Bericht Nr. 81, Dezember 1996

ISSN 0947-6954/96

Arbeitspapiere des Sonderforschungsbereichs 340

Sprachtheoretische Grundlagen für die Computer linguistik

Laura Kallmeyer :

Underspecification in Tree Description Grammars

Universität Stuttgart Universität Tübingen Deutschland Informationssysteme GmbH

Arbeitspapiere des SFB 340 Bericht Nr. 81, Dezember 1996

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS

LAURA KALLMEYER

Abstract. In this article Tree Description Grammars (TDG) are presented, a constraint based extension of Tree Adjoining Grammars (TAG). The idea to define TAGs or similar tree grammars in a constraint based way comes from Vijay-Shanker (1992).

One of the advantages of using tree descriptions instead of trees in a grammar is the possiblility of underspecification. In a TDG for certain ambiguities there can be underspecified descriptions in the style of the underspecified representations Muskens derives in Muskens (1995) for quantifier scope ambiguities. In principle the idea of TDGs is the following: The grammar consists of a set of tree descriptions, i.e. formulas in some first order logic, and the grammar is derivation based. Every derivation step is a conjunction of two formulas and additional equivalences of node names.

The formalism of Tree Description Grammars was introduced in Kallmeyer (1996). Here the definitions of TDGs and related notions (e.g. the derivation mode, the language etc.) are repeated. Some definitions will be slightly different from those in Kallmeyer (1996). The main focus will be on the formal properties of TDGs. I will show the decidability of lexicalized TDGs and the fact that the languages of TDGs are a true superset of tree adjoining languages.

1. Introduction

A lot of attention has been paid to underspecification recently, mainly to underspecified semantic representations. There are two reasons for replacing several analyses of a single expression by one underspecified analysis. The more practical reason is the desire to avoid combinatorial explosion. This so-called “combinatorial explosion puzzle” really can be a problem. To get an idea of the number of readings available for a single

To appear in: Kolb, H.-P. & U. Mönnich (eds.), The Mathematics of Syntactic Structure.

ISSN 0947-6954/96

cfl1996 Die Autorin 1

2 LAURA KALLMEYER

expression consider the following two examples from Poesio (1996):

(1) We should move the engine at Avon, engine E1, to Dansville to pick up the boxcar there, then move it from Dansville to Corning, load some oranges, and then move it on to Bath.

(2) A politician can fool most voters on most issues most of the time, but no politician can fool all voters on every single issue all of the time.

Poesio points out that in (1) the alternative analyses probably number in the hundreds and that (2) has at least 14400 readings.

The second reason for exploring underspecification is psychological plausibility. From a cognitive point of view it does not seem plausible that we process sententences by first generating all readings and then testing them. It appears more cognitively adequate to allow for underspecified representations.

To give an idea of what underspecified tree descriptions look like, Fig. 1 shows a descriptions for the two syntactic analyses for minimal modifier ambiguities as in ancienne maison bleue in French. (All examples in this paper are French examples.)

Besides underspecification there are some other advantages of using grammars consisting of tree descriptions instead of the more traditional Tree Adjoining Grammars.

As pointed out by Rambow, Vijay-Shanker and Weir 1995, one of the defficencies of TAGs is the way complement clauses are treated. Only for technical reasons they must be analized differently than other arguments. Rambow, Vijay-Shanker and Weir propose D-Tree Grammars where the substitution operation of TAGs is replaced by subsertion. In D-Tree Grammars all arguments including complement clauses are added by subsertion, i.e. they are treated in a uniform way. In TDGs subsertion-like derivation steps are possible as well, so arguments also can be treated uniformly.

Other problems with TAGs arise for phenomena where it is necessary to add several trees in one derivation step. Becker, Joshi and Rambow 1991 show that this is the case for scrambling in German. To deal with this multicomponent TAGs (MCTAG, cf. Joshi (1987)) have been proposed. Shieber and Schabes 1990 use MCTAGs to treat quantifiers. As it is possible to describe several subtrees of one tree in one description without specifying linear precedence between these subtrees, TDGs also

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS 3

the two syntactic structures of ancienne maison bleue

ancienne A AP N

� HH^N

maison bleue A AP N � HH^N ancienne A AP N� HH N

maison bleue A AP N

� HH^N

an underspecified tree description describing these two structures as minimal trees:

ancienne A AP N

� HH^N

N maison

N_{pp} p p p p p p

p p p p p p

bleue A AP N

� HH^N

Figure 1. syntactic underspecification: ancienne maison bleue

offer the advantages of MCTAGs.

