⟨⊣\ \≀\↖⌋≀⇕√≀∫⟩⊔⟩≀\⊣↕ ⟩⌈⟩≀⇕∫↙ G⟩⌊⌊∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∇⌉↕⟩⌉∫ ≀\ ↕⌉§⟩⌋⊣↕ ⊑⊣↕⌉\⌋⌉ ⟩\{≀∇⇕⊣⊔⟩≀\↙ S⟨⊣√⟩∇≀ ⌉⊔ ⊣↕↙ ⇐∞∃∀⇒⇔ C↕⟩{⊔≀\ ⌉⊔ ⊣↕↙ ⇐∞∃∀△⇒⇔ M⟩⊔⌋⟨⌉↕↕ ↘ H≀↕⇕⌉∫ ⇐∞∃∀▽⇒⇔ T⊣\⌉\⟨⊣⊓∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒ B≀↕⊣\⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∃′⇒⇔ G⊣√↖⊘↕↕⟩\} ⟩∫ ⌈⌉√⌉\⌈⌉\⊔ ≀\ ⊑⌉∇⌊ ⊔⟨⌉⇕⊣⊔⟩⌋↖ }∇⟩⌈ {∇⌉∐⊓⌉\⌋† ⊣\⌈ ⊔⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋ ↕≀⌋⊣⊔⟩≀\ ≀{ ⊔⟨⌉ }⊣√↙ C∇⊣⟩\ ↘ F≀⌈≀∇ ⇐∞∃∀▽⇒⇔ T⊣\⌉\⟨⊣⊓∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀▽⇒⇔ S⊔≀⊒⌉ ⇐∞∃∀⇏⇔ G⊣∇\∫⌉† ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒⇔ K⊓∇⊔‡⇕⊣\ ⌉⊔ ⊣↕↙ ⇐∞∃∃∞⇒ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⊣ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⇕≀∇⌉ ⌋≀⟨⌉∇⌉\⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒⇔ W⟨⟩⊔⊔⌉⇕≀∇⌉ ⌉⊔ ⊣↕↙ ⇐∞∃∃′⇒⇔ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ⇐∞∃∀∀⇒⇔ C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ⇐∞∃∀▽⇒ F⟩}⊓∇⌉ ∞¬ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ R⌉∫⊓↕⊔∫ M≀⌈⌉↕⌉⌈ ⌊† SAL P∇⟩\⌋⟩√↕⌉ ≀{ U\⟩{≀∇⇕⟩⊔†¬ L⌉§⟩⌋⊣↕⇔ ⟩⌈⟩≀⇕⊣⊔⟩⌋⇔ ∫†\⊔⊣⌋⊔⟩⌋ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊣∇⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊓\⟩{≀∇⇕↕† ⊣\⌈ √∇≀⌋⌉∫∫⌉⌈ ⌊† ⊣ ∫⟩\}↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕↙ P∇⟩\⌋⟩√↕⌉ ≀{ O\↖L⟩\⌉ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\¬ T⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⇕⊣⟩\⊔⊣⟩\∫ ⊣ ⌋≀\⊔⟩\⊓⊣↕↕†↖⊓√⌈⊣⊔⌉⌈⇔ √⊣∇⊔⟩⊣↕↕†↖ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⌉⌈ √⊣∇⊔⟩⊣↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⌉\⊔⌉\⌋⌉↙ P∇⟩\⌋⟩√↕⌉ ≀{ L⟩⇕⟩⊔⌉⌈ P⊣∇⊣↕↕⌉↕⟩∫⇕¬ T⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ‖⌉⌉√∫ ⇕⊓↕⊔⟩√↕⌉ √⊣∇⊔⟩⊣↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ {≀∇ ⊣ ↕⟩⇕⟩⊔⌉⌈ ⊔⟩⇕⌉ ⌈⊓∇⟩\} √∇≀⌋⌉∫∫⟩\} ≀{ ⊣ ∫⌉\⊔⌉\⌋⌉↙ P∇⟩\⌋⟩√↕⌉ ≀{ E⊑⟩⌈⌉\⌋⌉¬ T⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⊣↕↕† ⌋≀\∫⟩⌈⌉∇∫ ⊣\† ⊣⊑⊣⟩↕⊣⌊↕⌉ ↕⟩\}⊓⟩∫⊔⟩⌋ ⟩\{≀∇↖ ⇕⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫⇔ ⟩\⊔⌉}∇⊣⊔⟩≀\⇔ ⊣\⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ≀{ ⊣↕↕ ∫⊔∇⊓⌋⊔⊓∇⌉∫ H≀⊒ ⊣∇⌉ ⊔⟨⌉∫⌉ √∇⟩\⌋⟩√↕⌉∫ ⇕⊣\⟩{⌉∫⊔⌉⌈ ⟩\ SAL⊥ SAL ⟩∫ ⊓\⟩{≀∇⇕ ⌊⌉⌋⊣⊓∫⌉ ⊣ ∫⟩\}↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊔⟨⌉ ⊣⌋⌋⌉∫∫⇔ ⟩\⊔⌉}∇⊣⊔⟩≀\⇔ ⊣\⌈ ∫⌉↕⌉⌋⊔⟩≀\ ≀{ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊣⊔ ⊣↕↕ ↕⌉⊑⌉↕∫ ≀{ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\}⇔ ⌋≀⇕⌊⟩\⟩\} ↕⌉§⟩⌋⊣↕ ⊣\⊣↕†∫⟩∫⇔ ⟩⌈⟩≀⇕ √∇≀⌋⌉∫∫⟩\}⇔ ∫†\⊔⊣⌋⊔⟩⌋ √⊣∇∫⟩\}⇔ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉↖ ⊔⊣⊔⟩≀\↙ L⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫⇔ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫⇔ ⊣\⌈ ⟩⌈⟩≀⇕∫ ⊣∇⌉ ⊓\⟩{≀∇⇕↕† ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊣∫ }∇⊣⇕⇕⊣⊔⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫↙ SAL ⟩∫ ≀\↖↕⟩\⌉ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⊓√⌈⊣⊔⌉∫ ⟩⊔∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣{⊔⌉∇ √∇≀⌋⌉∫∫⟩\} ⌉⊣⌋⟨ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ≀{ ⊔⟨⌉ ⟩\√⊓⊔⇔ ⊣\⌈ ⊣↕∫≀ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⌉∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ≀\↖↕⟩\⌉↙ ∋

SAL ⟩∫ √⊣∇⊣↕↕⌉↕ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⌋⊣\ ⇕⊣⟩\⊔⊣⟩\ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕†⇔ ⊣↕⊔⟨≀⊓}⟨ ≀\↕† {≀∇ ⊣ ↕⟩⇕⟩⊔⌉⌈ ⊔⟩⇕⌉∅ √≀≀∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣∇⌉ √∇⊓\⌉⌈ ∐⊓⟩⌋‖↕†↙ T⟨⟩∫ ≀\↖↕⟩\⌉ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉∫ ⊔⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ {∇≀⇕ √⊣∇∫⌉∇∫ ⊒⟨⟩⌋⟨ ⇕⊣⟩\⊔⊣⟩\ ⌉⊑⌉∇† √≀∫∫⟩⌊↕⌉ √⊣∇∫⌉⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ⊣⌋⊔⟩⊑⌉ ⌋⟨⊣∇⊔ √⊣∇∫⌉∇ ≀{ K⊣√↕⊣\ ⇐∞∃∋⇒⇔ ⊔⟨⌉ ⌊∇⌉⊣⌈⊔⟨↖⊘∇∫⊔ ATN √⊣∇∫⌉∇ ⇐W≀≀⌈∫ ∞∃′⇒⇔ ≀∇ ⊔⟨⌉ LR↖∫⊔†↕⌉ √⊣∇∫⌉∇ ≀{ T≀⇕⟩⊔⊣ ⇐∞∃∀⇒↙ SAL ⟩∫ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⊣↕↕≀⊒∫ ∫†\⊔⊣⌋⊔⟩⌋⇔ ∫⌉⇕⊣\⊔⟩⌋⇔ ⊣\⌈ ⟨⟩}⟨⌉∇↖↕⌉⊑⌉↕ ⌉§√⌉⌋⊔⊣↖ ⊔⟩≀\∫ ⊔≀ ⟨⌉↕√ ⊣⌋⌋⌉∫∫ ↕⟩\}⊓⟩∫⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\⇔ ⟩\⊔⌉}∇⊣⊔⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⟩\⊔≀ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⊣\⌈ ⌋⟨≀≀∫⌉ ⊣⇕≀\} ⌋⊣\⌈⟩⌈⊣⊔⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ I⊔∫ ⊣⌋⌋⌉∫∫ ⊣\⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊒⌉⟩}⟨ ⌉⊑⟩⌈⌉\⌋⌉ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⊣↕↕†↙ SAL≃∫ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ ⟩∫ ⇕≀∫⊔ ⌉⊣∫⟩↕† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊† {≀↕↕≀⊒⟩\} ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∫ ⊔⟨⌉† ⊣∇⌉ ⊣⌋⌋⌉∫∫⌉⌈ {∇≀⇕ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩⌋≀\⇔ ≀∇ ↕≀\}↖⊔⌉∇⇕ ∫⊔≀∇⌉⇔ ⊣\⌈ ⌋≀⇕⌊⟩\⌉⌈ ⟩\⊔≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⊒≀∇‖⟩\} ∫⊔≀∇⌉↙ T⟨⌉ ↕≀\}↖⊔⌉∇⇕ ∫⊔≀∇⌉ ⟨≀↕⌈∫ ⊔⟨⌉ ↕⟩\}⊓⟩∫⊔⟩⌋ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⇐⟩↙⌉↙⇔ ⊔⟨⌉ }∇⊣⇕⇕⊣∇⇒⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⊒≀∇‖⟩\} ∫⊔≀∇⌉ ⟨≀↕⌈∫ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∫ ⊔⟨⌉† ⊣∇⌉ ⊣⌋⌋⌉∫∫⌉⌈⇔ ⊣\⌈ √⊣∇⊔⟩⊣↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣∫ ⊔⟨⌉† ⊣∇⌉ ⌊⌉⟩\} ⌊⊓⟩↕⊔ ⊓√↙ W⟨⌉\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⟩∫ }⟩⊑⌉\ ⊣ ∫⌉\⊔⌉\⌋⌉ ⊣∫ ⟩\√⊓⊔⇔ ⟩⊔ ⊘∇∫⊔ ∇⌉↕⟩⌉∫ ≀\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ {⊓\⌋⊔⟩≀\ ⊔≀ ⊣⇕⊣∫∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⟩\ ⊔⟨⌉ }∇⊣⇕⇕⊣∇⇔ ⊣\⌈ ⊔≀ ⌋≀√† ∫⊓}}⌉∫⊔⌉⌈ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⟩\⊔≀ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇↙ T⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ ⊔⟨⌉\ ⟩\⊔⌉}∇⊣⊔⌉∫ ⊔⟨⌉∫⌉ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊔≀ √∇≀⌈⊓⌋⌉ ⌋⊣\⌈⟩⌈⊣⊔⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⇐√⊣∇⊔⟩⊣↕↕†↖⟩\∫⊔⊣\⊔⟩⊣⊔⌉⌈ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫⇒ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉↙ T⟨⌉ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇† ∇⊣\‖∫ ⊔⟨⌉∫⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⌊† ⊣ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⇕⌉⊔∇⟩⌋⇔ ⊣\⌈ √∇⊓\⌉∫ √≀≀∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ F⟩}⊓∇⌉ ∈ √∇⌉∫⌉\⊔∫ ⊣ ∫⌋⟨⌉⇕⊣⊔⟩⌋ ⌈⟩⊣}∇⊣⇕ ≀{ ⊔⟨⌉ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉↙

F⟩}⊓∇⌉ ∈¬ T⟨⌉ A∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ ≀{ ⊔⟨⌉ I\⊔⌉∇√∇⌉⊔⌉∇

T⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⌋⊣\ ⌊⌉ ∫‖⌉⊔⌋⟨⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ A⌋⌋⌉∫∫ E§⊣⇕⟩\⌉ ⊔⟨⌉ ⟩\√⊓⊔↙ A∫ ⌉⊑⟩⌈⌉\⌋⌉ ⊣⌋⌋⊓⇕⊓↕⊣⊔⌉∫ {≀∇ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫⇔ ⊓√⌈⊣⊔⌉ ⊔⟨⌉⟩∇ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ⊑⊣↕⊓⌉∫ ⌊† ⊔⟨⌉ ⌋≀\⌈⟩⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ }⟩⊑⌉\ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⌋⌉ P (c|e). When a construction’s activation passes the access threshold α access it into the access buffer▷

Integration Integrate the access buffer with the interpretation store. for each pair (i, a), where i is an interpretation in the interpretation store and a is a construction in the access buffer integrate the current point of i with a using an augmented uniαcation algorithm▷ Disambiguation Update the selection rankings of each interpretation in the interpretation store pruning poor interpretations by beam search with beam width σ▷ We give a slightly more detailed description of each component. the constructicon ↼the rule base↽ and the access integration and disambiguation algorithms followed by a trace of the processing of a sample input▷ 2▷0▷1 The Constructicon The constructicon ↼the name is modeled on the word ℓlexiconφ↽ subsumes the lexicon the syntactic and semantic rules and the idiom dictionary assumed by other theories and thus allows the interpreter to replace the traditional informationally encapsulated lexical analyzer syntactic parser morphological analyzer and interpretation mechanisms▷ A uniform constructicon allows linguistic knowledge to be accessed integrated and disambiguated using a single set of mechanisms▷ In addition because constructions are the sole mechanism for capturing generalizations construction grammar does without redundancy rules metarules movement or enrichment of surface form▷1 Constructions are also representationally rich. each construction can represent multiple levels of linguistic structure, phonological syntactic semantic or pragmatic▷ Thus for example a particular constituent of a construction may be deαned semantically or phonologically rather than syntactically▷ A number of linguists have argued for the need for such complex partially non compositional constructions including Makkai ↼1972↽ Becker ↼1975↽ Zwicky ↼1978↽ Bolinger ↼1979↽ Wilensky ς Arens ↼1980↽ and Gross ↼1984↽▷2 Finally the version of Construction Grammar we describe annotates constructions with fre quency information▷ Traditionally probabilistic information in grammars was only used for register or other sociological applications, We argue in this paper that it is only by augmenting rules with probabilities that we can capture psycholinguistic data on access and disambiguation 2▷0▷2 Access Integration and Disambiguation As we summarized above our probabilistic model of construction access the evidential access model uniαes the processes of lexical access syntactic access and idiom access▷ In this model phonological syntactic and semantic evidence topdown as well as bottomup is integrated to determine which constructions to access by computing the conditional probability of the construc tion given each piece of evidence▷ Lexical idiomatic or syntactic constructions are activated in parallel when the weight of evidence passes a threshold▷ The algorithm is an improvement over previous models αrst in its generality, a single model accounts for lexical idiomatic and syntactic access▷ In addition unlike traditional computational or psychological models of lexical idiomatic 1Lakoff ↼1977↽ Jurafsky ↼1988↽ and Goldberg ↼1989 1991↽ discuss how phenomena traditionallyhandled by these mechanisms can be represented as constructions structured by inheritance and other metarelations▷ 2Most other grammatical theories allow lexical entries to have semantic properties but not larger constructions and none allow constructions to specify particular pragmatic properties▷ or syntactic access is compatible with psycholinguistic results showing that access is context and frequency dependent▷ Construction integration is the process by which constructions are combined in building inter pretations▷ In order for semantic interpretation to be online an interpreter cannot use the traditional ruletorule approach ↼Bach 1976↽ in which each syntactic rule is paired with a semantic rule and a semantic interpretation is built for a rule only after all of its constituents have been parsed▷ Our uniαcationbased approach uses a constituentbyconstituent architecture in which a partial in terpretation for each construction is incrementally extended as each constituent of the construction is parsed▷ Thus an interpretation is available as soon as the smallest subconstituent is reduced and this interpretation can be incrementally extended as each minimal piece of structure is processed▷ The operation is implemented by extended a typed uniαcation operation with a formal distinction between argument constraints and argument αllers and with a gapαlling operation much like the functionalapplication operation used by other models of semantic interpretation▷ Construction disambiguation combines lexical disambiguation syntactic disambiguation and semantic disambiguation▷ We propose the local coherence model of construction disambiguation which disambiguates by preferring interpretations which fulαll syntactic semantic and probabilis tic expectations▷ The algorithm operates by positing a set of universal constraints on interpretation preference based on the optimality theory constraints of Prince ς Smolensky ↼1993↽▷ For ex ample very frequent constructions are preferred to less frequent ones and constructions which fulαll strong expectations ↼such as for obligatory arguments↽ are preferred to those which fulαll weak ones ↼such as for optional arguments↽▷ We show that this single algorithm is capable of modeling psycholinguistic results on lexical idiomatic syntactic and semantic disambiguation including results on lexical disambiguation ↼MarslenWilson 1987↽ the interpretation of garden path sentences ↼Kurtzman 1985↽ parsing preferences ↼Ford et al▷ 1982, Crain ς Steedman 1985, Whittemore et al▷ 1990, Taraban ς McClelland 1988↽ and studies of gapαlling and other valence ambiguities ↼Tanenhaus et al▷ 1985, Stowe 1986↽▷ 2▷1 A Sample Trace Sal has been implemented in Common Lisp with a small test grammar of about 50 constructions and handles a small number of sentences from a corpus collected as part of the Unix Consultant project ↼Wilensky et al▷ 1988↽▷ This section presents a trace of the interpretation of the sentence ΨHow can I create disk space⋆ν▷ Here as elsewhere we follow Construction Grammar convention in using boxes rather than trees to represent constituency▷

Figure 3. After seeing Ψhowν

In the αrst part of the trace in Figure 3 the input word Ψhowν supplies evidence for two constructions MEANSHOW and HOWSCALE which are then accessed▷ MEANSHOW represents the lexical item how in its sense of questioning the means of attaining some goal, HOWSCALE is a larger construction with two constituents which will be discussed in §∋↙ T⟨⌉∫⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊔⟨⌉\ ∫⊓√√↕† ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ WH↖NON↖SUBJECT↖QUESTION⇔ ⊣\⌈ ⊔⟨⌉∫⌉ ⊣∇⌉ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⊔≀}⌉⊔⟨⌉∇↙ WH↖NON↖ SUBJECT↖QUESTION ⟩∫ ⊣ ∫⌉\⊔⌉\⌋⌉↖↕⌉⊑⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨⟩⌋⟨ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊒⟨↖∐⊓⌉∫⊔⟩≀\∫ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊒⟨↖⌉↕⌉⇕⌉\⊔ ⌈≀⌉∫ \≀⊔ {⊓\⌋⊔⟩≀\ ⊣∫ ⊣ ∫†\⊔⊣⌋⊔⟩⌋ ∫⊓⌊|⌉⌋⊔↙ T⟨⌉ {≀↕↕≀⊒⟩\} ⊣∇⌉ ⟩↕↕⊓∫⊔∇⊣⊔⟩⊑⌉ ⌉§⊣⇕√↕⌉∫ ≀{ ⊔⟨⌉ WH↖NON↖SUBJECT↖QUESTION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\¬ ⇐∞⇒ ⊣↙ H≀⊒ ⌋⊣\ I ⌋∇⌉⊣⊔⌉ ⌈⟩∫‖ ∫√⊣⌋⌉⊥ ⌊↙ W⟨⊣⊔ ⌈⟩⌈ ∫⟨⌉ ⊒∇⟩⊔⌉⊥ ⌋↙ W⟨⟩⌋⟨ ⌊≀≀‖ ⌈⟩⌈ ⟨⌉ ⌊⊓†⊥ A⊔ ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⟩∫ ∫⊔⊣}⌉⇔ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉ ⌋≀\⊔⊣⟩\∫ ⊔⊒≀ WH↖NON↖SUBJECT↖QUESTION∫⇔ ≀\⌉ ⊒⟩⊔⟨ ⊣ MEANS↖HOW ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⊣\⌈ ≀\⌉ ⊒⟩⊔⟨ ⊣ HOW↖SCALE ⌋≀\∫⊔⟩⊔⊓⌉\⊔↙ N≀⊔⌉ ⊔⟨⊣⊔ ⌊≀⊔⟨ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ {≀∇ \⌉§⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫¬ ≀\⌉ {≀∇ ⊣ S⌋⊣↕⌉⇔ ⊣\⌈ ≀\⌉ {≀∇ ⊣\ A⊓§ ⇐∫⟩\⌋⌉ ⊔⟨⌉ ∫⌉⌋≀\⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ≀{ ⊔⟨⌉ WH↖NON↖SUBJECT↖QUESTION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊔≀ ⌊⌉ ⊣\ AUX⇒↙ E§√⌉⌋⊔⊣⊔⟩≀\∫ {≀∇ \⌉§⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟩↕↕ ⌊⌉ ⇕⊣∇‖⌉⌈ ⊒⟩⊔⟨ ⟩⊔⊣↕⟩⌋ {≀\⊔ ⊣\⌈ ⌈≀⊔⊔⌉⌈↖↕⟩\⌉∫↙ B⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉∫⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⊔⟨⌉∇⌉ ⟩∫ ∫≀⇕⌉ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊣\⌈ ⊣ ∫⇕⊣↕↕ ⊣⇕≀⊓\⊔ ≀{ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣↕↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ∫√⌉⌋⟩{† ∫⌉⇕⊣\⊔⟩⌋ ∫⌋⊣↕⌉∫↙ B⌉⌋⊣⊓∫⌉ ⊔⟨⌉∇⌉ ⟩∫ \≀⊔ ⌉\≀⊓}⟨ ⌉⊑⟩⌈⌉\⌋⌉ ⇐∫⟩\⌋⌉ ⊔⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ∫⊓⌊⊔†√⌉∫ ≀{ AUX ⊣\⌈ ⇕⊣\† ⌈⟩{{⌉∇⌉\⊔ ‖⟩\⌈∫ ≀{ ∫⌋⊣↕⌉∫⇒⇔ \≀ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ∇⌉⌋⌉⟩⊑⌉∫ ⌉\≀⊓}⟨ ⌉⊑⟩⌈⌉\⌋⌉ ⊔≀ ⌊⌉ ⊣⌋⌋⌉∫∫⌉⌈↙

F⟩}⊓∇⌉ △¬ A{⊔⌉∇ ∫⌉⌉⟩\} ⊖⟨≀⊒ ⌋⊣\ I⪰ F⟩}⊓∇⌉ △ ∫⟨≀⊒∫ ⊔⟨⌉ ∫⌉⌋≀\⌈ √⊣∇⊔ ≀{ ⊔⟨⌉ ⊔∇⊣⌋⌉⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⟩\√⊓⊔ ⊖⌋⊣\⪰ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⊔⟨∇⌉⌉ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ CAN↖AUX⇔ CAN↖VERB⇔ ⊣\⌈ CAN↖NOUN⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ∫≀⇕⌉ ↕⊣∇}⌉∇ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫⇔ ⊔⟨⌉ DOUBLE↖NOUN ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊣\⌈ ⊔⟨⌉ BARE↖MONO↖TRANS↖VP ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ SAL ⊔⟨⌉\ ⊣⊔⊔⌉⇕√⊔∫ ⊔≀ ⟩\⊔⌉}∇⊣⊔⌉ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⊔⊒≀ √∇⌉⊑⟩≀⊓∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⊔⟨⌉∫⌉ ▽ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ ⟩\√⊓⊔ ⊒≀∇⌈ ⊖⌋⊣\⪰⇔ √∇≀⌈⊓⌋⟩\} ∞∈ √≀∫∫⟩⌊↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ M≀∫⊔ ≀{ ⊔⟨⌉∫⌉ ∞∈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣∇⌉ ∇⊓↕⌉⌈ ≀⊓⊔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† {⊣⟩↕ ⊔≀ ⟩\⊔⌉}∇⊣⊔⌉ ∫⊓⌋⌋⌉∫∫{⊓↕↕†⇔ ↕⌉⊣⊑⟩\} ≀\↕† ≀\⌉↙ T⟨⟩∫ ∫⊓⌋⌋⌉∫∫{⊓↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩\⌋↕⊓⌈⌉∫ ⊔⟨⌉ MEANS↖HOW ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣\⌈ CAN↖AUX↙ I\ ⊔⟨⌉ ⟩\⊔⌉∇⌉∫⊔∫ ≀{ ∫⊣⊑⟩\} ∫√⊣⌋⌉⇔ ⊒⌉ ⟨⊣⊑⌉ ⟩\⌋≀∇√≀∇⊣⊔⌉⌈ ⊔⟨⌉ \⌉§⊔ ⟩\√⊓⊔ ⊒≀∇⌈⇔ ⊖I⪰ ⟩\⊔≀ ⊔⟨⟩∫ ⌈⟩⊣}∇⊣⇕ ⊣∫ ⊒⌉↕↕↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊣↕⊔⟨≀⊓}⟨ ⊔⟨⌉∇⌉ ⟩∫ ∫≀⇕⌉ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ VP ⇐⊑⌉∇⌊↖√⟨∇⊣∫⌉⇒ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊔⟨⌉∇⌉ ⟩∫ ⟩\∫⊓{⊘⌋⟩⌉\⊔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ∫⊓⌋⟨ ⊣\ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ A⌊∫⊔∇⊣⌋⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣\⌈ ∫⊓{⊘⌋⟩⌉\⊔ ⌉⊑⟩⌈⌉\⌋⌉ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ §△↙∋↙∋↙

F⟩}⊓∇⌉ ▽¬ A{⊔⌉∇ ∫⌉⌉⟩\} ⊖⟨≀⊒ ⌋⊣\ I ⌋∇⌉⊣⊔⌉⪰

F⟩}⊓∇⌉ ¬̸ A{⊔⌉∇ ∫⌉⌉⟩\} ⊖⟨≀⊒ ⌋⊣\ I ⌋∇⌉⊣⊔⌉ ⌈⟩∫‖⪰ N⌉§⊔⇔ ⟩\ F⟩}⊓∇⌉ ▽⇔ ⊔⟨⌉ ⊒≀∇⌈ ⊖⌋∇⌉⊣⊔⌉⪰ ⟩∫ ⟩\√⊓⊔ ⊣\⌈ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⊣↕≀\} ⊒⟩⊔⟨ ⊣\ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊔†√⌉ ≀{ ⊑⌉∇⌊↖√⟨∇⊣∫⌉↙ I\ F⟩}⊓∇⌉ ̸⊔⟨⌉ ⊒≀∇⌈ ⊖⌈⟩∫‖⪰ ⟩∫ ⟩\√⊓⊔⇔ ⊒⟨⟩⌋⟨ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ DISK⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ \≀⊓\↖⌋≀⇕√≀⊓\⌈ DISK↖SPACE⇔ ⊣\⌈ ⊔⟨⌉ ⇕≀∇⌉ }⌉\⌉∇⊣↕ DOUBLENOUN ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊒⟨⟩⌋⟨ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊣↕↕ \≀⊓\↖\≀⊓\ ⌋≀⇕√≀⊓\⌈∫↙

F⟩}⊓∇⌉ ¬ A{⊔⌉∇ ∫⌉⌉⟩\} ⊖⟨≀⊒ ⌋⊣\ I ⌋∇⌉⊣⊔⌉ ⌈⟩∫‖ ∫√⊣⌋⌉⪰ F⟩\⊣↕↕†⇔ ⟩\ F⟩}⊓∇⌉ ⊔⟨⌉ ⊒≀∇⌈ ⊖∫√⊣⌋⌉⪰ ⊣⌋⌋⌉∫∫⌉∫ ⊔⟨⌉ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ SPACE↙ T⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⇕⊓∫⊔ \≀⊒ ⌋⟨≀≀∫⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ≀\⌉ ⊒⟩⊔⟨ ⊔⟨⌉ DISK↖SPACE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊣\⌈ ≀\⌉ ⊒⟩⊔⟨ ⊔⟨⌉ DOUBLENOUN ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ \≀⊓\∫ ⊣∇⌉ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕† ⊖⌈⟩∫‖⪰ ⊣\⌈ ⊖∫√⊣⌋⌉⪰↙ B⌉⌋⊣⊓∫⌉ ⊔⟨⌉ DISK↖SPACE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟨⊣∫ ⊣ ∫⊔∇≀\} ∫√⌉⌋⟩⊘⌋⟩⊔† ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ ⊒≀∇⌈ ⊖∫√⊣⌋⌉⪰⇔ ⊔⟨⌉ S⊔∇≀\}E§√ ⌋≀\∫⊔∇⊣⟩\⊔ ⊒⟩↕↕ √∇⌉{⌉∇ ⊔⟨⟩∫ ⊘∇∫⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ SAL √∇≀⌈⊓⌋⌉∫ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⇕⊣\⊔⟩⌋∫ {≀∇ ⊔⟨⟩∫ ∫⌉\⊔⌉\⌋⌉¬ ⇐⇐⊣ ∐⊓⌉∫⊔⟩≀\ ↔∐ ⇐∐⊓⌉∇⟩⌉⌈ ↔√⇑⇒ ⇐⌊⊣⌋‖}∇≀⊓\⌈ ⇐⊣ ⇕⌉⊣\∫↖{≀∇ ↔\⌉⊒⊑⊣∇∈∀▽ ∀

⇐⇕⌉⊣\∫ ↔√⇑⇒ ⇐}≀⊣↕ ⇐⊣ ⊣⌊⟩↕⟩⊔†↖∫⊔⊣⊔⌉ ↔⊣∫ ⇐⊣⌋⊔≀∇ ⇐⊣ ∫√⌉⌉⌋⟨∫⟩⊔⊓⊣⊔⟩≀\↖∫√⌉⊣‖⌉∇ ⇒⇒ ⇐⊣⌋⊔⟩≀\ ⇐⊣ {≀∇⌋⌉⌈†\⊣⇕⟩⌋⊣⌋⊔⟩≀\ ↔\⌉⊒⊑⊣∇∈∃∞ ⇐⊣⌋⊔⟩≀\ ⇐⊣ ⌋∇⌉⊣⊔⟩≀\↖⊣⌋⊔⟩≀\ ⇐⌋∇⌉⊣⊔⌉⌈ ⇐⊣ ⌈⟩∫‖↖{∇⌉⌉∫√⊣⌋⌉ ⇒⇒ ⇐⌋∇⌉⊣⊔≀∇ ⇐⊣ ∫√⌉⌉⌋⟨∫⟩⊔⊓⊣⊔⟩≀\↖∫√⌉⊣‖⌉∇ ⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒⇒ T⟨⟩∫ ∫⌉⇕⊣\⊔⟩⌋ {≀∇⇕ ⌋⊣\ ⌊⌉ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ⊣∫¬ A ∐⊓⌉∫⊔⟩≀\ ⊒⟨⌉∇⌉ ⊒⟨⊣⊔ ⟩∫ ⌊⌉⟩\} ∐⊓⌉∇⟩⌉⌈ ⟩∫ ⊔⟨⌉ ⇕⌉⊣\∫ {≀∇ ⊣⌋⟨⟩⌉⊑⟩\} ⊔⟨⌉ }≀⊣↕ ≀{ ⊔⟨⌉ ∫√⌉⊣‖⌉∇ ⟨⊣⊑⟩\} ⊔⟨⌉ ⊣⌊⟩↕⟩⊔† ⊔≀ √⌉∇{≀∇⇕ ⊔⟨⌉ ⊣⌋⊔⟩≀\ ≀{ ⌋∇⌉⊣⊔⟩\} ⌈⟩∫‖↖∫√⊣⌋⌉↙ T⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⟩∫ ⊣∇⊔⟩⌋↕⌉ ⊒⟩↕↕ √∇⌉∫⌉\⊔ ⊔⟨⌉ ⌈⌉⊔⊣⟩↕∫ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩⌋≀\ ⊣\⌈ ⊔⟨⌉ ⊣⌋⌋⌉∫∫⇔ ⟩\⊔⌉}∇⊣⊔⟩≀\⇔ ⊣\⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇⟩⌉∫⇔ ∋ T⟨⌉ C≀\∫⊔∇⊓⌋⊔⟩⌋≀\ F⟩}⊓∇⌉ ∀ ∫⟨≀⊒∫ ⊣ ∫⊣⇕√↕⌉ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⊑⌉∇⌊ ⌋∇⌉⊣⊔⌉↙ T⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ \⊣⇕⌉⌈ CREATE⇔ ⟨⊣∫ ⊣ {∇⌉∐⊓⌉\⌋† ≀{ ∞ √⌉∇ ⇕⟩↕↕⟩≀\∋⇔ ⊣\⌈ ⟩∫ ⊣ ∫⊓⌊⊔†√⌉ ≀{ ⊔⟨⌉ ⊣⌊∫⊔∇⊣⌋⊔ VERB ⌋≀\∫⊔∇⊓⌋⊔⟩≀\△↙ T⟨⌉ ⌋≀\∫⊔⟩⊔⊓⊔⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⊣ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉⇔ ⊣\ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ C∇⌉⊣⊔⟩≀\↖A⌋⊔⟩≀\ ⌋≀\⌋⌉√⊔↙ T⟨⟩∫ ⌋≀\⌋⌉√⊔ ⟨⊣∫ ⊔⊒≀ ∫⊓⌊≀∇⌈⟩\⊣⊔⌉ ∇⌉↕⊣⊔⟩≀\∫ ⇐∫≀⇕⌉⊔⟨⟩\} ↕⟩‖⌉ ∫↕≀⊔∫⇒⇔ C∇⌉⊣⊔≀∇ ⊣\⌈ C∇⌉⊣⊔⌉⌈↙ B≀⊔⟨ ≀{ ⊔⟨⌉∫⌉ ∇⌉↕⊣⊔⟩≀\∫ ⊣∇⌉ ⌋⊓∇∇⌉\⊔↕† ⊓\⊘↕↕⌉⌈ ⇐⊑⊣∇⟩⊣⌊↕⌉∫ ↔⊣ ⊣\⌈ ↔⌊ ⊣∇⌉ ⊓\⌊≀⊓\⌈⇒↙ T⟨⟩∫ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀\↕† ⟨⊣∫ ≀\⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔⇔ ⊒⟨⟩⌋⟨ ⟩\⌋↕⊓⌈⌉∫ ≀\↕† √⟨≀\≀↕≀}⟩⌋⊣↕ ⇐≀∇ }∇⊣√⟨⌉⇕⟩⌋⇒ ⌋≀\⌈⟩⊔⟩≀\∫⇔ ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ {≀∇⇕ ⊖⌋∇⌉⊣⊔⌉⪰↙ T⟨⌉ ⊔⊒≀ ⊓\⊘↕↕⌉⌈ ⊑⊣∇⟩⊣⌊↕⌉∫ ↔⊣ ⊣\⌈ ↔⌊ ⊣⌋⊔ ⊣∫ ⊔⟨⌉ ⊑⊣↕⌉\⌋⌉↖∫↕≀⊔∫ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ O\⌉ ≀{ ⊔⟨⌉ ⇕⊣|≀∇ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⟩\} {⌉⊣⊔⊓∇⌉∫ ≀{ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ }∇⊣⇕⇕⊣∇ ⟩∫ ⊔⟨⌉ ⊣⌊⟩↕⟩⊔† ⊔≀ ⌈⌉⊘\⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ≀{ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† ≀∇ √∇⊣}⇕⊣⊔⟩⌋⊣↕↕† ⊣∫ ⊒⌉↕↕ ⊣∫ ∫†\⊔⊣⌋⊔⟩⌋⊣↕↕†↙ F∇⌉∐⊓⌉\⊔↕† ⊣ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\⊣↕ ⌋⟨≀⟩⌋⌉ ⟩∫ ∫⟩⇕√↕⟩⊘⌉⌈ ⌊† ⊔⟨⟩∫ ⊣⌊⟩↕⟩⊔† ⊔≀ ⊓∫⌉ ∫⌉⇕⊣\⊔⟩⌋ ‖\≀⊒↕⌉⌈}⌉⇔ ⊔⟨⊓∫ ⌋⊣√⊔⊓∇⟩\} ⌋≀⇕√↕⌉§ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\≃∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫⇔ ⟩\ ⊣ ∫≀∇⊔ ≀{ ∫⌉⇕⊣\⊔⟩⌋ ⊣\⊣↕≀}⊓⌉ ⊔≀ ⊔⟨⌉ ⌋≀⇕√↕⌉§ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌉§√∇⌉∫∫⟩⌊↕⌉ ⟩\ ⊣ ⊔⟨⌉≀∇† ↕⟩‖⌉ TAG ⇐J≀∫⟨⟩ ∞∃∀▽⇒↙ B⊓⊔ L⊣‖≀{{ ⇐∞∃∀⇒⇔ F⟩↕↕⇕≀∇⌉ ⌉⊔ ⊣↕↙ ⇐∞∃∀∀⇒⇔ ⊣\⌈ K⊣† ⇐∞∃∃′⇒ ⟨⊣⊑⌉ ⊣∇}⊓⌉⌈ ⊔⟨⊣⊔ ⊣↕↕≀⊒⟩\} ∫⌉⇕⊣\⊔⟩⌋ ⊣\⌈ √∇⊣}⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⟩∫ ⇕≀∇⌉ ⊔⟨⊣\ |⊓∫⊔ ⊣ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\⊣↕ ∫⟩⇕√↕⟩⊘⌋⊣⊔⟩≀\↙ T⟨⌉† √∇⌉∫⌉\⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⌋⊣\\≀⊔ ⌊⌉ ⌋≀∇∇⌉⌋⊔↕† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ∫⌉⇕⊣\⊔⟩⌋ ⊣\⌈ √∇⊣}⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣⟩\⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ F⟩↕↕⇕≀∇⌉ ⌉⊔ ⊣↕↙ ⇐∞∃∀∀⇒ ∫⟨≀⊒⌉⌈ ⊔⟨⌉ √∇⊣}⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⌉ LET ALONE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊒⟨⟩↕⌉ L⊣‖≀{{ ⇐∞∃∀⇒ ∫⟨≀⊒∫ √∇⊣}⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ∫√⌉⌉⌋⟨ ⊣⌋⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣\⌈ ∫⊓⌊≀∇⌈⟩\⊣⊔⌉ ⌋↕⊣⊓∫⌉∫↙ I\ ⊔⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\⇔ ⊒⌉ √∇⌉∫⌉\⊔ ⊣\≀⊔⟨⌉∇ ⌉§⊣⇕√↕⌉ ≀{ ⊔⟨⟩∫ \⌉⌉⌈ {≀∇ ∫⌉⇕⊣\⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫↙ W⌉ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ HOW↖SCALE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊘∇∫⊔ ⌈⌉⊘\⌉⌈ ⟩\ J⊓∇⊣{∫‖† ⇐∞∃∃′⇒⇔ ⟩\ ⊒⟨⟩⌋⟨ ∋F∇⌉∐⊓⌉\⌋⟩⌉∫ ⊣∇⌉ ⊔⊣‖⌉\ {∇≀⇕ F∇⊣\⌋⟩∫ ↘ K⊓�⌋⌉∇⊣ ⇐∞∃∀∈⇒ ⊣\⌈ E↕↕⌉} �⊣∇⌈ ⇐∞∃∀⇒⇔ ⊣\⌈ ⊣∇⌉ ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ B∇≀⊒\ C≀∇√⊓∫↙ T⟨⌉ ⌋⊓∇∇⌉\⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ SAL ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⊣ ↕⊣∇}⌉ ⌉\≀⊓}⟨ }∇⊣⇕⇕⊣∇ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋⟩⌉∫ ⌊† ⊣⌋⊔⊓⊣↕↕† √⊣∇∫⟩\} ⊔⟨⌉ B∇≀⊒\ C≀∇√⊓∫⇔ ∫≀ ⊒⌉ ⊒⌉∇⌉ {≀∇⌋⌉⌈ ⊔≀ ⊓∫⌉ √⊓⌊↕⟩∫⟨⌉⌈ ∫≀⊓∇⌋⌉∫ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊓∫⟩\} ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ EM ⊔⌉⌋⟨\⟩∐⊓⌉∫ {≀∇ ⌉∫⊔⟩⇕⊣⊔⟩≀\↙ △S⌉⌉ J⊓∇⊣{∫‖† ⇐∞∃∃∈⇒ ⊣\⌈ K≀⌉\⟩} ↘ J⊓∇⊣{∫‖† ⇐∞∃∃△ ⇐∫⊓⌊⇕⟩⊔⊔⌉⌈⇒⇒ {≀∇ ⌈⌉⊔⊣⟩↕∫ ≀{ ⊔⟨⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇ ⊔†√⌉ ⟨⟩⌉∇⊣∇⌋⟨†↙ ∃