In this article I will first present the tree logic used in TDGs, a simple quantifier-free first order logic mainly based on Rogers (1994b). Using this logic the TDG formalism will be introduced and some formal properties of TDGs will be proved. In the end I will give some examples to show that underspecification and subsertion-like derivation steps are possible in TDGs.

2. Tree descriptions

2.1. Logic. A TDG consists of tree descriptions, i.e. constraints for finite labelled trees. In these trees internal nodes are labelled by finite feature structures and leaves by terminal symbols. The logic of tree descriptions used for TDGs is a quantifier-free first order logic. It is similar to the logic Rogers proposes in chapter 3 of his dissertation Rogers (1994b) for feature

4 LAURA KALLMEYER

structure based TAGs (FTAGs, see Vijayashanker (1987), Vijay-Shanker (1992) and Vijay-Shanker and Joshi (1988)). Definition 1. (Syntax) Let A be a set of attribute names, V a set of attribute values and T a set of terminals such that A, V and T are pairwise disjoint finite sets. Formulas (for A, V and T ) are then words over the alphabet of the following symbols: - the symbols of V ∪ A ∪ T ∪ {ϵ, ⊥} - a nonempty countable set K of variables called node names, - constants �, �^∗, ≺, ≈ (for binary relations) and δ (for the labeling function), - logical connectives ∧, ∨, ¬ - bracket symbols (, ).

Formulas are inductively defined: 1. Terms:

(a) Each x ∈ T ∪{ϵ} and each δ(k) for all k ∈ K is a l-term (denoting labels).

(b) Each x ∈ V ∪ {⊥} and each a(δ(k)) for all a ∈ A and k ∈ K is a v-term (denoting attribute values).

(c) All k ∈ K are n-terms (denoting nodes). 2. Formulas:

(a) For all τ_1, τ_2, that are either both l-terms or both v-terms or both n-terms, τ_1 ≈ τ_2 is a formula.

(b) For alle n-terms k_1, k_2: k_1 �k_2, k_1 �^∗ k_2 and k_1 ≺ k_2 are formulas. (c) If ϕ is a formula, then ¬ϕ also is a formula.

(d) If ϕ, ψ are formulas, then (ϕ ∧ ψ) and (ϕ ∨ ψ) are also formulas.

Formulas containing at most one negation and no other logical connective are called elementary formulas.

node(ϕ) is the set of all node names occuring in a formula ϕ. If the order of logical connectives does not matter or if there is only one possible order, brackets will be sometimes omitted.

2.2. Intended models. The set of intended models is restricted to finite labelled trees. Such a tree consists of a set of nodes structured by binary relations parent, dominance and linear precedence. Each leaf is labelled by a terminal symbol or the empty word and each internal node by a finite atomic feature structure.

Definition 2. (Finite labelled trees) A finite labelled tree is a tuple (U, u_0, P, P^∗, L, μ, N, T ) such that

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS 5

1. N, T are disjoint finite nonempty sets, the nonterminals and terminals.

2. U is a finite nonempty set, the set of nodes, with U ∩ (N ∪ T ) = ∅. 3. u_0 ∈ U is a special node, the root. 4. P, L, P^∗, ∈ U × U, such that for all w, x, y, z ∈ U: (a) (u_0, x) ∈ P^∗ (b) P^∗ is the reflexive transitive closure of P. (c) (x, y) ∈ P^∗ or (y, x) ∈ P^∗ or (x, y) ∈ L or (y, x) ∈ L (d) (x, y) ∈ L ⇒ (x, y) /∈ P^∗ and (y, x) /∈ P^∗ (e) x ≠ u_0 ⇒ there is exactly one v ∈ U mit (v, x) ∈ P (f) (x, y) ∈ L and (x, w), (y, z) ∈ P^∗ ⇒ (w, z) ∈ L (g) P irreflexive, asymmetric and intransitive (h) L irreflexive, asymmetric and transitive 5. μ : U → T ∪ N ∪ {ϵ} is a function, such that for all u ∈ U: μ(u) ∈ T ∪ {ϵ} iff there is no u^′ ∈ U with (u, u^′) ∈ P (u is a leaf).

Definition 3. (Finite atomic feature structures) A set of finite atomic feature structures N_{A,V} consists of sets N, A (attriutes) and V (attribute values), such that 1. N and V are finite sets, N ∩ V = ∅.