F⟩}⊓∇⌉ ∀¬ T⟨⌉ ⊖C∇⌉⊣⊔⌉⪰ C≀\∫⊔∇⊓⌋⊔⟩≀\

⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ≀{ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⇕⊓∫⊔ ⌊⌉ ⌈⌉⊘\⌉⌈ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕†⇔ T⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀⌋⌋⊓∇∫ ⟩\ ⌉§⊣⇕√↕⌉∫ ↕⟩‖⌉ ⊔⟨⌉ {≀↕↕≀⊒⟩\}▽¬ ⇐∈⇒ ⊣↙ H≀⊒ ≀↕⌈ ⊣∇⌉ †≀⊓⇔ ⌋≀≀‖⊥ ≃B≀⊓⊔ \⟩\⌉⊔†⇔ ⌈⌉† ∫⊣†⇔ ⟨⌉ }↕≀≀⇕⟩↕† ⇕⊓⊔⊔⌉∇⌉⌈↙ ⌊↙ H≀⊒ ⊣⌋⌋⊓∇⊣⊔⌉ ⟩∫ ⊔⟨⊣⊔ ⌉§⟩⊔ √≀↕↕⊥ ⇐∋⇒ ⊣↙ A\⌈ ⟨≀⊒ ≀{⊔ ⌈⟩⌈ †≀⊓ ∫⊣† ⟨⟩∫ ⌊⌉⊣∇⌈ ⊒⊣∫ \≀⊔ ⊒⌉↕↕ ⌋⊓⊔⊥ ⌊↙ H≀⊒ ↕≀\} ⟨⊣∫⊔ ⊔⟨≀⊓ ⌊⌉⌉\ ⌊↕⟩\⌈⊥ ⇐△⇒ H≀⊒ ⇕⊓⌋⟨ ⇕≀\⌉† ⇕⊓∫⊔ I ⟨⊣⊑⌉⊥ ⇐▽⇒ H≀⊒ ⇕⊣\† ⌊⊣∇∇⌉↕∫ ⊒⟩↕↕ ⊔⟨† ⊑⌉\}⌉⊣\⌋⌉ †⟩⌉↕⌈ ⊔⟨⌉⌉ ⌉⊑⌉\ ⟩{ ⊔⟨≀⊓ }⌉⊔⊔⌉∫⊔ ⟩⊔⇔ C⊣√⊔⊣⟩\ A⟨⊣⌊⊥ T⟨⌉ HOW↖SCALE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟨⊣∫ ⊔⊒≀ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫↙ T⟨⌉ ⊘∇∫⊔ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩∫ ⊔⟨⌉ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕ ⊖⟨≀⊒⪰↙ T⟨⌉ ∫⌉⌋≀\⌈ ⇕⊣† ⌊⌉ ⊣\ ⊣⌈|⌉⌋⊔⟩⊑⌉⇔ ∫⊓⌋⟨ ⊣∫ ⊖≀↕⌈⪰ ≀∇ ⊖⊣⌋⌋⊓∇⊣⊔⌉⪰ ⟩\ ⇐∈⊣⇒⇔ ⊣\ ⊣⌈⊑⌉∇⌊ ∫⊓⌋⟨ ⊣∫ ⊖∐⊓⟩⌋‖↕†⪰ ≀∇ ⊖≀{⊔⌉\⪰ ⟩\ ⇐△⇒⇔ ≀∇ ⌉⊑⌉\ ∐⊓⊣\⊔⟩⊘⌉∇∫ ↕⟩‖⌉ ⊖⇕⊣\†⪰ ≀∇ ⊖⇕⊓⌋⟨⪰↙ S√⌉⌋⟩{†⟩\} ⊔⟨⟩∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ∫†\⊔⊣⌋⊔⟩⌋⊣↕↕† ⊒≀⊓↕⌈ ∇⌉∐⊓⟩∇⌉ ⊣ ⊑⌉∇† ⊓\\⊣⊔⊓∇⊣↕ ⌈⟩∫|⊓\⌋⊔⟩≀\ ≀{ ⊣⌈⊑⌉∇⌊∫⇔ ∐⊓⊣\⊔⟩⊘⌉∇∫⇔ ⊣\⌈ ⊣⌈|⌉⌋⊔⟩⊑⌉∫↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ∫⊓⌋⟨ ⊣ ⌈⟩∫|⊓\⌋⊔⟩⊑⌉ ⌋⊣⊔⌉}≀∇† ⟩∫ ⟩\∫⊓{⊘⌋⟩⌉\⊔ ⊔≀ ⌋⊣√⊔⊓∇⌉ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⟩∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ \≀⊔ ⌉⊑⌉∇† ⊣⌈⊑⌉∇⌊ ≀∇ ⊣⌈|⌉⌋⊔⟩⊑⌉ ⇕⊣† ∫⌉∇⊑⌉ ⊣∫ ⊔⟨⌉ ∫⌉⌋≀\⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩\ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉ {∇⊣}⇕⌉\⊔∫ ⟩\ ⇐⇏⇔ ⊒⟨⟩⌋⟨ ⟨⊣⊑⌉ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕† ⊣\ ⊣⌈⊑⌉∇⌊⇔ ⊣\ ⊣⌈|⌉⌋⊔⟩⊑⌉⇔ ⊣\⌈ ⊣ ∐⊓⊣\⊔⟩⊘⌉∇ ⊣∫ ⊔⟨⌉⟩∇ ∫⌉⌋≀\⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔⇔ ⊣∇⌉ ⊓\⟩\⊔⌉∇√∇⌉⊔⊣⌊↕⌉ ⊒⟩⊔⟨≀⊓⊔ ∫≀⇕⌉ ⌋≀\⊔⌉§⊔ ⊒⟨⟩⌋⟨ ⊣↕↕≀⊒∫ ⊣ ∫⌋⊣↕⊣∇ ∇⌉⊣⌈⟩\} {≀∇ ⊔⟨⌉∫⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫↙ ⇐⇏ ⊣↙ ⇑H≀⊒ ⊣⌊∇≀⊣⌈ . . . ⋆ b▷ ⇀How inαnite . . . ⋆ c▷ ⇀How three . . . ⋆ 5↼2a↽ and ↼5↽ are from Moby Dick 2↼a↽ from As You Like It 2↼b↽ from Henry VI Part 2 ↼3↽ from Titus Andronicus▷

The commonality among the grammatical uses of the construction can only be expressed semantically. the semantics of the second constituent must be scalar▷ A scale is a semantic primitive in the representational system and is used to deαne traditional scalar notions like size or amount or weight▷ Note that in ↼6a↽δ↼6c↽ above all the elements which are allowable as second constituents for the HOWSCALE construction have semantic components which are scales▷ Terms like Ψwideν Ψstrongν and Ψaccurateν meet the traditional linguistic tests for scalar elements ↼such as cooccurrence with scalar adverbs like Ψveryν Ψsomewhatν Ψratherν and Ψslightlyν↽▷ The elements in the ungrammatical examples ↼6↽ do not have any sort of scalar semantics▷ The second constituent of the HOWSCALE construction may be an adjective an adverb or a quantiαer so long as it has the proper semantics▷ Koenig ↼1992↽ shows how the semantics of scales may be formally deαned in construction grammar▷ A theory which could not use semantic information to constrain a constituent would be unable to represent the HOWSCALE construction completely▷ This includes most generative theories which do not allow semantic information to play a role in the grammaticality of a construction6▷

Figure 9. The HowScale Construction

Figure 9 presents a sketch of the representation of the HOWSCALE construction▷ We have chosen a simple framelike representation language to represent the conceptual domain of grammatical constructions including abstract concepts like Actions Events or Objects as well as more speciαc concepts like CreationAction or Scale▷ As in frameoriented languages like KLONE ↼Brachman ς Schmolze 1985↽ concepts are structured entities with subparts slots which place constraints on their αllers▷ The slots are used in the deαnitional language in the standard way in which a framename creates an implicit ∀⇔ ⊣\⌈ ⌉⊣⌋⟨ ∫↕≀⊔ ≀{ ⊔⟨⌉ {∇⊣⇕⌉ ⟩\∫⊔⊣\⊔⟩⊣⊔⌉∫ ⊣\ ⟩⇕√↕⟩⌋⟩⊔ ∃ ⟩\ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⟨⌉ ∀↙ H≀⊒⌉⊑⌉∇⇔ ⌉⊣⌋⟨ ∫↕≀⊔ ⟩∫ ⊣ {⊓↕↕ √∇⌉⌈⟩⌋⊣⊔⌉ ⊣\⌈ ⌋⊣\ ⊔⊣‖⌉ ⊣\† \⊓⇕⌊⌉∇ ≀{ ⊣∇}⊓⇕⌉\⊔∫⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣ ∫⟩\}↕⌉ ∫↕≀⊔↖⊘↕↕⌉∇↙ ⇐T⟨⊓∫ {≀∇ ⌉§⊣⇕√↕⌉ ⊔⟨⌉ L≀⌋⊣⊔⟩≀\ √∇⌉⌈⟩⌋⊣⊔⌉ ⟩\ F⟩}⊓∇⌉ ∃ ⟨⊣∫ ⊔⊒≀ ⊣∇}⊓⇕⌉\⊔∫¬ {≀∇ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊒⟨⟩⌋⟨ ⟩∫ ↕≀⌋⊣⊔⌉⌈ ≀\ ⊔⟨⌉ ∫⌋⊣↕⌉⇔ ⊣\⌈ {≀∇ ⊔⟨⌉ √≀∫⟩⊔⟩≀\ ⊣⊔ ⊒⟨⟩⌋⟨ ⟩⊔ ⟩∫ ↕≀⌋⊣⊔⌉⌈⇒↙ T⟨⌉∫⌉ ∫↕≀⊔∫ ⊣⌋⊔ ⊣∫ ⊔⟨⌉ ⊑⊣↕⌉\⌋⌉ ≀{ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⟩\ ⌉{{⌉⌋⊔ ⌋∇⌉⊣⊔⟩\} ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ {≀∇ ∫↕≀⊔ ⊘↕↕⌉∇∫↙ A̸ ↕⌉§⟩⌋⊣↕ ⊔⟨⌉≀∇† ↕⟩‖⌉ HPSG ⇐P≀↕↕⊣∇⌈ ↘ S⊣} ∞∃∀⇒ ⇕⟩}⟨⊔ ⌋⟨≀≀∫⌉ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⟨≀⊒ ⊣∫ ⊣ ⌈⌉}∇⌉⌉ ⊒≀∇⌈⇔ ⊣\⌈ ⊔⟨⌉\ ⊣∇}⊓⌉ ⊔⟨⊣⊔ ⊣↕↕ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫ ⊒⟩⊔⟨ ∫⌋⊣↕⊣∇ ∫⌉⇕⊣\⊔⟩⌋∫ ∫⌉↕⌉⌋⊔ ∫√⌉⌋⟩⊘⌉∇∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌈⌉}∇⌉⌉ ⊒≀∇⌈∫↙ O{ ⌋≀⊓∇∫⌉ ⊔⟨⟩∫ ⇕⟩}⟨⊔ ↕⌉⊣⌈ ⊔≀ ⌊∇⊣⌋‖⌉⊔⟩\} √⊣∇⊣⌈≀§⌉∫ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∫⌋⊣↕⊣∇ ⟩⊔⌉⇕ ⟩∫ \≀\↖↕⌉§⟩⌋⊣↕⇔ ⊣∫ ⟩\ ⟨≀⊒ ⇕⊣\† ⌊⊣∇∇⌉↕∫↙ ∞∞

F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ S⌋⊣↕⌉ ⌋≀\⌋⌉√⊔ ⟩∫ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ↕⊣\}⊓⊣}⌉ ⊔≀ ⟨⊣⊑⌉ ⊣ \⊓⇕⌊⌉∇ ≀{ √≀∫∫⟩⌊↕⌉ ∫↕≀⊔∫⇔ ⊒⟨⟩⌋⟨ ∇⌉√∇⌉∫⌉\⊔ ∫⊓⌋⟨ ⊔⟨⟩\}∫ ⊣∫ ⊒⟨⟩⌋⟨ ≀⌊|⌉⌋⊔∫ ⊣∇⌉ ≀\ ⊔⟨⌉ ∫⌋⊣↕⌉⇔ ≀∇ ⊔⟨⌉ ↕≀⌋⊣⊔⟩≀\ ≀{ ≀⌊|⌉⌋⊔∫ ≀\ ⊔⟨⌉ ∫⌋⊣↕⌉⇔ ≀∇ ⊔⟨⌉ ⌈≀⇕⊣⟩\ ≀{ ⊔⟨⌉ ∫⌋⊣↕⌉↙ T⟨⌉ ∫↕≀⊔∫ ≀{ ⊔⟨⌉ ⌋≀\⌋⌉√⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⟩\ ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ ⌋≀\∫⊔⟩⊔⊓⊔⌉ ≀∇ ⊣ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ≀{ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⌋≀\∫⊔⟩⊔⊓⊔⌉ ≀{ ⊔⟨⌉ HOW↖SCALE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣∇⌉ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⟩∫ ∫≀⇕⌉ S⌋⊣↕⌉ ⊒⟩⊔⟨ ∫≀⇕⌉ ≀⌊|⌉⌋⊔ ≀\ ⟩⊔⇔ ⊣\⌈ ⊔⟨⌉ ↕≀⌋⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ≀\ ⊔⟨⌉ ∫⌋⊣↕⌉ ⟩∫ ⟩\ ∐⊓⌉∫⊔⟩≀\↙ △ A⌋⌋⌉∫∫ E⊑⌉∇† ⇕≀⌈⌉↕ ≀{ √⊣∇∫⟩\}⇔ ↕⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫⇔ ≀∇ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\} ⟩\⌋↕⊓⌈⌉∫ ⊣ ⊔⟨⌉≀∇† ≀{ ⊣⌋⌋⌉∫∫⇔ ⊣\⌈ †⌉⊔ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⊣⌋⌋⌉∫∫ ⟨⊣∫ ⌊⌉⌉\ ∫⊔∇⟩‖⟩\}↕† ⌊⊣↕‖⊣\⟩‡⌉⌈↙ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ⊔⟨⌉≀∇⟩⌉∫ ≀{ ↕⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫ ⊣\⌈ ⟩⌈⟩≀⇕ ⊣⌋⌋⌉∫∫ ⊣\⌈ √⊣∇∫⟩\} ⊔⟨⌉≀∇⟩⌉∫ ≀{ ∫†\⊔⊣⌋⊔⟩⌋ ∇⊓↕⌉ ⊣⌋⌋⌉∫∫ ⟨⊣⊑⌉ ⊣↕⇕≀∫⊔ \≀ ⌋≀⇕⇕≀\⊣↕⟩⊔† ⟩\ ⇕⌉⊔⟨≀⌈≀↕≀}† ≀∇ ⌋≀⊑⌉∇⊣}⌉ ≀{ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ⌈⊣⊔⊣↙ I\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⊒⌉ ⟩\⊔∇≀⌈⊓⌋⌉ ⊣ ∫†∫⊔⌉⇕ {≀∇ ⌋≀⇕√⊣∇⟩\} √∇⌉⊑⟩≀⊓∫ ⇕≀⌈⌉↕∫ ≀{ ⊣⌋⌋⌉∫∫ ⟩\ ⌉⊣⌋⟨ ⌈≀⇕⊣⟩\⇔ ⊣\⌈ ⟨≀↕⌈ ⊔⟨⌉⇕ ⊓√ ⊔≀ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫↙ W⌉ ∫⟨≀⊒ ⊔⟨⊣⊔ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕∫ ⟩∫ ↕⊣⌋‖⟩\} ⟩\ ⊔⟨⟩∫ ∇⌉∫√⌉⌋⊔⇔ ⊣\⌈ ⊔⟨⌉\ √∇⌉∫⌉\⊔ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⊣⌋⌋⌉∫∫ ⇕≀⌈⌉↕ ⊣\⌈ ∫⟨≀⊒ ⊔⟨⊣⊔ ⟩⊔ ⊣⌋⌋≀⊓\⊔∫ {≀∇ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫↙ B⌉{≀∇⌉ ⊒⌉ ⌊⌉}⟩\⇔ ⊒⌉ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⟩∫∫⊓⌉ ≀{ ∫⌉∇⟩⊣↕ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊑⌉∇∫⊓∫ √⊣∇⊣↕↕⌉↕ ⊣↕}≀∇⟩⊔⟨⇕∫↙ T⟨⌉ ⌉⊣∇↕⟩⌉∫⊔ ⇕≀⌈⌉↕∫ ≀{ ↕⌉§⟩⌋⊣↕⇔ ⟩⌈⟩≀⇕⊣⊔⟩⌋⇔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⊣⌋⌋⌉∫∫ ⊒⌉∇⌉ ⊣↕↕ ∫⌉∇⟩⊣↕⇔ ⟩\⌋↕⊓⌈⟩\} ↕⌉§⟩⌋⊣↕ ⇕≀⌈⌉↕∫ ↕⟩‖⌉ ≀∇⌈⌉∇⌉⌈↖⊣⌋⌋⌉∫∫ ⇐H≀}⊣⌊≀⊣⇕ ↘ P⌉∇{⌉⊔⊔⟩ ∞∃▽⇒⇔ ⇕≀⌈⌉↕∫ ≀{ ⟩⌈⟩≀⇕ ⊣⌋⌋⌉∫∫ ↕⟩‖⌉ ⊔⟨⌉ ⟩⌈⟩≀⇕ ↕⟩∫⊔ ⟨†√≀⊔⟨⌉∫⟩∫ ⇐B≀⌊∇≀⊒ ↘ B⌉↕↕ ∞∃∋⇒ ⊣\⌈ ⊔⟨⌉ ⌈⟩∇⌉⌋⊔ ⊣⌋⌋⌉∫∫ ⟨†√≀⊔⟨⌉∫⟩∫ ⇐G⟩⌊⌊∫ ∞∃∀△⇒⇔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⊣↕}≀∇⟩⊔⟨⇕∫ ↕⟩‖⌉ PARSIFAL ⇐M⊣∇⌋⊓∫ ∞∃∀′⇒ ⊣\⌈ ⊔⟨⌉ S⊣⊓∫⊣}⌉ M⊣⌋⟨⟩\⌉ ⇐F∇⊣‡⟩⌉∇ ↘ F≀⌈≀∇ ∞∃∀⇒↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩\ ⊔⟨⌉ ⟩⌈⟩≀⇕ ↕⟩∫⊔ ⟨†√≀⊔⟨⌉∫⟩∫⇔ ⟩⌈⟩≀⇕∫ ⊣∇⌉ ∫⊔≀∇⌉⌈ ⟩\ ⊣ ∫⌉√⊣∇⊣⊔⌉ ⟩⌈⟩≀⇕ ⌈⟩⌋⊔⟩≀\⊣∇†⇔ ⊣\⌈ ⊣∇⌉ ⊣⌋⌋⌉∫∫⌉⌈ ⊒⟨⌉\ ⊔⟨⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ≀{ ↕⟩⊔⌉∇⊣↕ ⇕⌉⊣\⟩\}∫ {≀∇ ⊣ ∫⊔∇⟩\} {⊣⟩↕∫⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⌈⟩∇⌉⌋⊔ ⊣⌋⌋⌉∫∫ ⇕≀⌈⌉↕ ≀{ ⟩⌈⟩≀⇕ ⊣⌋⌋⌉∫∫ √∇≀√≀∫⌉∫ |⊓∫⊔ ⊔⟨⌉ ≀√√≀∫⟩⊔⌉¬ ⟩⌈⟩≀⇕⊣⊔⟩⌋ ⇕⌉⊣\⟩\} ⟩∫ ⊣⌋⌋⌉∫∫⌉⌈ ⊘∇∫⊔⇔ ⊣\⌈ ↕⟩⊔⌉∇⊣↕ ⇕⌉⊣\⟩\} ⟩∫ ≀\↕† ⌋≀⇕√⊓⊔⌉⌈ ⊒⟨⌉\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ≀{ ⟩⌈⟩≀⇕⊣⊔⟩⌋ ⇕⌉⊣\⟩\} {⊣⟩↕∫↙ I\ ∇⌉⌋⌉\⊔ †⌉⊣∇∫⇔ ∫⌉∇⟩⊣↕ ⇕≀⌈⌉↕∫ ≀{ ↕⌉§⟩⌋⊣↕ ⊣\⌈ ⟩⌈⟩≀⇕ ⊣⌋⌋⌉∫∫ ⟨⊣⊑⌉ {⊣↕↕⌉\ ∫≀⇕⌉⊒⟨⊣⊔ ≀⊓⊔ ≀{ {⊣⊑≀∇⇔ ⌈⊓⌉ ⊔≀ ⌉§⊔⌉\∫⟩⊑⌉ ∇⌉∫⊓↕⊔∫ ⊒⟨⟩⌋⟨ ⊣∇}⊓⌉ {≀∇ √⊣∇⊣↕↕⌉↕⟩∫⇕ ⇐S⊒⟩\\⌉† ∞∃∃∅ S⊒⟩\\⌉† ↘ C⊓⊔↕⌉∇ ∞∃∃⇒↙ T⟨⊓∫ ⇕≀∫⊔ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫ ≀\ ⟩⌈⟩≀⇕ √∇≀⌋⌉∫∫⟩\} ⊣∫∫⊓⇕⌉ ∫≀⇕⌉ {≀∇⇕ ≀{ ⊔⟨⌉ ↕⌉§⟩⌋⊣↕⟩‡⊣⊔⟩≀\ ⟨†√≀⊔⟨⌉∫⟩∫ ⇐S⊒⟩\\⌉† ↘ C⊓⊔↕⌉∇ ∞∃∃⇒⇔ ⊒⟨⟩⌋⟨ √∇≀√≀∫⌉∫ ⊔⟨⊣⊔ ⟩⌈⟩≀⇕∫ ⊣∇⌉ ∫⊔≀∇⌉⌈ ⊣∫ ↕≀\} ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫ ⊣\⌈ ⊣⌋⌋⌉∫∫⌉⌈ ⟩\ √⊣∇⊣↕↕⌉↕ ⊒⟩⊔⟨ \≀∇⇕⊣↕ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫↙ W⟨⟩↕⌉ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫ ≀\ ∫†\⊔⊣⌋⊔⟩⌋ ⊣⌋⌋⌉∫∫ ⊣∇⌉ ∫≀⇕⌉⊒⟨⊣⊔ ⇕≀∇⌉ ⌋≀\⊔⌉\⊔⟩≀⊓∫⇔ ⊣ \⊓⇕⌊⌉∇ ≀{ ∇⌉⌋⌉\⊔ ∇⌉∫⊓↕⊔∫ ⊣∇}⊓⌉ {≀∇ √⊣∇⊣↕↕⌉↕⟩∫⇕ ⟩\ ∫†\⊔⊣⌋⊔⟩⌋ √∇≀⌋⌉∫∫⟩\}⇔ ⊣∫ ⊒⌉ ⟨⊣⊑⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣⌊≀⊑⌉↙ I\ ⊔⟨⌉ ∇⌉⇕⊣⟩\⌈⌉∇ ≀{ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\⇔ ⊔⟨⌉\⇔ ⊒⌉ {≀⌋⊓∫ ≀⊓∇ ⊣⊔⊔⌉\⊔⟩≀\ ≀\ √⊣∇⊣↕↕⌉↕ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ ⌉§⊣⇕⟩\⟩\} √∇⌉⊑⟩≀⊓∫ ⇕≀⌈⌉↕∫ {∇≀⇕ ⊔⊒≀ √⌉∇∫√⌉⌋⊔⟩⊑⌉∫¬ ⟨≀⊒ ⊔≀ ⊣⌋⌋⌉∫∫ ⇐⟩↙⌉↙ ⊒⟨⊣⊔ ∫≀∇⊔∫ ≀{ ⌉⊑⟩⌈⌉\⌋⌉ ⊔≀ ⊓∫⌉⇒⇔ ⊣\⌈ ⊒⟨⌉\ ⊔≀ ⊣⌋⌋⌉∫∫ ⇐⟩↙⌉↙ ⊔⟨⌉ ⊔⟩⇕⌉ ⌋≀⊓∇∫⌉ ≀{ ⊣⌋⌋⌉∫∫⇒↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⊣⌋⌋⌉∫∫⟩\} ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋ ∇⊓↕⌉ S → NP VP ≀∇ ⊔⟨⌉ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕ ⊢⊣⌊≀⊓⊔≃ ⇐� b �w t) given some input. Figure 10 sketches four standard rule access models, showing the type of evidence each algorithm would use to access the rule S → NP VP ≀∇ ⊢⊣⌊≀⊓⊔≃ → � b �w t.

In the bottom-up model, access of a rule depends only on evidence from the input, and is delayed until the entire set of constituents has been seen. One interpretation of the lexicalization hypothesis Swinney & Cutler (1979) would process idioms in this way; van der Linden & Kraaij (1990) built a computational model of this proposal, in which idioms are not accessed until the entire idiom has been seen. In a top-down model (such as the selective access model of lexical access

Access Method Examples Phonological Evidence Syntactic Evidence • B≀⊔⊔≀⇕↖U√ ∫⟨⟩{⊔↖∇⌉⌈⊓⌋⌉ � b �w t NP VP • T≀√↖D≀⊒\ LL⇐‖⇒⇔ ∫⌉↕⌉⌋⊔⟩⊑⌉ ⊣⌋⌋⌉∫∫ ⊣⌊≀⊓⊔ S • L⌉{⊔↖C≀∇\⌉∇ C≀⟨≀∇⊔ � NP • I∫↕⊣\⌈ ⟨⌉⊣⌈↖⌋≀∇\⌉∇⇔ ‖⌉†⇔ MSS ⌊ �w t N Figure 10: Previous Models of Phonological and Syntactic Access

(Schvaneveldt et al. 1976; Glucksberg et al. 1986)), access depends only on previous expectations. Neither the top-down nor bottom-up models meets our concern with psychological plausibility. For example, we cited in the introduction a large number of studies showing that language processing is strictly on-line, ruling out a bottom-up model which delays until every constituent has been seen. Similarly, a number of studies have shown results inconsistent with contextual selection and other purely top-down models (Swinney 1979).

The left-corner model combines advantages of the bottom-up and top-down models; a rule is accessed by only the �rst constituent, and then processing continues in a top-down manner from the rest of the rule. Such models have been proposed for both syntactic parsing and lexical access. For example, Marslen-Wilson’s (1987) Cohort model of lexical access in speech perception is in many respects a left-corner model, using bottom-up information to access entries, and then top-down information to process them further. In the Cohort model, bottom-up phonetic information is used to access a set of lexical entries whose initial phonemes are compatible with the input so far. The set, called the cohort set, is then weeded out by using various top-down as well as bottom-up information sources to prune words which don’t meet their constraints.

The �nal class of models, the island models, propose even more sophisticated ways of accessing a rule. In head-corner access, only the head of the �rst constituent need be seen to access a rule. While the head-corner model was proposed independently by van Noord (1991) and Gibson (1991) for syntactic parsing, Cutler & Norris’s (1988) MSS model of lexical segmentation is essentially a head-corner model applied to speech. The MMS model accesses words based on their �rst stressed syllable; the stressed syllable thus acts as the parsing head.

Finally, in what can be viewed as an extension to the head-corner model, two algorithms (Wilensky & Arens 1980; Cacciari & Tabossi 1988) have been proposed which mark speci�c constituents of idioms as the key or indexing clue, and access idioms only after this constituent is seen. This allows these algorithms to model results indicating that the access of different idioms will occur at differing positions in the idiom.

Clearly there is a trend in more recent access models to be more and more sophisticated about the kind of evidence that is needed to access a rule or structure. Unfortunately none of these models are quite sophisticated enough, and all suffer from two major problems. The �rst is their inability to handle timing effects; in particular construction-speci�c, context-speci�c, and frequency effects in access. The second is their reliance on on a single kind of information to access rules. This might be bottom-up information, as in the shift-reduce parsers of Aho & Ullman (1972), or lexical access algorithms such as the exhaustive access model (Swinney 1979; Tanenhaus et al. 1979). Alternative algorithms use only top-down information, as in many Prolog parsers, solely syntactic information, as in the left-corner parsers of Pereira & Shieber (1987), Thompson et al. (1991), and Gibson (1991), or solely semantic or lexical information, as in conceptual analyzers like Riesbeck & Schank (1978) or in Cardie & Lehnert (1991) or Lytinen (1991). Each of these models is specialized to rely on a particular kind of evidence, and is unable to use the kind of information treated by others7.

Consider the psycholinguistic evidence on timing. First, there is evidence that access timing is different for different constructions. The access point (point in time when the construction is accessed) for different constructions may be quite distinct. For lexical constructions, Tyler (1984) and Salasoo & Pisoni (1985) show that while the average access point for lexical items is approximately 150 ms after word-onset, timing is quite dependent on the frequency of the lexical item. Swinney & Cutler (1979) showed that some idioms were not accessed immediately after the �rst content word of the idiom, but rather that it took at least two words to access the idiom. Cacciari & Tabossi (1988) found that different idioms are accessed at quite different rates.

While the island or key algorithm of Cacciari & Tabossi (1988) and Wilensky & Arens (1980) can account for the �rst timing results, it cannot account for the second class of results. These results show that different contexts change the access point even for the same construction, i.e., that the access point is context-sensitive. Cacciari & Tabossi (1988) showed that the access of idioms was faster in the presence of context. Salasoo & Pisoni (1985) showed the same for lexical constructions. Marslen-Wilson et al. (1988) showed the dual case � that anomalous contexts can slow down the access point of lexical constructions, and that the more anomalous the contexts, the higher the response latencies.

Thus, whatever sort of access algorithm we propose, it must allow the accumulation of evidence to cause some constructions, in some contexts, to be accessed faster than other constructions, in other contexts. But if this is the case, the algorithm must use and hence weight different types of evidence. How should the algorithm weight evidence for the access of a construction?

It turns out that well-known experimental results can help us to answer this question. First, there have been results for many years which argue that the evidence combination function should weight evidence in direct proportion to the frequency of the construction. That is, very common constructions should be suggested more easily and quickly than less frequent ones, as we can see from a number of experimental results: high-frequency lexical items have higher initial activation than low-frequency ones (Marslen-Wilson (1990)), are accessed more easily (Tyler 1984 and Zwitserlood 1989), and reach recognition threshold more quickly (Simpson & Burgess 1985 and Salasoo & Pisoni 1985). Similarly, experiments on idioms have shown that more familiar idioms are accessed more quickly (Flores d’Arcais 1993). This suggests that evidence for a construction c should be weighted in direct proportion to its frequency▷ More recently Cacciari ς Tabossi ↼1988↽ present a result which argues that the evidence 7For example many modern linguistic theories have extended the small αnite set of nonterminals in a grammar to a larger potentially inαnite set of directed graphs by allowing constituents to be deαned by complex syntactic ↼or semantic↽ features▷ All of these theories however require that the grammar contain a Ψcontextfree backboneν which is used for parsing or that the grammar designer specify some small set of features which the parser can use via the restriction algorithm to access rules ↼Shieber 1985↽▷ combination function should weight evidence in inverse proportion to the frequency of the evidence▷ In studying the access of idioms in Italian they found that idioms which begin with very common words such as venire ↼ℓcomeφ↽ or andare ↼ℓgoφ↽ what they called idioms with late cues are accessed much later than idioms with early cues▷ In other words the highly frequent words which began the idiom did not prove a good source of evidence for the idiom because they provided evidence for so many other constructions as well▷ This argues that a piece of evidence e should be weighted in inverse proportion to its frequency▷ We can summarize the psycholinguistic data as follows. • T⟨⌉ ⊣⌋⌋⌉∫∫↖√≀⟩\⊔ ≀{ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊑⊣∇⟩⌉∫ ⊣⌋∇≀∫∫ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣\⌈ ⌋≀\⊔⌉§⊔∫↙ • E⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⊒⌉⟩}⟨⊔⌉⌈ ⟩\ ⌈⟩∇⌉⌋⊔ √∇≀√≀∇⊔⟩≀\ ⊔≀ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋↖ ⊔⟩≀\↙ • E⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⊒⌉⟩}⟨⊔⌉⌈ ⟩\ ⟩\⊑⌉∇∫⌉ √∇≀√≀∇⊔⟩≀\ ⊔≀ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⌋⌉↙ W⌉ √∇≀√≀∫⌉ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⊔⊣↕ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕ ⊔≀ ⌉§√↕⊣⟩\ ⊔⟨⌉∫⌉ ∇⌉∫⊓↕⊔∫↙ T⟨⌉ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕ ⊔∇⌉⊣⊔∫ ⊣⌋⌋⌉∫∫ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⊣↕↕†↙ F≀∇ ⌉⊣⌋⟨ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊒⌉ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ ∫≀⊓∇⌋⌉∫ ≀{ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⟩\⌋↕⊓⌈⟩\} ∫†\⊔⊣⌋⊔⟩⌋⇔ ∫⌉⇕⊣\⊔⟩⌋⇔ ⊣\⌈ ↕⌉§⟩⌋⊣↕ ∫≀⊓∇⌋⌉∫⇔ ⌊≀⊔⟨ ⊔≀√↖⌈≀⊒\ ⊣\⌈ ⌊≀⊔⊔≀⇕↖⊓√↙ W⌉ ⊒⌉⟩}⟨⊔ ⊔⟨⌉∫⌉ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⊣↕↕† ⌊† ⌋≀\∫⟩⌈⌉∇⟩\} ⊔⟨⌉ ⌋≀\⌈⟩⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ }⟩⊑⌉\ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⌋⌉↙ T⟨⌉ }∇⊣⇕⇕⊣∇ ⊣∫∫⟩}\∫ ⊣ ⊓\⟩⊑⌉∇∫⊣↕ ⊣⌋⌋⌉∫∫ ⊔⟨∇⌉∫⟨≀↕⌈ α and a construction is accessed when the weighted evidence for it passes the threshold▷ We can see that the evidential access algorithm can account for each of the psycholinguistic results▷ Clearly the algorithm explains why the access point will vary across constructions and contexts since the quantity and quality of evidence will be different▷ In addition the algorithm explains the frequency relation between construction and evidence which we can express as follows given that prior probabilities are taken as maximum likelihood estimates from relative frequences. P (c | e) ≈ P (c) P (e) (1) We can see this by considering the Bayes Rule, which expresses the conditional probability of the construction given evidence as follows: P (c | e) = P (e | c)P (c) P (e) (2) Note that this equation for conditional probability predicts a direct relation between construction prior probability and conditional probability and an inverse relation between evidence frequency and conditional probability. The complete algorithm can be sketched as follows:

Evidential Access Algorithm:

1. Each construction in the grammar has an activation value, which is initialized to zero.

2. As the interpreter encounters evidence, the activation value of each relevant construction c is updated according to P (c|e), its conditional probability given the new evidence e▷

3▷ When the activation value for a construction passes the access threshold α the construction is accessed into the access buffer▷ 4▷ After each access round the activation value of each construction in the grammar is reset to zero▷ In the next section we discuss the details of the algorithm and the probability computation and some simplifying assumptions▷ 4▷1 Types of Evidence Types of evidence include • B≀⊔⊔≀⇕↖⊓√ ∫†\⊔⊣⌋⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉¬ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨≀∫⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔⇐∫⇒ ⇕⊣⊔⌋⟨ ∫†\⊔⊣⌋⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇↙ • B≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉¬ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨≀∫⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔⇐∫⇒ ⇕⊣⊔⌋⟨ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇↙ • T≀√↖⌈≀⊒\ ∫†\⊔⊣⌋⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉¬ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨≀∫⌉ ⌋≀\∫⊔⟩⊔⊓⊔⌉ ⇕⊣⊔⌋⟨⌉∫ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √≀∫⟩⊔⟩≀\ ≀{ ∫≀⇕⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉↙ • T≀√↖⌈≀⊒\ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉¬ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨≀∫⌉ ⌋≀\∫⊔⟩⊔⊓⊔⌉ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √≀∫⟩⊔⟩≀\ ≀{ ∫≀⇕⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉⇔ ≀∇ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ≀{ ⊣ √∇⌉⊑⟩≀⊓∫↕† ⌉\⌋≀⊓\⊔⌉∇⌉⌈ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕↙ T⟨⌉∫⌉ ⊑⊣∇⟩≀⊓∫ ‖\≀⊒↕⌉⌈}⌉ ∫≀⊓∇⌋⌉∫ ⌋⊣\ ∫⊓√√↕† ⌉⊑⟩⌈⌉\⌋⌉ ⟩\ ⌈⟩{{⌉∇⌉\⊔ ⊒⊣†∫↙ T≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋⊣\ ⌊⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⌊⊣∫⌉⌈ ≀∇ ⊑⊣↕⌉\⌋⌉↖⌊⊣∫⌉⌈↙ C≀\∫⊔⟩⊔⊓⌉\⊔↖⌊⊣∫⌉⌈ ⌉⊑⟩⌈⌉\⌋⌉ ≀⌋⌋⊓∇∫ ⊒⟨⌉\ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ √⊣∇⊔ ≀{ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⊣\⌈ ≀\⌉ ≀{ ⟩⊔∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ⟨⊣∫ \≀⊔ †⌉⊔ ⌊⌉⌉\ ⊘↕↕⌉⌈↙ T⟨⟩∫ ⊓\⊘↕↕⌉⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣\† ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨⟩⌋⟨ ⇕⌉⌉⊔∫ ⟩⊔∫ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊒⟨⟩⌋⟨ ⇕⊣† ⌊⌉ ∫†\⊔⊣⌋⊔⟩⌋ ≀∇ ∫⌉⇕⊣\⊔⟩⌋↙ V⊣↕⌉\⌋⌉↖⌊⊣∫⌉⌈ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ ≀⌋⌋⊓∇∫ ⊒⟨⌉\ ⊔⟨⌉ ⊣∇}⊓⇕⌉\⊔∫ ≀{ ⊣ √∇⌉⌈⟩⌋⊣⊔⌉ ⊣∇⌉ ⊓∫⌉⌈ ⊣∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⊣√√⌉⊣∇⊣\⌋⌉ ≀{ ⊣ √≀∫∫⟩⌊↕⌉ ⊣∇}⊓⇕⌉\⊔↖⊘↕↕⌉∇↙ A}⊣⟩\ ⌈⌉√⌉\⌈⟩\} ≀\ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉∫⌉ ⊑⊣↕⌉\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ∫†\⊔⊣⌋⊔⟩⌋ ≀∇ ∫⌉⇕⊣\⊔⟩⌋⇔ ⊑⊣↕⌉\⌋⌉↖⌊⊣∫⌉⌈ ⌉⊑⟩⌈⌉\⌋⌉ ⇕⊣† ⌊⌉ ⊔≀√↖⌈≀⊒\ ∫†\⊔⊣⌋⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ≀∇ ⊔≀√↖⌈≀⊒\ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉↙ △↙∈ P∇≀⌊⊣⌊⟩↕⟩⊔† C≀⇕√⊓⊔⊣⊔⟩≀\ B⌉⌋⊣⊓∫⌉ ⌉⊑⟩⌈⌉\⌋⌉ ⌋≀⇕⌉∫ {∇≀⇕ ⌈⟩{{⌉∇⌉\⊔ ∫≀⊓∇⌋⌉∫⇔ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕ ⇕⊓∫⊔ ⌋≀⇕⌊⟩\⌉ ⊣\⌈ ⊒⌉⟩}⟨⊔ ⟨⌉⊔⌉∇≀}⌉\⌉≀⊓∫ ⌉⊑⟩⌈⌉\⌋⌉↙ W⌉ ⇕⊣‖⌉ ⊣ ∫⟩⇕√↕⟩{†⟩\} ⊣∫∫⊓⇕√⊔⟩≀\ ⊔⟨⊣⊔ ⊒⟨⊣⊔⌉⊑⌉∇ ⇕⌉⊔∇⟩⌋ ⊒⌉ ⌋⟨≀≀∫⌉ {≀∇ ⌉⊑⊣↕⊓⊣⊔⟩\} ⌉⊑⟩⌈⌉\⌋⌉⇔ ⟩⊔ ⊔∇⌉⊣⊔∫ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋↕⊣∫∫⌉∫ ≀{ ⌉⊑⟩⌈⌉\⌋⌉ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊒⊣†↙ T⟨⊓∫ ⌊≀⊔⊔≀⇕↖⊓√ ∫†\⊔⊣⌋⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ⊑⊣↕⊓⌉∫⇔ ⊔≀√↖⌈≀⊒\ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⊣↕↕ ≀⊔⟨⌉∇ ⌉⊑⟩⌈⌉\⌋⌉ ⊑⊣↕⊓⌉∫ ⊒⟩↕↕ ∫⟩⇕√↕† ⌊⌉ ∫⊓⇕⇕⌉⌈ ⊔≀ √∇≀⌈⊓⌋⌉ ⊣\ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ↕⌉⊑⌉↕ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ T⟨⌉ ⌋≀\⌈⟩⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ }⟩⊑⌉\ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⌋⌉ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⟩⇕√↕⌉ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⟩\ ⊣ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇↙ I{ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∇⌉ ⊣\\≀⊔⊣⊔⌉⌈ ⊒⟩⊔⟨ {∇⌉∐⊓⌉\⌋⟩⌉∫⇔ ⊔≀√↖⌈≀⊒\ √∇≀⌊⊣⌊⟩↕⟩↖ ⊔⟩⌉∫⇔ ⊒⟨⌉⊔⟨⌉∇ ∫†\⊔⊣⌋⊔⟩⌋ ≀∇ ∫⌉⇕⊣\⊔⟩⌋⇔ ⌋⊣\ ⌊⌉ ⌋≀⇕√⊓⊔⌉⌈ ⌊† ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⊣↕}≀∇⟩⊔⟨⇕ ⊓∫⌉⌈ {≀∇ ∫⊔≀⌋⟨⊣∫⊔⟩⌋ ∞

⌋≀\⊔⌉§⊔↖{∇⌉⌉ }∇⊣⇕⇕⊣∇∫ ⇐SCFG∫⇒↙ F⟩∇∫⊔⇔ ⇕⊣§⟩⇕⊓⇕ ↕⟩‖⌉↕⟩⟨≀≀⌈ ⌉∫⊔⟩⇕⊣⊔≀∇∫ ⌋⊣\ ⌊⌉ ⊣√√↕⟩⌉⌈ ⊔≀ {∇⌉∐⊓⌉\↖ ⌋⟩⌉∫ ⊔≀ √∇≀⌈⊓⌋⌉ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ SCFG √∇⟩≀∇ √∇≀⌊⊣⌊⟩↕⟩⊔†⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊔⟨⌉ ⌋≀\⌈⟩⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ∇⟩}⟨⊔ ⟨⊣\⌈ ∫⟩⌈⌉ ≀{ ⊣ ∇⊓↕⌉⇔ }⟩⊑⌉\ ⊔⟨⌉ ↕⌉{⊔ ⟨⊣\⌈ ∫⟩⌈⌉↙ T⟨⟩∫ ⟩∫ ⊔⟨⌉ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌉§√⊣\∫⟩≀\ ≀{ ⊔⟨⌉ ↕⌉{⊔↖⟨⊣\⌈ ∫⟩⌈⌉↙ T⟨⊓∫ ⟩{ ⊣ CFG ∇⊓↕⌉ ≀{ ⊔⟨⌉ {≀∇⇕ A → BC ↼3↽ a SCGF augments each rule with a probability and is of the form P (BC|A) A → BC ↼4↽ The conditional probability of a construction c given topdown evidence construction e is the probability that e will expand to c which can be computed by a standard algorithm▷ Since the parser operates left to right the topdown probability P (c|e) is the probability that the construction e leftexpands to c. P (e L^�⇒ c) (5)

This is true whether the evidence is valence evidence, i.e. evidence from a lexical head that a particular complement (syntactic or semantic) is expected, or constituent evidence, i.e. evidence from a incomplete construction. If no recursive production cycles occur in the expansion of e to c then P (c|e) is very simple to compute as the product of the probabilities associated with each rule in every possible expansion. (Stolcke (1993) shows how to handle the general case of recursive rules in the context of Stochastic Earley parsing).