2. A is a finite set of pairs ⟨a, α_a⟩, where α_a is a partial function from N to V and a is the unique name of α_a.

2.3. Semantics. The notion of satisfiability in this logic is the same as in ordinary predicate logic. Satisfiability of a formula in a certain model is considered with respect to a node assignment function assigning nodes to all node names.

Definition 4. (Satisfiability) Let B = (U, u_0, P, P^∗, L, μ, N_{A,V} , T ) be a finite tree labelled with finite atomic feature structures N_{A,V} as nonterminals and terminals T . g : K → U is a function, the node assignment function. ϕ, ϕ_1 and ϕ_2 are formulas with attribute names {a; there is a partial function α_a such that ⟨a, α_a⟩ ∈ A}, attribute values V and terminals T . B satisfies ϕ wrt g, B |=_g ϕ is inductively defined: 1. For all k_1, k_2 ∈ K:

- B |=_g k_1 � k_2 iff (g(k_1), g(k_2)) ∈ P - B |=_g k_1 �^∗ k_2 iff (g(k_1), g(k_2)) ∈ P^∗ - B |=_g k_1 ≺ k_2 iff (g(k_1), g(k_2)) ∈ L - B |=_g k_1 ≈ k_2 iff g(k_1) = g(k_2)

6 LAURA KALLMEYER

2. For all l-terms l_1, l_2:

B |=_g l_1 ≈ l_2 iff [[l_1]]_g = [[l_2]]_g where - [[δ(k)]]_g = μ(g(k)) for all k ∈ K, - [[x]]_g = x for all x ∈ T ∪ {ϵ}.

3. For all v-terms v_1, v_2:

B |=_g v_1 ≈ v_2 iff [[v_1]]_g = [[v_2]]_g where - for all k ∈ K: [[a(δ(k))]]_g = α_a(μ(g(k))), if ⟨a, α_a⟩ ∈ A and if α_a(μ(g(k))) is defined, else [[a(δ(k))]]_g = ⊥.

- [[v]]_g = v for all v ∈ V ∪ {⊥}.

4. B |=_g (ϕ_1 ∧ ϕ_2) iff B |=_g ϕ_1 and B |=_g ϕ_2. 5. B |=_g (ϕ_1 ∨ ϕ_2) iff B |=_g ϕ_1 or B |=_g ϕ_2. 6. B |=_g ¬ϕ_1 iff not B |=_g ϕ_1.

B |= ϕ iff there is an assignment function g, such that B |=_g ϕ. ϕ_1 |= ϕ_2 iff for all trees B and all assignments g: B |=_g ϕ_1 ⇒ B |=_I ϕ_2.

3. Properties of the tree logic

In this section I will define some syntactic equivalent for the semantic consequence relation “|=”. This can be done by using inference rules as proposed by Rogers. The idea is that starting from a formula ψ by applying inference rules it is possible to construct a conjunctive normal form of all the consequences of ψ. A syntactic notion of consequence can then be defined by comparing two such conjunctive normal forms of consequences (see Kallmeyer (1996)).

The syntactic consequence defined in this way is decidable, sound and even complete as will be shown below.

3.1. Syntactic consequence. Instead of conjunctions of disjunctions of formulas we will deal with sets of sets of formulas and interprete the whole set (branch) conjunctively and the elements (clauses) disjunctively. This is only a different notation which is used in order to see more clearly how inference rules work.

Definition 5. (clause and branch) 1. A clause is a set Φ of formulas . B |=_g Φ iff there is a ϕ ∈ Φ such that B |=_g ϕ. Notation: [Φ] 2. A branch is a set Γ of clauses. B |=_g Γ iff B |=_g Φ for all Φ ∈ Γ.

Notation: ‖Γ‖.

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS 7

This definition does not exclude infinite disjunctions or conjunctions. But for our purposes we only need finite clauses and branches.

Before introducing the inference rules a general definition of the syntax and semantics of inference rules must be given.

Definition 6. (inference rule) 1. Syntax: Let V_Γ := {Γ_1, Γ_2, · · · }, V_Φ := {Φ_1, Φ_2, · · · } and V_ϕ := {ϕ_1, ϕ_2, · · · } be pairwise disjoint countable sets. (i) A branch schema can be inductively defined:

(a) All ψ_1 ∈ V_ϕ are formula schemata, and for all formula schemata ψ_1 and ψ_2: ¬ψ_1, (ψ_1 ∧ψ_2) and (ψ_1 ∨ψ_2) are formula schemata.

(b) Each formula schema and each Ψ ∈ V_Φ is a clause schema, and for all clause schemata Ψ_1, Ψ_2: Ψ_1, Ψ_2 is a clause schema.

(c) For each clause schema Ψ, [Ψ] is a branch schema, each Γ ∈ V_Φ is a branch schema, and for all branch schemata Γ_1, Γ_2: Γ_1, Γ_2 is a branch schema.

(ii) An inference rule^{Γold}_{Γnew} ⟨name⟩ consists of two branch schemata Γ_{old} and Γ_{new} such that all x ∈ V_Γ ∪ V_Φ ∪ V_ϕ occuring in Γ_{new} occur as well in Γ_{old}. ⟨name⟩ is the name of the rule.

2. Semantics: Let Γ be a branch.

(i) Γ satisfies a branch schema Γ_s, if there is a function f such that - f(Γ_i) is a branch for all Γ_i ∈ V_Γ, f(Ψ_i) is a clause for all Ψ_i ∈ V_Ψ and f(ψ_i) is a formula for all ψ_i ∈ V_ϕ. - f(¬a) = ¬f(a), f((a ∧ b)) = (f(a) ∧ f(b)) and f((a ∨ b)) = (f(a) ∨ f(b)) for all formula schemata a and b.

- f([a]) = {f(a)} for all clause schemata a.

- f(a, b) = f(a) ∪ f(b) for all clause or branch schemata a, b - f(Γ_s) = Γ.

(ii) A rule^{Γold}_{Γnew} ⟨name⟩ can be applied to Γ, if there is a function f such that Γ satisfies Γ_{old} wrt f. The result of the application is f(Γ_{new}). The following inference rules in principle correspond to those proposed by Rogers (1994b). The logical and structural rules and res are exactly as in Rogers (1994b) and the tree axiom rules are similar to those in Rogers (1994b). Only node symbol rules do not figure there because Rogers does not consider labelled trees.

8 LAURA KALLMEYER

Definition 7. (inference rules for the tree logic) The inference rules for our tree logic are the following: 1. Logical rules (elimination of logical connectives) Γ, [Φ, ¬¬ϕ] Γ, [Φ, ϕ] ¬¬ Γ, [Φ, (ϕ ∨ ψ)] Γ, [Φ, ϕ, ψ] ∨ Γ, [Φ, ¬(ϕ ∨ ψ)] Γ, [Φ, ¬ϕ], [Φ, ¬ψ] ¬∨ Γ, [Φ, (ϕ ∧ ψ)] Γ, [Φ, ϕ], [Φ, ψ] ∧ Γ, [Φ, ¬(ϕ ∧ ψ)] Γ, [Φ, ¬ϕ, ¬ψ] ¬∧ 2. Structural rules taut (elimination of tautologies) and abs (absorbtion of a clause by a second clause, that implies the first one) Γ, [Φ, ϕ, ¬ϕ] Γ taut Γ, [Φ], [Φ, Ψ] Γ, [Φ] abs 3. Resolution res Γ, [Φ, ϕ], [Ψ, ¬ϕ] Γ, [Φ, ϕ], [Ψ, ¬ϕ], [Φ, Ψ] res 4. Tree axiom rules: For all k_1, k_2, k_3, k_4 ∈ K:

Properties of P, P^∗, L and = ({(u, u); u ∈ U}): Γ Γ, [¬k_1 ≈ k_2, ¬k_2 ≈ k_3, k_1 ≈ k_3] tr_= Γ Γ, [¬k_1 ≈ k_2, k_2 ≈ k_1] sy_= Γ Γ, [k_1 ≈ k_1] rf_= Γ Γ, [¬k_1 �^∗ k_2, ¬k_2 �^∗ k_3, k_1 �^∗ k_3] tr_P ∗ Γ Γ, [¬k_1 ≈ k_2, k_1 �^∗ k_2] rf_P ∗ Γ Γ, [¬k_1 �^∗ k_2, ¬k_2 �^∗ k_1, k_1 ≈ k_2] antis_P ∗ Γ Γ, [¬k_1 � k_2, ¬k_2 ≈ k_1] irrf_P Γ Γ, [¬k_1 � k_2, ¬k_2 � k_3, ¬k_1 � k_3] intr_P Γ Γ, [¬k_1 ≺ k_2, ¬k_1 ≈ k_2] irrf_L Γ Γ, [¬k_1 ≺ k_2, ¬k_2 ≺ k_3, k_1 ≺ k_3] tr_L