In order to compute the conditional probability of a construction c given evidence e which is bottomup evidence we use the Bayes Rule. P (c | e) = P (e | c)P (c) P (e) (6) We can get the prior probabilities P (c) and P (e) from normalized frequencies. For the likelihood, we can now use the standard algorithm above.

Note that what makes it possible to condition on semantic as well as syntactic evidence is that a construction grammar allows semantic constraints to be intermixed with syntactic ones. The traditional use of SCFGs allowed only syntactic symbols as non-terminals. Since our grammar allows semantic symbols as well, we can compute the probability that a constituent acts as semantic evidence for another construction in exactly the same way as we compute the probability that it provides syntactic evidence.

Now we might choose to access any construction whose access probability is non-zero. But we can see from the results of Cacciari & Tabossi (1988) that idioms are often not accessed until more than one word of them has been seen. This implies that there must be some access threshold α which is greater than zero▷ Consider for example the bottomup evidence which the input Ψhowν provides for the HOW SCALE construction▷ We will use the Bayes rule as follows. P (HOW-SCALE | ⟨≀⊒) = P (how | HOW↖SCALE)P (HOW-SCALE) P (how) (7)

According to Francis & Ku�cera (1982), the evidence Ψhow˚ has a frequency of 1000 per million, while HOW-SCALE has a frequency of 149 per million. Thus the ratio P(How-Scale)/P(how) is 149/1000 or .149. The conditional probability of Ψhow˚ given HOW-SCALE is 1.0, since HOW- SCALE requires the word Ψhow˚. Thus the bottom-up evidence that Ψhow˚ provides is .149. We estimate the frequency of the MEANS-HOW construction, on the other hand, as 225 per million, Thus the bottom-up evidence that Ψhow˚ provides is 225/1000 * 1.0 or .225.

As a simple starting hypothesis, we propose to set the access threshold α at the value of 0▷1▷ Choosing this low value means that in cases with close to unity likelihood like these cases any evidence will be sufαcient to access a construction if its frequency is within an order of magnitude of the frequency of the construction▷ The implementation described in Jurafsky ↼1992↽ in fact relied on the fact that unity likelihoods are common and used the ratio of priors as an approximation to the actual conditional probability▷ The current implementation of SAL does not have a robust evidencecombination algorithm▷ Currently we simply sum the probabilities from various evidence sources▷ Since combining top down and bottomup evidence is the subject of a large Bayes Net literature ↼Pearl 1988↽ we expect to use such algorithms in future work▷ However psycholinguistic results on the relation between topdown and bottomup evidence are quite controversial▷ While most studies agree that topdown evidence is used in parsing many researchers have argued that bottomup evidence is used αrst ↼Mitchell 1989, Clifton ς Frazier 1989↽▷ Such timing results might be modeled by providing more weight to bottomup evidence so that its effects are available to the interpreter earlier▷ Indeed the evidential access theory explains the fact noted by Tanenhaus ς Lucas ↼1987↽ that psycholinguistic evidence of topdown effects is very common in phonology but much rarer in syntax▷ In phonology the conditional probability of a phoneme appearing given a word in which it occurs is very high and thus topdown evidence will be quite high▷ Syntactic constraints on the other hand are generally speciαed in terms of very abstract constructions like NOUN or VERB▷ Thus the topdown conditional probability of any particular noun appearing is quite low and topdown evidence will be much lower▷ Interestingly Cacciari ς Tabossi ↼1988↽ found evidence of topdown effects in syntax for idioms, since idioms are often lexical they are exactly the kind of syntactic structure in which the topdown conditional probability of a given word occurring may be quite high▷ 4▷3 Examples of Access The next four subsections summarize different kinds of linguistic knowledge that may be used as evidence for a construction in SAL▷ 4▷3▷1 Bottomup Syntactic or Phonological Evidence Bottomup syntactic or graphemic evidence is used by all parsers or interpreters▷ Figure 11 below shows an example of bottomup access▷ After seeing the word Ψhowν the interpreter accesses the three constructions which include that lexical form▷ The buffer contains two constructions each accessed because of bottomup syntactic evidence from the word Ψhowν▷ The αrst one is a lexical construction concerned with specifying the means or plan by which some goal is accomplished ↼ΨHow can I get home⋆ν↽▷ The second construction the HOWSCALE construction was described in §∋↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⟩∫ HOW↖SCALE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ \≀⊔ ∞∀

F⟩}⊓∇⌉ ∞∞¬ T⟨⌉ A⌋⌋⌉∫∫ B⊓{{⌉∇ ⊣{⊔⌉∇ ∫⌉⌉⟩\} ⊖⟨≀⊒⪰

↕⌉§⟩⌋⊣↕∅ ⟩⊔ ⟨⊣∫ ⊔⊒≀ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫⇔ ⊔⟨⌉ ∫⌉⌋≀\⌈ ≀{ ⊒⟨⟩⌋⟨ ⟩∫ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊔≀ ⌊⌉ ∫≀⇕⌉ ∫≀∇⊔ ≀{ ∫⌋⊣↕⌉↙ T⟨⊓∫ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊣↕}≀∇⟩⊔⟨⇕ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⊣⌋⌋⌉∫∫⌉∫ ↕⌉§⟩⌋⊣↕ ⊣∫ ⊒⌉↕↕ ⊣∫ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫↙ I\ }⌉\⌉∇⊣↕⇔ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\≃∫ ⊘∇∫⊔ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ⌋≀\⊔⌉\⊔∫ ≀{ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇ ⊒⟩↕↕ ⌊⌉ }≀≀⌈ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ I\ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⌋⊣∫⌉∫ ⟩\ F⟩}⊓∇⌉ ∞∞ ⊔⟨⌉ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ⊑⊣↕⊓⌉ ⟩∫ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊔⟨∇⌉∫⟨≀↕⌈ ′↙∞↙ T⟨⌉ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ≀{ ⊔⟨⌉ HOW↖SCALE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ↙∞△∃⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ≀{ ⊔⟨⌉ MEANS↖HOW ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ↙∈∈▽⇔ ⊣\⌈ ∫≀ ⌊≀⊔⟨ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∇⌉ ⊣⌋⌋⌉∫∫⌉⌈↙ E{{⌉⌋⊔∫ ≀{ ⌊≀⊔⊔≀⇕↖⊓√ ∫†\⊔⊣⌋⊔⟩⌋ ≀∇ √⟨≀\≀↕≀}⟩⌋⊣↕ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣⌋⌋⌉∫∫ ⊣∇⌉ ∐⊓⟩⊔⌉ ∇≀⌊⊓∫⊔ ⟩\ ⊔⟨⌉ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ↕⟩⊔⌉∇⊣⊔⊓∇⌉⇔ ⊣∫ ≀{ ⌋≀⊓∇∫⌉ ≀\⌉ ⊒≀⊓↕⌈ ⌉§√⌉⌋⊔↙ T⟨⊓∫ {≀∇ ⌉§⊣⇕√↕⌉ ⊔⟨⌉ ∫⊔⊓⌈⟩⌉∫ ≀{ S⊒⟩\\⌉† ⇐∞∃∃⇒ ⊣\⌈ ≀⊔⟨⌉∇∫ ⌋⟩⊔⌉⌈ ⊣⌊≀⊑⌉ ∫⟨≀⊒ ⊔⟨⊣⊔ ⌊≀⊔⊔≀⇕↖⊓√ ⊣⌋⌋⌉∫∫ ≀{ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ≀⌋⌋⊓∇∫ ⌉⊑⌉\ ⟩\ ⊔⟨⌉ ⊣⌊∫⌉\⌋⌉ ≀{ ⌋≀\⊔⌉§⊔↙ △↙∋↙∈ B≀⊔⊔≀⇕↖⊓√ S⌉⇕⊣\⊔⟩⌋ E⊑⟩⌈⌉\⌋⌉ I\ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⊣⌋⌋⌉∫∫⇔ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ≀{ ∫≀⇕⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇ √∇≀⊑⟩⌈⌉ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨≀∫⌉ ↕⌉{⊔↖⇕≀∫⊔ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉⇕↙ B⌉⌋⊣⊓∫⌉ √∫†⌋⟨≀↕⟩\↖ }⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣⌋⌋⌉∫∫ ⟨⊣⊑⌉ }⌉\⌉∇⊣↕↕† ⌊⌉⌉\ ↕⟩⇕⟩⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ≀{ ↕⌉§⟩⌋⊣↕ ∫⊔∇⊓⌋⊔⊓∇⌉∫⇔ ⊣\⌈ ⌊⌉⌋⊣⊓∫⌉ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ⇕≀⌈⌉↕∫ ⟨⊣⊑⌉ ⊔⌉\⌈⌉⌈ ⊔≀ ⌊⌉ ⇕≀⌈⌉↕∫ ≀{ √⊣∇∫⟩\} ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ≀{ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩⊔ ⟨⊣∫ ⌊⌉⌉\ ⌈⟩{⊘⌋⊓↕⊔ ⊔≀ ⊘\⌈ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ∇⌉∫⊓↕⊔∫ ⊒⟨⟩⌋⟨ ∫⊓√√≀∇⊔ ⇐≀∇ ⌈⟩∫⌋∇⌉⌈⟩⊔⇒ ⊔⟨⌉ \≀⊔⟩≀\ ≀{ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣⌋⌋⌉∫∫↙ R⌉⌋⌉\⊔↕†⇔ ⟨≀⊒⌉⊑⌉∇⇔ G⟩⌊⌊∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒ ⟨⊣⊑⌉ ∫⊔⊓⌈⟩⌉⌈ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\} ≀{ ⟩⌈⟩≀⇕∫⇔ ⊣\⌈ ⊣∇}⊓⌉⌈ {≀∇ ⊔⟨⌉ ⊓∫⌉ ≀{ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ⟩\ ⌋⌉∇⊔⊣⟩\ ⟩⌈⟩≀⇕∫↙ T⟨⌉† \≀⊔⌉⌈ ⊔⟨⊣⊔ ⟨⊓⇕⊣\ √∇≀⌋⌉∫∫⟩\} ≀{ ⊣ ⌋⌉∇⊔⊣⟩\ ⌋↕⊣∫∫ ≀{ ⟩⌈⟩≀⇕∫ � ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⊔⟨⌉† ⌋⊣↕↕⌉⌈ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† ⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ � ⊒⊣∫ ⇕⊓⌋⟨ {⊣∫⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\} ≀{ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† \≀\↖⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕∫⇔ ⊣\⌈ ⊔⟨⊣\ \≀\↖ ⟩⌈⟩≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇≀↕ ∫⌉\⊔⌉\⌋⌉∫↙ S⌉⇕⊣\⊔⟩⌋⊣↕↕† ⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕∫ ⊣∇⌉ ⊔⟨≀∫⌉ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⟩⌈⟩≀⇕≃∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ √↕⊣†∫ ∫≀⇕⌉ √⊣∇⊔ ⟩\ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⟩⌈⟩≀⇕ ⊣∫ ⊣ ⊒⟨≀↕⌉↙ F≀∇ ⌉§⊣⇕√↕⌉ ⟩\ ⊔⟨⌉ ⟩⌈⟩≀⇕ √≀√ ⊔⟨⌉ ∐⊓⌉∫⊔⟩≀\⇔ ⊔⟨⌉ ∐⊓⌉∫⊔⟩≀\ ⌋↕⌉⊣∇↕† ∫⟩}\⟩⊘⌉∫ ⊣ ⊖⇕⊣∇∇⟩⊣}⌉ √∇≀√≀∫⊣↕⪰⇔ ⊣\⌈ ⊔⟨⌉ ⊑⌉∇⌊ √≀√ ⊔⟨⌉ ⊣⌋⊔ ≀{ ⊓⊔⊔⌉∇⟩\} ⟩⊔↙ I\ ⊣ \≀\↖⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ∫⌉⇕⊣\⊔⟩⌋ ∇⌉↕⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊔⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⊒≀∇⌈∫ ≀{ ⊔⟨⌉ ⟩⌈⟩≀⇕ ⊣\⌈ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊔⟨⌉ ⟩⌈⟩≀⇕↙ F≀∇ ⌉§⊣⇕√↕⌉ ⟩\ ⊔⟨⌉ ∞∃

\≀\↖⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕ ‖⟩⌋‖ ⊔⟨⌉ ⌊⊓⌋‖⌉⊔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ∇⌉↕⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⌊⊓⌋‖⌉⊔∫ ⊣\⌈ ⌈†⟩\}↙ G⟩⌊⌊∫ ⌉⊔ ⊣↕↙ ⇐∞∃∀∃⇒ √∇≀√≀∫⌉⌈ ⊔⟨⊣⊔ ⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕∫ ↕⟩‖⌉ √≀√ ⊔⟨⌉ ∐⊓⌉∫⊔⟩≀\ ≀∇ ∫√⟩↕↕ ⊔⟨⌉ ⌊⌉⊣\∫ ⊒⌉∇⌉ ⊣⌋⌋⌉∫∫⌉⌈ ⊒⟨⌉\ ⊔⟨⌉ ∫⊓⌊|⌉⌋⊔∫ ∇⌉⊣⌈ ⊔⟨⌉ ⊒≀∇⌈ √≀√ ≀∇ ∫√⟩↕↕⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⇕⌉⊣\⟩\}∫ ≀{ ⊔⟨⌉∫⌉ ⊒≀∇⌈∫ √↕⊣† ∫≀⇕⌉ ⇕⌉⊔⊣√⟨≀∇⟩⌋ √⊣∇⊔ ⟩\ ⊔⟨⌉ ⇕⌉⊣\⟩\}∫ ≀{ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ⟩⌈⟩≀⇕∫↙ T⟨⊣⊔ ⟩∫⇔ ⊔⟨⌉ ⟩⌈⟩≀⇕∫ ⊒⌉∇⌉ ⊣⌋⌋⌉∫∫⌉⌈ {∇≀⇕ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉↙ N≀\↖⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉ ⟩⌈⟩≀⇕∫ ↕⟩‖⌉ ‖⟩⌋‖ ⊔⟨⌉ ⌊⊓⌋‖⌉⊔ ⊒⌉∇⌉ \≀⊔ ⊣⌋⌋⌉∫∫⌉⌈ ⊓\⊔⟩↕ ⊔⟨⌉ ⌉\⊔⟩∇⌉ √⟨∇⊣∫⌉ ⟨⊣⌈ ⌊⌉⌉\ ∫⌉⌉\⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉∇⌉ ⊒⊣∫ \≀ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉⇕↙ I\ ≀∇⌈⌉∇ ⊔≀ ⊣⌋⌋⌉∫∫ ⟩⌈⟩≀⇕∫ {∇≀⇕ ⇕⌉⊔⊣√⟨≀∇⟩⌋⊣↕↕† ∇⌉↕⊣⊔⌉⌈ ∫⌉\∫⌉∫ ⟩\ ⊔⟨⟩∫ ⊒⊣†⇔ ⊔⟨⌉ }∇⊣⇕⇕⊣∇ ⇕⊓∫⊔ ⟩\⌋↕⊓⌈⌉ ⊣ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ⇕⌉⊔⊣√⟨≀∇∫ ⊔⟨⊣⊔ √↕⊣† ⊣ √⊣∇⊔ ⟩\ ⊔⟨⌉ ⇕⌉⊣\⟩\}∫ ≀{ ⊔⟨⌉ ⟩⌈⟩≀⇕∫↙ M⊣∇⊔⟩\ ⇐∞∃∃′⇒ ∫⟨≀⊒∫ ⟨≀⊒ ⊔⟨⌉∫⌉ ⇕⌉⊔⊣√⟨≀∇∫ ⇕⊣† ⌊⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊣\⌈ ↕⌉⊣∇\⌉⌈↙ F⟩}⊓∇⌉ ∞∈ ⌊⌉↕≀⊒ ∫⟨≀⊒∫ ⊔⟨⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ S√⟩↕↕↖⊔⟨⌉↖B⌉⊣\∫↖A∫↖R⌉⊑⌉⊣↕↖S⌉⌋∇⌉⊔ ⇕⌉⊔⊣√⟨≀∇ ⊔⟨⊣⊔ ⟩∫ √⊣∇⊔ ≀{ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊓∫⟩\} ⊔⟨⌉ \≀⊔⊣⊔⟩≀\ ≀{ M⊣∇⊔⟩\ ⇐∞∃∃′⇒∅ F⟩}⊓∇⌉ ∞∋ ⊒⟩↕↕ ∫‖⌉⊔⌋⟨ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨⟩⌋⟨ ⟩\⌋↕⊓⌈⌉∫ ⊔⟨⟩∫ ⇕⌉⊔⊣√⟨≀∇↙

F⟩}⊓∇⌉ ∞∈¬ T⟨⌉ S√⟩↕↕↖T⟨⌉↖B⌉⊣\∫ M⌉⊔⊣√⟨≀∇ ⇐A{⊔⌉∇ M⊣∇⊔⟩\ ∞∃∃′⇒

F⟩}⊓∇⌉ ∞∋ ∫⟨≀⊒∫ ⟨≀⊒ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒≀⊓↕⌈ ∇⌉⌋⌉⟩⊑⌉ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ⟩\ ⊔⟨⌉ √∇≀√≀∫⌉⌈ ⌉§⊔⌉\⌈⌉⌈ ⇕≀⌈⌉↕↙ F⟩∇∫⊔⇔ ⊔⟨⌉ ≀∇⊔⟨≀}∇⊣√⟨⟩⌋ ⟩\√⊓⊔ ⊖∫√⟩↕↕⪰ √∇≀⊑⟩⌈⌉∫ ∫≀⇕⌉ ⌉⊑⟩↖ ⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊣\⌈ ⊣↕∫≀ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⊑⌉∇⌊⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ SPILL↙ N⌉§⊔⇔ ⊔⟨⌉ S√⟩↕↕⟩\}↖A⌋⊔⟩≀\ ⌋≀\⌋⌉√⊔ ⊒⟨⟩⌋⟨ ⟩∫ √⊣∇⊔ ≀{ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ SPILL ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⌊⊓{{⌉∇ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ SPILL↖THE↖ BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣↕∫≀ ⌋≀\⊔⊣⟩\∫ ⊔⟨⌉ S√⟩↕↕⟩\}↖A⌋⊔⟩≀\ ⌋≀\⌋⌉√⊔↙ T⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊔⟨⊓∫ ∇⌉⌋⌉⟩⊑⌉∫ ⌊≀⊔⟨ ⌊≀⊔⊔≀⇕↖⊓√ ∫†\⊔⊣⌋⊔⟩⌋ ⊣\⌈ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉↙ A ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ↕⟩‖⌉ KICK↖THE↖BUCKET⇔ ⊒⟨⟩⌋⟨ ⟩∫ \≀\↖⌈⌉⌋≀⇕√≀∫⊣⌊↕⌉⇔ ≀\↕† ∇⌉⌋⌉⟩⊑⌉∫ ⌊≀⊔⊔≀⇕↖⊓√ ≀∇⊔⟨≀}∇⊣√⟨⟩⌋ ⟩\√⊓⊔ {∇≀⇕ ⊖‖⟩⌋‖⪰⇔ ⌊⊓⊔ ⌈≀⌉∫ \≀⊔ ∇⌉⌋⌉⟩⊑⌉ ⌊≀⊔⊔≀⇕↖⊓√ ∫⌉⇕⊣\⊔⟩⌋ ⟩\√⊓⊔⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ KICK ⊣∇⌉ \≀⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ KICK↖THE↖BUCKET ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ A↕↕≀⊒⟩\} ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊔≀ ∇⌉⌋⌉⟩⊑⌉ ⌉⊑⟩⌈⌉\⌋⌉ {∇≀⇕ ⌊≀⊔⟨ ⊔⟨⌉ ⟩\√⊓⊔ ⊖∫√⟩↕↕⪰ ⊣\⌈ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ SPILL ⇕⊣‖⌉∫ ⊔⟨⌉ ∈′

F⟩}⊓∇⌉ ∞∋¬ T⟨⌉ S⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊖S√⟩↕↕⪰ √∇≀⊑⟩⌈⌉∫ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊖S√⟩↕↕↖T⟨⌉↖B⌉⊣\∫⪰

⊣⌋⌋⌉∫∫ ∫†∫⊔⌉⇕ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⌋↕⊣∫∫⟩⌋ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ∫†∫⊔⌉⇕∫⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ≀∇⊔⟨≀}∇⊣√⟨⟩⌋ ⟩\√⊓⊔ ⟩∫ ⟩\ ⌉{{⌉⌋⊔ √∇≀⊑⟩⌈⟩\} ⌉§⊔∇⊣ ⌉⊑⟩⌈⌉\⌋⌉ ⊣∫ ⇕⌉⌈⟩⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ SPILL ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ T⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⌊≀⊔⟨ ⊔⟨⌉ ↕⟩⊔⌉∇⊣↕ ⇕⌉⊣\⟩\} ≀{ ∫√⟩↕↕ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊔⟨⌉ SPILL↖THE↖BEANS ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣∇⌉ ⌊≀⊔⟨ ⊣⌋⌋⌉∫∫⌉⌈⇔ ⌊⊓⊔ ⊒⟩⊔⟨ ⊑⊣∇†⟩\} ⊔⌉⇕√≀∇⊣↕ ≀\∫⌉⊔∫⇔ ⟩∫ ⌋≀⇕√⊣⊔⟩⌊↕⌉ ⊒⟩⊔⟨ ∇⌉∫⊓↕⊔∫ {∇≀⇕ C⊣⌋⌋⟩⊣∇⟩ ↘ T⊣⌊≀∫∫⟩ ⇐∞∃∀∀⇒↙ △↙∋↙∋ T≀√↖D≀⊒\ S†\⊔⊣⌋⊔⟩⌋ E⊑⟩⌈⌉\⌋⌉ T⟨⌉ ⊓∫⌉ ≀{ ⊔≀√↖⌈≀⊒\ ∫†\⊔⊣⌋⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ ⟨⟩∫⊔≀∇⟩⌋⊣↕↕† ⌉⊣∇↕⟩⌉∫⊔ ⊣\⌈ ⊣↕∫≀ ⇕≀∫⊔ ⌋≀⇕⇕≀\ ⊣⌋⌋⌉∫∫ ∫⊔∇⊣⊔⌉}⟩⌉∫ {≀⊓\⌈ ⟩\ ⇕≀⌈⌉↕∫ ≀{ √⊣∇∫⟩\}↙ T≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀⌋⌋⊓∇∫ ⊒⟨⌉\ ⟩⊔∫ ↕⌉{⊔↖⟨⊣\⌈ ∫⟩⌈⌉ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √≀∫⟩⊔⟩≀\ ≀{ ∫≀⇕⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉↙ F⟩}⊓∇⌉ ∞△ ∫⟨≀⊒∫ ⊣\ ⌉§⊣⇕√↕⌉ ≀{ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉↙ T⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉ ⌋≀\⊔⊣⟩\∫ ⊣ ⌋≀√† ≀{ ⊔⟨⌉ W⟨↖N≀\↖S⊓⌊|⌉⌋⊔↖Q⊓⌉∫⊔⟩≀\ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ B⌉⌋⊣⊓∫⌉ ⟩⊔∫ ⌋⊓∇∇⌉\⊔ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩∫ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊔≀ ⌊⌉ ⊣\ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⌉⊑⟩⌈⌉\⌋⌉ ⟩∫ √∇≀⊑⟩⌈⌉⌈ {≀∇ ⊣\ AUX↙ B⌉⌋⊣⊓∫⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∇⌉ ⟩\ ⊣ ⊔†√⌉ ⟨⟩⌉∇⊣∇⌋⟨†⇔ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊑⌉∇† ⊣⌊∫⊔∇⊣⌋⊔ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ √⊣∫∫⌉⌈ ≀\ ⊔≀ ⟩⊔∫ ∫⊓⌊⊔†√⌉∫⇔ ∇⊣⟩∫⟩\} ⊔⟨⌉ ⊣⌋⊔⟩⊑⊣⊔⟩≀\ ⊑⊣↕⊓⌉∫ {≀∇ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⟩\ ⊔⟨⌉ }∇⊣⇕⇕⊣∇↙ A∫ ⟩∫ ⊔⟨⌉ ⌋⊣∫⌉ ⊒⟩⊔⟨ ⌊≀⊔⊔≀⇕↖⊓√ ⌉⊑⟩⌈⌉\⌋⌉⇔ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ ⇕⊣† ⌊⌉ ⟩\∫⊓{⊘⌋⟩⌉\⊔ ⊔≀ ⊣⌋⌋⌉∫∫ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ O\⌉ ⌉§√⌉⌋⊔∫ ⊔⟨⟩∫ ⊔≀ ⌊⌉ ⊔∇⊓⌉ ⊒⟨⌉\ ⊔⟨⌉ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ ⌈≀⌉∫ \≀⊔ √∇≀⊑⟩⌈⌉ ⌋⊓⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ∫√⌉⌋⟩⊘⌋ ⌉\≀⊓}⟨ ⊔≀ ⊣ }⟩⊑⌉\ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⌋≀\∫⊔∇⊣⟩\ ⊔⟨⌉⟩∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ⊔≀ ⌊⌉ ⊑⌉∇† ⊣⌊∫⊔∇⊣⌋⊔ ∫†\⊔⊣⌋⊔⟩⌋ ⌋⊣⊔⌉}≀∇⟩⌉∫ ∫⊓⌋⟨ ⊣∫ NOUN ≀∇ AUX ⌈≀ \≀⊔ ∫⊓√√↕† ⊑⌉∇† }≀≀⌈ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊣\ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ \≀⊓\ ≀∇ ⊣⊓§⟩↕⟩⊣∇†↙ A∫ F⟩}⊓∇⌉ ∞△ ∫⟨≀⊒∫⇔ ⊔⟨⌉ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⟩\∫⊓{⊘⌋⟩⌉\⊔ ⌊† ⟩⊔∫⌉↕{ ⊔≀ ⊣⌋⌋⌉∫∫ ⊣\† √⊣∇⊔⟩⌋⊓↕⊣∇ ⊣⊓§⟩↕⟩⊣∇†↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊔⟨⌉ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⌉∫⊔⟩⇕⊣⊔⌉⌈ {∇≀⇕ F∇⊣\⌋⟩∫ ↘ K⊓�⌋⌉∇⊣ ⇐∞∃∀∈⇒⇔ ⟩∫ ∈▽⇔∈△↙ B⊓⊔ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊔⟨⌉ ⊣⊓§⟩↕⟩⊣∇† CAN ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ≀\↕† ∞⇔▽∀↙ S⟩\⌋⌉ AUX ∫⊓⌊∫⊓⇕⌉∫ CAN⇔ P⇐CAN♣AUX⇒ ⟩∫ ∫⟩⇕√↕† P⇐CAN⇒∝P⇐AUX⇒ ℑ ∞⇔▽∀ ∝ ∈▽⇔∈△⇔ ≀∇ ↙′⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⌊⌉↕≀⊒ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊔⟨∇⌉∫⟨≀↕⌈ ≀{ ′↙∞↙ ∈∞

F⟩}⊓∇⌉ ∞△¬ T≀√↖⌈≀⊒\ E⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ A⊓§ C≀\∫⊔∇⊓⌋⊔⟩≀\

W∇⟩}⟨⊔ ↘ G⊣∇∇⌉⊔⊔ ⇐∞∃∀△⇒ {≀⊓\⌈ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔≀√↖⌈≀⊒\ ∫†\⊔⊣⌋⊔⟩⌋ ⌉{{⌉⌋⊔∫ ⌊† ∫⟨≀⊒⟩\} ⊔⟨⊣⊔ ⊑⌉∇† ∫⊔∇≀\} ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\⊔⌉§⊔∫ ⊣{{⌉⌋⊔⌉⌈ ⊔⟨⌉ ∇⌉⊣⌋⊔⟩≀\ ⊔⟩⇕⌉ {≀∇ ↕⌉§⟩⌋⊣↕ ⌈⌉⌋⟩∫⟩≀\∫ ≀\ \≀⊓\∫⇔ ⊑⌉∇⌊∫⇔ ⊣\⌈ ⊣⌈|⌉⌋⊔⟩⊑⌉∫↙ I\ ≀\⌉ ⌉§√⌉∇⟩⇕⌉\⊔⇔ ⊣ ⌋≀\⊔⌉§⊔ ⌉\⌈⟩\} ⟩\ ⊣ ⇕≀⌈⊣↕ ⊑⌉∇⌊ ∫⟨⊣∇√↕† ∇⌉⌈⊓⌋⌉⌈ ⊔⟨⌉ ⊔⟩⇕⌉ {≀∇ ↕⌉§⟩⌋⊣↕ ⌈⌉⌋⟩∫⟩≀\ ⊔≀ ⊣ ⊑⌉∇⌊↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊣ ⌋≀\⊔⌉§⊔ ⌉\⌈⟩\} ⟩\ ⊣ √∇⌉√≀∫⟩⊔⟩≀\ ∇⌉⌈⊓⌋⌉⌈ ⊔⟨⌉ ⊔⟩⇕⌉ {≀∇ ↕⌉§⟩⌋⊣↕ ⌈⌉⌋⟩∫⟩≀\ ⊔≀ ⊣ \≀⊓\↙ W∇⟩}⟨⊔ ⊣\⌈ G⊣∇∇⌉⊔⊔ ∫⊓}}⌉∫⊔ ⊔⟨⊣⊔ ⊔⟨⌉⟩∇ ∇⌉∫⊓↕⊔∫ ⇕⊣† ⌊⌉ ⊣⌋⌋≀⊓\⊔⌉⌈ {≀∇ ⌊† √∇≀√≀∫⟩\} ⊔⟨⊣⊔ ⊔⟨⌉ √⊣∇∫⌉∇ ⟩\⌋≀∇√≀∇⊣⊔⌉∫ ⊔≀√↖⌈≀⊒\ ∫†\⊔⊣⌋⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ {≀∇ ⊖√⟨∇⊣∫⊣↕ ⟨⌉⊣⌈∫⪰↙ O⊓∇ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⊣⌋⌋⌉∫∫ ⇕≀⌈⌉↕ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊔⟨⌉ W∇⟩}⟨⊔ ↘ G⊣∇∇⌉⊔⊔ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣ ⇕≀∇⌉ }⌉\⌉∇⊣↕ ⊒⊣† ⊔⟨⊣\ ∫√⌉⌋⟩{†⟩\} ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ {≀∇ ⊖√⟨∇⊣∫⊣↕ ⟨⌉⊣⌈∫⪰↙ T⟨⟩∫ ⟩∫ ⌊⌉⌋⊣⊓∫⌉ ⊣\† ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣⌋⊔∫ ⊣∫ ⌉⊑⟩⌈⌉\⌋⌉⇔ ⟩\⌋↕⊓⌈⟩\} ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {∇≀⇕ ⊣\ AUX {≀∇ ⊣ ⊑⌉∇⌊⊣↕ ⌋≀⇕√↕⌉⇕⌉\⊔ ⊔⟨⊣⊔ W∇⟩}⟨⊔ ⊣\⌈ G⊣∇∇⌉⊔⊔ {≀⊓\⌈⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ↕⟩‖⌉ ⊔⟨⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ AUX ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ∫⟨≀⊒\ ⊣⌊≀⊑⌉↙ S⊣↕⊣∫≀≀ ↘ P⟩∫≀\⟩ ⇐∞∃∀▽⇒ ⊣↕∫≀ {≀⊓\⌈ ⊔⟨⊣⊔ ⊔≀√↖⌈≀⊒\ ⌉⊑⟩⌈⌉\⌋⌉⇔ ⌊≀⊔⟨ ∫†\⊔⊣⌋⊔⟩⌋ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋⇔ ⌋⊣\ ⌋⊣⊓∫⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊔≀ ⌊⌉ ⊣⌋⌋⌉∫∫⌉⌈↙ ▽ I\⊔⌉}∇⊣⊔⟩≀\ T⟨⌉ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⌊⊣⌋‖⌊≀\⌉ ≀{ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⟩∫ ⊔⟨⌉ √∇≀⌋⌉∫∫ ≀{ ∇⊓↕⌉ ⌋≀⇕√≀∫⟩⊔⟩≀\⇔ ≀∇ ⟩\⊔⌉}∇⊣⊔⟩≀\↙ T⟨⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ ≀{ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ⇕≀⌈⌉↕⟩\} ⟩⇕√≀∫⌉∫ ⊣ ∫⟩}\⟩⊘⌋⊣\⊔ ⌋≀\∫⊔∇⊣⟩\⊔ ≀\ ⊣\ ⟩\⊔⌉}∇⊣⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕¬ ⊔⟨⊣⊔ ⟩⊔ ⌊⌉ ≀\↖↕⟩\⌉∅ §∞ ∇⌉{⌉∇∫ ⊔≀ ⊔⟨⌉ ∇⌉↕⌉⊑⊣\⊔ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫↙ O\↖↕⟩\⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⊣ √∇≀⌊↕⌉⇕ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⊣∫∫⊓⇕√⊔⟩≀\ ≀{ ∇⊓↕⌉↖⊔≀↖∇⊓↕⌉ √∇≀⌋⌉∫∫⟩\} ⇐B⊣⌋⟨ ∞∃⇏⇔ ⟩\ ⊒⟨⟩⌋⟨ ⌉⊣⌋⟨ ∫†\⊔⊣⌋⊔⟩⌋ ∇⊓↕⌉ ⟩∫ √⊣⟩∇⌉⌈ ⊒⟩⊔⟨ ⊣ ∫⌉⇕⊣\⊔⟩⌋ ∇⊓↕⌉⇔ ⊣\⌈ ⊣ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⌊⊓⟩↕⊔ {≀∇ ⊣ ∇⊓↕⌉ ≀\↕† ⊣{⊔⌉∇ ⊣↕↕ ≀{ ⟩⊔∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ⟨⊣⊑⌉ ⌊⌉⌉\ √⊣∇∫⌉⌈↙ S⟩\⌋⌉ ⊔⟨⌉ ∇⊓↕⌉↖⊔≀↖∇⊓↕⌉ ⊣∫∫⊓⇕√⊔⟩≀\ ⟩⇕√↕⟩⌉∫ ⊔⟨⊣⊔ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ {≀∇ ⊣ ∇⊓↕⌉ ⟨⊣√√⌉\∫ ≀\↕† ≀\ ⟩⊔∫ ∇⌉⌈⊓⌋⊔⟩≀\⇔ ∇⊓↕⌉∫ ⊒⟩⊔⟨ ⇕⊣\† ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ⇕⊣† ∇⌉⇕⊣⟩\ ⊓\⟩\⊔⌉∇√∇⌉⊔⌉⌈ {≀∇ ⇕⊓⌋⟨ ↕≀\}⌉∇ ⊔⟨⊣\ ⟩∫ ∈∈

⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ∇⌉∫⊓↕⊔∫↙ O\⌉ ∫≀↕⊓⊔⟩≀\ ⊔≀ ⊔⟨⟩∫ √∇≀⌊↕⌉⇕ ∇⌉↕⟩⌉∫ ≀\ ⊔⟨⌉ ⊓∫⌉ ≀{ C≀⇕⌊⟩\⊣⊔≀∇† C⊣⊔⌉}≀∇⟩⊣↕ G∇⊣⇕⇕⊣∇ ⇐CCG⇒ ⇐A⌈⌉∫ ↘ S⊔⌉⌉⌈⇕⊣\ ∞∃∀∈∅ S⊔⌉⌉⌈⇕⊣\ ∞∃∀∃∅ H⊣⌈⌈≀⌋‖ ∞∃∀∃⇒ ⊒⟨⟩⌋⟨ ⊣⌊⊣\⌈≀\∫ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ \≀⊔⟩≀\∫ ≀{ √⟨∇⊣∫⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ⟩\ {⊣⊑≀∇ ≀{ ⊣ {≀∇⇕⊣↕⟩∫⇕ ⊒⟨⟩⌋⟨ ∫⟩⇕√↕⟩⊘⌉∫ ⊔⟨⌉ √∇≀⌋⌉∫∫ ≀{ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ A ⌋⊣⊔⌉}≀∇⟩⊣↕ }∇⊣⇕⇕⊣∇ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ ↕⌉§⟩⌋≀\ ⊒⟨⟩⌋⟨ ⊣∫∫⟩}\∫ ⌉⊣⌋⟨ ⊒≀∇⌈ ⊣ ⌋⊣⊔⌉}≀∇† ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀∇ ⊣\ ⊣∇}⊓⇕⌉\⊔⇔ ⊣\⌈ ⊣ ∫⌉⊔ ≀{ ⌋≀⇕⌊⟩\⊣⊔≀∇† ∇⊓↕⌉∫ ⊒⟨⟩⌋⟨ ⌋≀⇕⌊⟩\⌉ ⇐⊓∫⊓⊣↕↕† ⊣⌈|⊣⌋⌉\⊔⇒ ⌋⊣⊔⌉}≀∇⟩⌉∫↙ T⟨∇≀⊓}⟨ ⊔⟨⌉ ⊓∫⌉ ≀{ ≀√⌉∇⊣⊔≀∇∫ ↕⟩‖⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀⇕√≀∫⟩⊔⟩≀\⇔ CCG∫ ⌋⊣\ ⌋∇⌉⊣⊔⌉ ⌋≀⇕√↕⌉§ ⌋⊣⊔⌉}≀∇⟩⌉∫ ⊒⟨⟩⌋⟨ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ √⊣∇⊔⟩⊣↕ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫↙ T⟨⊓∫ ⊣∫ ⌉⊣⌋⟨ ⊒≀∇⌈ ⟩∫ ⟩\√⊓⊔⇔ ⊣ √⊣∇∫⌉∇ ⌊⊣∫⌉⌈ ≀\ CCG ⌋⊣\ ⌊⊓⟩↕⌈ ⊣ ∫†\⊔⊣⌋⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊒⟨⟩⌋⟨ ⟩∫ ⊣ ⌋≀⇕√↕⌉⊔⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔⇔ ⊣\⌈ ⊔⟨⊓∫ ⇕⊣† ⟨⊣⊑⌉ ⊣ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟩⊔⟨≀⊓⊔ ⊣↕⊔⌉∇⟩\} ⊔⟨⌉ ∇⊓↕⌉↖⊔≀↖∇⊓↕⌉ ⊣∫∫⊓⇕√⊔⟩≀\↙ S⟩\⌋⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇ ⌈≀⌉∫ \≀⊔ ⊣↕↕≀⊒ ⊔⟨⌉ ⌋⊣⊔⌉}≀∇⟩⊣↕ √∇≀↕⟩{⌉∇⊣⊔⟩≀\≀{ C⊣⊔⌉}≀∇⟩⊣↕ G∇⊣⇕⇕⊣∇⇔ ⊒⌉ ⇕⊓∫⊔ ∫⌉⌉‖ ⊣ ∫≀↕⊓⊔⟩≀\ ⊒⟨⟩⌋⟨ ⌈≀⌉∫ \≀⊔ √↕⊣⌋⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ≀\ ⊔⟨⌉ {≀∇⇕ ≀{ ⊔⟨⌉ }∇⊣⇕⇕⊣∇↙ O⊓∇ ∫≀↕⊓⊔⟩≀\ ⟩∫ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⌊†↖⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩\⊔⌉}∇⊣⊔⟩≀\↙ I\ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⌊†↖⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩\⊔⌉}∇⊣⊔⟩≀\⇔ ⊣ √⊣∇⊔⟩⊣↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ {≀∇ ⌉⊣⌋⟨ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⟩\⌋∇⌉⇕⌉\⊔⊣↕↕† ⌉§⊔⌉\⌈⌉⌈ ⊣∫ ⌉⊣⌋⟨ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ √⊣∇∫⌉⌈↙ T⟨⊓∫ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊣∫ ∫≀≀\ ⊣∫ ⊔⟨⌉ ∫⇕⊣↕↕⌉∫⊔ ∫⊓⌊↖⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩∫ ∇⌉⌈⊓⌋⌉⌈⇔ ⊣\⌈ ⊔⟨⟩∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⌋⊣\ ⌊⌉ ⟩\⌋∇⌉⇕⌉\⊔⊣↕↕† ⌉§⊔⌉\⌈⌉⌈ ⊣∫ ⌉⊣⌋⟨ ⇕⟩\⟩⇕⊣↕ √⟩⌉⌋⌉ ≀{ ∫⊔∇⊓⌋⊔⊓∇⌉ ⟩∫ √∇≀⌋⌉∫∫⌉⌈↙ O⊓∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⌊†↖⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⇕≀⌈⌉↕ ⊣↕↕≀⊒∫ ⊓∫ ⊔≀ ⊓∫⌉ ∫⊔⊣\⌈⊣∇⌈ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫∅ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⌋⟨⊣\}⟩\} ⊔⟨⌉ }∇⊣⇕⇕⊣∇⇔ ≀⊓∇ ⇕≀⌈⌉↕ ⌈⟩∇⌉⌋⊔↕† ⌋⟨⊣\}⌉∫ ⊔⟨⌉ }∇⊣\⊓↕⊣∇⟩⊔† ≀{ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ W⌉ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\ ⌊† ⌉§⊔⌉\⌈⟩\} ⊔⟨⌉ ⊓\⟩⊘⌋⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\↙ U\⟩⊘⌋⊣⊔⟩≀\ ⟨⊣∫ ⌊⌉⌉\ ⊓∫⌉⌈ ⊑⌉∇† ∫⊓⌋⌋⌉∫∫{⊓↕↕† {≀∇ ⌊⊓⟩↕⌈⟩\} ∫†\⊔⊣⌋⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∅ ⊣√√↕†⟩\} ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\ ⊔≀ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ↕⌉⊣⌈∫ ⊓∫ ⊔≀ ⊔⟨∇⌉⌉ ⌉§⊔⌉\∫⟩≀\∫¬ ⊔†√⌉∫¬ S⟩\⌋⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊣∇⌉ ∇⌉↕⊣⊔⌉⌈ ⌊† ⊣ ⊔†√⌉⌈ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\ ⟨⟩⌉∇⊣∇⌋⟨†⇔ ⊔⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\ ⟩∫ ⌉§⊔⌉\⌈⌉⌈ ⊒⟩⊔⟨ ⊣ ⊔†√⌉ ⊔⟨⌉≀∇†∅ ⊔⟨⊓∫ ⟩⊔ ⊣↕↕≀⊒∫ ⊔⊒≀ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊔≀ ⊓\⟩{† ≀\↕† ⟩{ ⊔⟨⌉⟩∇ ⊔†√⌉∫ ⊣∇⌉ ⌋≀⇕√⊣⊔⟩⌊↕⌉ ⟩\ ⊔⟨⌉ ⊔†√⌉ ⟨⟩⌉∇⊣∇⌋⟨†↙ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊑∫↙ ⊘↕↕⌉∇∫¬ T⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉∫ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ≀∇ ≀\ ⊑⊣↕⌉\⌋⌉ ⊣∇}⊓⇕⌉\⊔∫ {∇≀⇕ ⊘↕↕⌉∇∫ ≀{ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫ ≀∇ ⊑⊣↕⌉\⌋⌉ ⊣∇}⊓⇕⌉\⊔∫↙ }⊣√↖⊘↕↕⟩\}¬ T⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\ ⟩\⌋≀∇√≀∇⊣⊔⌉∫ ⊣\ ⊣⊓}⇕⌉\⊔⊣⊔⟩≀\ ⇕⊓⌋⟨ ↕⟩‖⌉ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕↖ ⊣√√↕⟩⌋⊣⊔⟩≀\ ≀√⌉∇⊣⊔⟩≀\ ⊓∫⌉⌈ ⌊† ≀⊔⟨⌉∇ ⇕≀⌈⌉↕∫ ≀{ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ T⟨⟩∫ ⊣↕↕≀⊒∫ ⟩⊔ ⊔≀ |≀⟩\ ∫⌉⇕⊣\⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⌊† ⌉⇕⌊⌉⌈⌈⟩\} ≀\⌉ ⟩\∫⟩⌈⌉ ⊣\≀⊔⟨⌉∇⇔ ⌊† ⊘\⌈⟩\} ⊣ ∫⌉⇕⊣\⊔⟩⌋ }⊣√ ⟩\∫⟩⌈⌉ ≀\⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ⇐⊔⟨⌉ ⇕⊣⊔∇⟩§⇒⇔ ⊣\⌈ ⌊⟩\⌈⟩\} ⊔⟨⟩∫ }⊣√ ⊔≀ ⊔⟨⌉ ≀⊔⟨⌉∇ ∫⊔∇⊓⌋⊔⊓∇⌉ ⇐⊔⟨⌉ ⊘↕↕⌉∇⇒↙ D⌉⊔⊣⟩↕∫ ≀{ ⊔⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ⊔⟨⌉≀∇†⇔ ⟩\⌋↕⊓⌈⟩\} ⊣ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⟨≀⊒ ⊔⟨⌉ ⊔⟨⌉≀∇† ⟩∫ ⌋≀⇕√⊣⊔⟩⌊↕⌉ ⊒⟩⊔⟨ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫ ≀\ ⊑⊣↕⌉\⌋⌉ ⊣⇕⌊⟩}⊓⟩⊔†⇔ ⊣∇⌉ √∇⌉∫⌉\⊔⌉⌈ ⟩\ J⊓∇⊣{∫‖† ⇐∞∃∃∈⇒↙ M⊣∇⊔⟩\ ↘ J⊓∇⊣{∫‖† ⇐∞∃∃△ ⇐∫⊓⌊⇕⟩⊔⊔⌉⌈⇒⇒ ∫⟨≀⊒ ⟨≀⊒ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⊔≀↖⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⟩\⊔⌉}∇⊣⊔⟩≀\ ⇕⊣† ⌊⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊒⟩⊔⟨ ⊣\ ⌉§⊔⌉\∫⟩≀\ ⊔≀ ↕⊣⇕⌊⌈⊣↖⌉§√∇⌉∫∫⟩≀\∫ ⟩\ ⊣ ∫⊔⊣\⌈⊣∇⌈ ⌋⟨⊣∇⊔↖√⊣∇∫⌉∇↖⌊⊣∫⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⌉∇↙ ̸D⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ B⌉⌋⊣⊓∫⌉ \⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ ⟩∫ ⟩\⟨⌉∇⌉\⊔↕† ⊣⇕⌊⟩}⊓≀⊓∫⇔ ⊣\⌈ ⊔⟨⊓∫ ⌉⊑⌉∇† ⇕≀⌈⌉↕ ≀{ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇕⊓∫⊔ ⟩\⌋↕⊓⌈⌉ ⊣ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇†⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊣ ∫⟩}\⟩⊘⌋⊣\⊔ \⊓⇕⌊⌉∇ ≀{ ∫⊓⌋⟨ ⊔⟨⌉≀∇⟩⌉∫↙ M≀⌈⌉∇\ ⊔⟨⌉≀∇⟩⌉∫ ≀{ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ {⊣↕↕ ⟩\⊔≀ ⊔⊒≀ ⌋↕⊣∫∫⌉∫⇔ ⊔⟨≀∫⌉ ⌊⊣∫⌉⌈ ≀\ }↕≀⌊⊣↕ ⇕⌉⊔∇⟩⌋∫ ⊣\⌈ ⊔⟨≀∫⌉ ⌊⊣∫⌉⌈ ≀\ ↕≀⌋⊣↕ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⟨⌉⊓∇⟩∫⊔⟩⌋∫↙ T⟨⌉ }↕≀⌊⊣↕ ⇕≀⌈⌉↕∫ ⌋⟨≀≀∫⌉ ∫≀⇕⌉ ∫⟩\}↕⌉ }↕≀⌊⊣↕ ⇕⌉⊔∇⟩⌋ ⇐∫⊓⌋⟨ ⊣∫ √∇⌉{⌉∇ ⊔⟨⌉ ⇕≀∫⊔ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† √↕⊣⊓∫⟩⌊↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇐C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ∞∃∀▽∅ K⊓∇⊔‡⇕⊣\ ∞∃∀▽∅ A↕⊔⇕⊣\\ ∈∋

↘ S⊔⌉⌉⌈⇕⊣\ ∞∃∀∀∅ C⟨⊣∇\⟩⊣‖ ↘ G≀↕⌈⇕⊣\ ∞∃∀∀⇒⇒ ⊔≀ ⌋⟨≀≀∫⌉ ⊣⇕≀\} ∫⊔∇⊓⌋⊔⊓∇⌉∫↙ T⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋ ⟨⌉⊓∇⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ⊓∫⌉ ⊣ ∫⟩⇕√↕⌉ ∫†\⊔⊣⌋⊔⟩⌋ ⟨⌉⊓∇⟩∫⊔⟩⌋ ≀∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ≀{ ⟨⌉⊓∇⟩∫⊔⟩⌋∫ ∫⊓⌋⟨ ⊣∫ ⌋⟨≀≀∫⌉ ⊔⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋⊣↕↕† ∫⟩⇕√↕⌉∫⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇐K⟩⇕⌊⊣↕↕ ∞∃∋∅ F∇⊣‡⟩⌉∇ ↘ F≀⌈≀∇ ∞∃∀∅ W⊣\\⌉∇ ∞∃∀′∅ S⟨⟩⌉⌊⌉∇ ∞∃∀∋∅ P⌉∇⌉⟩∇⊣ ∞∃∀▽∅ K⊣√↕⊣\ ∞∃∈∅ C≀⊔⊔∇⌉↕↕ ∞∃∀▽⇒ ⊔≀ ∇⊣\‖ ∫⊔∇⊓⌋⊔⊓∇⌉∫↙ N⌉⟩⊔⟨⌉∇ ⊔⟨⌉ }↕≀⌊⊣↕ \≀∇ ⊔⟨⌉ ∫⟩⇕√↕⌉ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⇕≀⌈⌉↕∫ ⌋⊣\ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ∇⊣\}⌉ ≀{ √∫†↖ ⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ⌈⊣⊔⊣ ≀\ ⟨⊓⇕⊣\ √⊣∇∫⟩\}↙ T⟨⊓∫ ⊣{⊔⌉∇ ⌈⟩∫⌋⊓∫∫⟩\} ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⊒⟩⊔⟨ ⊔⟨⌉⇕ ⟩\ ⌈⌉⊔⊣⟩↕⇔ ⊒⌉ √∇⌉∫⌉\⊔ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕ ≀{ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\↙ T⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⊔⟨⌉≀∇† ⌈⟩∫⊣⇕↖ ⌊⟩}⊓⊣⊔⌉∫ ⌊† ∇⊣\‖⟩\} ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉⟩∇ ⌋≀⟨⌉∇⌉\⌋⌉ ⊒⟩⊔⟨ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ T⟨⌉ ⊔⟨⌉≀∇† ⇕≀⌈⌉↕∫ ⊣ ↕⊣∇}⌉ ⊑⊣∇⟩⌉⊔† ≀{ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ⌈⊣⊔⊣⇔ ⟩\⌋↕⊓⌈⟩\} ∇⌉∫⊓↕⊔∫ ≀\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ }⊣∇⌈⌉\↖ √⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫ ⇐K⊓∇⊔‡⇕⊣\ ∞∃∀▽⇒⇔ √⊣∇∫⟩\} √∇⌉{⌉∇⌉\⌋⌉∫ ⇐F≀∇⌈ ⌉⊔ ⊣↕↙ ∞∃∀∈∅ C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ∞∃∀▽∅ W⟨⟩⊔⊔⌉⇕≀∇⌉ ⌉⊔ ⊣↕↙ ∞∃∃′∅ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ∞∃∀∀⇒ ⊣\⌈ ∫⊔⊓⌈⟩⌉∫ ≀{ }⊣√↖⊘↕↕⟩\} ⊣\⌈ ≀⊔⟨⌉∇ ⊑⊣↕⌉\⌋⌉ ⊣⇕⌊⟩}⊓⟩⊔⟩⌉∫ ⇐T⊣\⌉\⟨⊣⊓∫ ⌉⊔ ⊣↕↙ ∞∃∀▽∅ S⊔≀⊒⌉ ∞∃∀⇏↙ W⌉ ⊣↕∫≀ ∫⊓⇕⇕⊣∇⟩‡⌉ ≀⊓∇ √∇⌉↕⟩⇕⟩\⊣∇† ⊒≀∇‖ ≀\ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕≀⊔⟩⊑⊣⊔⟩≀\∫ {≀∇ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕↙ T⟨⌉ √∇≀⌊↕⌉⇕ ⊒⟩⊔⟨ ⊔⟨⌉ }↕≀⌊⊣↕ ⇕≀⌈⌉↕∫⇔ ⟩\ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊒⟩⊔⟨ ⇕≀⌈⌉↕∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ P∇⟩\⌋⟩√↕⌉ ≀{ A P∇⟩≀∇⟩ P↕⊣⊓∫⟩⌊⟩↕⟩⊔† ⇐C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ∞∃∀▽⇒⇔ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉† ⊣∇⌉ ⊓\⊣⌊↕⌉ ⊔≀ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨⌉ ⊒⌉↕↕↖‖\≀⊒\ }⊣∇⌈⌉\↖√⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫⇔ ⟩\ ⊒⟨⟩⌋⟨ √⌉≀√↕⌉ ⌋⟨≀≀∫⌉ ⟩⇕√↕⊣⊓∫⟩⌊↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⊘↕↕ ↕≀⌋⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ≀∇ ⟩\ ⊒⟨⟩⌋⟨ ↕≀⌋⊣↕ √∇⌉{⌉∇⌉\⌋⌉∫ ⌋⊣⊓∫⌉ ⌋≀∇∇⌉⌋⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊔≀ ⌊⌉ ⌈⟩∫⌋⊣∇⌈⌉⌈ ⟩\ {⊣⊑≀∇ ≀{ ⟩\⌋≀∇∇⌉⌋⊔ ≀\⌉∫↙ ⇐T⟨⌉ ∫⊣⇕⌉ √∇≀⌊↕⌉⇕ ⟨≀↕⌈ ≀{ ⌋⊓∇∇⌉\⊔ }↕≀⌊⊣↕ ⇕≀⌈⌉↕∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⇐H≀⌊⌊∫ ⌉⊔ ⊣↕↙ ∞∃∀∀∅ C⟨⊣∇\⟩⊣‖ ↘ G≀↕⌈⇕⊣\ ∞∃∀∀∅ N≀∇⊑⟩} ↘ W⟩↕⌉\∫‖† ∞∃∃′∅ W⊓ ∞∃∃∈⇒⇔ ⊣↕⊔⟨≀⊓}⟨ ⊒⌉ ⌈⟩∫⌋⊓∫∫ ⌊⌉↕≀⊒ ∫⟨≀⊒∫ ⟨≀⊒ ∫⊓⌋⟨ ⇕≀⌈⌉↕∫ ⇕⊣† ⌊⌉ ⌉§⊔⌉\⌈⌉⌈ ⊔≀ ⟨⊣\⌈↕⌉ ⊔⟨⌉∫⌉ ‖⟩\⌈∫ ≀{ ⌉§⊣⇕√↕⌉∫⇒↙ N≀∇⊑⟩} ⇐∞∃∀∀⇒ ∫⊓⇕⇕⊣∇⟩‡⌉∫ ⇕⊣\† ≀{ ⊔⟨⌉ ⌉§⊣⇕√↕⌉∫ ⟩\ ⇐⇒ ⇐⊒⌉ ⊓∫⌉ ⊔⟨⌉ \≀⊔⊣⊔⟩≀\ ≀{ G⟩⌊∫≀\ ⇐∞∃∃∞⇒⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ √≀⊓\⌈↖∫⟩}\ ⇐↓⇒ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⇕⊣∇‖ ⊣ }⊣∇⌈⌉\↖√⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉⇒↙ ⇐⇒ ⊣↙ ↓ T⟨⌉ ↕⊣\⌈↕≀∇⌈ √⊣⟩\⊔⌉⌈ ⊣↕↕ ⊔⟨⌉ ⊒⊣↕↕∫ ⊒⟩⊔⟨ ⌋∇⊣⌋‖∫↙ ⌊↙ ↓ T⟨⌉ ⟨≀∇∫⌉ ∇⊣⌋⌉⌈ √⊣∫⊔ ⊔⟨⌉ ⌊⊣∇\ {⌉↕↕↙ ⇐{∇≀⇕ B⌉⊑⌉∇ ⇐∞∃′⇒⇒ ⌋↙ ↓ T⟨⌉ √∇⟩⇕⌉ \⊓⇕⌊⌉∇ {⌉⊒↙ ⇐{∇≀⇕ M⟩↕\⌉ ⇐∞∃∀∈⇒⇒ ⌈↙ ↓ R≀∫∫ ⌊⊣‖⌉⌈ ⊔⟨⌉ ⌋⊣‖⌉ ⟩\ ⊔⟨⌉ {∇⌉⌉‡⌉∇↙ ⇐{∇≀⇕ H⟩∇∫⊔ ⇐∞∃∀⇏⇒ ⌉↙ ↓ T⟨⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ≀\ ⊔≀ ⊔⟨⌉ ⌉\⌉⇕† ∫⟨⟩√↙ ⇐{∇≀⇕ M⟩↕\⌉ ⇐∞∃∀∈⇒⇒ I\ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋⊣∫⌉∫⇔ ⊔⟨⌉ ∇⌉⊣⌈⌉∇ ⟩\⟩⊔⟩⊣↕↕† ⊣∇∇⟩⊑⌉∫ ⊣⊔ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟨⟩⌋⟨ ⟩∫ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† ⊣\≀⇕⊣↕≀⊓∫↙ T⟨⌉ ⌈⟩∫⌋≀⊑⌉∇† ≀{ ⌈⊣⊔⊣ ≀{ ⊔⟨⟩∫ ⊔†√⌉ ↕⌉⌈ ⟨⟩∫⊔≀∇⟩⌋⊣↕↕† ⊔≀ ⊔⟨⌉ ∫⌉⌋≀\⌈ ⌋↕⊣∫∫ ≀{ √∇⌉⊑⟩≀⊓∫ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⇕≀⌈⌉↕∫⇔ ⌊⊣∫⌉⌈ ≀\ ∫⟩⇕√↕⌉ ∫†\⊔⊣⌋⊔⟩⌋ ⟨⌉⊓∇⟩∫⊔⟩⌋ ∫⊔∇⊣⊔⌉}⟩⌉∫⇔ ⟩\⌋↕⊓⌈⟩\} ⟨⌉⊓∇⟩∫⊔⟩⌋∫ ⊔≀ ⌊⊓⟩↕⌈ ⊔⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋⊣↕↕† ∫⟩⇕√↕⌉∫⊔ ∫⊔∇⊓⌋⊔⊓∇⌉ ⇐⇕⟩\⟩⇕⊣↕⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋∫⇒ ⇐F∇⊣‡⟩⌉∇ ↘ F≀⌈≀∇ ∞∃∀∅ W⊣\\⌉∇ ∞∃∀′∅ S⟨⟩⌉⌊⌉∇ ∞∃∀∋∅ P⌉∇⌉⟩∇⊣ ∞∃∀▽∅ K⊣√↕⊣\ ∞∃∈∅ C≀⊔⊔∇⌉↕↕ ∞∃∀▽⇒⇔ ≀∇ ⊔≀ ⌋≀⇕⌊⟩\⌉ \⌉⊣∇⌊† ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⇐↕≀⌋⊣↕⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋∫⇒ ⇐K⟩⇕⌊⊣↕↕ ∞∃∋∅ F∇⊣‡⟩⌉∇ ↘ F≀⌈≀∇ ∞∃∀∅ F∇⊣‡⟩⌉∇ ∞∃∀∅ F≀∇⌈ ⌉⊔ ⊣↕↙ ∞∃∀∈∅ S⌋⟨⊓⌊⌉∇⊔ ∞∃∀∅̸ H≀⌊⌊∫ ↘ B⌉⊣∇ ∞∃∃′∅ A⌊\⌉† ∞∃∀∃⇒↙ T⟨⌉∫⌉ ⟨⌉⊓∇⟩∫⊔⟩⌋∫ ⟨⊣⊑⌉ ⊣ \⊓⇕⌊⌉∇ ≀{ √∇≀⌊↕⌉⇕∫↙ F⟩∇∫⊔⇔ ⊔⟨⌉† ⊣∇⌉ \≀⊔ ⊑⌉∇† ∇≀⌊⊓∫⊔↙ M⊣\† ⊣⊓⊔⟨≀∇∫ ⇐K⊓∇⊔‡⇕⊣\ ∞∃∀▽∅ N≀∇⊑⟩} ∞∃∀∀∅ G⟩⌊∫≀\ ∞∃∃∞∅ S⌋⟨⊓⌊⌉∇⊔ ∞∃∀∅̸ O∫⊔⌉∇⟨≀⊓⊔ ↘ S⊒⟩\\⌉† ∞∃∀∃⇒ ⟨⊣⊑⌉ \≀⊔⌉⌈ ⊔⟨⊣⊔ ⟩⊔ ⟩∫ ∐⊓⟩⊔⌉ ⌉⊣∫† ⊔≀ ⌋⟨≀≀∫⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫ ≀∇ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀\⊔⌉§⊔∫ ⊒⟨⟩⌋⟨ ∇⌉⊑⌉∇∫⌉ ⊣\† ≀{ ⊔⟨⌉ ⟨⌉⊓∇⟩∫⊔⟩⌋∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⇕⊣\† ≀{ ⊔⟨⌉∫⌉ ⊣↕}≀∇⟩⊔⟨⇕∫⇔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊔⟨⌉ ⇕⟩\⟩⇕⊣↕⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋∫⇔ ⊣∇⌉ ⊑⌉∇† ⌈⌉√⌉\⌈⌉\⊔ ≀\ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊣∫∫⊓⇕√⊔⟩≀\∫ ⊣⌊≀⊓⊔ ⊔⟨⌉ }∇⊣⇕⇕⊣∇ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌈⟩{⊘⌋⊓↕⊔ ⊔≀ |⊓∫⊔⟩{†↙ J⊓∇⊣{∫‖† ⇐∞∃∃△⇒ ⊣\⊣↕†‡⌉∫ ⊔⟨⌉ √⊓⊔⊣⊔⟩⊑⌉ ↕⟩\}⊓⟩∫⊔⟩⌋ ⌉⊑⟩⌈⌉\⌋⌉ {≀∇ ↕≀⌋⊣↕⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋∫⇔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ≀{ ∇⌉∫⊔∇⟩⌋⊔⟩⊑⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⌋↕⊣⊓∫⌉∫⇔ ⊣⌈⊑⌉∇⌊⟩⊣↕∫⇔ ⊣\⌈ ⊑⌉∇⌊↖√⊣∇⊔⟩⌋↕⌉∫↙ J⊓∇⊣{∫‖† ⌋≀\⌋↕⊓⌈⌉∫ ⊔⟨⊣⊔ \≀\⌉ ≀{ ⊔⟨⌉ ∈△

√⊓⊔⊣⊔⟩⊑⌉ ↕≀⌋⊣↕⟩⊔† ⌉{{⌉⌋⊔∫ ⌋⊣\ ⌊⌉ ⌉§√↕⊣⟩\⌉⌈ ⌊† ⊣\† ⌋⊓∇∇⌉\⊔ ≀∇ √≀∫∫⟩⌊↕⌉ ↕≀⌋⊣↕⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋⇔ ⌉⊑⌉\ ⟩\ ⌋≀\⌋⌉∇⊔ ⊒⟩⊔⟨ ≀⊔⟨⌉∇ √∇⟩\⌋⟩√↕⌉∫⇔ ∫⟨≀⊒⟩\} ⊔⟨⊣⊔ ⟩\ ⌉⊣⌋⟨ ⌋⊣∫⌉ √⊓⊔⊣⊔⟩⊑⌉ ↕≀⌋⊣↕⟩⊔† ⌉{{⌉⌋⊔∫ ⊣∇⌉ ⌉⇕⌉∇}⌉\⊔ {∇≀⇕ }∇⊣⇕⇕⊣⊔⟩⌋⊣↕ {⊣⌋⊔∫⇔ ⟩\⌋↕⊓⌈⟩\} ∫†\⊔⊣⌋⊔⟩⌋⇔ ∫⌉⇕⊣\⊔⟩⌋⇔ ⊣\⌈ √∇⊣}⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ F⟩\⊣↕↕†⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⟨⌉⊓∇⟩∫⊔⟩⌋ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊒⌉∇⌉ }⌉\⌉∇⊣↕↕† ⌈⌉∫⟩}\⌉⌈ ⊔≀ ⌉§√↕⊣⟩\ ⊔⟨⌉ √∇≀⌋⌉∫∫↖ ⟩\} ⌈⟩{⊘⌋⊓↕⊔⟩⌉∫ ⊒⟩⊔⟨ }⊣∇⌈⌉\↖√⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫ ⇐∫⊓⌋⟨ ⊣∫ ⊔⟨≀∫⌉ ⟩\ ⇐⇒⇒⇔ ⊔⟨⌉† ⊣∇⌉ ∇⌉∫⊔∇⟩⌋⊔⌉⌈ ⊔≀ ⌉§√↕⊣⟩\⟩\} ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌋⊣⊓∫⌉⌈ ⌊† ↕≀⌋⊣↕ ∫†\⊔⊣⌋⊔⟩⌋ ⌉{{⌉⌋⊔∫⇔ ⊣\⌈ ⌋⊣\\≀⊔ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌋⊣⊓∫⌉⌈ ⌊† {∇⌉∐⊓⌉\⌋† ⌉{{⌉⌋⊔∫ ≀∇ ⌊† ⊑⊣∇⟩≀⊓∫ ‖⟩\⌈∫ ≀{ \≀\↖↕≀⌋⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ H≀⊒⌉⊑⌉∇ ∇⌉⌋⌉\⊔ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫ ∫⊓√√≀∇⊔ ⊔⟨⌉ ⟩⌈⌉⊣ ⊔⟨⊣⊔ {∇⌉∐⊓⌉\⌋† ⌉{{⌉⌋⊔∫ ⊣∫ ⊒⌉↕↕ ⊣∫ ∫†\⊔⊣⌋⊔⟩⌋⇔ ⊔⟨⌉⇕⊣⊔⟩⌋⇔ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∇⌉ ⊓∫⌉⌈ ⟩\ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ T∇⊓⌉∫⊒⌉↕↕ ↘ T⊣\⌉\⟨⊣⊓∫ ⇐∞∃∃∞⇒ ∫⟨≀⊒ ⊔⟨⊣⊔ }⊣∇⌈⌉\ √⊣⊔⟨ ⌉{{⌉⌋⊔∫ ⌋≀⊓↕⌈ ⌊⌉ ∇⌉⌈⊓⌋⌉⌈ ⌊† ⇕⊣\⟩√⊓↕⊣⊔⟩\} ⊔⟨⌉ ⊔⌉\∫⌉ ≀{ ⊔⟨⌉ ⌋↕⊣⊓∫⌉⇔ ⟩\⌈⟩⌋⊣⊔⟩\} ⊔⟨⊣⊔ ⊔⌉⇕√≀∇⊣↕ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕↙ A \⊓⇕⌊⌉∇ ≀{ ∫⊔⊓⌈⟩⌉∫ ⟨⊣⊑⌉ ∫⟨≀⊒\ ⌉{{⌉⌋⊔∫ {∇≀⇕ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ≀\ √⊣∇∫⌉ √∇⌉{⌉∇⌉\⌋⌉↙ V⊣↖ ↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∇⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ {∇≀⇕ ⊣\† ⟨⌉⊣⌈ ⇐⊑⌉∇⌊⊣↕⇔ \≀⇕⟩\⊣↕⇔ ≀∇ ≀⊔⟨⌉∇⇒ ⊒⟨⟩⌋⟨ ⟨⊣∫ ⊓\⊘↕↕⌉⌈ ⊣∇}⊓⇕⌉\⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒ ∫⟨≀⊒ ⊔⟨⊣⊔ ∫⊓⌊|⌉⌋⊔∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣⊔⊔⊣⌋⟨ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ ≀⌊↖ |⌉⌋⊔∫ ⊔≀ ⊣ ⊑⌉∇⌊ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣ \≀⊓\ |⊓∫⊔ ⊒⟨⌉\ ⊔⟨⌉ ⊑⌉∇⌊ ∫⊓⌊⌋⊣⊔⌉}≀∇⟩‡⌉∫ {≀∇ ∫⊓⌋⟨ ⊣ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ √⟨∇⊣∫⌉↙ S⟩⇕⟩↕⊣∇↕†⇔ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ⇐∞∃∀∀⇒ ∫⟨≀⊒⌉⌈ ⊔⟨⊣⊔ ∫⊓⌊|⌉⌋⊔∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣⊔⊔⊣⌋⟨ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ ≀⌊|⌉⌋⊔∫ ⊔≀ ⊣ \≀⊓\ |⊓∫⊔ ⊒⟨⌉\ ⊔⟨⌉ \≀⊓\ ⟨⊣∫ ⊣ ⊑⊣↕⌉\⌋⌉ ⊣∇}⊓⇕⌉\⊔↙ I\ ⌋≀\⊔∇⊣∫⊔ ⊔≀ ⊔⟨⌉ }↕≀⌊⊣↕ ≀∇ ∫†\⊔⊣⌋⊔⟩⌋ ⟨⌉⊓∇⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫⇔ ≀⊓∇ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⇕≀⌈⌉↕ ≀{ ⌈⟩∫⊣⇕↖ ⌊⟩}⊓⊣⊔⟩≀\ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊔⟨⌉∫⌉ ∇⌉∫⊓↕⊔∫ ≀\ √⊣∇∫⌉ √∇⌉{⌉∇⌉\⌋⌉⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ }⊣∇⌈⌉\ √⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫ ⟩\ ⇐⇒↙ T⟨⌉ ⌋⌉\⊔∇⊣↕ ⟩\⊔⊓⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ √∇≀⌋⌉∫∫≀∇ √∇⌉{⌉∇∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ T⟨⟩∫ ⌉§√↕⊣⟩\∫ √∇⌉{⌉∇⌉\⌋⌉∫ {≀∇ ⊑⌉∇⌊⊣↕ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫ ⊔≀ ⊑⌉∇⌊∫ ⊒⟩⊔⟨ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊣∇}⊓⇕⌉\⊔∫⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ √∇⌉{⌉∇⌉\⌋⌉∫ {≀∇ \≀⇕⟩\⊣↕ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫ ⊔≀ ⊑⊣↕⌉\⌋⌉↖⌊⌉⊣∇⟩\} \≀⊓\∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌋↕⊣⟩⇕∫ ⊔⟨⊣⊔ }⊣∇⌈⌉\↖√⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫ ⊣∇⟩∫⌉ ⊒⟨⌉\ ⊔⟨⌉ √∇≀⌋⌉∫∫≀∇ ⌋⟨≀≀∫⌉∫ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟨⟩⌋⟨ {⊓↕⊘↕↕∫ ↕≀⌋⊣↕ ↕⟩\↖ }⊓⟩∫⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ≀⊑⌉∇ ≀\⌉ ⊒⟨⟩⌋⟨ ⟩∫ }↕≀⌊⊣↕↕† √↕⊣⊓∫⟩⌊↕⌉⇔ √∇⊓\⟩\} ⊔⟨⌉ ⇕≀∇⌉ √↕⊣⊓∫⟩⌊↕⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ T⟨⌉∫⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⇕⊣† ⌊⌉ ⊑⊣↕⌉\⌋⌉↖⌊⊣∫⌉⌈⇔ ⌋≀\∫⊔⟩⊔⊓⌉\⊔↖⌊⊣∫⌉⌈⇔ ≀∇ ∫⟩⇕√↕† √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩\ ∫⌉\⊔⌉\⌋⌉∫ ↕⟩‖⌉ ⇐∀⇒ ⇐∇⌉√⌉⊣⊔⌉⌈ {∇≀⇕ ⇐⊣⇒ ⊣⌊≀⊑⌉⇒⇔ ⊔⟨⌉ }⊣∇⌈⌉\ √⊣⊔⟨ ⌉{{⌉⌋⊔ ⟩∫ ⌋⊣⊓∫⌉⌈ ⌊† ⊣\ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ⊔⟨⌉⇕⊣⊔⟩⌋ {∇⊣⇕⌉ ≀{ ⊔⟨⌉ ⊑⌉∇⌊ √⊣⟩\⊔⇔ ⊒⟨⟩⌋⟨ ∫√⌉⌋⟩⊘⌉∫ ⊣\ ≀√⊔⟩≀\⊣↕ I\∫⊔∇⊓⇕⌉\⊔ ⊣∇}⊓⇕⌉\⊔↙ ⇐∀⇒ ↓ T⟨⌉ ↕⊣\⌈↕≀∇⌈ √⊣⟩\⊔⌉⌈ ⊣↕↕ ⊔⟨⌉ ⊒⊣↕↕∫ ⊒⟩⊔⟨ ⌋∇⊣⌋‖∫↙ S⊓√√≀∫⌉ ⌊≀⊔⟨ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊘↕↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⊥ T⟨⌉\ }⊣∇⌈⌉\↖√⊣⊔⟨ ⌉{{⌉⌋⊔∫ ⇕⊣† ⌊⌉ ⌋⊣⊓∫⌉⌈ ⌊† ⊣ ∫⊔∇≀\}⌉∇ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⌋⊣⊓∫⟩\} ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟩⊔⟨ ⊣ ⊒⌉⊣‖⌉∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊔≀ ⌊⌉ √∇⊓\⌉⌈↙ C≀\∫⟩⌈⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⊣⇕⌊⟩}⊓≀⊓∫ √⟨∇⊣∫⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⟩\ ⇐∃⇒ {∇≀⇕ M⟩↕\⌉ ⇐∞∃∀∈⇒ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊒≀∇⌈ ⟨≀≀‖∫ ⌋⊣\ {⊓\⌋⊔⟩≀\ ⊣∫ ⊣ \≀⊓\ ⇐⊣∫ ⟩\ ⇐∃⊣⇒⇒ ≀∇ ⊣ ⊑⌉∇⌊ ⇐⊣∫ ⟩\ ⇐∃⌊⇒⇒¬ ⇐∃⇒ ⊣↙ T⟨⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⊒⌉∇⌉ ↕†⟩\} ≀\ ⌈⌉⌋‖↙ ⌊↙ ↓T⟨⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ≀\ ⊔≀ ⊔⟨⌉ ⌉\⌉⇕† ∫⟨⟩√↙ M⟩↕\⌉ ⇐∞∃∀∈⇒ {≀⊓\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉ ≀{ ⟨≀≀‖∫ ⊣∫ ⊣ \≀⊓\⇔ ⊣∫ ⟩\ ⇐∃⊣⇒⇔ ⟩∫ ⇕⊓⌋⟨ √∇⌉{⌉∇∇⌉⌈⇔ ⊣\⌈ ⊔⟨⊣⊔ ∫⌉\⊔⌉\⌋⌉∫ ↕⟩‖⌉ ⇐∃⌊⇒ ⌋⊣⊓∫⌉ √∇≀⌋⌉∫∫⟩\} ⌈⟩{⊘⌋⊓↕⊔†↙ T⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⊔⟨⌉≀∇† √∇⌉⌈⟩⌋⊔∫ ⊔⟨⟩∫ ⌉{{⌉⌋⊔ ∫⟩\⌋⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⟩∫ ⊣ ⌋≀↕↕≀⌋⊣⊔⟩≀\⇔ ⊣\⌈ ⟨⌉\⌋⌉ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⟩⊔∫ ≀⊒\ ∇⟩}⟨⊔↙ T⟨⊓∫ ⊔⟨⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊔⟨⟩∫ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ⇕⊓⌋⟨ ⇕≀∇⌉ ∫√⌉⌋⟩⊘⌋⇔ ⊣\⌈ ⟨⌉\⌋⌉ ∫⊔∇≀\}⌉∇⇔ ⊔⟨⊣\ ⊔⟨⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ }⌉\⌉∇⊣↕ ⊑⌉∇⌊ ∇⌉⊣⌈⟩\} ≀{ ⟨≀≀‖∫↙ T⟨⌉ ⇕≀⌈⌉↕≃∫ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⟩∫ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊔⟨⌉ L≀⌋⊣↕ C≀⟨⌉∇⌉\⌋⌉ C∇⟩⊔⌉∇⟩≀\¬ ∈▽