Relations between L, P and P^∗: Γ Γ, [¬k_1 � k_2, k_1 �^∗ k_2]

T_1 Γ Γ, [k_1 �^∗ k_2, k_2 �^∗ k_1, k_1 ≺ k_2, k_2 ≺ k_1]

T_2

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS 9 Γ Γ, [¬k_1 �^∗ k_2, ¬k_1 ≺ k_2], [¬k_2 �^∗ k_1, ¬k_1 ≺ k_2]

T_3 Γ Γ, [¬k_1 � k_2, ¬k_3 � k_2, k_1 ≈ k_3]

T_4 Γ Γ, [¬k_1 ≺ k_2, ¬k_1 �^∗ k_3, ¬k_2 �^∗ k_4, k_3 ≺ k_4]

T_5

5. Node symbol rules: Let T = {t_1, · · · , t_n} be the terminals, A = {a_1, · · · a_m} the attribute names and V = {v_1, · · · , v_l} the attribute values. For all k, k_1, k_2 ∈ K:

Nonterminal labels for all internal nodes: Γ Γ, [¬k_1 � k_2, ¬δ(k_1) ≈ t_1], · · · , [¬k_1 � k_2, ¬δ(k_1) ≈ t_n] μ(u)

Uniqueness of μ: Γ Γ, [¬k_1 ≈ k_2, δ(k_1) ≈ δ(k_2)] unique_μ

Uniqueness of the attribute functions: for all attribute names a: Γ Γ, [¬k_1 ≈ k_2, a(δ(k_1)) ≈ a(δ(k_2))] attr_1

Attribute functions undefined for terminals: for all t ∈ T and a ∈ A: Γ Γ, [¬δ(k_1) ≈ t, a(δ(k_1)) ≈ ⊥] attr_2

Attribute values in V or undefined: for all a ∈ A: Γ Γ, [a(δ(k)) ≈ v_1, · · · , a(δ(k)) ≈ v_l, a(δ(k)) ≈ ⊥] attr_3

10 LAURA KALLMEYER

Proposition 1. (Model invariance) If Γ_2 can be constructed from Γ_1 in finitely many steps by applying inference rules, then: ⋀ Φ1∈Γ1 ⋁ ϕ1∈Φ1 |= ⋀ Φ2∈Γ2 ⋁ ϕ2∈Φ2 and ⋀ Φ1∈Γ1 ⋁ ϕ1∈Φ1 |= ⋀ Φ2∈Γ2 ⋁ ϕ2∈Φ2 This can be shown by induction on the number of rule applications.

The following definition is again taken from Rogers (1994b):

Definition 8. (Saturated, open, closed and satisfiable branches) 1. A branch Γ is saturated, if:

- No logical rule can be applied to Γ. - Neither abs nor taut can be applied to Γ.

- For all applications of res to Γ the new clause introduced by this application can be removed by abs or taut.

- For all applications of tree axiom or node symbol rules with node names occuring in Γ the resulting new clauses can be removed by abs. 2. A branch is closed, if it contains an empty clause. 3. A branch is open, if it is not closed.

4. A branch Γ is satisfiable, if there is a tree B and a node assignment function g such that B |=_g Γ.

Proposition 2. Let ψ be a formula with attribute names A, values V and terminals T and Υ ⊆ K a finite set such that node(ψ) ⊆ Υ. In finitely many steps a unique saturated branch Γ can be constructed for ψ and Υ, such that ψ |= ⋀ Φ∈Γ ⋁ ϕ∈Φ and ⋀ Φ∈Γ ⋁ ϕ∈Φ |= ψ Notation: Γ(ψ) is the saturated branch for ψ (wrt to a given set Υ). If it does not matter which set Υ was used, we simply write “Γ(ψ)”.

Prop. 2 can be proved by first giving an algorithm for constructing Γ(ψ) for a given ψ and then showing that the result has the properties mentioned in the proposition. The construction is very similar to the one proposed in Prop. 5 in Rogers (1994b).

Proof: Construction: Γ_1 := ‖[ψ]‖ 1. Apply each tree axiom and each node symbol rule with symbols from A, V and T and node names from Υ once to Γ_1. The result is called Γ_2.