L≀⌋⊣↕ C≀⟨⌉∇⌉\⌋⌉ C∇⟩⊔⌉∇⟩≀\¬ P∇⌉{⌉∇ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟨≀∫⌉ ⇕≀∫⊔ ∇⌉⌋⌉\⊔↕† ⟩\⊔⌉}∇⊣⊔⌉⌈ ⌉↕⌉⇕⌉\⊔ ⟩∫ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⊣↕↕† ⊔⟨⌉ ⇕≀∫⊔ ⌋≀⟨⌉∇⌉\⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣\⌈ ⟩⊔∫ ↕⌉§⟩⌋⊣↕⇔ ∫†\⊔⊣⌋⊔⟩⌋⇔ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ W⌉ ⌈⌉⊘\⌉ ⊖⌉§√⌉⌋⊔⊣⊔⟩≀\⪰ ⊣∫ ⊣\† ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔ √↕⊣⌋⌉⌈ ⌊† √∇⌉⊑⟩≀⊓∫↕†↖⌉\⌋≀⊓\⊔⌉∇⌉⌈ ↕⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊔⟨⊣⊔ ⌋⊣\ ⟨⌉↕√ \⊣∇∇≀⊒ ⌈≀⊒\ ⊔⟨⌉ ∫⌉⊣∇⌋⟨ ∫√⊣⌋⌉ {≀∇ √∇⌉⌈⟩⌋⊔⟩\} ≀∇ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩\} ⊔⟨⌉ ∫⊔∇⊓⌋↖ ⊔⊓∇⌉∫ ⊒⟨⟩⌋⟨ {≀↕↕≀⊒↙ E§√⌉⌋⊔⊣⊔⟩≀\∫ ⟩\⌋↕⊓⌈⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊣ }∇⊣⇕⇕⊣⊔⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟨⊣∫ {≀∇ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫⇔ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌉§√⌉⌋↖ ⊔⊣⊔⟩≀\∫ ⊔⟨⊣⊔ √⊣∇⊔⟩⌋⊓↕⊣∇ ↕⌉§⟩⌋⊣↕ ⟩⊔⌉⇕∫ ⟨⊣⊑⌉ {≀∇ ⊔⟨⌉⟩∇ ⊣∇}⊓⇕⌉\⊔∫⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⊣∫∫⊓⇕⟩\} ⊔⟨⊣⊔ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟩⊔⟨ ⟨⟩}⟨⌉∇ √∇⟩≀∇ √∇≀⌊⊣⌊⟩↕⟩⊔† ⊣∇⌉ ⇕≀∇⌉ ⌉§√⌉⌋⊔⌉⌈↙ W⌉ ⟨⊣⊑⌉ ⌉§√↕≀∇⌉⌈ ⊣ \⊓⇕⌊⌉∇ ≀{ ⊒⊣†∫ ≀{ ⟩⇕√↕⌉⇕⌉\⊔⟩\} ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉↙ I\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊑⌉∇∫⟩≀\ ⊒⌉ ∇⌉↕† ≀\ ⊣ ∫⌉⊔ ≀{ ∇⊣\‖⌉⌈ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ E⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌉§√∇⌉∫∫⌉∫ ⊣ √∇⌉{⌉∇⌉\⌋⌉ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ {≀∇ ⊣\ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ≀{ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ‖⟩\⌈↙ SAL≃∫ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇† √∇≀√≀∫⌉∫ ⊔⟨⌉∫⌉ {≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫¬ C≀⟨⌉∇⌉\⌋⌉ C≀\∫⊔∇⊣⟩\⊔∫¬ S⊔∇≀\}E§√¬ P∇⌉{⌉∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ ⊣ ∫⊔∇≀\} ⌉§√⌉⌋⊔⊣⊔⟩≀\ ∫⊓⌋⟨ ⊣∫ ≀\⌉ {≀∇ ⊣ ∫√⌉⌋⟩⊘⌋ ⌋≀\↖ ∫⊔∇⊓⌋⊔⟩≀\⇔ ≀∇ {≀∇ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟨⟩⌋⟨ ⟩∫ ⌉§⊔∇⌉⇕⌉↕† {∇⌉∐⊓⌉\⊔↙ O⌊↕E§√¬ P∇⌉{⌉∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ ⊣\ ≀⌊↕⟩}⊣⊔≀∇† ∫↕≀⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ∫⊓⌋⟨ ⊣∫ ⊣ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋↖ ⊔⊣⊔⟩≀\ ≀∇ ⊣ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\↙ O√⊔E§√¬ P∇⌉{⌉∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ ⊣\ ≀√⊔⟩≀\⊣↕ ≀∇ ⊒⌉⊣‖ ⌉§√⌉⌋⊔⊣⊔⟩≀\⇔ ∫⊓⌋⟨ ⊣∫ {≀∇ ⊣\ ≀√⊔⟩≀\⊣↕ ⊣⌈|⊓\⌋⊔↙ I\⊔⌉}¬ P∇⌉{⌉∇ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊘↕↕ \≀ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⌊⊓⊔ ⊣∇⌉ ∫⊓⌋⌋⌉∫∫{⊓↕↕† ⟩\⊔⌉}∇⊣⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ H≀⊒ ⌈≀ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩\⊔⌉∇⊣⌋⊔⊥ O⊓∇ ⌋⊓∇∇⌉\⊔ ∫†∫⊔⌉⇕ ∇⌉↕⟩⌉∫ ≀\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌈≀⇕⟩\⊣\⌋⌉ ⟨⟩⌉∇⊣∇⌋⟨† ≀{ P∇⟩\⌋⌉ ↘ S⇕≀↕⌉\∫‖†≃∫ ⇐∞∃∃∋⇒ O√⊔⟩⇕⊣↕⟩⊔† T⟨⌉≀∇†↙ W⟨⌉∇⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ↕⟩\}⊓⟩∫⊔⟩⌋ ⊔⟨⌉≀∇† ⟨≀↕⌈∫ ∇⊓↕⌉∫ ≀∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⌊⌉ ⟩\⊑⟩≀↕⊣⌊↕⌉⇔ O√⊔⟩⇕⊣↕⟩⊔† T⟨⌉≀∇† ⊣↕↕≀⊒∫ ⊣ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊔≀ ⊑⟩≀↕⊣⊔⌉ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ |⊓∫⊔ ⟩\ ⌋⊣∫⌉ ⊔⟨⌉ ⊑⟩≀↕⊣⊔⟩≀\ ⊣↕↕≀⊒∫ ⊔⟨⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊔≀ ⇕⌉⌉⊔ ⊣ ⟨⟩}⟨⌉∇↖∇⊣\‖⟩\} ⌋≀\∫⊔∇⊣⟩\⊔↙ T⟨⊓∫ ≀⊓∇ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ∇⊣\‖⌉⌈⇔ ⊣\⌈ ⊣∇⌉ ⊣√√↕⟩⌉⌈ ⊔≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⌋⌉ ≀∇⌈⌉∇⌉⌈ ⌉§√∇⌉∫∫⌉⌈ ⌊† ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌈≀⇕⟩\⊣\⌋⌉ ⟨⟩⌉∇⊣∇⌋⟨†¬ S⊔∇≀\}E§√ ≺ O⌊↕E§√ ≺ O√⊔E§√ ≺ I\⊔⌉} T⟨⊓∫ ⟩{ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ∫⊔≀∇⌉ ⌋≀\⊔⊣⟩\∫ ⊔⊒≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ⊣\⌈ ≀\⌉ ⟩∫ ∇⊣\‖⌉⌈ ⟨⟩}⟨⌉∇ ⌊† ⊔⟨⌉ S⊔∇≀\}E§√ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣\ ⊔⟨⌉ ≀⊔⟨⌉∇⇔ ⊔⟨⌉ ∫⊓⌋⌋⌉∫∫{⊓↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟩↕↕ ⌊⌉ ∇⊣\‖⌉⌈ ⟨⟩}⟨⌉∫⊔↙ I{ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣}∇⌉⌉ ≀\ S⊔∇≀\}E§√⇔ ⊔⟨⌉\ ⊔⟨⌉ O⌊↕E§√ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⌊≀⊔⟨ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ⊣\⌈ ∫≀ ≀\↙ W⌉ ⊒≀∇‖ ⊔⟨∇≀⊓}⟨ ⊣ \⊓⇕⌊⌉∇ ≀{ ⌉§⊣⇕√↕⌉∫ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔↖⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩\ §↙̸∞↙ ∈

↙̸′↙△ R⌉↕⊣⊔⌉⌈ W≀∇‖ A \⊓⇕⌊⌉∇ ≀{ ∇⌉⌋⌉\⊔ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇⟩⌉∫ ⟨⊣⊑⌉ ⌊⌉⌉\ ⌊⊣∫⌉⌈ ≀\ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉↖↕⟩‖⌉ ⇕⌉⊔∇⟩⌋∫↙ ∀ G⟩⌊∫≀\ ⇐∞∃∃∞⇒ √∇≀√≀∫⌉⌈ ⊔⟨⊣⊔ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊒⟨⟩⌋⟨ \⌉⊑⌉∇ ∇⌉⌋⌉⟩⊑⌉ ⊔⟨⌉⇕⊣⊔⟩⌋ ∇≀↕⌉∫⇔ ≀∇ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊒⟩⊔⟨ ⊓\⊘↕↕⌉⌈ ⊔⟨⌉⊔⊣↖⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊘↕↕⌉⌈ ⟩\ ≀⊔⟨⌉∇ ∫⊔∇⊓⌋⊔⊓∇⌉∫⇔ ⌊⌉ ⌈⟩∫{⊣⊑≀∇⌉⌈↙ B≀⊔⟨ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒ ⊣\⌈ A⌊\⌉† ⇐∞∃∀∃⇒ √∇≀√≀∫⌉⌈ ⊔⟨⊣⊔ ⊣∇}⊓⇕⌉\⊔ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫ ∫⟨≀⊓↕⌈ ⌊⌉ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣⌈|⊓\⌋⊔ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫↙ P∇⌉{⌉∇∇⟩\} ⇕≀∇⌉ ∫√⌉⌋⟩⊘⌋ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊒⊣∫ √∇≀√≀∫⌉⌈ ⌊† W⟩↕⌉\∫‖† ↘ A∇⌉\∫ ⇐∞∃∀′⇒ ⊣\⌈ W⟩↕⌉\∫‖† ⇐∞∃∀∋⇒ {≀∇ ⌋⟨≀≀∫⟩\} ⊣⇕≀\} ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ⊣\⌈ ⌊† H≀⌊⌊∫ ↘ B⌉⊣∇ ⇐∞∃∃′⇒ {≀∇ ⌋⟨≀≀∫⟩\} ⊣⇕≀\} ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫↙ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒ ⟩\⌋↕⊓⌈⌉⌈ ⊣ {∇⌉∐⊓⌉\⌋†↖⌊⊣∫⌉⌈ ⇕⌉⊔∇⟩⌋↙ B⊓⊔ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⊔⟨⌉≀∇† ⟩∫ ⇕≀∇⌉ }⌉\⌉∇⊣↕ ⊔⟨⊣\ ⊔⟨⌉∫⌉ ⊔⟨⌉≀∇⟩⌉∫ ⟩\ ⊣ \⊓⇕⌊⌉∇ ≀{ ⊒⊣†∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ F≀∇⌈ ⌉⊔ ⊣↕↙≃∫ ⇐∞∃∀∈⇒ {∇⌉∐⊓⌉\⌋† ⇕⌉⊔∇⟩⌋ ≀\↕† ⊣√√↕⟩⌉∫ ⊔≀ ∫⊓⌊⌋⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\ {∇⊣⇕⌉∫∅ ⊔⟨⌉ S⊔∇≀\}E§√ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣√√↕⟩⌉∫ ⊔≀ ⊣\† ↕⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉↙ A⌊\⌉†≃∫ ⇐∞∃∀∃⇒≃∫ ⊣∇}⊓⇕⌉\⊔ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ≀\↕† ⊣√√↕⟩⌉∫ ⊔≀ ⊔⟨⌉ ⊣∇}⊓⇕⌉\⊔∫ ≀{ ⊑⌉∇⌊∫∅ ⊔⟨⌉ O⌊↕S↕≀⊔ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣√√↕⟩⌉∫ ⊔≀ ⊣∇⌊⟩⊔∇⊣∇† ≀⌊↕⟩}⊣⊔≀∇† ∫↕≀⊔∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ √↕⊣⌋⌉⌈ ⟩\ ⊣ ⌈≀⇕⟩\⊣\⌋⌉ ⟨⟩⌉∇⊣∇⌋⟨†⇔ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩∫ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊣\ ⌉↕⌉}⊣\⊔ ⊣\⌈ √≀⊒⌉∇{⊓↕ ⊒⊣†⇔ ⊒⟩⊔⟨≀⊓⊔ ⌉§√∇⌉∫∫⟩\} ⊣ ↕⊣∇}⌉ \⊓⇕⌊⌉∇ ≀{ ⌊⟩\⊣∇† ⌋≀\∫⊔∇⊣⟩\⊔∫ ⇐∫⊓⌋⟨ ⊣∫ √∇⌉{⌉∇ ⊣∇}⊓⇕⌉\⊔∫ ⊔≀ ⊣⌈|⊓\⌋⊔∫⇒↙ ↙̸∞ E§⊣⇕√↕⌉∫ ≀{ E§√⌉⌋⊔⊣⊔⟩≀\∫ ↙̸∞↙∞ S⊔∇≀\}E§√ T⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⊔⟨⌉≀∇† ∇⌉⌋≀}\⟩‡⌉∫ ⊔⊒≀ ‖⟩\⌈∫ ≀{ ∫⊔∇≀\} ⌉§√⌉⌋⊔⊣⊔⟩≀\∫¬ {∇⌉∐⊓⌉\⌋† ⊣\⌈ ∫√⌉⌋⟩⊘⌋⟩⊔† ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ S√⌉⌋⟩⊘⌋⟩⊔† E§√⌉⌋⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ √↕⊣⌋⌉ ⊑⌉∇† ∫⊔∇≀\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⌉⟩∇ ⊘↕↕⌉∇∫ ⊣∇⌉ ∫√⌉⌋⟩⊘⌋⟩⊔† ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ G⟩⊑⌉\ ⊣ ⌋⟨≀⟩⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⟩{ ≀\⌉ ⟩∫ ⇕≀∇⌉ ∫√⌉⌋⟩⊘⌋ ⊔≀ ⊔⟨⌉ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ |⊓∫⊔ ⟩\⊔⌉}∇⊣⊔⌉⌈⇔ ⟩⊔ ⟩∫ √∇⌉{⌉∇∇⌉⌈ ⌊† S⊔∇≀\}E§√↙ T⟨⟩∫ ⟩⌈⌉⊣ ≀{ ⌋⟨≀≀∫⟩\} ⊣ ⇕≀∇⌉ ∫√⌉⌋⟩⊘⌋ ∇⊓↕⌉ ⊒⟨⌉\ ⊔⊒≀ ∇⊓↕⌉∫⇔ ⟩∫ ≀{⊔⌉\ ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣∫ P⊣\⟩\⟩≃∫ P∇⟩\⌋⟩√↕⌉⇔ ≀∇ ⊔⟨⌉ ⌉↕∫⌉⊒⟨⌉∇⌉ ⌋≀\⌈⟩⊔⟩≀\ ⇐K⟩√⊣∇∫‖† ∞∃∋⇒↙ I⊔∫ ⊓∫⌉ ⟩\ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\} ⊒⊣∫ ⊘∇∫⊔ √∇≀√≀∫⌉⌈ ⌊† W⟩↕⌉\∫‖† ↘ A∇⌉\∫ ⇐∞∃∀′⇒ ⊣\⌈ W⟩↕⌉\∫‖† ⇐∞∃∀∋⇒ {≀∇ ⌋⟨≀≀∫⟩\} ⊣⇕≀\} ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ⊣\⌈ ⌊† H≀⌊⌊∫ ↘ B⌉⊣∇ ⇐∞∃∃′⇒ {≀∇ ⌋⟨≀≀∫⟩\} ⊣⇕≀\} ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫↙ C≀\∫⟩⌈⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⊣⇕⌊⟩}⊓≀⊓∫ √⟨∇⊣∫⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⟩\ ⇐∞′⇒ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣⌊≀⊑⌉⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊒≀∇⌈ ⟨≀≀‖∫ ⌋⊣\ {⊓\⌋⊔⟩≀\ ⊣∫ ⊣ \≀⊓\ ⇐⊣∫ ⟩\ ⇐∞′⊣⇒⇒ ≀∇ ⊣ ⊑⌉∇⌊ ⇐⊣∫ ⟩\ ⇐∞′⌊⇒⇒¬ ⇐∞′⇒ ⊣↙ T⟨⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⊒⌉∇⌉ ↕†⟩\} ≀\ ⌈⌉⌋‖↙ ⌊↙ ↓T⟨⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ≀\ ⊔≀ ⊔⟨⌉ ⌉\⌉⇕† ∫⟨⟩√↙ T⟨⌉ ⊓∫⌉ ≀{ ⟨≀≀‖∫ ⊣∫ ⊣ \≀⊓\⇔ ⊣∫ ⟩\ ⇐∞′⊣⇒⇔ ⟩∫ ⇕⊓⌋⟨ √∇⌉{⌉∇∇⌉⌈↙ M⟩↕\⌉ ⇐∞∃∀∈⇒ {≀⊓\⌈ ⊔⟨⊣⊔ ∫⌉\⊔⌉\⌋⌉∫ ↕⟩‖⌉ ⇐∞′⌊⇒ ⌋⊣⊓∫⌉ √∇≀⌋⌉∫∫⟩\} ⌈⟩{⊘⌋⊓↕⊔†↙ T⟨⌉ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⇐∞′⊣⇒ {⊣↕↕∫ ≀⊓⊔ ≀{ ⊔⟨⌉ L≀⌋⊣↕ C≀⟨⌉∇⌉\⌋⌉ C∇⟩⊔⌉∇⟩≀\ ⌊⌉⌋⊣⊓∫⌉ }∇⊣√√↕⟩\} ⟨≀≀‖∫ ⟩∫ ⊣ ⌋≀↕↕≀⌋⊣⊔⟩≀\ � ⊔⟨⊣⊔ ⟩∫⇔ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ∫√⌉⌋⟩⊘⌋ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ GRAPPLING↖HOOKS ⊒⟨⟩⌋⟨ ⟨⊣∫ ⊔⊒≀ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫⇔ ⊔⟨⌉ ⊘∇∫⊔ ⊖}∇⊣√√↕⟩\}⪰⇔ ⊣\⌈ ⊔⟨⌉ ∫⌉⌋≀\⌈ ⊖⟨≀≀‖∫⪰↙ ∀T⟨⌉ ⟩⌈⌉⊣ ≀{ ⊓∫⟩\} ⌋≀⟨⌉∇⌉\⌋⌉ ⊣∫ ⊣ ∫⌉↕⌉⌋⊔⟩≀\ ⇕⌉⊔∇⟩⌋ ⊒⊣∫ √∇≀√≀∫⌉⌈ ⌊† W⟩↕‖∫ ⇐∞∃▽⌊⇔ ∞∃▽⊣⇒ ⟩\ ⟨⟩∫ P∇⌉{⌉∇⌉\⌋⌉ S⌉⇕⊣\⊔⟩⌋∫ ⇕≀⌈⌉↕⇔ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ J≀≀∫ L⊣⊒ ⇐J≀≀∫ ∞∃∈⇒⇔ ⊒⟨⟩⌋⟨ ⊣∇}⊓⌉⌈ {≀∇ ⌋⟨≀≀∫⟩\} ⊣ ⇕⌉⊣\⟩\} ⊒⟨⟩⌋⟨ ⊒⊣∫ ⇕≀∫⊔ ∇⌉⌈⊓\⌈⊣\⊔ ⊣\⌈ ⟨⌉\⌋⌉ ⇕≀∫⊔ ⌋≀⟨⌉∇⌉\⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ⇐∫⌉⌉ ⊣↕∫≀ H⟩↕↕ ⇐∞∃′⇒ ⊣\⌈ J≀≀∫ ⇐∞∃▽∀⇒⇒↙ O⊔⟨⌉∇ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕⌋≀⟨⌉∇⌉\⌋⌉↖⌊⊣∫⌉⌈ ⇕≀⌈⌉↕∫ ⟨⊣⊑⌉ ⊓∫⌉⌈ ⇕⊣∇‖⌉∇↖√⊣∫∫⟩\} ⊣↕}≀∇⟩⊔⟨⇕∫ ⇐H⟩∇∫⊔ ↘ C⟨⊣∇\⟩⊣‖ ∞∃∀∈∅ N≀∇⊑⟩} ∞∃∀∅ H⟩∇∫⊔ ∞∃∀⇏↙ ∈

B⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩∫ ⊣ ↕⌉§⟩⌋⊣↕ ≀\⌉⇔ ⟩⊔ ⟨⊣∫ ⊣ ⊑⌉∇† ∫⊔∇≀\} ⇐↕⌉§⟩⌋⊣↕⇒ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ ⊒≀∇⌈ ⊖⟨≀≀‖∫⪰↙ T⟨⊓∫ ⊒⟨⌉\ ⟨≀≀‖∫ ⊣√√⌉⊣∇∫⇔ ⟩⊔ ⇕⌉⌉⊔∫ ⊔⟨⟩∫ ∫⊔∇≀\} ⌉§√⌉⌋⊔⊣⊔⟩≀\↙ I\ ⇐∞′⌊⇒⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⊔⟨⌉ SUBJECT↖PREDICATE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ≀\↕† }⟩⊑⌉∫ ∇⟩∫⌉ ⊔≀ ⊣\ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⊣ VERB � ⟩↙⌉↙⇔ {≀∇ ⊣\† ⊑⌉∇⌊↙ T⟨⟩∫ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⟩∫ \≀⊔ ⊣ ⊑⌉∇† ∫√⌉⌋⟩⊘⌋ ≀\⌉∅ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊣ }∇⌉⊣⊔ \⊓⇕⌊⌉∇ ≀{ ⊑⌉∇⌊∫⇔ ⊣\⌈ ⊔⟨⌉∇⌉{≀∇⌉ ⌊† ⊔⟨⌉ C≀⟨⌉∇⌉\⌋⌉ R⊣\‖⟩\}⇔ ⟩⊔ ⟩∫ \≀⊔ ⊣∫ ∫⊔∇≀\} ⊣\ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⊣∫ ⊔⟨⊣⊔ {∇≀⇕ GRAPPLING↖HOOKS⇔ ⊣\⌈ ⊔⟨⌉ GRAPPLING↖HOOKS ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ ∫⌉↕⌉⌋⊔⌉⌈↙ ∃

F⟩}⊓∇⌉ ∞▽¬ G∇⊣√√↕⟩\} H≀≀‖∫¬ T⟨⌉ L⌉{⊔ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ I∫ P∇⌉{⌉∇∇⌉⌈ ⌊† S⊔∇≀\}E§√

F∇⌉∐⊓⌉\⌋† T⟨⌉ ∫⌉⌋≀\⌈ ‖⟩\⌈ ≀{ ∫⊔∇≀\} ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∇⌉ {∇⌉∐⊓⌉\⌋† ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ I{ ⊔⊒≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⌊≀⊔⟨ ⟨⊣⌈ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊒⌉∇⌉ ⊘↕↕⌉⌈⇔ ⌊⊓⊔ ≀\⌉ ⊒⊣∫ ⊘↕↕⌉⌈ ⊒⟩⊔⟨ ⊣ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊔⟨⊣⊔ ⟩∫ ⇕⊓⌋⟨ ⇕≀∇⌉ {∇⌉∐⊓⌉\⊔ ⇐⌋⊓∇∇⌉\⊔↕† ⌈⌉⊘\⌉⌈ ⊣∫ ⊣\ ≀∇⌈⌉∇ ≀{ ⇕⊣}\⟩⊔⊓⌈⌉⇒ ⊔⟨⊣\ ⊔⟨⌉ ≀⊔⟨⌉∇⇔ S⊔∇≀\}E§√ ⊒⟩↕↕ √∇⌉{⌉∇ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊔⟨⊣⊔ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⇐∞∞⇒ ⌋⊣⊓∫⌉∫ ⊣ }⊣∇⌈⌉\ √⊣⊔⟨ ∇⌉⊣⌋⊔⟩≀\ ⟩\ ⇕≀∫⊔ ∇⌉⊣⌈⌉∇∫↙ I\ ⊔⟨⌉ ⟩\⊔⌉\⌈⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⌉\⊔⌉\⌋⌉⇔ ⊖⌋≀⇕√↕⌉§⪰ ⟩∫ ⊣ \≀⊓\⇔ ⊣\⌈ ⊖⟨≀⊓∫⌉∫⪰ ⟩∫ ⊣ ⊑⌉∇⌊∅ ⊔⟨⊓∫ ⊔⟨⌉ ∫⊔⊓⌈⌉\⊔∫ ⊣∇⌉ ⟨≀⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⌋≀⇕√↕⌉§↙ H≀⊒⌉⊑⌉∇⇔ ⇕≀∫⊔ ∇⌉⊣⌈⌉∇∫ ⟩\⟩⊔⟩⊣↕↕† ⟩\⊔⌉∇√∇⌉⊔ ⊖⊔⟨⌉ ⌋≀⇕√↕⌉§ ⟨≀⊓∫⌉∫⪰ ⊣∫ ⊣ \≀⊓\ √⟨∇⊣∫⌉⇔ ⊣\⌈ ⊣∇⌉ ⌋≀\{⊓∫⌉⌈ ⌊† ⊔⟨⌉ ↕⊣⌋‖ ≀{ ⊣ ⊑⌉∇⌊↙ ⇐∞∞⇒ T⟨⌉ ⌋≀⇕√↕⌉§ ⟨≀⊓∫⌉∫ ⇕⊣∇∇⟩⌉⌈ ⊣\⌈ ∫⟩\}↕⌉ ∫⊔⊓⌈⌉\⊔∫ ⊣\⌈ ⊔⟨⌉⟩∇ {⊣⇕⟩↕⟩⌉∫↙∞′ T⟨⌉ ⊔⊒≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⌈≀ \≀⊔ ⌈⟩{{⌉∇ ⟩\ ⊑⊣↕⌉\⌋⌉ ≀∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫∅ ⊔⟨⌉ ⇕≀∫⊔ ∇⌉⌋⌉\⊔ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀{ ⌊≀⊔⟨ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊘↕↕∫ ⊣ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∫⌉ ↕⊣∫⊔ ⟩\⊔⌉}∇⊣⊔⟩≀\∫ ⌈⟩{{⌉∇ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⟩\ {∇⌉∐⊓⌉\⌋†∅ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊖⟨≀⊓∫⌉⪰ ⊣∫ ⊣ ⊑⌉∇⌊ ⇐⊣⌋⌋≀∇⌈⟩\} ⊔≀ F∇⊣\⌋⟩∫ ↘ K⊓�⌋⌉∇⊣ ∃W⟩↕⌉\∫‖† ⇐√⌉∇∫≀\⊣↕ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\⇒ ⟨⊣∫ ⊣↕∫≀ ∫⊓}}⌉∫⊔⌉⌈ ⊔⟨⊣⊔ ⇐∞′⌊⇒ ⇕⊣† ⌊⌉ ⌈⟩{⊘⌋⊓↕⊔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ \≀⇕⟩\⊣↕ ∫⌉\∫⌉ ≀{ }∇⊣√√↕⟩\} ⟩∫ ⊑⌉∇† ∇⊣∇⌉⇔ ⊣∇}⊓⟩\} ⊔⟨⊣⊔ S⊣↕ ⊒≀⊓↕⌈ √∇⌉{⌉∇ ⇐∞′⊣⇒ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊣ ⊑⌉∇† ∫⊔∇≀\} {∇⌉∐⊓⌉\⌋† ⌉§√⌉⌋⊔⊣⊔⟩≀\ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣ ⊑⌉∇† ∫⊔∇≀\} ∫√⌉⌋⟩⊘⌋⟩⊔† ⌉§√⌉⌋⊔⊣⊔⟩≀\↙ ∞′⊔⟨⊣\‖∫ ⊔≀ M⊣∇⊔⟩ H⌉⊣∇∫⊔ {≀∇ ⌋≀\⊔∇⟩⌊⊓⊔⟩\} ⊔⟨⟩∫ ⌉§⊣⇕√↕⌉ {∇≀⇕ ⊔⟨⌉ B⌉∇‖⌉↕⌉† ⌋⊣⇕√⊓∫ \⌉⊒∫√⊣√⌉∇↙ ∈∀

⇐∞∃∀∈⇒⇒ ⟩∫ ▽∋ √⌉∇ ⇕⟩↕↕⟩≀\∞∞⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ {∇⌉∐⊓⌉\⌋† ≀{ ⊖⟨≀⊓∫⌉⪰ ⊣∫ ⊣ \≀⊓\ ⟩∫ ̸∈ √⌉∇ ⇕⟩↕↕⟩≀\↙ B⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⟩∫ ≀∇⌈⌉∇↖≀{↖⇕⊣}\⟩⊔⊓⌈⌉ ⌈⟩{{⌉∇⌉\⌋⌉⇔ ⊔⟨⌉ \≀⇕⟩\⊣↕ ∫⌉\∫⌉ ≀{ ⟨≀⊓∫⌉ ⟩∫ ∫⌉↕⌉⌋⊔⌉⌈ ≀⊑⌉∇ ⊔⟨⌉ ⊑⌉∇⌊⊣↕ ∫⌉\∫⌉↙ ↙̸∞↙∈ O⌊↕E§√ T⟨⌉ ⇕≀∫⊔ ≀⌊⊑⟩≀⊓∫ ⌋≀∇≀↕↕⊣∇† ⊔≀ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟨⟩⌉∇⊣∇⌋⟨† ⟩∫ ⊔⟨⌉ ⌋≀⇕⇕≀\↕† \≀⊔⌉⌈ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⊑⌉∇⌊⊣↕ ⊣∇}⊓⇕⌉\⊔∫ ≀⊑⌉∇ ⊑⌉∇⌊⊣↕ ⊣⌈|⊓\⌋⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒ ∫⟨≀⊒⌉⌈ ⊔⟨⊣⊔ ⟩\ ⇐∞∈⇒⇔ ∫⊓⌊|⌉⌋⊔∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣⊔⊔⊣⌋⟨ ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ √⟨∇⊣∫⌉ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨ ⊔≀ ⊔⟨⌉ \≀⊓\ ⌈≀}⇔ ⊒⟨⟩↕⌉ ⟩\ ⇐∞∋⇒⇔ ∫⊓⌊|⌉⌋⊔∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣⊔⊔⊣⌋⟨ ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ √⟨∇⊣∫⌉ ⊔≀ ⊔⟨⌉ ⊑⌉∇⌊ ‖⌉√⊔↙ ⇐∞∈⇒ T⟨⌉ ⊒≀⇕⌉\ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊔⟨⌉ ⌈≀}∫ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⊣↙ T⟨⌉ ⊒≀⇕⌉\ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊔⟨⌉ ⌈≀}∫ ⊒⟨⟩⌋⟨ ⊒⌉∇⌉ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⇐∃′↗⇒ ⌊↙ T⟨⌉ ⊒≀⇕⌉\ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊔⟨⌉⇕ ⇐⊔⟨⌉ ⌈≀}∫⇒ ⊒⟨⟩↕⌉ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⇐∞′↗⇒ ⇐∞∋⇒ T⟨⌉ ⊒≀⇕⌉\ ‖⌉√⊔ ⊔⟨⌉ ⌈≀}∫ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⊣↙ T⟨⌉ ⊒≀⇕⌉\ ‖⌉√⊔ ⊔⟨⌉ ⌈≀}∫ ⊒⟨⟩⌋⟨ ⊒⌉∇⌉ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⇐▽↗⇒ ⌊↙ T⟨⌉ ⊒≀⇕⌉\ ‖⌉√⊔ ⊔⟨⌉⇕ ⇐⊔⟨⌉ ⌈≀}∫⇒ ≀\ ⊔⟨⌉ ⌊⌉⊣⌋⟨↙ ⇐∃▽↗⇒ W⟨⟩↕⌉ ⇕≀∫⊔ ⇕≀⌈⌉∇\ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇⟩⌉∫ ∫⊔⟩√⊓↕⊣⊔⌉ ⊔⟨⟩∫ √∇⌉{⌉∇⌉\⌋⌉⇔ ⟩\ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⊔⟨⌉≀∇† ⊔⟨⌉ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⊑⌉∇⌊⊣↕ ⊣∇}⊓⇕⌉\⊔∫ ≀⊑⌉∇ ⊑⌉∇⌊⊣↕ ⊣⌈|⊓\⌋⊔∫ {⊣↕↕∫ ≀⊓⊔ ≀{ ⊔⟨⌉ }⌉\⌉∇⊣↕ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ≀⌊↕⟩}⊣⊔≀∇† ≀⊑⌉∇ ≀√⊔⟩≀\⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ T⟨⟩∫ ⟩\⌋↕⊓⌈⌉∫ \≀⇕⟩\⊣↕ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣\⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⊑⌉∇⌊⊣↕ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ∫⟩\⌋⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇∫ ⊣↕↕≀⊒ ⊣\† ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊔≀ ⟨⊣⊑⌉ ⊑⊣↕⌉\⌋⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ \⊓⇕⌊⌉∇ ≀{ ∇⌉⌋⌉\⊔ ∫⊔⊓⌈⟩⌉∫ ⟨⊣⊑⌉ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊒⟨⌉∇⌉ ⊣ √∇⌉√≀∫⟩⊔⟩≀\ √⟨∇⊣∫⌉ {⊓↕⊘↕↕∫ ⊣ \≀⇕⟩\⊣↕ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⟩∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ≀\⌉ ⟩\ ⊒⟨⟩⌋⟨ ⊣ √∇⌉√≀∫⟩⊔⟩≀\ √⟨∇⊣∫⌉ ⇕⌉∇⌉↕† ⊣⌋⊔∫ ⊣∫ ⊣ √≀∫⊔↖⊑⌉∇⌊⊣↕↖⇕≀⌈⟩⊘⌉∇↙ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ⇐∞∃∀∀⇒ ∫⊔⊓⌈⟩⌉⌈ ⊔⟨⌉ ∇≀↕⌉ ≀{ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⟩\ ⊣ \⊓⇕⌊⌉∇ ≀{ √∇⌉√≀∫⟩⊔⟩≀\↖⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ⊣⇕⌊⟩}⊓⟩⊔⟩⌉∫↙ T⟨⌉† ∫⊔⊓⌈⟩⌉⌈ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⊒⌉∇⌉ }⌉\⌉∇⊣⊔⌉⌈ ⊒⟨⌉\ ⊣ ∫⌉\⊔⌉\⌋⌉ ⟨⊣⌈ ⌊⌉⌉\ √∇≀⌋⌉∫∫⌉⌈ ⊓√ ⊔≀ ⊣\⌈ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⇔ ⌊⊓⊔ \≀⊔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⊣↕↖≀⌊|⌉⌋⊔ ⟨⌉⊣⌈ \≀⊓\↙ I\ }⌉\⌉∇⊣↕⇔ ⊔⟨⌉† {≀⊓\⌈ ⊔⟨⊣⊔ ∫⊓⌊|⌉⌋⊔∫ ⊓∫⌉⌈ ⌊≀⊔⟨ ⊑⌉∇⌊⊣↕ ⊣\⌈ \≀⇕⟩\⊣↕ ⊑⊣↕⌉\⌋⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊔≀ ⊔∇† ⊔≀ ⊣⊔⊔⊣⌋⟨ ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ ≀⌊|⌉⌋⊔∫↙ E§⊣⇕√↕⌉∫ ⇐∞△⇒∘⇐∞⇏ {∇≀⇕ T⊣∇⊣⌊⊣\ ↘ M⌋C↕⌉↕↕⊣\⌈ ∫⟨≀⊒ ⌉§⊣⇕√↕⌉∫ ⊒⟨⌉∇⌉ ∫⊓⌊|⌉⌋⊔∫ √∇⌉{⌉∇∇⌉⌈ \≀⊓\ √⟨∇⊣∫⌉ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫↙ I\ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋⊣∫⌉∫ ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ √⟨∇⊣∫⌉∫ ⊘↕↕ ⊣ \≀⇕⟩\⊣↕ ⊑⊣↕⌉\⌋⌉ ∫↕≀⊔↙ D⌉⊑⌉∇⌊⊣↕ \≀⇕⟩\⊣↕⟩‡⊣⊔⟩≀\∫ ↕⟩‖⌉ ∇⌉⌈⊓⌋⊔⟩≀\∫ ⟨⊣⊑⌉ ⊑⊣↕⌉\⌋⌉ ∫↕≀⊔∫ ↕⟩‖⌉ ⊔⟨⌉ ∇⌉↕⊣⊔⌉⌈ ⊑⌉∇⌊∫ ⇐⟩\ ⊔⟨⟩∫ ⌋⊣∫⌉ {≀∇ ⊣ R⌉⌈⊓⌋⌉∇ ⊣\⌈ ⊣ R⌉⌈⊓⌋⌉⌈⇒⇔ ⊒⟨⟩↕⌉ \≀⊓\∫ ↕⟩‖⌉ ∫⊔≀∇†⇔ ∇⌉√≀∇⊔⇔ ≀∇ ⌊≀≀‖ ⊒⟨⟩⌋⟨ ⌈⌉∫⌋∇⟩⌊⌉ ⊒∇⟩⊔⊔⌉\ ⌈≀⌋⊓⇕⌉\⊔∫ ⟨⊣⊑⌉ ⊑⊣↕⌉\⌋⌉ ∫↕≀⊔∫ {≀∇ ⊔⟨⌉ C≀\⊔⌉\⊔ ≀{ ⊔⟨⌉ ⌈≀⌋⊓⇕⌉\⊔∫↙ ⇐∞△⇒ T⟨⌉ ⌉§⌉⌋⊓⊔⟩⊑⌉ ⊣\\≀⊓\⌋⌉⌈ ⊔⟨⌉ ∇⌉⌈⊓⌋⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⌊⊓⌈}⌉⊔ ∝ ⌉⊑⌉\⟩\}↙ ⇐∞▽⇒ T⟨⌉ √⟨⟩↕⊣\⊔⟨∇≀√⟩∫⊔ ⊣√√∇⌉⌋⟩⊣⊔⌉⌈ ⊔⟨⌉ ∫⊔≀∇† ≀\ ⟨⟩∫ }⌉\⌉∇≀∫⟩⊔† ∝ ⌈⌉⊣⊔⟨⌊⌉⌈↙ ⇐∞⇏ T⟨⌉ ⟨⟩}⟨↖∫⌋⟨≀≀↕ ∫⌉\⟩≀∇ ∫⊔⊣⊔⌉⌈ ⟨⟩∫ }≀⊣↕∫ {≀∇ ⊔⟨⌉ {⊓⊔⊓∇⌉ ∝ √∇⟩\⌋⟩√⊣↕↙ ∞∞O∇ ⌉⊑⌉\ ↕≀⊒⌉∇ ⊔⟨⊣\ ▽∋ √⌉∇ ⇕⟩↕↕⟩≀\∅ ≀{ ⊔⟨⌉∫⌉ ▽∋ ⊑⌉∇⌊⊣↕ ≀⌋⌋⊓∇∇⌉\⌋⌉∫⇔ ∈∃ ⌋≀\∫⟩∫⊔ ≀{ ⊔⟨⌉ }⌉∇⊓\⌈ ⊖⟨≀⊓∫⟩\}⪰⇔ ↕⌉⊣⊑⟩\} ≀\↕† ∈△ ⊔∇⊓⌉ ⊑⌉∇⌊∫↙ ∈∃

W⟨⟩⊔⊔⌉⇕≀∇⌉ ⌉⊔ ⊣↕↙ ⇐∞∃∃′⇒ ⌋⟩⊔⌉ ⊣ \⊓⇕⌊⌉∇ ≀{ ≀⊔⟨⌉∇ ⌉§⊣⇕√↕⌉∫ ≀{ \≀⇕⟩\⊣↕ ⊣\⌈ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ ⊑⊣↕⌉\⌋⌉↙ T⟨⌉ ∪O⌊↕E§√⊎ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣↕∫≀ ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ⇐∞∃∀▽⇒ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ √⊣∇∫⟩\} √∇⌉{⌉∇⌉\⌋⌉ ⊒⟨⟩⌋⟨ ⊒⌉ ⌋⊣\ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊣∫ ⊣ ‖⟩\⌈ ≀{ ⊣ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {∇≀⇕ ⊔⟨⌉ SUBJECT↖EXTRAPOSITION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ C∇⊣⟩\ ↘ S⊔⌉⌉⌈⇕⊣\ ⇐∞∃∀▽⇒ \≀⊔⌉⌈ ⊔⟨⊣⊔ ⊒⟨⌉\ √∇≀⌋⌉∫∫⟩\} ⌉§⊔∇⊣√≀∫⌉⌈ ⌋↕⊣⊓∫⌉∫ ∫⊓⌋⟨ ⊣∫ ⇐∞⇒⇔ √⌉≀√↕⌉ √∇⌉{⌉∇ ⊔≀ ⊣\⊣↕†‡⌉ ⊔⟨⌉ ⌋↕⊣⊓∫⌉ J≀⟨\ ⊒⊣\⊔⌉⌈ ⊔≀ ⊑⟩∫⟩⊔ ⊔⟨⌉ ↕⊣⌊ ⊣∫ ⊣ ⌋≀⇕√↕⌉⇕⌉\⊔ ⌋↕⊣⊓∫⌉ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣∫ ⊣ ∇⌉↕⊣⊔⟩⊑⌉ ⌋↕⊣⊓∫⌉ ⇕≀⌈⟩{†⟩\} ⊔⟨⌉ ⌋⟨⟩↕⌈↙ ⇐∞⇒ I⊔ {∇⟩}⟨⊔⌉\⌉⌈ ⊔⟨⌉ ⌋⟨⟩↕⌈ ⊔⟨⊣⊔ J≀⟨\ ⊒⊣\⊔⌉⌈ ⊔≀ ⊑⟩∫⟩⊔ ⊔⟨⌉ ↕⊣⌊↙ W⌉ ⌋⊣\ ∫⌉⌉ ⟨≀⊒ ⊔⟨⟩∫ √∇⌉{⌉∇⌉\⌋⌉ ⊒≀⊓↕⌈ ⌊⌉ √∇⌉⌈⟩⌋⊔⌉⌈ ⌊† ⊔⟨⌉ L≀⌋⊣↕ C≀⟨⌉∇⌉\⌋⌉ C∇⟩⊔⌉∇⟩≀\ ⌊† ⌋≀\∫⟩⌈⌉∇⟩\} ⊔⟨⌉ ⊔⊒≀ ⌋⊣\⌈⟩⌈⊣⊔⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ ∫⌉\⊔⌉\⌋⌉ |⊓∫⊔ ⊣{⊔⌉∇ √∇≀⌋⌉∫∫⟩\} ⊔⟨⌉ ⊒≀∇⌈ ⊖⌋⟨⟩↕⌈⪰↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⌋⊣\⌈⟩⌈⊣⊔⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣⊔ ⊔⟨⟩∫ √≀⟩\⊔⇔ ≀\⌉ ⟩\⊑≀↕⊑⟩\} ⊔⟨⌉ DECLARATIVE↖CLAUSE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊣\⌈ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊔⟨⌉ SUBJECT↖EXTRAPOSITION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ I\ ⊔⟨⌉ DECLARATIVE↖ CLAUSE ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊔⟨⌉ ⊒≀∇⌈ ⟩⊔ ⊣⌋⊔∫ ⊣∫ ⊣ \≀∇⇕⊣↕ √∇≀\≀⊓\⇔ ⊣\⌈ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ⊓\⊘↕↕⌉⌈ ⊑⌉∇⌊⊣↕ ≀∇ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ A↕⊔⟨≀⊓}⟨ ⊔⟨⌉ ⊒≀∇⌈ ⊖⊔⟨⊣⊔⪰ ⌋≀⊓↕⌈ ⌊⌉}⟩\ ⊣ √≀∫⊔↖\≀⇕⟩\⊣↕ ∇⌉↕⊣⊔⟩⊑⌉ ⌋↕⊣⊓∫⌉⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⌉§√⌉⌋⊔⊣⊔⟩≀\ {≀∇ ⟩⊔↙ T⟨⌉ SUBJECT↖EXTRAPOSITION ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⌈≀⌉∫ ⟨⊣⊑⌉ ≀\⌉ ⊓\⊘↕↕⌉⌈ ⌋≀\∫⊔⟩⊔⊓⌉\⊔ ∫↕≀⊔ � ⊔⟨⌉ ∫↕≀⊔ {≀∇ ⊣ SUBORDINATE↖PROPOSITION⇔ ⊒⟨⟩⌋⟨ ⌊⌉}⟩\∫ ⊒⟩⊔⟨ ⊔⟨⌉ ⊒≀∇⌈ ⊖⊔⟨⊣⊔⪰↙

F⟩}⊓∇⌉ ∞¬̸ P∇≀⌋⌉∫∫⟩\} ⊣\ E§⊔∇⊣√≀∫⟩⊔⟩≀\ ⇐∞⇒¬ T⟨⌉ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ S⊔≀∇⌉ ⊣{⊔⌉∇ ⌋⟨⟩↕⌈

B⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⊒≀∇⌈ ⊖⊔⟨⊣⊔⪰ ⊘↕↕∫ ⊣\ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ SUBJECT↖EXTRAPOSITION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⌊⊓⊔ \≀⊔ ⟩\ ⊔⟨⌉ DECLARATIVE↖CLAUSE ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⇔ ⊔⟨⌉ SUBJECT↖EXTRAPOSITION ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⇕⌉⌉⊔∫ ⊔⟨⌉ O⌊↕E§√ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣\⌈ ⟩∫ √∇⌉{⌉∇∇⌉⌈↙ O√⊔E§√ T⟨⌉ ⊒⌉⊣‖⌉∫⊔ ‖⟩\⌈ ≀{ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∇⌉ ≀√⊔⟩≀\⊣↕ ≀∇ ⊣⌈|⊓\⌋⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫⇔ ⌉§√∇⌉∫∫⌉⌈ ⌊† ⊔⟨⌉ O√⊔E§√ ⌋≀\∫⊔∇⊣⟩\⊔↙ W⌉ {≀↕↕≀⊒ G⊣⊒∇≀\ ⇐∞∃∀∋⇒ ⟩\ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊣⌈|⊓\⌋⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⊣∫ ∫↕≀⊔∫ ⟩\ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ∋′

{∇⊣⇕⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\↙ T⟨⊓∫ ∫↕≀⊔∫ ⟩\ ⊔⟨⌉ ⊑⊣↕⌉\⌋⌉ ≀{ ↕⌉§⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⌉§√∇⌉∫∫ ∇⌉∐⊓⟩∇⌉⌈ ⊣∇}⊓⇕⌉\⊔∫⇔ ⊒⟨⟩↕⌉ ∫↕≀⊔∫ ⟩\ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ {∇⊣⇕⌉ ⌉§√∇⌉∫∫ ≀√⊔⟩≀\⊣↕ ⊣∇}⊓⇕⌉\⊔∫↙ G⊣⊒∇≀\ ∫⊓}}⌉∫⊔⌉⌈ ⊔⟨⊣⊔ ⟩\⌋↕⊓⌈⟩\} ⊣ ⊔⌉⇕√≀∇⊣↕ ∫↕≀⊔ ⟩\ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ {∇⊣⇕⌉ ≀{ ⊣⌋⊔⟩⊑⟩⊔† ⊑⌉∇⌊∫ ⌋≀⊓↕⌈ ⌉\⌋≀⌈⌉ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⊣⌋⊔⟩⊑⟩⊔† ⊑⌉∇⌊∫⇔ ⌊⊓⊔ \≀⊔ ∫⊔⊣⊔⟩⊑⌉∫⇔ ⊣∇⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⌋≀⇕√⊣⊔⟩⌊↕⌉ ⊒⟩⊔⟨ ⊔⌉⇕√≀∇⊣↕ ⊣⌈|⊓\⌋⊔∫⇔ ⊣↕⊔⟨≀⊓}⟨ ⊔⟨⌉† ⌈≀ \≀⊔ ∇⌉∐⊓⟩∇⌉ ⊔⟨⌉⇕↙ T⟨⊓∫ ⊣⌋⊔⟩≀\ ⊑⌉∇⌊∫ ⊣\⌈ ⌉⊑⌉\⊔ \≀⊓\∫ ⊒⟩↕↕ ⟨⊣⊑⌉ ⊣\ ≀√⊔⟩≀\⊣↕ ∫↕≀⊔ ⟩\ ⊔⟨⌉⟩∇ ∫⌉⇕⊣\⊔⟩⌋ {∇⊣⇕⌉ {≀∇ ⊔⟩⇕⌉ ⊣⌈⊑⌉∇⌊⟩⊣↕∫⇔ ⊣\⌈ ⊔⟨⊓∫ ⊣ ⊔⟩⇕⌉ ⊣⌈⊑⌉∇⌊⟩⊣↕ ⊒⟩↕↕ √∇⌉{⌉∇⊣⌊↕† ⊣⊔⊔⊣⌋⟨ ⊔≀ ⊣\ ⊣⌋⊔⟩≀\ ⊑⌉∇⌊ ≀∇ ⊣\ ⌉⊑⌉\⊔ \≀⊓\ ≀⊑⌉∇ ⊣ ∫⊔⊣⊔⟩⊑⌉ ≀∇ \≀\↖⌉⊑⌉\⊔ \≀⊓\↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ H≀⌊⌊∫ ↘ B⌉⊣∇ ⇐∞∃∃′⇒ \≀⊔⌉⌈ ⌉§⊣⇕√↕⌉∫ ↕⟩‖⌉ ⇐∞∀⇒⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ √∇⌉√≀∫⟩⊔⟩≀\ √⟨∇⊣∫⌉ ⌈⊓∇⟩\} ⊔⟨⌉ ⌋⊣⇕√⊣⟩}\ ⊣⊔⊔⊣⌋⟨⌉∫ ⊔≀ ⊔⟨⌉ ⊑⌉∇⌊ ∫⊣⊒ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊔≀ ⊔⟨⌉ \≀⊓\ √∇⌉∫⟩⌈⌉\⊔ ⌊⌉⌋⊣⊓∫⌉ ∫⊣⊒ ⟨⊣∫ ⊣\ ≀√⊔⟩≀\⊣↕ ⊣∇}⊓⇕⌉\⊔ {≀∇ ⊣ ⌈⊓∇⊣⊔⟩≀\ ⊣⌈⊑⌉∇⌊⟩⊣↕⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ √∇⌉∫⟩⌈⌉\⊔ ⌈≀⌉∫ \≀⊔↙ ⇐∞∀⇒ J≀⟨\ ∫⊣⊒ ⊔⟨⌉ √∇⌉∫⟩⌈⌉\⊔ ⌈⊓∇⟩\} ⊔⟨⌉ ⌋⊣⇕√⊣⟩}\↙ I\ }⌉\⌉∇⊣↕⇔ ⊣\ ⊣⌋⊔⟩⊑⌉ ⊑⌉∇⌊ ⟩∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣ ∫⊔⊣⊔⟩⊑⌉⇔ ⊣\⌈ ⊣ ⊑⌉∇⌊⊣↕ {≀∇⇕ ⟩∫ √∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣ \≀⇕⟩\⊣↕↖ ⟩‡⊣⊔⟩≀\⇔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊒⟩⊔⟨ ⌈⌉⊑⌉∇⌊⊣↕ \≀⇕⟩\⊣↕⟩‡⊣⊔⟩≀\∫ {∇≀⇕ √⊓\⌋⊔⊓⊣↕ ⊑⌉∇⌊∫⇔ T⟨⊓∫⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊒⟨⌉\ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⇕⊓∫⊔ ⌋⟨≀≀∫⌉ ⌊⌉⊔⊒⌉⌉\ ⊣\ ⊣⌈⊑⌉∇⌊⟩⊣↕ ⊒⟨⟩⌋⟨ ⌋≀⊓↕⌈ ⇕≀⌈⟩{† ⊣ \≀⊓\⇔ ⇐⟩\ ⊔⟨⟩∫ ⌋⊣∫⌉ ⊣ ⌈⌉⊑⌉∇⌊⊣↕ \≀⇕⟩\⊣↕⟩‡⊣⊔⟩≀\ {∇≀⇕ ⊣ √⊓\⌋⊔⊓⊣↕ ⊑⌉∇⌊⇒⇔ ⊣\⌈ ⊣\ ⊣⌋⊔⟩⊑⟩⊔† ⊑⌉∇⌊⇔ ⊔⟨⌉ ⊣⌋⊔⟩⊑⟩⊔† ⊑⌉∇⌊ ⊒⟩↕↕ ⌊⌉ ⌋⟨≀∫⌉\⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⊔⟨⊣⊔ ⊔⟨⌉ √∇⌉{⌉∇∇⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⇐∞∃⊣⇒ ⌊⌉↕≀⊒ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊔⊣↕‖⟩\} ≀⌋⌋⊓∇∇⌉⌈ †⌉∫⊔⌉∇⌈⊣†⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ √∇⌉{⌉∇∇⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⇐∞∃⌊⇒ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀\⊘∇⇕⊣⊔⟩≀\ ≀⌋⌋⊓∇∇⌉⌈ †⌉∫⊔⌉∇⌈⊣†↙ ⇐∞∃⇒ ⊣↙ H⊓⇕⌊⌉∇⊔ ⊒⊣∫ ⊔⊣↕‖⟩\} ⊣⌊≀⊓⊔ C↕⊣∇⌉\⌋⌉ T⟨≀⇕⊣∫≃ ⌋≀\⊘∇⇕⊣⊔⟩≀\ †⌉∫⊔⌉∇⌈⊣†↙ ⇐⊔⊣↕‖⟩\} †⌉∫⊔⌉∇↖ ⌈⊣†⇒ ⌊↙ H⊓⇕⌊⌉∇⊔ ⊒⊣∫ ⊔⊣↕‖⟩\} ⊣⌊≀⊓⊔ C↕⊣∇⌉\⌋⌉ T⟨≀⇕⊣∫ ⌊⌉⟩\} ⌋≀\⊘∇⇕⌉⌈ †⌉∫⊔⌉∇⌈⊣†↙ ⇐⌋≀\⊘∇⇕⌉⌈ †⌉∫⊔⌉∇⌈⊣†⇒ I\ ≀∇⌈⌉∇ ⊔≀ ⌉§√↕⊣⟩\ ⊔⟨⟩∫ ∫≀∇⊔ ≀{ √∇⌉{⌉∇⌉\⌋⌉⇔ F≀∇⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀∈⇒ ⊣\⌈ A⌊\⌉† ⇐∞∃∀∃⇒ √∇≀√≀∫⌉⌈ ⊣ ⟨⌉⊓∇⟩∫⊔⟩⌋ ⊔⟨⊣⊔ √∇⌉{⌉∇∇⌉⌈ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫ ⊔≀ ⊑⌉∇⌊∫ ⊔≀ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔∫ ⊔≀ \≀⊓\∫↙ T⟨⌉ O√⊔E§√ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⇕≀∇⌉ }⌉\⌉∇⊣↕ ⊔⟨⊣\ ⊔⟨⟩∫ ⟨⌉⊓∇⟩∫⊔⟩⌋⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ √∇⌉{⌉∇⌉\⌋⌉ {⊣↕↕∫ ≀⊓⊔ ≀{ ⊣ ∫⌉⇕⊣\⊔⟩⌋ {⊣⌋⊔ ⊒⟨⟩⌋⟨ ⇕⊓∫⊔ ⌊⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊣\†⊒⊣† ∘ ⊣⌋⊔⟩≀\ ⊑⌉∇⌊∫ ⊣\⌈ ⌉⊑⌉\⊔ \≀⊓\∫ ⌋⊣\ ⊔⊣‖⌉ ⊔⟩⇕⌉ ⊣⌈⊑⌉∇⌊⟩⊣↕∫⇔ ⌊⊓⊔ ∫⊔⊣⊔⟩⊑⌉ ⊑⌉∇⌊∫ ⊣\⌈ ≀⊔⟨⌉∇ \≀⊓\∫ ⌋⊣\\≀⊔↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⊔⟨⌉ O√⊔E§√ ⌋≀\∫⊔∇⊣⟩\⊔ }⌉\⌉∇⊣↕⟩‡⌉∫ ⊔≀ ≀⊔⟨⌉∇ ≀√⊔⟩≀\⊣↕ ⊣\⌈ ⊣⌈|⊓\⌋⊔ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ ↙̸∈ E§⊔⌉\∫⟩≀\∫ ⊔≀ ⊔⟨⌉ C≀⟨⌉∇⌉\⌋⌉ T⟨⌉≀∇† T⟨⌉ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋∇⟩⊔⌉∇⟩≀\ ⌉§√∇⌉∫∫⌉∫ ⟨≀⊒ ⊔≀ ⌋⟨≀≀∫⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫⇔ ⌊⊓⊔ ⊣ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇† ⊣↕∫≀ ⇕⊓∫⊔ ∫√⌉⌋⟩{† ⊒⟨⌉\ ⊔≀ ⌋⟨≀≀∫⌉ ⊣⇕≀\} ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ S≀ {⊣∇ ⊒⌉ ⟨⊣⊑⌉ ⊣∫∫⊓⇕⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ √∇≀⌋⌉∫∫≀∇ ≀\↕† ⌋⟨≀≀∫⌉∫ ≀\⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀⊑⌉∇ ⊣\≀⊔⟨⌉∇ ⊒⟨⌉\ ≀\⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ {⊣⊑≀∇⌉⌈ ⌊† ⊔⟨⌉ ⌋≀⟨⌉∇⌉\⌋⌉ ∇⊣\‖⟩\}↙ H≀⊒⌉⊑⌉∇⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔⟨⊣⊔ ⌉⊑⌉\ ⟩{ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ {⊣⊑≀∇⌉⌈ ≀⊑⌉∇ ⊣\≀⊔⟨⌉∇ ⌊† ⊔⟨⌉ ∇⊣\‖⟩\}⇔ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩∫ ∫≀ ∫↕⟩}⟨⊔ ⊔⟨⊣⊔ ⊒⌉ ⊒≀⊓↕⌈ ↕⟩‖⌉ ⊔≀ √∇⌉⌈⟩⌋⊔ ⊔⟨⊣⊔ ⌊≀⊔⟨ ⌊⌉ ⇕⊣⟩\⊔⊣⟩\⌉⌈ ⟩\ ⇕⌉⇕≀∇†↙ I\ ≀∇⌈⌉∇ ⊔≀ ⟨⊣\⌈↕⌉ ∫⊓⌋⟨ ⌋⊣∫⌉∫⇔ G⟩⌊∫≀\ ⇐∞∃∃∞⇒ √∇≀√≀∫⌉⌈ ⊔≀ ⊣∫∫⟩}\ \⊓⇕⌉∇⟩⌋⊣↕ ∫⌋≀∇⌉∫ ⊔≀ ⟨⟩∫ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊣↕↕≀⊒⟩\} ⟨⟩⇕ ⊔≀ ⊣∫∫⟩}\ ⊣ ⊑⊣↕⊓⌉ ⊔≀ ⌉⊣⌋⟨ √⊣∇∫⌉↙ H⌉ ⊔⟨⌉\ ⊣∇}⊓⌉∫ ⊔⟨⊣⊔ ⟩{ ⊔⟨⌉ √⊣∇∫⌉∇ ⊒⊣∫ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⟨⊣⊑⌉ ⇕⌉⇕≀∇† ↕⟩⇕⟩⊔⊣⊔⟩≀\∫⇔ ⟩⊔ ⇕⟩}⟨⊔ √∇⊓\⌉ √⊣∇∫⌉∫ ⊑⟩⊣ ⌊⌉⊣⇕↖∫⌉⊣∇⌋⟨⇔ ⟩↙⌉↙ √∇⊓\⟩\} ⊣\† ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊒≀∇∫⌉ ⊔⟨⊣\ ⊔⟨⌉ ⌊⌉∫⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⌊† ∫≀⇕⌉ ⌊⌉⊣⇕↖⊒⟩⌈⊔⟨↙ I\ ≀⊓∇ ⌉⊣∇↕⟩⌉∇ ⊒≀∇‖ J⊓∇⊣{∫‖† ⇐∞∃∃∈⇒⇔ ⊒⌉ ⊣√√↕⟩⌉⌈ G⟩⌊∫≀\≃∫ ⟩⌈⌉⊣∫ ⊔≀ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⊣∫∫⟩}\⟩\} \⊓⇕⌉∇⟩⌋⊣↕ ⊑⊣↕⊓⌉∫ ⊔≀ ≀⊓∇ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋∇⟩⊔⌉∇⟩⊣⇔ ⊣\⌈ ⊓∫⟩\} ⌊⌉⊣⇕ ∫⌉⊣∇⌋⟨ ≀\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫↙ I\⌈⌉⌉⌈ ≀⊓∇ ∋∞

⌉§√⌉∇⟩⌉\⌋⌉ ⊒⟩⊔⟨ ⇕≀⌈⌉↕∫ ≀{ ∫√⌉⌉⌋⟨ ∇⌉⌋≀}\⟩⊔⟩≀\ ⟨⊣∫ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⌊⌉⊣⇕↖∫⌉⊣∇⌋⟨ ⟩∫ ⊣\ ⌉§⊔∇⌉⇕⌉↕† ⌉{{⌉⌋⊔⟩⊑⌉ ⟨⌉⊓∇⟩∫⊔⟩⌋ {≀∇ √∇⊓\⟩\} ↕⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⟩\ √∇≀⌋⌉∫∫⟩\} ⊣⇕⌊⟩}⊓≀⊓∫ ∫√⌉⌉⌋⟨ ⟩\√⊓⊔↙ W⌉ ⌉§√∇⌉∫∫⌉⌈ ⊔⟨⟩∫ ⊔⟩⇕⟩\} ⌋≀\∫⊔∇⊣⟩\⊔ ⊣∫ ⊔⟨⌉ B⌉⊣⇕↖S⌉⊣∇⌋⟨ P∇⟩\⌋⟩√↕⌉¬ B⌉⊣⇕↖S⌉⊣∇⌋⟨ P∇⟩\⌋⟩√↕⌉¬ P∇⊓\⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊒⟨⌉\⌉⊑⌉∇ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉⟩∇ ∫⌋≀∇⌉ ⊣\⌈ ⊔⟨⌉ ∫⌋≀∇⌉ ≀{ ⊔⟨⌉ ⇕≀∫⊔↖{⊣⊑≀∇⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⟩∫ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⊔⟨∇⌉∫⟨≀↕⌈ σ▷ The BeamSearch Principle insures that very poor interpretations are pruned when better ones are available▷ When all of the alternative interpretations have been pruned the mostfavored interpretation will be selected▷ Thus the interpretation store may temporarily contain a number of interpretations but these will be resolved to a single interpretation quite soon▷ The point at which one interpretation is left in the interpretation store is called the selection point▷ Like the access point of §△⇔ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ √≀⟩\⊔ ⟩∫ ⌋≀\⊔⌉§⊔ ⌈⌉√⌉\⌈⌉\⊔⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⊔⟩⇕⌉ ⌋≀⊓∇∫⌉ ≀{ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊒⟩↕↕ ⌈⌉√⌉\⌈ ≀\ ⊔⟨⌉ \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ ⌋⊣\⌈⟩⌈⊣⊔⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ⊣\⌈ ⊔⟨⌉ ⌋≀\⊔⌉§⊔↙ J⊓∫⊔ ⊣∫ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊔⟨∇⌉∫⟨≀↕⌈ α was αxed but the access point was variable the selection threshold σ is αxed while the selection point will vary with the context and the construction12▷ As Gibson pointed out the BeamSearch Principle explains the existence of certain gardenpath effects in which the local coherence metric causes the correct interpretation to be disfavored and the BeamSearch Principle causes it to be pruned leaving no correct interpretation▷ The interpreter is making a wrong decision because it is unable to look ahead in the input for evidence before making a decision▷ Thus the human sentence interpreter trades completeness for tractability▷ In Jurafsky ↼1992↽ each constraint was assigned an integer value between 1 and 3 and the beamwidth was set at 2▷ This allowed multiple violations of lowerranked constraints to cause an interpretation to be pruned but still allowed multiple similar interpretations to remain▷ The problem with this approach was that it required each constraint to have an arbitrarily deαned weight▷ Our current work attempts to replace each of the coherence constraints with a probabilistic explanation▷ Each constraint would be shown to fall out of a simple metric like maximum a postiori probability given some simple assumptions▷ For example consider the StrongExp constraint▷ Clearly strong frequency expectations fall out of the probabilistic account since we assume that relative frequencies can be used to derive a maximum likelihood estimate of the prior probability of an interpretation▷ But we can also show that strong speciαcity effects fall out of the probabilistic account▷ First we must deαne what it means for a construction to be more speciαc than another given some input▷ Consider the input the big apple and two possible explanatory constructions. a general nounphrase construction and a more speciαc idiom whose meaning is ℓNew Yorkφ▷ It is clear that the likelihood of the words the big apple is much higher given the idiom THEBIGAPPLE than given the general nounphrase construction▷ This is true since the probability mass of possible nounphrases is much higher than the mass of instances of THEBIGAPPLE▷ But if the likelihood of a more speciαc construction is higher than the likelihood of a more general construction then all things being equal i▷e▷ assuming the same prior probabilities the more speciαc construction will also have a higher posterior probability by the Bayes Rule▷ 12The selection point resembles the recognition point which is used to deαne the point of αnal lexical selection in the Cohort model ↼MarslenWilson 1987↽▷

We hope to apply this type of probabilistic explanation to each of the other coherence constraints as well▷ A major impetus to this work is that it would allow us to unify the access and disambiguation theories with a single probabilistic formalism▷ Finally it is important to note that the local coherence theory would need to be embedded in some higherlevel nonlocal model of disambiguation since the larger problem of disambiguation must refer to every level of linguistic knowledge including pragmatic and textual knowledge which is not considered in this article as well as nonlinguistic world knowledge▷ As Hirst ↼1986.111↽ noted it is impossible to disambiguate sentences like ↼20ab↽ without nonlinguistic knowledge about Ψthe relative aesthetics of factories and βoraν. ↼20↽ a▷ The view from the window would be improved by the addition of a plant out there▷ b▷ The view from the window would be destroyed by the addition of a plant out there▷ For example the local coherence model could be embedded in recent models which propose to use coherence metrics to solve the general problem of textual abduction ↼Charniak ς Goldman 1988, Ng ς Mooney 1990, Norvig ς Wilensky 1990↽▷ 7 Problems and Future Work The model suffers from a number of problems most of all its size▷ The small implementation only has a toy grammar deals solely with English has no modeling of discourse anaphora or inter sentential effects and derives its frequency number from published sources rather than generating them automatically from corpora▷ In addition the model is not αnegrained enough to provide a quantitative millisecondbymillisecond analysis of lexical access and priming effects▷ Finally the current implementation of the model deals only with syntactic parsing and does not model lexical access▷ Our current work addresses each of these concerns▷ In our current work in applying the Construction Grammar model to the analysis of speech ↼Jurafsky et al▷ 1994↽ we are generalizing the algorithms we have used in syntactic processing to the phonetic processing of speech▷ The problem of determining structure from speech input is even more difαcult than is the parsing problem due to inherently ambiguous structures▷ We hope to show that the same properties which make the model appropriate for syntax including an evidential model of access a beamsearch model of disambiguation and the tightly integrated use of semantic information make the model a good one for speech recognition as well and also allow us to use our speech corpora to build larger grammars▷ In addition as we discussed in §↙̸∈ ⊒⌉ ⊣∇⌉ ⊣⊔⊔⌉⇕√⊔⟩\} ⊔≀ ∫⟨≀⊒ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩\ ⊔⟨⌉ ⟨⟩⌉∇⊣∇⌋⟨† ⊓∫⌉⌈ ⊔≀ ⌉§√∇⌉∫∫ ↕≀⌋⊣↕ ⌋≀⟨⌉∇⌉\⌋⌉ ⌋⊣\ ⌊⌉ ∫⟨≀⊒\ ⊔≀ {⊣↕↕ ≀⊓⊔ ≀{ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ≀\⌉∫ ↕⟩‖⌉ ⊔⟨≀∫⌉ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊔⟨⌉≀∇†↙ I\ ⊔⟨⟩∫ ⊒⊣† ⊒⌉ ⟨≀√⌉ ⊔≀ ⌈⌉⊑⌉↕≀√ ⊣ ⇕≀∇⌉ }⌉\⌉∇⊣↕ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⊔⟨⌉≀∇† ⊒⟨⟩⌋⟨ ⊓\⟩⊘⌉∫ ⊔⟨⌉ ⊣⌋⌋⌉∫∫ ⊣\⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊔⟨⌉≀∇⟩⌉∫↙ ∀ C≀\⌋↕⊓∫⟩≀\ T∇⊣⌈⟩⊔⟩≀\⊣↕ ⊒⟩∫⌈≀⇕ ⟨≀↕⌈∫ ⊔⟨⊣⊔ ⊣ ⌈⟩{⊘⌋⊓↕⊔ √∇≀⌊↕⌉⇕ ⌋⊣\ ≀{⊔⌉\ ⌊⌉ ∫≀↕⊑⌉⌈ ⌊† ⌈⟩⊑⟩⌈⌉↖⊣\⌈↖⌋≀\∐⊓⌉∇ ⇕⌉⊔⟨≀⌈∫∅ ⊔⟨⊓∫ ⟩⊔ ⟨⊣∫ ⌊⌉⌉\ ⊣∇}⊓⌉⌈ ⊔⟨⊣⊔ ⌊† ⌈⟩⊑⟩⌈⟩\} ↕⟩\}⊓⟩∫⊔⟩⌋ √∇≀⌋⌉∫∫⟩\} ⟩\⊔≀ ⇕≀⌈⊓↕⌉∫ {≀∇ ↕⌉§⟩⌋⊣↕⇔ ∋∋

⟩⌈⟩≀⇕⊣⊔⟩⌋⇔ ∫†\⊔⊣⌋⊔⟩⌋⇔ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ √∇≀⌋⌉∫∫⟩\}⇔ ⊒⌉ ⌋⊣\ ⌉⊑⌉\⊔⊓⊣↕↕† ⌊⊓⟩↕⌈ ⊣ }⌉\⌉∇⊣↕ ⊔⟨⌉≀∇† ≀{ ⟨⊓⇕⊣\ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}↙ D∇⟩⊑⌉\ ⌊† ⌉§√⌉∇⟩⇕⌉\⊔⊣↕ ∇⌉∫⊓↕⊔∫⇔ ⊒⌉ ⟨⊣⊑⌉ ⊔⊣‖⌉\ ⊔⟨⌉ ≀√√≀∫⟩⊔⌉ ⊔⊣⌋‖⇔ ∇⌉↕†⟩\} ≀\ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇⇔ ⊣ ⊔⟨⌉≀∇† ≀{ }∇⊣⇕⇕⊣∇ ⊒⟨⟩⌋⟨ √∇≀⊑⟩⌈⌉∫ ⊣ ⊓\⟩{≀∇⇕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\⊣↕ ⇕⌉⌋⟨⊣\⟩∫⇕⇔ ⊣\⌈ ⌉\⌋≀⊓∇⊣}⌉∫ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⌈⟩{{⌉∇⌉\⊔ ↕⟩\}⊓⟩∫⊔⟩⌋ ↕⌉⊑⌉↕∫↙ I\ ∇⌉|⌉⌋⊔⟩\} ⇕≀⌈⊓↕⊣∇⟩⊔† ⊣∫ ⊣ {⊓\⌈⊣⇕⌉\⊔⊣↕ ⇕⌉⊔⊣√⟨≀∇ {≀∇ ↕⟩\}⊓⟩∫⊔⟩⌋ √∇≀⌋⌉∫∫⟩\}⇔ ⊒⌉ ⟨⊣⊑⌉ ⊣∇}⊓⌉⌈ {≀∇ ⊣ \⌉⊒⇔ ⌊∇≀⊣⌈⇔ {⊣∇↖∇⌉⊣⌋⟨⟩\} ⊔⟨⌉≀∇† ≀{ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\} ⊔⟨⊣⊔ ⟩∫ ⌋⊣√⊣⌊↕⌉ ≀{ ⌉§√↕⊣⟩\⟩\} ⊣ }∇⌉⊣⊔ \⊓⇕⌊⌉∇ ≀{ ⌈⌉⊔⊣⟩↕⌉⌈ √∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫↙ T⟨⌉∫⌉ ∇⌉∫⊓↕⊔∫ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⌉⊑⌉∇† ↕⌉⊑⌉↕ ≀{ ↕⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉⇔ ⟩\⌋↕⊓⌈⟩\} ↕⌉§⟩⌋⊣↕⇔ ⟩⌈⟩≀⇕⊣⊔⟩⌋⇔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⊣⌋⌋⌉∫∫ ⊣\⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\⇔ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ }⊣∇⌈⌉\↖ √⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫⇔ √⊣∇∫⟩\} √∇⌉{⌉∇⌉\⌋⌉∫⇔ ⊣\⌈ ∫⊔⊓⌈⟩⌉∫ ≀{ }⊣√↖⊘↕↕⟩\} ⊣\⌈ ≀⊔⟨⌉∇ ⊑⊣↕⌉\⌋⌉ ⊣⇕⌊⟩}⊓⟩⊔⟩⌉∫↙ O⊓∇ ⊔⟨⌉≀∇† ⇕⊣‖⌉∫ ⊣\≀⊔⟨⌉∇ ∫⊔∇≀\} ⌋↕⊣⟩⇕⇔ ∇⌉}⊣∇⌈⟩\} ⊔⟨⌉ ⊓∫⌉ ≀{ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ⟩\ ↕⟩\}⊓⟩∫⊔⟩⌋ ⊔⟨⌉≀∇†↙ O⊓∇ ⌉⊑⟩⌈⌉\⊔⟩⊣↕ ⊣⌋⌋⌉∫∫ ⊣\⌈ ⌋≀⟨⌉∇⌉\⌋⌉↖⌊⊣∫⌉⌈ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⊣↕}≀∇⟩⊔⟨⇕ ⌊≀⊔⟨ ∇⌉{⌉∇ ⊔≀ {∇⌉∐⊓⌉\↖ ⌋⟩⌉∫ ⊣\⌈ √∇≀⌊⊣⌊⟩↕⟩⊔⟩⌉∫↙ L⟩\}⊓⟩∫⊔⟩⌋ ⊔⟨⌉≀∇† ⟨⊣∫ ∫⟨⟩⌉⌈ ⊣⊒⊣† {∇≀⇕ ⊔⟨⌉ ⊓∫⌉ ≀{ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ∫⟩\⌋⌉ C⟨≀⇕∫‖†≃∫ ⌉⊣∇↕† ⊣∇}⊓⇕⌉\⊔∫ ⊣}⊣⟩\∫⊔ M⊣∇‖≀⊑ ⇕≀⌈⌉↕∫ ≀{ ∫†\⊔⊣§↙ B⊓⊔ ⊔⟨⌉ ⌉⊑⟩⌈⌉\⌋⌉ ⊒⌉ ⟨⊣⊑⌉ √∇⌉∫⌉\⊔⌉⌈ ⟨⌉∇⌉ {≀∇ ⊔⟨⌉ ⊣⊓}⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⌉⊣⌋⟨ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊒⟩⊔⟨ √∇≀⌊⊣⌊⟩↕⟩⊔⟩⌉∫⇔ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ∇⌉⌋⌉\⊔ ⊒≀∇‖ ⊒⟨⟩⌋⟨ ⊣∇}⊓⌉∫ ⊔⟨⊣⊔ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ⊣∇⌉ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⊣⌋⌋≀⊓\⊔ {≀∇ ↕⊣\}⊓⊣}⌉ ⌋⟨⊣\}⌉ ⇐T⊣⌊≀∇ ∞∃∃∋⇒ ⊣\⌈ ↕⌉⊣∇\⟩\} ⇐S⊔≀↕⌋‖⌉ ↘ O⇕≀⟨⊓\⌈∇≀ ∞∃∃∋⇒⇔ ⊣∇}⊓⌉∫ {≀∇ ⊣ ∇⌉⊣\⊣↕†∫⟩∫ ≀{ ⊔⟨⟩∫ √≀∫⟩⊔⟩≀\↙ C⟨≀⇕∫‖† ⊒⊣∫ ⌋≀∇∇⌉⌋⊔ ⟩\ ⊣∇}⊓⟩\} ⊣}⊣⟩\∫⊔ ∫⟩⇕√↕⌉ M⊣∇‖≀⊑ ⇕≀⌈⌉↕∫ ≀{ ∫†\⊔⊣§ \≀⊔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⊒⌉∇⌉ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⇔ ⌊⊓⊔ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉⟩∇ ∫⟩⇕√↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ≀{ ∫⊔∇⊓⌋⊔⊓∇⌉↙ W⌉ ∫⌉⌉ √∇≀⌊⊣⌊⟩↕⟩⊔⟩⌉∫ \≀⊔ ⊣∫ ∇⌉√↕⊣⌋⌉⇕⌉\⊔∫ {≀∇ ∫⊔∇⊓⌋⊔⊓∇⌉⇔ ⌊⊓⊔ ⊣∫ ⌉\∇⟩⌋⟨⇕⌉\⊔∫ ≀{ ∫⊔∇⊓⌋⊔⊓∇⌉∅ ⊣⊓}⇕⌉\⊔⟩\} ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊒⟩⊔⟨ √∇≀⌊⊣⌊⟩↕⟩⊔⟩⌉∫ ⊣↕↕≀⊒∫ ⊓∫ ⊔≀ ⟨⊣⊑⌉ ⊔⟨⌉ ⊣⌈⊑⊣\⊔⊣}⌉∫ ≀{ ⌊≀⊔⟨ ∫⊔∇⊓⌋⊔⊓∇⊣↕⟩∫⊔ ⊣\⌈ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ≀{ ↕⊣\}⊓⊣}⌉↙ W⌉ ⟨≀√⌉ ⊔⟨⟩∫ ⊒≀∇‖ ⊣↕∫≀ ⊣∇}⊓⌉∫ {≀∇ ⟨≀↕⟩∫⇕ ⊣⊔ ⊣ ⌈⟩{{⌉∇⌉\⊔ ↕⌉⊑⌉↕⇔ ⊔⟨⌉ ↕⌉⊑⌉↕ ≀{ ⊣⌋⊣⌈⌉⇕⟩⌋ ⌈⟩∫⌋⟩√↕⟩\⌉∫↙ B⊓⟩↕⌈⟩\} ⊣ ⌋≀}\⟩⊔⟩⊑⌉ ⇕≀⌈⌉↕ ≀{ √⊣∇∫⟩\} {≀∇ ⊣ ↕⟩\}⊓⟩∫⊔⟩⌋ ⊔⟨⌉≀∇† ⟩∫ ⊣ \⌉⌋⌉∫∫⊣∇⟩↕† ⟩\⊔⌉∇⌈⟩∫⌋⟩√↕⟩\⊣∇† ⌉\⊔⌉∇√∇⟩∫⌉↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⊒⌉ ⟨⊣⊑⌉ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⇕≀⌈⌉↕∫ ⊣\⌈ ⇕⌉⊔⊣√⟨≀∇∫ {∇≀⇕ ⌈⟩{{⌉∇⌉\⊔ ⌈⟩∫⌋⟩√↕⟩\⌉∫ ≀{ ⌋≀}\⟩⊔⟩⊑⌉ ∫⌋⟩⌉\⌋⌉ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∫≀↕⊑⌉ √∇≀⌊↕⌉⇕∫ ⟩\ ≀⊔⟨⌉∇ ∫⊓⌊↖⊘⌉↕⌈∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ √∫†↖ ⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔ ⊔⟨⊣⊔ ⟨⊓⇕⊣\ √∇≀⌋⌉∫∫⟩\} ≀{ ↕⊣\}⊓⊣}⌉ ⟩∫ ≀\↖↕⟩\⌉ ⊒⊣∫ ⊓∫⌉⌈ ⊔≀ ∫≀↕⊑⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ⌋≀⇕√↕⌉§⟩⊔† √∇≀⌊↕⌉⇕∫ ⟩\ √⊣∇∫⟩\}↙ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ ∇⌉∫⊓↕⊔∫ ≀\ ⊔⟨⌉ ∫⊔∇≀\} ∫⟩⇕⟩↕⊣∇⟩⊔⟩⌉∫ ⟩\ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\} ≀{ ↕⌉§⟩⌋⊣↕⇔ ⟩⌈⟩≀⇕⊣⊔⟩⌋⇔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊒⌉∇⌉ ⊓∫⌉⌈ ⊔≀ ⊣∇}⊓⌉ {≀∇ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⇕≀⌈⌉↕∫ ≀{ ↕⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉ ↕⟩‖⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\ G∇⊣⇕⇕⊣∇↙ A\⌈ ⊘\⊣↕↕†⇔ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ⊣↕}≀∇⟩⊔⟨⇕∫ ↕⟩‖⌉ ⌊⌉⊣⇕ ∫⌉⊣∇⌋⟨ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⌉§√↕⊣⟩\ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ∇⌉∫⊓↕⊔∫↙ ∃ A⌋‖\≀⊒↕⌉⌈}⌉⇕⌉\⊔∫ M⊣\† ⊔⟨⊣\‖∫ ⊔≀ J⌉∇∇† F⌉↕⌈⇕⊣\⇔ R≀⌊⌉∇⊔ W⟩↕⌉\∫‖†⇔ T⌉∇∇† R⌉}⟩⌉∇⇔ J⌉⊣\↖P⟩⌉∇∇⌉ K≀⌉\⟩}⇔ A\⌈∇⌉⊣∫ S⊔≀↕⌋‖⌉⇔ M⊣∇⊔⟩ H⌉⊣∇∫⊔⇔ J⟩⇕ M⊣∇⊔⟩\⇔ T⌉⌈ G⟩⌊∫≀\⇔ P⊣⊔∇⟩‡⟩⊣ T⊣⌊≀∫∫⟩⇔ C⟨⊣∇↕⌉∫ F⟩↕↕⇕≀∇⌉⇔ P⊣⊓↕ S⇕≀↕⌉\∫‖†⇔ ⊣\⌈ G⌉≀∇}⌉ L⊣‖≀{{ {≀∇ ⌈⟩∫⌋⊓∫∫⟩≀\∫ ≀\ ⊔⟨⟩∫ √⊣√⌉∇ ⊣\⌈ ⌉⊣∇↕⟩⌉∇ ⊑⌉∇∫⟩≀\∫↙ R⌉{⌉∇⌉\⌋⌉∫ ABNEY⇔ STEVEN P↙ ∞∃∀∃↙ A ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ⇕≀⌈⌉↕ ≀{ ⟨⊓⇕⊣\ √⊣∇∫⟩\}↙ J≀⊓∇\⊣↕ ≀{ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋R⌉∫⌉⊣∇⌋⟨ ∞∀↙∞∈∃∘∞△△↙ ADES⇔ A↙ E↙⇔ ↘ M↙ J↙ STEEDMAN↙ ∞∃∀∈↙ O\ ⊔⟨⌉ ≀∇⌈⌉∇ ≀{ ⊒≀∇⌈∫↙ L⟩\}⊓⟩∫⊔⟩⌋∫ ⊣\⌈ P⟨⟩↕≀∫≀√⟨† △↙▽∞∘▽▽∀↙ AHO⇔ ALBERT V↙⇔ ↘ JEFFERY D↙ ULLMAN↙ ∞∃∈↙ T⟨⌉ T⟨⌉≀∇† ≀{ P⊣∇∫⟩\}⇔ T∇⊣\∫↕⊣⊔⟩≀\⇔ ⊣\⌈ C≀⇕√⟩↕⟩\}⇔ ⊑≀↕⊓⇕⌉ ∞↙ E\}↕⌉⊒≀≀⌈ C↕⟩{{∫⇔ NJ¬ P∇⌉\⊔⟩⌋⌉↖H⊣↕↕↙ ALTMANN⇔ GERRY T↙ M↙⇔ ↘ MARK J↙ STEEDMAN↙ ∞∃∀∀↙ I\⊔⌉∇⊣⌋⊔⟩≀\ ⊒⟩⊔⟨ ⌋≀\⊔⌉§⊔ ⌈⊓∇⟩\} ⟨⊓⇕⊣\ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\}↙ C≀}\⟩⊔⟩≀\ ∋′↙∞∃∞∘∈∋∀↙ ∋△