UNDERSPECIFICATION IN TREE DESCRIPTION GRAMMARS 11

2. Apply the logical rules as often as possible to Γ_2. The result is called Γ_3.

3. Apply res repeatedly to Γ_3, as long as new clauses can be added by res. The result is called Γ_4.

4. Apply the structural rules as often as possible to Γ_4. The result is Γ. (The order of the first two steps is of no importance because neither tree axiom rules nor node symbol rules add any logical connectives.)

To show: The construction terminates after finitely many steps and the result is a saturated branch Γ, such that B |=_g ψ iff B |=_g Γ. (i) Construction terminates after finitely many steps, i.e. each of the four parts 1. to 4. only consists of a finite number of rule applications: (a) 1. part: There are only finitely many rules with node names from Υ and symbols from A, V and T that are applied to Γ_1.

(b) 2. part: There is only a finite number of applications of logical rules to Γ_2 because Γ_2 is finite and each logical rule removes some logical connective.

(c) 3. part: Each application of res in 3. adds a new clause. But the number of possible clauses containing elementary formulas with node names from Υ and symbols from A, V and T is finite: There are only finitely many elementary formulas, that can occur as elements of a clause. If n is the number of possible elementary formulas, then there are 2^n possible clauses and consequently at most 2^n applications of res in 3.

(d) 4. part: Each structural rule removes a clause. Consequently only finitely many applications of taut and abs are possible.

(ii) Γ is saturated:

(a) No logical rule can be applied to Γ because no logical connectives are added in 2., 3. or 4.

(b) Because of the 4. part no structural rules can be applied to Γ. (c) Because of Γ ⊆ Γ_4 all applications of res, that are possible in Γ have already been done in 3. Each additional application of res either does not change anything or adds a clause that can be removed by taut or abs.

(d) In the beginning all tree axiom rules and all node symbol rules with names from Υ have been applied. The clauses added by these rules are no tautologies and contain only elementary formulas. Because of this they have not been removed by taut or by a logical rule. Perhaps they have been diminished by abs. Consequently

12 LAURA KALLMEYER

for each result ‖Γ, Φ_1, Φ_2 · · · ‖ of an application of a tree axiom rule or a node symbol rule to ‖Γ‖: For each new clause Φ_i there is a clause Ψ_i in Γ with Ψ_i ⊆ Φ_i, i.e. Φ_i can be eliminated by abs.

(iii) Model invariance: Holds because of ψ = ⋀ Φ∈‖[ψ]‖ ⋁ ϕ∈Φ and Prop. 1. 2 Closed branches are not satisfiable. This means that a necessary condition for the satisfiability of a formula ϕ is, that Γ(ϕ) must be open. We will see that this is even sufficient, i.e. that if Γ(ϕ) is open, then ϕ is satisfiable.

By comparing the saturated branches Γ(ϕ_1) and Γ(ϕ_2) of two formulas ϕ_1 and ϕ_2 a syntactic notion of consequence ϕ_1 ⊢ ϕ_2 can be defined:

Definition 9. (Syntactic consequence ϕ_1 ⊢ ϕ_2) Let ϕ_1 and ϕ_2 be formulas, Γ_1 and Γ_2 the corresponding saturated branches with node names from node(ϕ_1) ∪ node(ϕ_2).

ϕ_1 ⊢ ϕ_2 iff for all Ψ_2 ∈ Γ_2 there is a Ψ_1 ∈ Γ_1, such that Ψ_1 ⊆ Ψ_2.

⊢ is transitive and because of Prop. 2 it is also decidable.

3.2. Soundness and Completeness. If ϕ_1 ⊢ ϕ_2, then for all trees B and all node assignment functions g: If B |=_g ϕ_1, then B |=_g ϕ_2. This immediately follows from Def. 9 together with Prop. 2 and Def. 5. Consequently the following holds:

Proposition 3. (Soundness) For all ϕ_1, ϕ_2: If ϕ_1 ⊢ ϕ_2, then ϕ_1 |= ϕ_2.

In order to prove completeness we first need the following proposition:

Proposition 4. (Satisfiability of open saturated branches) For all formulas ψ and all Γ = Γ(ψ): Γ is open iff Γ is satisfiable (iff ψ is satisfiable).

Proof: We only have to show, that: Γ open ⇒ ψ satisfiable. Let Γ = Γ(ψ) be open, Γ is constructed wrt a set Υ of node names. (i) First we will extend Γ to a branch Γ^′, such that for all k_1, k_2 ∈ Υ:

[k_1 ≺ k_2] ∈ Γ^′ or [¬k_1 ≺ k_2] ∈ Γ^′, [k_1 � k_2] ∈ Γ^′ or [¬k_1 � k_2] ∈ Γ^′, [k_1 �^∗ k_2] ∈ Γ^′ or [¬k_1 �^∗ k_2] ∈ Γ^′ and [k_1 ≈ k_2] ∈ Γ^′ or [¬k_1 ≈ k_2] ∈ Γ^′. This means that Γ^′ must be completely specified wrt ≺, �, �^∗, ≈ (in general Γ^′ is not unique).

Construction: Γ

-ecifiedFF(.)peop:Fn()68184614 noh↼v↽230n↼k↽1848ψ498338eci�2ψyψFF↼▷↽pΩFv↼rn↼ϕ↽94k986ψyψFE↼2↽852ψ49632ψyψFE6,↽gψFm↼Γ↼ΓψFn↼k↽1430ψ1426ψyψF41↽r↼eci�7ψyψFE6,↽gψFv↼rn↼8↽1881Ω3355ψ2ΩFE↼2↽852ψ4963F↼ΓFF↼▷↽pψeopk↽657ψ4/↽23ψv↼rng3ΩbψFF↼Γ↼fFn↼,↽14ψbψFl↼Δ↽pψFn↼,↽gΩFl↼Δ↽2465Ω3873ψyψFF30↽2196ψ43ψ170ψ1588E6,↽gψFm↼π↽28ΩbψFg↽gΩFl↼Γψ4989ψy↼P41↽r↼eci�75788E6,↽gψFm↼Λψ4989ψ7ψFE↼2↽852ψ4962l↼Γ8E6,↽gψFbψFn↼K↽6ψbpψFs↼↽620m↼↽.↽1opΩPStoPSsavedψrestoreΩuserdict◁PStoPSsavedψsaveψputΩPStoPSmatrixψsetmatrixΩ708▷661417ψ337▷322835ψtranslateΩ90ψrotateΩ1▷000000ψdupψscaleΩuserdict◁PStoPSmatrixψmatrixψcurrentmatrixψputΩuserdict◁PStoPSclipı0ψ0ψmovetoΩψ595▷000000ψ0ψrlinetoψ0ψ842▷000000ψrlinetoψ595▷000000ψ0ψrlinetoΩψclosepath℘putψinitclipΩPStoPSxformψconcatΩ11ψ11ψboyψFE5ψ821ψaψFE↼UNDERSPECIFICA↽5ψb↼TION↽29ψb↼IN↽g↼TREE↽gΩ↼DESCRIPTION↽g↼GRAMMARS↽248ψb↼11↽537ψ13↽0ψyψFF↼for↽k↼e18ψ46795Ω991↽1869ψ46n↼anFF↼for↽k↼e.Fn↼ψ↽6818ψ4612ψyψFE↼2↽