BACH⇔ EMMON↙ ∞∃↙̸ A\ ⌉§⊔⌉\∫⟩≀\ ≀{ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫{≀∇⇕⊣⊔⟩≀\⊣↕ }∇⊣⇕⇕⊣∇↙ I\ P∇≀⌊↕⌉⇕∫ ≀{ L⟩\}⊓⟩∫⊔⟩⌋ M⌉⊔⊣⊔⟨⌉≀∇† ⇐P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∃ ̸C≀\{⌉∇⌉\⌋⌉⇒↙ M⟩⌋⟨⟩}⊣\ S⊔⊣⊔⌉ U\⟩⊑⌉∇∫⟩⊔†↙ BAKER⇔ JAMES K↙ ∞∃▽∝∞∃∃′↙ S⊔≀⌋⟨⊣∫⊔⟩⌋ ⇕≀⌈⌉↕⟩\} {≀∇ ⊣⊓⊔≀⇕⊣⊔⟩⌋ ∫√⌉⌉⌋⟨ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\}↙ I\ R⌉⊣⌈⟩\}∫ ⟩\ S√⌉⌉⌋⟨ R⌉⌋≀}\⟩⊔⟩≀\⇔ ⌉⌈↙ ⌊† A↕⌉§ W⊣⟩⌊⌉↕ ↘ K⊣⟩↖F⊓ L⌉⌉⇔ ∈∃∘∋′↙ L≀∫ A↕⊔≀∫¬ M≀∇}⊣\ K⊣⊓{⇕⊣\\↙ O∇⟩}⟩\⊣↕↕† ⊣√√⌉⊣∇⌉⌈ ⟩\ S√⌉⌉⌋⟨ R⌉⌋≀}\⟩⊔⟩≀\⇔ A⌋⊣⌈⌉⇕⟩⌋ P∇⌉∫∫⇔ ∞∃▽↙ BECKER⇔ JOSEPH↙ ∞∃▽↙ T⟨⌉ √⟨∇⊣∫⊣↕ ↕⌉§⟩⌋≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ TINLAP↖∞ ⇐T⟨⌉≀∇⌉⊔⟩⌋⊣↕ I∫∫⊓⌉∫ ⟩\ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇒⇔ ⌉⌈↙ ⌊† R≀}⌉∇ C↙ S⌋⟨⊣\‖ ↘ B≀\\⟩⌉ L↙ N⊣∫⟨↖W⌉⌊⌊⌉∇⇔ ′̸∘∌⇔ C⊣⇕⌊∇⟩⌈}⌉⇔ MA↙ BERWICK⇔ ROBERT C↙ ∞∃∃∞↙ P∇⟩\⌋⟩√↕⌉∫ ≀{ √∇⟩\⌋⟩√↕⌉↖⌊⊣∫⌉⌈ √⊣∇∫⟩\}↙ I\ P∇⟩\⌋⟩√↕⌉↖B⊣∫⌉⌈ P⊣∇∫⟩\}¬ C≀⇕√⊓⊔⊣⊔⟩≀\ ⊣\⌈ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋∫⇔ ⌉⌈↙ ⌊† R≀⌊⌉∇⊔ C↙ B⌉∇⊒⟩⌋‖⇔ S⊔⌉⊑⌉\ P↙ A⌊\⌉†⇔ ↘ C⊣∇≀↕ T⌉\\†⇔ ∞∘∋∀↙ D≀∇⌈∇⌉⌋⟨⊔¬ K↕⊓⊒⌉∇↙ BEVER⇔ THOMAS G↙ ∞∃′↙ T⟨⌉ ⌋≀}\⟩⊔⟩⊑⌉⌊⊣∫⟩∫ {≀∇ ↕⟩\}⊓⟩∫⊔⟩⌋∫⊔∇⊓⌋⊔⊓∇⌉∫↙ I\ C≀}\⟩⊔⟩≀\⊣\⌈ ⊔⟨⌉ D⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ L⊣\}⊓⊣}⌉⇔ ⌉⌈↙ ⌊† J≀⟨\ R↙ H⊣†⌉∫↙ N⌉⊒ Y≀∇‖¬ W⟩↕⌉†↙ BOBROW⇔ S↙⇔ ↘ S↙ BELL↙ ∞∃∋↙ O\ ⌋⊣⊔⌋⟨⟩\} ≀\ ⊔≀ ⟩⌈⟩≀⇕⊣⊔⟩⌋ ⌉§√∇⌉∫∫⟩≀\↙ M⌉⇕≀∇† ↘ C≀}\⟩⊔⟩≀\ ∞↙∋△∋∘∋△↙̸ BOLAND⇔ JULIE E↙⇔ MICHAEL K↙ TANENHAUS⇔ ↘ SUSAN M↙ GARNSEY↙ ∞∃∃′↙ E⊑⟩⌈⌉\⌋⌉ {≀∇ ⊔⟨⌉ ⟩⇕⇕⌉⌈⟩⊣⊔⌉ ⊓∫⌉ ≀{ ⊑⌉∇⌊ ⌋≀\⊔∇≀↕ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩\ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\}↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈∃↙△∞∋∘△∋∈↙ BOLINGER⇔ DWIGHT↙ ∞∃∃↙ M⌉⊣\⟩\} ⊣\⌈ ⇕⌉⇕≀∇†↙ I\ E§√⌉∇⟩⌉\⌋⌉ F≀∇⇕∫¬ T⟨⌉⟩∇ C⊓↕⊔⊓∇⊣↕ ⊣\⌈ I\⌈⟩⊑⟩⌈⊓⊣↕ P↕⊣⌋⌉ ⊣\⌈ F⊓\⌋⊔⟩≀\⇔ ⌉⌈↙ ⌊† G⌉≀∇}⌉ G↙ H⊣†⌈⊓⇔ ∃▽∘∞∞∞↙ T⟨⌉ H⊣}⊓⌉¬ M≀⊓⊔≀\↙ BRACHMAN⇔ RONALD J↙⇔ ↘ JAMES G↙ SCHMOLZE↙ ∞∃∀▽↙ A\ ≀⊑⌉∇⊑⟩⌉⊒ ≀{ ⊔⟨⌉ KL↖ONE ‖\≀⊒↕⌉⌈}⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ∫†∫⊔⌉⇕↙ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ ∃↙∞∞∘∈∞↙̸ CACCIARI⇔ CRISTINA⇔ ↘ PATRIZIA TABOSSI↙ ∞∃∀∀↙ T⟨⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\ ≀{ ⟩⌈⟩≀⇕∫↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈↙̸∀∘∀̸∋↙ CARDIE⇔ CLAIRE⇔ ↘ WENDY LEHNERT↙ ∞∃∃∞↙ A ⌋≀}\⟩⊔⟩⊑⌉↕† √↕⊣⊓∫⟩⌊↕⌉ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ⌋≀⇕√↕⌉§ ∫†\⊔⊣§↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ N⟩\⊔⟨ N⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∞∞∘∞∈△↙ M≀∇}⊣\ K⊣⊓{⇕⊣\\↙ CARLSON⇔ GREG N↙⇔ ↘ MICHAEL K↙ TANENHAUS↙ ∞∃∀↙ T⟨⌉⇕⊣⊔⟩⌋ ∇≀↕⌉∫ ⊣\⌈ ↕⊣\}⊓⊣}⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ I\ T⟨⌉⇕⊣⊔⟩⌋ ∇⌉↕⊣⊔⟩≀\∫⇔ ⌉⌈↙ ⌊† W⌉\⌈† W⟩↕‖⟩\∫⇔ ∈∌∘∈∀∀↙ S⊣\ D⟩⌉}≀¬ A⌋⊣⌈⌉⇕⟩⌋ P∇⌉∫∫↙ CHARNIAK⇔ EUGENE⇔ ↘ ROBERT GOLDMAN↙ ∞∃∀∀↙ A ↕≀}⟩⌋ {≀∇ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈⊔̸⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ B⊓{{⊣↕≀⇔ NY↙ CLIFTON⇔ JR⇔ CHARLES⇔ ↘ LYN FRAZIER↙ ∞∃∀∃↙ C≀⇕√∇⌉⟨⌉\⌈⟩\} ∫⌉\⊔⌉\⌋⌉∫ ⊒⟩⊔⟨ ↕≀\}↖⌈⟩∫⊔⊣\⌋⌉ ⌈⌉√⌉\⌈⌉\⌋⟩⌉∫↙ I\ L⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉ ⟩\ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}⇔ ⌉⌈↙ ⌊† G↙ N↙ C⊣∇↕∫≀\ ↘ M↙ K↙ T⊣\⌉\⟨⊣⊓∫⇔ ∈∋∘∋∞↙ D≀∇⌈∇⌉⌋⟨⊔¬ K↕⊓⊒⌉∇ A⌋⊣⌈⌉⇕⟩⌋↙ �⇔ �⇔ ↘ CYNTHIA CONNINE↙ ∞∃∀△↙ L⌉§⟩⌋⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫ ⟩\ ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∈∋↙∄∘̸′∀↙ COTTRELL⇔ GARRISON W↙ ∞∃∀▽↙ C≀\\⌉⌋⊔⟩≀\⟩∫⊔√⊣∇∫⟩\}↙ I\ P∇≀}∇⊣⇕ ≀{ ⊔⟨⌉ S⌉⊑⌉\⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ S≀⌋⟩⌉⊔†⇔ ∈′∞∘∈∞∞⇔ I∇⊑⟩\⌉⇔ CA↙ CRAIN⇔ STEPHEN⇔ ↘ JANET DEAN FODOR↙ ∞∃∀▽↙ H≀⊒ ⌋⊣\ }∇⊣⇕⇕⊣∇∫ ⟨⌉↕√ √⊣∇∫⌉∇∫⊥ I\ N⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ √⊣∇∫⟩\}⇔ ⌉⌈↙ ⌊† D⊣⊑⟩⌈ R↙ D≀⊒⊔†⇔ L⊣⊓∇⟩ K⊣∇⊔⊓\\⌉\⇔ ↘ A∇\≀↕⌈ Z⊒⟩⌋‖†⇔ ∃△∘∞∈∀↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ �⇔ ↘ MARK STEEDMAN↙ ∞∃∀▽↙ O\ \≀⊔ ⌊⌉⟩\} ↕⌉⌈ ⊓√ ⊔⟨⌉ }⊣∇⌈⌉\ √⊣⊔⟨¬ ⊔⟨⌉ ⊓∫⌉ ≀{ ⌋≀\⊔⌉§⊔ ⌊† ⊔⟨⌉ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ∫†\⊔⊣§ √∇≀⌋⌉∫∫≀∇↙ I\ N⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ √⊣∇∫⟩\}⇔ ⌉⌈↙ ⌊† D⊣⊑⟩⌈ R↙ D≀⊒⊔†⇔ L⊣⊓∇⟩ K⊣∇⊔⊓\\⌉\⇔ ↘ A∇\≀↕⌈ Z⊒⟩⌋‖†⇔ ∋∈′∘∋▽∀↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ CUTLER⇔ ANNE⇔ ↘ DENNIS NORRIS↙ ∞∃∀∀↙ T⟨⌉ ∇≀↕⌉ ≀{ ∫⊔∇≀\} ∫†↕↕⊣⌊↕⌉∫ ⟩\ ∫⌉}⇕⌉\⊔⊣⊔⟩≀\ {≀∇ ↕⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫↙ J≀⊓∇\⊣↕ ≀{ E§√⌉∇⟩⇕⌉\⊔⊣↕ P∫†⌋⟨≀↕≀}†¬ H⊓⇕⊣\ P⌉∇⌋⌉√⊔⟩≀\ ⊣\⌈ P⌉∇{≀∇⇕⊣\⌋⌉ ∞△↙∞∞∋∘∞∈∞↙ ELLEG�ARD⇔ ALVAR↙ ∞∃∀↙ T⟨⌉ S†\⊔⊣⌋⊔⟩⌋ S⊔∇⊓⌋⊔⊓∇⌉ ≀{ E\}↕⟩∫⟨ T⌉§⊔∫¬ A ⌋≀⇕√⊓⊔⌉∇↖⌊⊣∫⌉⌈ ∫⊔⊓⌈† ≀{ {≀⊓∇ ‖⟩\⌈∫ ≀{ ⊔⌉§⊔ ⟩\ ⊔⟨⌉ B∇≀⊒\ U\⟩⊑⌉∇∫⟩⊔† C≀∇√⊓∫↙ N⊓⇕⌊⌉∇ △∋ ⟩\ G≀⊔⟨⌉\⌊⊓∇} S⊔⊓⌈⟩⌉∫ ⟩\ E\}↕⟩∫⟨↙ G�≀⊔⌉⌊≀∇}¬ A⌋⊔⊣ U\⟩⊑⌉∇∫⟩⊔⊣⊔⟩∫ G≀⊔⟨≀⌊⊓∇}⌉\∫⟩∫↙ ∋▽

FILLMORE⇔ CHARLES J↙⇔ PAUL KAY⇔ ↘ M↙ C↙ O≃CONNOR↙ ∞∃∀∀↙ R⌉}⊓↕⊣∇⟩⊔† ⊣\⌈ ⟩⌈⟩≀⇕⊣⊔⟩⌋⟩⊔† ⟩\ }∇⊣⇕⇕⊣⊔⟩⌋⊣↕ ⌋≀\∫⊔∇⊓⌋↖ ⊔⟩≀\∫¬ T⟨⌉ ⌋⊣∫⌉ ≀{ ↕⌉⊔ ⊣↕≀\⌉↙ L⊣\}⊓⊣}⌉ △̸↙▽′∞∘▽∋∀↙ FLORES D≃ARCAIS⇔ G↙ B↙ ∞∃∃∋↙ T⟨⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⟩⌈⟩≀⇕∫↙ I\ I⌈⟩≀⇕∫¬ P∇≀⌋⌉∫∫⟩\}⇔ S⊔∇⊓⌋⊔⊓∇⌉⇔ ⊣\⌈ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⌉⌈↙ ⌊† C∇⟩∫⊔⟩\⊣C⊣⌋⌋⟩⊣∇⟩ ↘ P⊣⊔∇⟩‡⟩⊣ T⊣⌊≀∫∫⟩⇔ ∃∘∃∀↙ N⌉⊒ J⌉∇∫⌉†¬ L⊣⊒∇⌉\⌋⌉ E∇↕⌊⊣⊓⇕ A∫∫≀⌋⟩⊣⊔⌉∫↙ FORD⇔ MARILYN⇔ JOAN BRESNAN⇔ ↘ RONALD M↙ KAPLAN↙ ∞∃∀∈↙ A ⌋≀⇕√⌉⊔⌉\⌋⌉↖⌊⊣∫⌉⌈ ⊔⟨⌉≀∇† ≀{ ∫†\⊔⊣⌋⊔⟩⌋ ⌋↕≀∫⊓∇⌉↙ I\ T⟨⌉ M⌉\⊔⊣↕ R⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ G∇⊣⇕⇕⊣⊔⟩⌋⊣↕ R⌉↕⊣⊔⟩≀\∫⇔ ⌉⌈↙ ⌊† J≀⊣\ B∇⌉∫\⊣\↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT P∇⌉∫∫↙ FRANCIS⇔ W↙ NELSON⇔ ↘ HENRY KU �CERA↙ ∞∃∀∈↙ F∇⌉∐⊓⌉\⌋† A\⊣↕†∫⟩∫ ≀{ E\}↕⟩∫⟨ U∫⊣}⌉↙ B≀∫⊔≀\¬ H≀⊓}⟨⊔≀\ M⟩{⊙⟩\↙ FRAZIER⇔ LYN⇔ ∞∃∀↙ O\ ⌋≀⇕√∇⌉⟨⌉\⌈⟩\} ∫⌉\⊔⌉\⌋⌉∫¬ ∫†\⊔⊣⌋⊔⟩⌋ √⊣∇∫⟩\} ∫⊔∇⊣⊔⌉}⟩⌉∫↙ C≀\\⌉⌋⊔⟩⌋⊓⊔¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C≀\↖ \⌉⌋⊔⟩⌋⊓⊔ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ D⟩∫∫⌉∇⊔⊣⊔⟩≀\ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⌊† ⊔⟨⌉ I\⌈⟩⊣\⊣ U\⟩⊑⌉∇∫⟩⊔† L⟩\}⊓⟩∫⊔⟩⌋∫ C↕⊓⌊↙ �⇔ ↘ JANET DEAN FODOR↙ ∞∃∀↙ T⟨⌉ ∫⊣⊓∫⊣}⌉ ⇕⊣⌋⟨⟩\⌉¬ A \⌉⊒ ⊔⊒≀↖∫⊔⊣}⌉ √⊣∇∫⟩\} ⇕≀⌈⌉↕↙ C≀}\⟩⊔⟩≀\ ↙̸∈∃∞∘∈∃▽↙ FUJISAKI⇔ T↙⇔ F↙ JELINEK⇔ J↙ COCKE⇔ ↘ E↙ BLACK↙ ∞∃∃∞↙ A √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ √⊣∇∫⟩\} ⇕⌉⊔⟨≀⌈ {≀∇ ∫⌉\⊔⌉\⌋⌉ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\↙ I\ C⊓∇∇⌉\⊔ I∫∫⊓⌉∫ ⟩\ P⊣∇∫⟩\} T⌉⌋⟨\≀↕≀}†⇔ ⌉⌈↙ ⌊† M⊣∫⊣∇⊓ T≀⇕⟩⊔⊣⇔ ∞∋∃∘∞▽∈↙ B≀∫⊔≀\¬ K↕⊓⊒⌉∇↙ GARNSEY⇔ SUSAN M↙⇔ MICHAEL K↙ TANENHAUS⇔ ↘ ROBERT M↙ CHAPMAN↙ ∞∃∀∃↙ E⊑≀‖⌉⌈ √≀⊔⌉\⊔⟩⊣↕∫ ⊣\⌈ ⊔⟨⌉ ∫⊔⊓⌈† ≀{ ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ J≀⊓∇\⊣↕ ≀{ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ R⌉∫⌉⊣∇⌋⟨ ∞∀↙▽∞∘′̸↙ GARROD⇔ SIMON⇔ ↘ ANTHONY SANFORD↙ ∞∃∃∞↙ O\ ⊔⟨⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌋⟨⊣∇⊣⌋⊔⌉∇ ≀{ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⌈⊓∇⟩\} ∇⌉⊣⌈⟩\}↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ ∞↙△∋∘▽∃↙ GAWRON⇔ JEAN MARK⇔ ∞∃∀∋↙ L⌉§⟩⌋⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ⊣\⌈ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⌋≀⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ B⌉∇‖⌉↕⌉†⇔ CA¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ GIBBS⇔ JR⇔ RAYMOND W↙ ∞∃∀△↙ L⟩⊔⌉∇⊣↕ ⇕⌉⊣\⟩\} ⊣\⌈ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ⊔⟨⌉≀∇†↙ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ ∀↙∈▽∘∋′△↙ �⇔ NANDINI P↙ NAYAK⇔ ↘ COOPER CUTTING↙ ∞∃∀∃↙ H≀⊒ ⊔≀ ‖⟩⌋‖ ⊔⟨⌉ ⌊⊓⌋‖⌉⊔ ⊣\⌈ \≀⊔ ⌈⌉⌋≀⇕√≀∫⌉¬ A\⊣↕†‡⊣⌊⟩↕⟩⊔† ⊣\⌈ ⟩⌈⟩≀⇕ √∇≀⌋⌉∫∫⟩\}↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈∀↙▽∘̸▽∃∋↙ GIBSON⇔ EDWARD⇔ ∞∃∃∞↙ A C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ T⟨⌉≀∇† ≀{ H⊓⇕⊣\ L⟩\}⊓⟩∫⊔⟩⌋ P∇≀⌋⌉∫∫⟩\}¬ M⌉⇕≀∇† L⟩⇕⟩⊔⊣⊔⟩≀\∫ ⊣\⌈ P∇≀↖ ⌋⌉∫∫⟩\} B∇⌉⊣‖⌈≀⊒\↙ P⟩⊔⊔∫⌊⊓∇}⟨⇔ PA¬ C⊣∇\⌉}⟩⌉ M⌉↕↕≀\ U\⟩⊑⌉∇∫⟩⊔† ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ GLUCKSBERG⇔ S↙⇔ R↙ J↙ KREUZ⇔ ↘ S↙ H↙ RHO↙ ∞∃∀↙̸ C≀\⊔⌉§⊔ ⌋⊣\ ⌋≀\∫⊔∇⊣⟩\ ↕⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫¬ I⇕√↕⟩⌋⊣⊔⟩≀\∫ {≀∇ ⇕≀⌈↕⌉∫ ≀{ ↕⊣\}⊓⊣}⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ J≀⊓∇\⊣↕ ≀{ E§√⌉∇⟩⇕⌉\⊔⊣↕ P∫†⌋⟨≀↕≀}†¬ L⌉⊣∇\⟩\} M⌉⇕≀∇†⇔ ⊣\⌈ C≀}\⟩⊔⟩≀\ ∞∈↙∋∈∋∘∋∋▽↙ GOLDBERG⇔ ADELE↙ ∞∃∃∈↙ T⟨⌉ ⟩\⟨⌉∇⌉\⊔ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊣∇}⊓⇕⌉\⊔ ∫⊔⊓⌋⊔⊓∇⌉¬ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ⊔⟨⌉ E\}↕⟩∫⟨ ⌈⟩⊔∇⊣\∫⟩⊔⟩⊑⌉ ⌋≀\∫⊔∇⊓⌋↖ ⊔⟩≀\↙ C≀}\⟩⊔⟩⊑⌉ L⟩\}⊓⟩∫⊔⟩⌋∫ ∋↙∋∘△↙ GOLDBERG⇔ ADELE E↙ ∞∃∀∃↙ A ⊓\⟩⊘⌉⌈ ⊣⌋⌋≀⊓\⊔ ≀{ ⊔⟨⌉ E\}↕⟩∫⟨ ⌈⟩⊔∇⊣\∫⟩⊔⟩⊑⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞▽⊔⟨ A\\⊓⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ B⌉∇‖⌉↕⌉† L⟩\}⊓⟩∫⊔⟩⌋∫ S≀⌋⟩⌉⊔†⇔ B⌉∇‖⌉↕⌉†⇔ CA↙ � ∞∃∃∞↙ O\ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⊒⟩⊔⟨ ↕⌉§⟩⌋⊣↕ ∇⊓↕⌉ ⊣⌋⌋≀⊓\⊔∫ ≀{ ⊣∇}⊓⇕⌉\⊔ ∫⊔∇⊓⌋⊔⊓∇⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∋⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ S≀⌋⟩⌉⊔†⇔ ∈∃∘∋∋⇔ C⟨⟩⌋⊣}≀↙ GORRELL⇔ PAUL G↙⇔ ∞∃∀↙ S⊔⊓⌈⟩⌉∫ ≀{ H⊓⇕⊣\S†\⊔⊣⌋⊔⟩⌋ P∇≀⌋⌉∫∫⟩\}¬ R⊣\‖⌉⌈↖P⊣∇⊣↕↕⌉↕ V⌉∇∫⊓∫ S⌉∇⟩⊣↕ M≀⌈⌉↕∫↙ C≀\\⌉⌋⊔⟩⌋⊓⊔¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C≀\\⌉⌋⊔⟩⌋⊓⊔ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ � ∞∃∀∃↙ E∫⊔⊣⌊↕⟩∫⟨⟩\} ⊔⟨⌉ ↕≀⌋⟩ ≀{ ∫⌉∇⟩⊣↕ ⊣\⌈ √⊣∇⊣↕↕⌉↕ ⌉{{⌉⌋⊔∫ ⟩\ ∫†\⊔⊣⌋⊔⟩⌋ √∇≀⌋⌉∫∫⟩\}↙ J≀⊓∇\⊣↕ ≀{ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ R⌉∫⌉⊣∇⌋⟨ ∞∀↙∞̸∘∋↙ GROSS⇔ MAURICE↙ ∞∃∀△↙ L⌉§⟩⌋≀\↖}∇⊣⇕⇕⊣∇ ⊣\⌈ ⊔⟨⌉ ∫†\⊔⊣⌋⊔⟩⌋ ⊣\⊣↕†∫⟩∫ ≀{ F∇⌉\⌋⟨↙ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ T⌉\⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫ ∈▽∘∈∀∈↙ HADDOCK⇔ NICHOLAS J↙ ∞∃∀∃↙ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕⇕≀⌈⌉↕∫ ≀{ ⟩\⌋∇⌉⇕⌉\⊔⊣↕ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ △↙∋∋∘∋∀̸↙ HILL⇔ ARCHIBALD A↙ ∞∃′↙ L⊣†⇕⌉\⇔ ↕⌉§⟩⌋≀}∇⊣√⟨⌉∇∫⇔ ⊣\⌈ ↕⟩\}⊓⟩∫⊔∫↙ L⊣\}⊓⊣}⌉ △↙̸∈△▽∘∈▽∀↙ HIRST⇔ GRAEME↙ ∞∃∀↙̸ S⌉⇕⊣\⊔⟩⌋ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ R⌉∫≀↕⊓⊔⟩≀\ ≀{ A⇕⌊⟩}⊓⟩⊔†↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ ∋

�⇔ ↘ EUGENE CHARNIAK↙ ∞∃∀∈↙ W≀∇⌈ ∫⌉\∫⌉ ⊣\⌈ ⌋⊣∫⌉ ∫↕≀⊔ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ S⌉⌋≀\⌈ N⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∃▽∘∃∀↙ HOBBS⇔ JERRY R↙⇔ ↘ JOHN BEAR↙ ∞∃∃′↙ T⊒≀ √∇⟩\⌋⟩√↕⌉∫ ≀{ √⊣∇∫⌉ √∇⌉{⌉∇⌉\⌋⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∋⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∞∉∘∞⇎ H⌉↕∫⟩\‖⟩↙ �⇔ MARK STICKEL⇔ PAUL MARTIN⇔ ↘ DOUGLAS EDWARDS↙ ∞∃∀∀↙ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊣∫ ⊣⌊⌈⊓⌋⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈⊔̸⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∃▽∘∞′∋⇔ B⊓{{⊣↕≀⇔ NY↙ HOGABOAM⇔ T↙ W↙⇔ ↘ C↙ A↙ PERFETTI↙ ∞∃▽↙ L⌉§⟩⌋⊣↕ ⊣⇕⌊⟩}⊓⟩⊔† ⊣\⌈ ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∞△↙∈▽̸∘∈△↙ JELINEK⇔ FREDERICK⇔ ↘ JOHN D↙ LAFFERTY↙ ∞∃∃∞↙ C≀⇕√⊓⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ⟩\⟩⊔⟩⊣↕ ∫⊓⌊∫⊔∇⟩\} }⌉\⌉∇⊣⊔⟩≀\ ⌊† ∫⊔≀⌋⟨⊣∫⊔⟩⌋ ⌋≀\⊔⌉§⊔↖{∇⌉⌉ }∇⊣⇕⇕⊣∇∫↙ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫ ∞↙∋∞▽∘∋∈∋↙ JOOS⇔ MARTIN↙ ∞∃▽∀↙ R⌉⊑⟩⌉⊒ ≀{ E∇⟩⌋ H⊣⇕√ A }↕≀∫∫⊣∇† ≀{ A⇕⌉∇⟩⌋⊣\ ⊔⌉⌋⟨\⟩⌋⊣↕ ↕⟩\}⊓⟩∫⊔⟩⌋⊓∫⊣}⌉ ↙ L⊣\}⊓⊣}⌉ ∋△↙∈∃∘∈∀∀↙ �↙ ∞∃∈↙ S⌉⇕⊣\⊔⟩⌋ ⊣§⟩≀⇕ \⊓⇕⌊⌉∇ ≀\⌉↙ L⊣\}⊓⊣}⌉ △∀↙∈▽∘∈▽̸↙ JOSHI⇔ ARAVIND K↙ ∞∃∀▽↙ T∇⌉⌉ ⊣⌈|≀⟩\⟩\} }∇⊣⇕⇕⊣∇∫¬ ⟨≀⊒ ⇕⊓⌋⟨ ⌋≀\⊔⌉§⊔↖∫⌉\∫⟩⊔⟩⊑⟩⊔† ⟩∫ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ √∇≀⊑⟩⌈⌉ ∇⌉⊣∫≀\⊣⌊↕⌉ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫⊥ I\ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ P⊣∇∫⟩\}⇔ ⌉⌈↙ ⌊† D⊣⊑⟩⌈ R↙ D≀⊒⊔†⇔ L⊣⊓∇⟩ K⊣∇⊔⊓\\⌉\⇔ ↘ A∇\≀↕⌈ Z⊒⟩⌋‖†⇔ ∈′∘̸∈▽′↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ JURAFSKY⇔ DANIEL↙ ∞∃∀∀↙ I∫∫⊓⌉∫ ⟩\ ∇⌉↕⊣⊔⟩\} ∫†\⊔⊣§ ⊣\⌈ ∫⌉⇕⊣\⊔⟩⌋∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∈⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∈∀∘∈∀△⇔ B⊓⌈⊣√⌉∫⊔↙ �↙ ∞∃∃′↙ R⌉√∇⌉∫⌉\⊔⟩\} ⊣\⌈ ⟩\⊔⌉}∇⊣⊔⟩\} ↕⟩\}⊓⟩∫⊔⟩⌋ ‖\≀⊒↕⌉⌈}⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∋⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∞∃∃∘∈′△⇔ H⌉↕∫⟩\‖⟩↙ �⇔ ∞∃∃∈↙ A\ O\↖↕⟩\⌉ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ M≀⌈⌉↕ ≀{ H⊓⇕⊣\ S⌉\⊔⌉\⌋⌉ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\¬ A T⟨⌉≀∇† ≀{ ⊔⟨⌉ R⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣\⌈ U∫⌉ ≀{ L⟩\}⊓⟩∫⊔⟩⌋ K\≀⊒↕⌉⌈}⌉↙ B⌉∇‖⌉↕⌉†⇔ CA¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ A⊑⊣⟩↕⊣⌊↕⌉ ⊣∫ UC B⌉∇‖⌉↕⌉† C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ D⟩⊑⟩∫⟩≀\ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ↓∃∈∝̸↙ �⇔ ∞∃∃△↙ A}⊣⟩\∫⊔ ↕≀⌋⊣↕⟩⊔† √∇⟩\⌋⟩√↕⌉∫ ⟩\ √⊣∇∫⟩\}↙ S⊓⌊⇕⟩⊔⊔⌉⌈ ⊔≀ COLING↖∃△↙ �⇔ CHUCK WOOTERS⇔ GARY TAJCHMAN⇔ ↘ NELSON MORGAN↙ ∞∃∃△↙ T⟨⌉ B⌉∇‖⌉↕⌉† R⌉∫⊔⊣⊓∇⊣\⊔ P∇≀|⌉⌋⊔↙ T⌉⌋⟨\⟩⌋⊣↕ ∇⌉√≀∇⊔⇔ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ I\∫⊔⟩⊔⊓⊔⌉↙ ⊔≀ ⊣√√⌉⊣∇↙ KAPLAN⇔ RONALD M↙ ∞∃∈↙ A⊓}⇕⌉\⊔⌉⌈ T∇⊣\∫⟩⊔⟩≀\ N⌉⊔⊒≀∇‖∫ ⊣∫ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ⇕≀⌈⌉↕∫ ≀{ ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉ ∋↙∘∞′′↙ � ∞∃∋↙ A }⌉\⌉∇⊣↕ ∫†\⊔⊣⌋⊔⟩⌋ √∇≀⌋⌉∫∫≀∇↙ I\ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ⌉⌈↙ ⌊† R⊣\⌈⊣↕↕ R⊓∫⊔⟩\⇔ ∞∃∋∘∈△∞↙ N⌉⊒ Y≀∇‖¬ A↕}≀∇⟩⊔⟨⇕⟩⌋∫ P∇⌉∫∫↙ KAY⇔ PAUL↙ ∞∃∃′↙ E⊑⌉\↙ L⟩\}⊓⟩∫⊔⟩⌋∫ ⊣\⌈ P⟨⟩↕≀∫≀√⟨† ∞∋↙▽∃∘∈∞↙̸ KIMBALL⇔ JOHN P↙ ∞∃∋↙ S⌉⊑⌉\ √∇⟩\⌋⟩√↕⌉∫ ≀{ ∫⊓∇{⊣⌋⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ √⊣∇∫⟩\} ⟩\ \⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉↙ C≀}\⟩⊔⟩≀\ ∈↙∞▽∘△↙ KIPARSKY⇔ PAUL↙ ∞∃∋↙ ⊖⌉↕∫⌉⊒⟨⌉∇⌉⪰ ⟩\ √⟨≀\≀↕≀}†↙ I\ A F⌉∫⊔∫⌋⟨∇⟩{⊔ {≀∇ M≀∇∇⟩∫ H⊣↕↕⌉⇔ ⌉⌈↙ ⌊† S⊔⌉⊑⌉\ A\⌈⌉∇∫≀\ ↘ P⊣⊓↕ K⟩√⊣∇∫‖†↙ H≀↕⊔⇔ R⟩\⌉⟨⊣∇⊔↙ KOENIG⇔ JEAN↖PIERRE↙ ∞∃∃∈↙ F∇≀⇕ {∇⊣⇕⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ⊔≀ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\⊣↕ ∫†\⊔⊣§¬ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ∫⌋⊣↕⊣∇ √∇⌉⌈⟩⌋⊣⊔⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ESCOL ∃ ⇐E⊣∫⊔⌉∇\ S⊔⊣⊔⌉∫ C≀\{⌉∇⌉\⌋⌉ ≀\ L⟩\}⊓⟩∫⊔⟩⌋∫⇒↙ �↙ ∞∃∃∋↙ L⟩\‖⟩\} ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⊑∫↙ ↕⟩\‖⟩\}∇⊓↕⌉∫¬ E⊑⟩⌈⌉\⌋⌉ {∇≀⇕ F∇⌉\⌋⟨↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∃⊔⟨ A\\⊓⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ B⌉∇‖⌉↕⌉† L⟩\}⊓⟩∫⊔⟩⌋∫ S≀⌋⟩⌉⊔†⇔ ∈∞∘∈∋∞⇔ B⌉∇‖⌉↕⌉†⇔ CA↙ �⇔ ↘ DANIEL JURAFSKY⇔ ∞∃∃△ ⇐∫⊓⌊⇕⟩⊔⊔⌉⌈⇒↙ T†√⌉ ⊓\⌈⌉∇∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊣\⌈ ≀\↖↕⟩\⌉ ⊔†√⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ↕⌉§⟩⌋≀\↙ S⊓⌊⇕⟩⊔⊔⌉⌈ ⊔≀ ⊔⟨⌉ W⌉∫⊔ C≀⊣∫⊔ C≀\{⌉∇⌉\⌋⌉ ≀\ F≀∇⇕⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫ ⇐WCCFL↖∃△⇒↙ KURTZMAN⇔ HOWARD S↙⇔ ∞∃∀▽↙ S⊔⊓⌈⟩⌉∫ ⟩\ S†\⊔⊣⌋⊔⟩⌋ A⇕⌊⟩}⊓⟩⊔† R⌉∫≀↕⊓⊔⟩≀\↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ �⇔ LOREN F↙ CRAWFORD⇔ ↘ CAYLEE NYCHIS↖FLORENCE↙ ∞∃∃∞↙ L≀⌋⊣⊔⟩\} ⊒⟨↖ ⊔∇⊣⌋⌉∫↙ I\ P∇⟩\⌋⟩√↕⌉↖B⊣∫⌉⌈ P⊣∇∫⟩\}¬ C≀⇕√⊓⊔⊣⊔⟩≀\ ⊣\⌈ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋∫⇔ ⌉⌈↙ ⌊† R≀⌊⌉∇⊔ C↙ B⌉∇⊒⟩⌋‖⇔ S⊔⌉⊑⌉\ P↙ A⌊\⌉†⇔ ↘ C⊣∇≀↕ T⌉\\†⇔ ∋△∘∋∀∈↙ D≀∇⌈∇⌉⌋⟨⊔¬ K↕⊓⊒⌉∇↙ ∋

LAKOFF⇔ GEORGE↙ ∞∃↙ L⟩\}⊓⟩∫⊔⟩⌋ }⌉∫⊔⊣↕⊔∫↙ I\ P⊣√⌉∇∫ {∇≀⇕ ⊔⟨⌉ T⟨⟩∇⊔⌉⌉\⊔⟨ R⌉}⟩≀\⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ C⟨⟩⌋⊣}≀ L⟩\}⊓⟩∫⊔⟩⌋ S≀⌋⟩⌉⊔†⇔ ⌉⌈↙ ⌊† W≀≀⌈{≀∇⌈ A↙ B⌉⊣⌋⟨⇔ S⊣⇕⊓⌉↕ E↙ F≀§⇔ ↘ S⟨⊓↕⊣⇕⟩⊔⟨ P⟨⟩↕≀∫≀√⟨⇔ ∈∋∘̸∈∀⇔ C⟨⟩⌋⊣}≀↙ �↙ ∞∃∀↙ W≀⇕⌉\⇔ F⟩∇⌉⇔ ⊣\⌈ D⊣\}⌉∇≀⊓∫ T⟨⟩\}∫↙ C⟨⟩⌋⊣}≀¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⟨⟩⌋⊣}≀ P∇⌉∫∫↙ �↙ ∞∃∃∋↙ C≀}\⟩⊔⟩⊑⌉ √⟨≀\≀↕≀}†↙ I\ T⟨⌉ L⊣∫⊔ P⟨≀\≀↕≀}⟩⌋⊣↕ R⊓↕⌉⇔ ⌉⌈↙ ⌊† J≀⟨\ G≀↕⌈∫⇕⟩⊔⟨⇔ ∞∞∘∞△▽↙ C⟨⟩⌋⊣}≀¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⟨⟩⌋⊣}≀ P∇⌉∫∫↙ LYTINEN⇔ STEVEN L↙ ∞∃∃∞↙ S⌉⇕⊣\⊔⟩⌋∫↖⊘∇∫⊔ \⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ N⟩\⊔⟨ N⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∞∞∞∘∞∞↙̸ M≀∇}⊣\ K⊣⊓{⇕⊣\\↙ MACDONALD⇔ MARYELLEN C↙ ∞∃∃∋↙ T⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ↕⌉§⟩⌋⊣↕ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⊣⇕⌊⟩}⊓⟩⊔†↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∋∈↙∄∈∘∞▽↙ MAKKAI⇔ ADAM↙ ∞∃∈↙ I⌈⟩≀⇕ S⊔∇⊓⌋⊔⊓∇⌉ ⟩\ E\}↕⟩∫⟨↙ T⟨⌉ H⊣}⊓⌉¬ M≀⊓⊔≀\↙ MARCUS⇔ MITCHELL P↙ ∞∃∀′↙ A T⟨⌉≀∇† ≀{ S†\⊔⊣⌋⊔⟩⌋ R⌉⌋≀}\⟩⊔⟩≀\ {≀∇ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT P∇⌉∫∫↙ MARSLEN↖WILSON⇔ WILLIAM↙ ∞∃▽↙ S⌉\⊔⌉\⌋⌉ √⌉∇⌋⌉√⊔⟩≀\ ⊣∫ ⊣\ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉ √⊣∇⊣↕↕⌉↕ √∇≀⌋⌉∫∫↙ S⌋⟩⌉\⌋⌉ ∞∀∃↙∈∈∘̸∈∈∀↙ �↙ ∞∃∀↙ F⊓\⌋⊔⟩≀\⊣↕ √⊣∇⊣↕↕⌉↕⟩∫⇕ ⟩\ ∫√≀‖⌉\ ⊒≀∇⌈ ∇⌉⌋≀}\⟩⊔⟩≀\↙ C≀}\⟩⊔⟩≀\ ∈▽↙∞∘∞′∈↙ �↙ ∞∃∃′↙ A⌋⊔⟩⊑⊣⊔⟩≀\⇔ ⌋≀⇕√⌉⊔⟩⊔⟩≀\⇔ ⊣\⌈ {∇⌉∐⊓⌉\⌋† ⟩\ ↕⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫↙ I\ C≀}\⟩⊔⟩⊑⌉ M≀⌈⌉↕∫ ≀{ S√⌉⌉⌋⟨ P∇≀⌋⌉∫∫⟩\}⇔ ⌉⌈↙ ⌊† G⌉∇∇† T↙ M↙ A↕⊔⇕⊣\\⇔ ∞△∀∘∞∈↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT P∇⌉∫∫↙ �⇔ COLIN M↙ BROWN⇔ ↘ LORRAINE K↙ TYLER↙ ∞∃∀∀↙ L⌉§⟩⌋⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ⟩\ ∫√≀‖⌉\ ↕⊣\}⊓⊣}⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ ∋↙∞∘∞↙̸ MARTIN⇔ JAMES H↙ ∞∃∃′↙ A C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ M≀⌈⌉↕ ≀{ M⌉⊔⊣√⟨≀∇ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ A⌋⊣⌈⌉⇕⟩⌋ P∇⌉∫∫↙ �⇔ ↘ DANIEL JURAFSKY⇔ ∞∃∃△ ⇐∫⊓⌊⇕⟩⊔⊔⌉⌈⇒↙ F⟩\⌉ }∇⊣⟩\⌉⌈ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⟩\ ⊣\ ⊣⌋⊔⟩⊑⌉ ⌋⟨⊣∇⊔ √⊣∇∫⌉∇↙ S⊓⌊⇕⟩⊔⊔⌉⌈ ⊔≀ ACL↖∃△↙ MCCLELLAND⇔ JAMES L↙⇔ ↘ JEFFREY L↙ ELMAN↙ ∞∃∀↙̸ I\⊔⌉∇⊣⌋⊔⟩⊑⌉ √∇≀⌋⌉∫∫⌉∫ ⟩\ ∫√⌉⌉⌋⟨ √⌉∇⌋⌉√⊔⟩≀\¬ T⟨⌉ TRACE ⇕≀⌈⌉↕↙ I\ P⊣∇⊣↕↕⌉↕ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ P∇≀⌋⌉∫∫⟩\} V≀↕⊓⇕⌉ ∈¬ P∫†⌋⟨≀↕≀}⟩⌋⊣↕ ⊣\⌈ B⟩≀↕≀}⟩⌋⊣↕ M≀⌈⌉↕∫⇔ ⌉⌈↙ ⌊† J⊣⇕⌉∫ L↙ M⌋C↕⌉↕↕⊣\⌈⇔ D⊣⊑⟩⌈ E↙ R⊓⇕⌉↕⟨⊣∇⊔⇔ ↘ ⊔⟨⌉ PDP R⌉∫⌉⊣∇⌋⟨ G∇≀⊓√⇔ ▽∀∘∞∈∞↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT P∇⌉∫∫↙ MCROY⇔ SUSAN WEBER⇔ ↘ GRAEME HIRST↙ ∞∃∃′↙ R⊣⌋⌉↖⌊⊣∫⌉⌈ √⊣∇∫⟩\} ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\↙ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ ∞△↙∋∞∋∘∋▽∋↙ MILNE⇔ ROBERT WILLIAM↙ ∞∃∀∈↙ P∇⌉⌈⟩⌋⊔⟩\} }⊣∇⌈⌉\ √⊣⊔⟨ ∫⌉\⊔⌉\⌋⌉∫↙ C≀}\⟩⊔⟩⊑⌉ S⌋⟩⌉\⌋⌉ ↙̸∋△∃∘∋△↙ MITCHELL⇔ DON C↙ ∞∃∀∃↙ V⌉∇⌊ }⊓⟩⌈⊣\⌋⌉ ⊣\⌈ ≀⊔⟨⌉∇ ↕⌉§⟩⌋⊣↕ ⌉{{⌉⌋⊔∫ ⟩\ √⊣∇∫⟩\}↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ △↙∞∈∋∘∞▽△↙ �⇔ ↘ V↙ M↙ HOLMES↙ ∞∃∀▽↙ T⟨⌉ ∇≀↕⌉ ≀{ ∫√⌉⌋⟩⊘⌋ ⟩\{≀∇⇕⊣⊔⟩≀\⊣⌊≀⊓⊔ ⊔⟨⌉ ⊑⌉∇⌊ ⟩\ √⊣∇∫⟩\} ∫⌉\⊔⌉\⌋⌉∫ ⊒⟩⊔⟨ ↕≀⌋⊣↕ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⊣⇕⌊⟩}⊓⟩⊔†↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈△↙▽△∈∘▽▽∃↙ NG⇔ HWEE TOU⇔ ↘ RAYMOND J↙ MOONEY↙ ∞∃∃′↙ O\ ⊔⟨⌉ ∇≀↕⌉ ≀{ ⌋≀⟨⌉∇⌉\⌋⌉ ⟩\ ⊣⌊⌈⊓⌋⊔⟩⊑⌉ ⌉§√↕⊣\⊣⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ E⟩}⟨⊔⟨ N⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ∋∋∘∋△∈↙ M≀∇}⊣\ K⊣⊓{⇕⊣\\↙ NORVIG⇔ PETER⇔ ∞∃∀↙ A U\⟩⊘⌉⌈ T⟨⌉≀∇† ≀{ I\{⌉∇⌉\⌋⌉ {≀∇ T⌉§⊔ U\⌈⌉∇∫⊔⊣\⌈⟩\}↙ B⌉∇‖⌉↕⌉†⇔ CA¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ A⊑⊣⟩↕⊣⌊↕⌉ ⊣∫ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⊣⊔ B⌉∇‖⌉↕⌉† C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ D⟩⊑⟩∫⟩≀\ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ ↓∀∝∋∋∃↙ �↙ ∞∃∀∀↙ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊓\⌈⌉∇ ⊣⇕⌊⟩}⊓⟩⊔†↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞△⊔⟨ A\\⊓⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ B⌉∇‖⌉↕⌉† L⟩\}⊓⟩∫⊔⟩⌋∫ S≀⌋⟩⌉⊔†⇔ ∞∀∀∘∈′∞⇔ B⌉∇‖⌉↕⌉†⇔ CA↙ �⇔ ↘ ROBERT WILENSKY↙ ∞∃∃′↙ A ⌋∇⟩⊔⟩⌋⊣↕ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ ⌋≀⇕⇕⌉\∫⊓∇⊣⌊↕⌉ ⊣⌊⌈⊓⌋⊔⟩≀\ ⇕≀⌈⌉↕∫ {≀∇ ∫⌉⇕⊣\⊔⟩⌋ ⟩\⊔⌉∇√∇⌉⊔⊣↖ ⊔⟩≀\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∋⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∈∈▽∘∈∋′⇔ H⌉↕∫⟩\‖⟩↙ OSTERHOUT⇔ LEE⇔ ↘ DAVID A↙ SWINNEY↙ ∞∃∀∃↙ O\ ⊔⟨⌉ ∇≀↕⌉ ≀{ ⊔⟨⌉ ∫⟩⇕√↕⟩⌋⟩⊔† ⟨⌉⊓∇⟩∫⊔⟩⌋ ⟩\ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}¬ E⊑⟩⌈⌉\⌋⌉ {∇≀⇕ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⊣\⌈ ⟩\{⌉∇⌉\⊔⟩⊣↕ √∇≀⌋⌉∫∫⟩\}↙ J≀⊓∇\⊣↕ ≀{ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ R⌉∫⌉⊣∇⌋⟨ ∞∀↙▽▽∋∘▽∉↙ PEARL⇔ JUDEA↙ ∞∃∀∀↙ P∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ R⌉⊣∫≀\⟩\} ⟩\ I\⊔⌉↕↕⟩}⌉\⊔ S†∫⊔⌉⇕∫¬ N⌉⊔⊒≀∇‖∫ ≀{ P↕⊣⊓∫⟩⌊↕⌉ I\{⌉∇⌉\⌋⌉↙ S⊣\ M⊣⊔⌉≀⇔ C⊣↙¬ M≀∇}⊣\ K⊣⊓{⇕⊣\↙ ∋∀

PEREIRA⇔ FERNANDO C↙ N↙ ∞∃∀▽↙ C⟨⊣∇⊣⌋⊔⌉∇⟩‡⊣⊔⟩≀\ ≀{ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔ √∇⌉{⌉∇⌉\⌋⌉∫↙ I\ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ P⊣∇∫⟩\}⇔ ⌉⌈↙ ⌊† D⊣⊑⟩⌈ R↙ D≀⊒⊔†⇔ L⊣⊓∇⟩ K⊣∇⊔⊓\\⌉\⇔ ↘ A∇\≀↕⌈ Z⊒⟩⌋‖†⇔ ∋′∘∋∞∃↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ �⇔ ↘ STUART M↙ SHIEBER↙ ∞∃∀↙ P∇≀↕≀} ⊣\⌈ N⊣⊔⊓∇⊣↕↖L⊣\}⊓⊣}⌉ A\⊣↕†∫⟩∫⇔ ⊑≀↕⊓⇕⌉ ∞′ ≀{ CSLI L⌉⌋⊔⊓∇⌉ N≀⊔⌉∫↙ C⟨⟩⌋⊣}≀¬ C⟨⟩⌋⊣}≀ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ POLLARD⇔ CARL⇔ ↘ IVAN A↙ SAG↙ ∞∃∀↙ I\{≀∇⇕⊣⊔⟩≀\↖B⊣∫⌉⌈ S†\⊔⊣§ ⊣\⌈ S⌉⇕⊣\⊔⟩⌋∫¬ V≀↕⊓⇕⌉ ∞¬ F⊓\⌈⊣⇕⌉\⊔⊣↕∫↙ C⟨⟩⌋⊣}≀¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⟨⟩⌋⊣}≀ P∇⌉∫∫↙ POTTER⇔ MARY C↙⇔ ↘ BARBARA A↙ FAULCONER↙ ∞∃∃↙ U\⌈⌉∇∫⊔⊣\⌈⟩\} \≀⊓\ √⟨∇⊣∫⌉∫↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∞∀↙▽′∃∘▽∈∞↙ PRINCE⇔ ALAN⇔ ↘ PAUL SMOLENSKY↙ ∞∃∃∋↙ O√⊔⟩⇕⊣↕⟩⊔†T⟨⌉≀∇†¬ C≀\∫⊔∇⊣⟩\⊔I\⊔⌉∇⊣⌋⊔⟩≀\ ⟩\ G⌉\⌉∇⊣⊔⟩⊑⌉ G∇⊣⇕⇕⊣∇↙ ⌈∇⊣{⊔↙ PRITCHETT⇔ BRADLEY↙ ∞∃∀∀↙ G⊣∇⌈⌉\ √⊣⊔⟨ √⟨⌉\≀⇕⌉\⊣ ⊣\⌈ ⊔⟨⌉ }∇⊣⇕⇕⊣⊔⟩⌋⊣↕ ⌊⊣∫⟩∫ ≀{ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}↙ L⊣\}⊓⊣}⌉ △̸↙▽∋∃∘▽↙̸ RIESBECK⇔ CHRISTOPHER K↙⇔ ↘ ROGER C↙ SCHANK↙ ∞∃∀↙ C≀⇕√∇⌉⟨⌉\∫⟩≀\ ⌊† ⌋≀⇕√⊓⊔⌉∇¬ E§√⌉⌋⊔⊣⊔⟩≀\↖⌊⊣∫⌉⌈ ⊣\⊣↕†∫⟩∫ ≀{ ∫⌉\⊔⌉\⌋⌉∫ ⟩\ ⌋≀\⊔⌉§⊔↙ I\ S⊔⊓⌈⟩⌉∫ ⟩\ ⊔⟨⌉ √⌉∇⌋⌉√⊔⟩≀\ ≀{ ↕⊣\}⊓⊣}⌉⇔ ⌉⌈↙ ⌊† W↙ J↙ M↙ L⌉⊑⌉↕⊔ ↘ G↙ B↙ F↕≀∇⌉∫ ⌈≃A∇⌋⊣⟩∫⇔ ∈△∘∈∃∋↙ L≀\⌈≀\¬ W⟩↕⌉†↙ SALASOO⇔ AITA⇔ ↘ DAVID B↙ PISONI↙ ∞∃∀▽↙ I\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ‖\≀⊒↕⌉⌈}⌉ ∫≀⊓∇⌋⌉∫ ⟩\ ∫√≀‖⌉\ ⊒≀∇⌈ ⟩⌈⌉\⊔⟩⊘⌋⊣⊔⟩≀\↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈△↙∈∞′∘∈∋∞↙ SCHUBERT⇔ LENHART K↙ ∞∃∀↙̸ A∇⌉ ⊔⟨⌉∇⌉ √∇⌉{⌉∇⌉\⌋⌉ ⊔∇⊣⌈⌉↖≀{{∫ ⟩\ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ⌈⌉⌋⟩∫⟩≀\∫⊥ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ F⟩{⊔⟨ N⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ A∇⊔⟩⊘⌋⟩⊣↕ I\⊔⌉↕↕⟩}⌉\⌋⌉⇔ ′̸∞∘′̸▽↙ M≀∇}⊣\ K⊣⊓{⇕⊣\\↙ SCHVANEVELDT⇔ R↙ W↙⇔ D↙ E↙ MEYER⇔ ↘ C↙ A↙ BECKER↙ ∞∃↙̸ L⌉§⟩⌋⊣↕ ⊣⇕⌊⟩}⊓⟩⊔†⇔ ∫⌉⇕⊣\⊔⟩⌋ ⌋≀\⊔⌉§⊔⇔ ⊣\⌈ ⊑⟩∫⊓⊣↕ ⊒≀∇⌈ ∇⌉⌋≀}\⟩⊔⟩≀\↙ J≀⊓∇\⊣↕ ≀{ E§√⌉∇⟩⇕⌉\⊔⊣↕ P∫†⌋⟨≀↕≀}†¬ H⊓⇕⊣\ P⌉∇⌋⌉√⊔⟩≀\ ⊣\⌈ P⌉∇{≀∇⇕⊣\⌋⌉ ∈↙∈△∋∘∈▽↙̸ SHAPIRO⇔ L↙ P↙⇔ E↙ ZURIF⇔ ↘ J↙ GRIMSHAW↙ ∞∃∀↙ S⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\} ⊣\⌈ ⊔⟨⌉ ⇕⌉\⊔⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\≀{ ⊑⌉∇⌊∫↙ C≀}\⟩⊔⟩≀\ ∈↙∈∞∃∘∈△↙̸ SHIEBER⇔ STUART M↙ ∞∃∀∋↙ S⌉\⊔⌉\⌋⌉ ⌈⟩∫⊣⇕⌊⟩}⊓⊣⊔⟩≀\ ⌊† ⊣ ∫⟨⟩{⊔↖∇⌉⌈⊓⌋⌉ √⊣∇∫⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈∞∫⊔ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∞∞∋∘∞∞∀⇔ C⊣⇕⌊∇⟩⌈}⌉⇔ MA↙ � ∞∃∀▽↙ U∫⟩\} ∇⌉∫⊔∇⟩⌋⊔⟩≀\ ⊔≀ ⌉§⊔⌉\⌈ √⊣∇∫⟩\} ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ⌋≀⇕√↕⌉§↖{⌉⊣⊔⊓∇⌉↖⌊⊣∫⌉⌈ {≀∇⇕⊣↕⟩∫⇕∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈∋∇⌈ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∞△▽∘∞▽∈⇔ C⟨⟩⌋⊣}≀↙ SIMPSON⇔ GREG B↙⇔ ↘ CURT BURGESS↙ ∞∃∀▽↙ A⌋⊔⟩⊑⊣⊔⟩≀\ ⊣\⌈ ∫⌉↕⌉⌋⊔⟩≀\ √∇≀⌋⌉∫∫⌉∫ ⟩\ ⊔⟨⌉ ∇⌉⌋≀}\⟩⊔⟩≀\ ≀{ ⊣⇕⌊⟩}⊓≀⊓∫ ⊒≀∇⌈∫↙ J≀⊓∇\⊣↕ ≀{ E§√⌉∇⟩⇕⌉\⊔⊣↕ P∫†⌋⟨≀↕≀}†¬ H⊓⇕⊣\ P⌉∇⌋⌉√⊔⟩≀\ ⊣\⌈ P⌉∇{≀∇⇕⊣\⌋⌉ ∞∞↙∈∀∘∋∃↙ SMALL⇔ STEVEN L↙⇔ ↘ CHUCK RIEGER↙ ∞∃∀∈↙ P⊣∇∫⟩\} ⊣\⌈ ⌋≀⇕√∇⌉⟨⌉\⌈⟩\} ⊒⟩⊔⟨ W≀∇⌈ E§√⌉∇⊔∫↙ I\ S⊔∇⊣⊔⌉}⟩⌉∫ {≀∇ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ P∇≀⌋⌉∫∫⟩\}⇔ ⌉⌈↙ ⌊† W⌉\⌈† G↙ L⌉⟨\⌉∇⊔ ↘ M⊣∇⊔⟩\ H↙ R⟩\}↕⌉⇔ ∀∃∘∞△↙ N⌉⊒ J⌉∇∫⌉†¬ L⊣⊒∇⌉\⌋⌉ E∇↕⌊⊣⊓⇕↙ STEEDMAN⇔ MARK J↙ ∞∃∀∃↙ G∇⊣⇕⇕⊣∇⇔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\⇔ ⊣\⌈ √∇≀⌋⌉∫∫⟩\} {∇≀⇕ ⊔⟨⌉ ↕⌉§⟩⌋≀\↙ I\ L⌉§⟩⌋⊣↕ R⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣\⌈ P∇≀⌋⌉∫∫⇔ ⌉⌈↙ ⌊† W⟩↕↕⟩⊣⇕ M⊣∇∫↕⌉\↖W⟩↕∫≀\⇔ △∌∘▽′△↙ C⊣⇕⌊∇⟩⌈}⌉⇔ MA¬ MIT P∇⌉∫∫↙ STOLCKE⇔ ANDREAS↙ ∞∃∃∋↙ A\ ⌉{⊘⌋⟩⌉\⊔ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋⌋≀\⊔⌉§⊔↖{∇⌉⌉ √⊣∇∫⟩\} ⊣↕}≀∇⟩⊔⟨⇕ ⊔⟨⊣⊔ ⌋≀⇕√⊓⊔⌉∫ √∇⌉⊘§ √∇≀⌊⊣⌊⟩↕⟩⊔⟩⌉∫↙ T⌉⌋⟨\⟩⌋⊣↕ R⌉√≀∇⊔ TR↖∃∋↖′▽̸⇔ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ I\∫⊔⟩⊔⊓⊔⌉⇔ B⌉∇‖⌉↕⌉†⇔ CA↙ �⇔ ↘ STEPHEN OMOHUNDRO↙ ∞∃∃∋↙ H⟩⌈⌈⌉\ M⊣∇‖≀⊑ M≀⌈⌉↕ ⟩\⌈⊓⌋⊔⟩≀\ ⌊† B⊣†⌉∫⟩⊣\ ⇕≀⌈⌉↕ ⇕⌉∇}⟩\}↙ I\ A⌈⊑⊣\⌋⌉∫ ⟩\ N⌉⊓∇⊣↕ I\{≀∇⇕⊣⊔⟩≀\ P∇≀⌋⌉∫∫⟩\} S†∫⊔⌉⇕∫ ▽↙ S⊣\ M⊣⊔⌉≀⇔ C⊣↙¬ M≀∇}⊣\ K⊣⊓{⇕⊣\↙ STOWE⇔ LAURIE A↙ ∞∃∀↙̸ E⊑⟩⌈⌉\⌋⌉ {≀∇ ≀\↖↕⟩\⌉ }⊣√ ↕≀⌋⊣⊔⟩≀\↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ ∞↙∈∈∘∈△▽↙ � ∞∃∀∃↙ T⟨⌉⇕⊣⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⊣\⌈ ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ I\ L⟩\}⊓⟩∫⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉ ⟩\ ↕⊣\}⊓⊣}⌉ √∇≀⌋⌉∫∫⟩\}⇔ ⌉⌈↙ ⌊† G↙ N↙ C⊣∇↕∫≀\ ↘ M↙ K↙ T⊣\⌉\⟨⊣⊓∫⇔ ∋∞∃∘∋▽↙ D≀∇⌈∇⌉⌋⟨⊔¬ K↕⊓⊒⌉∇ A⌋⊣⌈⌉⇕⟩⌋↙ SWINNEY⇔ DAVID A↙ ∞∃∃↙ L⌉§⟩⌋⊣↕ ⊣⌋⌋⌉∫∫ ⌈⊓∇⟩\} ∫⌉\⊔⌉\⌋⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\¬ ⇐∇⌉⇒⌋≀\∫⟩⌈⌉∇⊣⊔⟩≀\ ≀{ ⌋≀\⊔⌉§⊔ ⌉{{⌉⌋⊔∫↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∞∀↙△̸▽∘▽̸∃↙ ∋∃

�⇔ ↘ ANNE CUTLER↙ ∞∃∃↙ T⟨⌉ ⊣⌋⌋⌉∫∫ ⊣\⌈ √∇≀⌋⌉∫∫⟩\} ≀{ ⟩⌈⟩≀⇕⊣⊔⟩⌋ ⌉§√∇⌉∫∫⟩≀\∫↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∞∀↙▽∈∋∘▽∋△↙ �⇔ ↘ LEE OSTERHOUT↙ ∞∃∃′↙ I\{⌉∇⌉\⌋⌉ }⌉\⌉∇⊣⊔⟩≀\ ⌈⊓∇⟩\} ⊣⊓⌈⟩⊔≀∇† ↕⊣\}⊓⊣}⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\↙ I\ I\{⌉∇⌉\⌋⌉∫ ⊣\⌈ T⌉§⊔ C≀⇕√∇⌉⟨⌉\∫⟩≀\⇔ ⌉⌈↙ ⌊† A∇⊔⟨⊓∇ C↙ G∇⊣⌉∫∫⌉∇ ↘ G≀∇⌈≀\ H↙ B≀⊒⌉∇↙ A⌋⊣⌈⌉⇕⟩⌋ P∇⌉∫∫↙ TABOR⇔ WHITNEY↙ ∞∃∃∋↙ T⟨⌉ }∇⊣⌈⊓⊣↕ ⌈⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ ⌈⌉}∇⌉⌉ ⇕≀⌈⟩⊘⌉∇ ∫≀∇⊔ ≀{¬ A ⌋≀∇√⊓∫ √∇≀§⟩⇕⟩⊔† ⇕≀⌈⌉↕↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ CLS ∈∃⇔ ⌉⌈↙ ⌊† K⊣⊔⟨⊣∇⟩\⌉ B⌉⊣↕∫⇔ G⟩\⊣ C≀≀‖⌉⇔ D⊣⊑⟩⌈ K⊣⊔⟨⇕⊣\⇔ K⊣∇↕↖E∇⟩‖ M⌋C⊓↕↕≀⊓}⟨⇔ S≀⊔⊣∇≀ K⟩⊔⊣⇔ ↘ D⊣⊑⟩⌈ T⌉∫⊔⌉\↙ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⟨⟩⌋⊣}≀↙ ∪F≀∇⊔⟨⌋≀⇕⟩\}↙⊎↙ TANENHAUS⇔ MICHAEL K↙⇔ JULIE E↙ BOLAND⇔ SUSAN M↙ GARNSEY⇔ ↘ GREG CARLSON↙ ∞∃∀∃↙ L⌉§⟩⌋⊣↕ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ⟩\ √⊣∇∫⟩\} ↕≀\}↖⌈⟩∫⊔⊣\⌋⌉ ⌈⌉√⌉\⌈⌉\⌋⟩⌉∫↙ J≀⊓∇\⊣↕ ≀{ P∫†⌋⟨≀↕⟩\}⊓⟩∫⊔⟩⌋ R⌉∫⌉⊣∇⌋⟨ ∞∀↙∋∘▽′↙ �⇔ JAMES M↙ LEIMAN⇔ ↘ MARK S↙ SEIDENBERG↙ ∞∃∃↙ E⊑⟩⌈⌉\⌋⌉ {≀∇ ⇕⊓↕⊔⟩√↕⌉ ∫⊔⊣}⌉∫ ⟩\ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\} ≀{ ⊣⇕⌊⟩}⊓≀⊓∫ ⊒≀∇⌈∫ ⟩\ ∫†\⊔⊣⌋⊔⟩⌋ ⌋≀\⊔⌉§⊔∫↙ J≀⊓∇\⊣↕ ≀{ V⌉∇⌊⊣↕ L⌉⊣∇\⟩\} ⊣\⌈ V⌉∇⌊⊣↕ B⌉⟨⊣⊑⟩≀∇ ∞∀↙△∈∘△△′↙ �⇔ ↘ MARGERY M↙ LUCAS↙ ∞∃∀↙ C≀\⊔⌉§⊔ ⌉{{⌉⌋⊔∫ ⟩\ ↕⌉§⟩⌋⊣↕ √∇≀⌋⌉∫∫⟩\}↙ C≀}\⟩⊔⟩≀\ ∈▽↙∈∞∋∘∈∋△↙ �⇔ LAURIE A↙ STOWE⇔ ↘ GREG CARLSON↙ ∞∃∀▽↙ T⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ↕⌉§⟩⌋⊣↕ ⌉§√⌉⌋⊔⊣⊔⟩≀\ ⊣\⌈ √∇⊣}⇕⊣⊔⟩⌋∫ ⟩\ √⊣∇∫⟩\} ⊘↕↕⌉∇↖}⊣√⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫↙ I\ P∇≀}∇⊣⇕ ≀{ ⊔⟨⌉ S⌉⊑⌉\⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ C≀}\⟩⊔⟩⊑⌉S⌋⟩⌉\⌋⌉ S≀⌋⟩⌉⊔†⇔ ∋∞̸∘∋▽̸⇔ I∇⊑⟩\⌉⇔ CA↙ TARABAN⇔ ROMAN⇔ ↘ JAMES L↙ MCCLELLAND↙ ∞∃∀∀↙ C≀\∫⊔⟩⊔⊓⌉\⊔⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ⊣\⌈ ⊔⟨⌉⇕⊣⊔⟩⌋ ∇≀↕⌉ ⊣∫∫⟩}\⇕⌉\⊔ ⟩\ ∫⌉\⊔⌉\⌋⌉ √∇≀⌋⌉∫∫⟩\}¬ I\⊙⊓⌉\⌋⌉∫ ≀{ ⌋≀\⊔⌉\⊔↖⌊⊣∫⌉⌈ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ J≀⊓∇\⊣↕ ≀{ M⌉⇕≀∇† ⊣\⌈ L⊣\}⊓⊣}⌉ ∈↙▽∃∘∌∈↙ THOMPSON⇔ HENRY S↙⇔ MIKE DIXON⇔ ↘ JOHN LAMPING↙ ∞∃∃∞↙ C≀⇕√≀∫⌉↖∇⌉⌈⊓⌋⌉ √⊣∇∫⟩\}↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈∃⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∀∘∃↙ TOMITA⇔ MASARU↙ ∞∃∀↙ A\ ⌉{⊘⌋⟩⌉\⊔ ⊣⊓}⇕⌉\⊔⌉⌈ ⌋≀\⊔⌉§⊔↖{∇⌉⌉ √⊣∇∫⟩\} ⊣↕}≀∇⟩⊔⟨⇕↙ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕L⟩\}⊓⟩∫⊔⟩⌋∫∞∋↙∋∞∘△↙̸ TRUESWELL⇔ JOHN C↙⇔ ↘ MICHAEL K↙ TANENHAUS↙ ∞∃∃∞↙ T⌉\∫⌉⇔ ⊔⌉⇕√≀∇⊣↕ ⌋≀\⊔⌉§⊔ ⊣\⌈ ∫†\⊔⊣⌋⊔⟩⌋ ⊣⇕⌊⟩}⊓⟩⊔† ∇⌉∫≀↕⊓⊔⟩≀\↙ L⊣\}⊓⊣}⌉ ⊣\⌈ C≀}\⟩⊔⟩⊑⌉ P∇≀⌋⌉∫∫⌉∫ ↙̸∋′∋∘∋∋∀↙ TYLER⇔ LORRAINE K↙ ∞∃∀△↙ T⟨⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ≀{ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ⌋≀⟨≀∇⊔¬ E⊑⟩⌈⌉\⌋⌉ {∇≀⇕ }⊣⊔⟩\}↙ P⌉∇⌋⌉√⊔⟩≀\ ↘ P∫†⌋⟨≀√⟨†∫⟩⌋∫ ∋↙̸△∞∘△∈↙ �⇔ ↘ WILLIAM MARSLEN↖WILSON↙ ∞∃∀∈↙ S√⌉⌉⌋⟨ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\ √∇≀⌋⌉∫∫⌉∫↙ I\ P⌉∇∫√⌉⌋⊔⟩⊑⌉∫ ≀\ ⇕⌉\⊔⊣↕ ∇⌉√∇⌉∫⌉\↖ ⊔⊣⊔⟩≀\↙⇔ ⌉⌈↙ ⌊† J⊣⌋∐⊓⌉∫ M⌉⟨↕⌉∇⇔ E⌈⊒⊣∇⌈ C↙ T↙ W⊣↕‖⌉∇⇔ ↘ M⌉∇∇⟩↕↕ G⊣∇∇⌉⊔⊔⇔ ∞∄∘∞∀△↙ H⟩↕↕∫⌈⊣↕⌉⇔ NJ¬ E∇↕⌊⊣⊓⇕↙ ULVESTAD⇔ BJARNE↙ ∞∃′̸↙ O\ ⊔⟨⌉ ⊓∫⌉ ≀{ ⊔∇⊣\∫⟩⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔†⌉∫⊔⟩⇕⊣⊔⌉∫ ⟩\ √∇≀}∇⊣⇕⇕⟩\} {≀∇ ⇕⌉⌋⟨⊣\⟩⌋⊣↕ ⊔∇⊣\∫↕⊣⊔⟩≀\↙ S⊔⊣⊔⟩∫⊔⟩⌋⊣↕ M⌉⊔⟨≀⌈∫ ⟩\ L⟩\}⊓⟩∫⊔⟩⌋∫ ∞↙∈△∘△′↙ VAN DER LINDEN⇔ ERIC↖JAN↙ ∞∃∃∈↙ I\⌋∇⌉⇕⌉\⊔⊣↕ √∇≀⌋⌉∫∫⟩\} ⊣\⌈ ⊔⟨⌉ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ↕⌉§⟩⌋≀\↙ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫ ∞∀↙∈∞∃∘∈∋∀↙ �⇔ ↘ WESSEL KRAAIJ↙ ∞∃∃′↙ A⇕⌊⟩}⊓⟩⊔† ∇⌉∫≀↕⊓⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ∇⌉⊔∇⟩⌉⊑⊣↕ ≀{ ⟩⌈⟩≀⇕∫¬ ⊔⊒≀ ⊣√√∇≀⊣⌋⟨⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∋⊔⟨ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀\ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∈△▽∘∈▽′⇔ H⌉↕∫⟩\‖⟩↙ VAN NOORD⇔ GERTJAN↙ ∞∃∃∞↙ H⌉⊣⌈ ⌋≀∇\⌉∇ √⊣∇∫⟩\} {≀∇ ⌈⟩∫⌋≀\⊔⟩\⊓≀⊓∫ ⌋≀\∫⊔⟩⊔⊓⌉\⌋†↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈∃⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∞∞△∘∞∈∞↙ WANNER⇔ ERIC↙ ∞∃∀′↙ T⟨⌉ ATN ⊣\⌈ ⊔⟨⌉ S⊣⊓∫⊣}⌉ M⊣⌋⟨⟩\⌉¬ W⟨⟩⌋⟨ ≀\⌉ ⟩∫ ⌊⊣↕≀\⌉†↙ C≀}\⟩⊔⟩≀\ ∀↙∈′∃∘∈∈↙̸ WHITTEMORE⇔ GREG⇔ KATHLEEN FERRARA⇔ ↘ HANS BRUNNER↙ ∞∃∃′↙ E⇕√⟩∇⟩⌋⊣↕ ∫⊔⊓⌈† ≀{ √∇⌉⌈⟩⌋⊔⟩⊑⌉ √≀⊒⌉∇∫ ≀{ ∫⟩⇕√↕⌉ ⊣⊔⊔⊣⌋⟨⇕⌉\⊔ ∫⌋⟨⌉⇕⌉∫ {≀∇ √≀∫⊔↖⇕≀⌈⟩⊘⌉∇ √∇⌉√≀∫⟩⊔⟩≀\⊣↕ √⟨∇⊣∫⌉∫↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∈∀⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ ∈∋∘∋′⇔ P⟩⊔⊔∫⌊⊓∇}⟨⇔ PA↙ WILENSKY⇔ ROBERT↙ ∞∃∀∋↙ P↕⊣\\⟩\} ⊣\⌈ U\⌈⌉∇∫⊔⊣\⌈⟩\}↙ R⌉⊣⌈⟩\}⇔ MA¬ A⌈⌈⟩∫≀\↖W⌉∫↕⌉†↙ �⇔ ↘ YIGAL ARENS↙ ∞∃∀′↙ PHRAN¬ A ‖\≀⊒↕⌉⌈}⌉↖⌊⊣∫⌉⌈ \⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ ⊓\⌈⌉∇∫⊔⊣\⌈⌉∇↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ∞∀⊔⟨ A\\⊓⊣↕ C≀\{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫⇔ P⟨⟩↕⊣⌈⌉↕√⟨⟩⊣↙ �⇔ DAVID CHIN⇔ MARC LURIA⇔ JAMES MARTIN⇔ JAMES MAYFIELD⇔ ↘ DEKAI WU↙ ∞∃∀∀↙ T⟨⌉ B⌉∇‖⌉↕⌉† UNIX C≀\∫⊓↕⊔⊣\⊔ √∇≀|⌉⌋⊔↙ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫ ∞△↙∋▽∘∀△↙ △′

WILKS⇔ YORICK↙ ∞∃▽⊣↙ A\ ⟩\⊔⌉↕↕⟩}⌉\⊔⊣\⊣↕†‡⌉∇ ⊣\⌈⊓\⌈⌉∇∫⊔⊣\⌈⌉∇ ≀{E\}↕⟩∫⟨↙ C≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫≀{⊔⟨⌉ ACM ∞∀↙∈△̸∘∈△↙ �↙ ∞∃▽⌊↙ P∇⌉{⌉∇⌉\⌋⌉ ∫⌉⇕⊣\⊔⟩⌋∫↙ I\ T⟨⌉ F≀∇⇕⊣↕ S⌉⇕⊣\⊔⟩⌋∫ ≀{ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉⇔ ⌉⌈↙ ⌊† E⌈⊒⊣∇⌈ L↙ K⌉⌉\⊣\⇔ ∋∈∃∘∋▽′↙ C⊣⇕⌊∇⟩⌈}⌉¬ C⊣⇕⌊∇⟩⌈}⌉ U\⟩⊑↙ P∇⌉∫∫↙ WINOGRAD⇔ TERRY↙ ∞∃∈↙ U\⌈⌉∇∫⊔⊣\⌈⟩\} N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉↙ N⌉⊒ Y≀∇‖¬ A⌋⊣⌈⌉⇕⟩⌋ P∇⌉∫∫↙ WOODS⇔ WILLIAM A↙ ∞∃′↙ T∇⊣\∫⟩⊔⟩≀\ \⌉⊔⊒≀∇‖ }∇⊣⇕⇕⊣∇∫ {≀∇ \⊣⊔⊓∇⊣↕ ↕⊣\}⊓⊣}⌉ ⊣\⊣↕†∫⟩∫↙ C≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ ACM ∞∋↙▽∃∞∘′̸↙̸ WRIGHT⇔ BARTON⇔ ↘ MERRILL GARRETT↙ ∞∃∀△↙ L⌉§⟩⌋⊣↕ ⌈⌉⌋⟩∫⟩≀\ ⟩\ ∫⌉\⊔⌉\⌋⌉∫¬ E{{⌉⌋⊔∫ ≀{ ∫†\⊔⊣⌋⊔⟩⌋ ∫⊔∇⊓⌋⊔⊓∇⌉↙ M⌉⇕≀∇† ↘ C≀}\⟩⊔⟩≀\ ∞∈↙∋∞∘△▽↙ WU⇔ DEKAI⇔ ∞∃∃∈↙ A⊓⊔≀⇕⊣⊔⟩⌋ I\{⌉∇⌉\⌋⌉¬ A P∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ B⊣∫⟩∫ {≀∇ N⊣⊔⊓∇⊣↕ L⊣\}⊓⊣}⌉ I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ B⌉∇‖⌉↕⌉†⇔ CA¬ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ ⌈⟩∫∫⌉∇⊔⊣⊔⟩≀\↙ ZWICKY⇔ ARNOLD↙ ∞∃∀↙ A∇}⊓⟩\} {≀∇ ⌋≀\∫⊔⟩⊔⊓⌉\⊔∫↙ I\ P⊣√⌉∇∫ {∇≀⇕ ⊔⟨⌉ ∞△⊔⟨ R⌉}⟩≀\⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ C⟨⟩⌋⊣}≀ L⟩\}⊓⟩∫⊔⟩⌋∫ S≀⌋⟩⌉⊔†⇔ ▽′∋∘▽∞∈⇔ C⟨⟩⌋⊣}≀↙ ZWITSERLOOD⇔ PIENIE↙ ∞∃∀∃↙ T⟨⌉ ↕≀⌋⊓∫ ≀{ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ∫⌉\⊔⌉\⊔⟩⊣↕↖∫⌉⇕⊣\⊔⟩⌋ ⌋≀\⊔⌉§⊔ ⟩\ ∫√≀‖⌉\↖⊒≀∇⌈ √∇≀⌋⌉∫∫⟩\}↙ C≀}\⟩⊔⟩≀\ ∋∈↙∈▽∘△̸↙

△∞