1847ψ461241ΩFF↼▷↽37ψb↼The4y↽27Ωb↼thauses↽f↼one↽↽↼es↽hψFF↼in↽g↼3▷ong↽g↼as↽g↼new↽g↼Ωautologies↽f↼ay↽Γ▷↽55Ωb↼trf↼namucedd↽g↼ΓΓψy↼ΓΩyΩFn↼Γ↼8↽1881Ωs↼or↽hψFften↽h↼as↽e↼p↽r↼ossible↽g↼in↽786Ω00↽1605ψ12485yψFs90↽1869ψ464E↼2↽FF↼there↽9↼ha↽n↼ite↽i↼n↽n↼n↽n↼y↽f↼stepsΩations↽g↼of↽hψ485700↼3▷↽41ψatisΓ⇀ψ183↼ϕ↽ψbψFn↼π↽gψj↽230n↼kΩFn↼,↽g57ψ4/↽eψFs↼↼↽ϕΩ↼termino↽r↼dekΩFn↼,↽gΩFF↼Γ↽1337ψ4517ψyψF15ψ↽1869ψ4644ψyψ3▷↽41ψathat↽e↼areni↼saturtructing↽f↼Γ↼g↽ihe↽g↼n↽es↽g↼aftd479ψy↼↼iii↽Else.irst↽2Cho↽27Ωb↼l↽t↼l↽n dekΩFn↼,↽eψFF↼Γ↽1337ψ4517ψyψFF00Ω1869ψ464453ψFF↼and↽i↼P▷↽f↼↽h↼that↽h↼Γ↽2ψ kΩFn↼,↽g1 ∫†⇕⌊⊔⟨⌉∇⌉ ⊔⟨⊣⊔≀ ′⊗∞∀∄←△△▽△△←†←F↕⇐⊣\⌈⇒⟩⇐P←F⇕⇐‖⇒√▽∋∋←∈▽∈′̸†←FF⇐′⇒∞∀∄←△△̸▽←†←F↕⇐⊣\⌈⇒⟩\⇐\≀⌈⇐⊑⇒∈∋′\⇐‖⇒∞∀△∀←FF⇐⊎⇒√←F\⇐∅⇒}←F⇕⇐⇒¬⇒∞≀√⊗P∀←†⇐∞▽⟩⟩⟩⇒⊗⌊⇐⊔⟨|⇐⌉∫⇒⟨←FF⇐⟩\⇒⟨←F{⊔⌉\⇒⟨⇐⊣∫⇒⌉⇐}⇒∇⇐≀∫∫⟩⌊↕⌉⇒}⇐⟩\⇒∀−⇒}⊗′∞∈←△∋∞▽∈†←FE⇐−⇒∃←△△▽△△←†←∞▽⟩⟩⟩⊣⊔⟨⊣⊔⇒⌉⇐⊣⟩∫−⊣∫⇒}⇐√⇒∇⇐≀∫⇐⌉∫⇒√←FF⇐⇔⇒′′⇒∞⇏}⇐\≀⊔⇒}⇐⌊⇒∇⇐⌉⌉\↖▽⊗⌊⇐⊔∇{↖↕∃←†⇐←∈∋′†⊣⇕⊓⌋⌉∫⇒}⇐⊣⇒{⇐⊣√√↕⟩⌋⊣}⟩⌉∫⇒{⇐⊣\⌈⇒⟨{⇐⊔∀↚△∋⌋⊣⊔⟩≀\∫⇒{⇐≀{⇒⟨⊗⇐↕≀}⟩⌋⊣F∫⇒}←F∫⇐⊔≀⇒{←F⊣\⇒⊗\⇐†⟨⊣⇒\⇐⊑⇒∫⊓⌊⟩§⊗∫↕∃←†⇐�′†⊣⇐∇⇒∇∫⇒}⇐⊣⌈⌈⌉⌈⟩⇐⊔⟨⌉⇒{⊗⊗√⇒∇⇐≀∫∫⇒}⇐⌊⇒∇⇐⌉∋↙⇒∉⟩▽∋∋←∈▽∈∃←△←⊑←⇐−⇒∃←△△▽△▽←†←FE⇐∃⇒⇒∈△←⌊←F△∃←†⇐⋄←†←⇒⊗⌊⇐⊔⟨△\⇒⌉⊗F\⇐−}∀∀∞⊗∫⇐≀∇⇒⟨←F{⊔⌉\⇒⟨⇐⊣∫⇒⌉⇐√⇒∇⇐≀∫∫⟩⌊↕⊗⌉⇒}⇐⟩\⇒∀⊗̸′′⇒}∋←⌊⇐ℑ⇒}⇐⊗†←FE⇐ℑ⇒∞∞′∃←△△▽△△△†⇐⋄←†←◯⌉⇒∃⇐⟩∫⇒⊗{}⇐⊣⇒{⇐↕⊔⇒}⇐\⇐⌉⌈⇒{⇐⌊⇒\∫↕∃←†⇐∃←†←⇒⇒}⇐⊣⌈⌈⌉⌈∋⊔⇒}⇐⊔⟨⟩∫⇒⟩⊣√√↕⟩⌉⌈∫⊓⟩⌉∫⇒{⇐⟩§⊗∫↕⊣⇒{⇐⌋↕⊗⇐‖⇒∞∀△∀←FF⇐⊎⇒√←F\⇐∅⇒⇒{⇐≀⇐⊣√√↕⟩⌋⊣≀↕↕≀⇒\⇒}⇐⊣⌈⌈⌉⌈⟩⇐|⇒∇⇐⌉⟩⟨⇐⌊⇒\⇐†⇒⟨⇐⊣⇒}⇐↕⊗△←†←F′∈⊣⌊∫⇒√←F√←FF⇐⇔⇒⟩⇐⊔⟨⊣⌊⇐I{⇒\⇐URA⌉⊔⟨⌉⇒∀̸△⊗△∉←†←F∃⇐ℑ⇒∞∞′∃←△∞∀←†←F′∈⊣⌊∫⇒√F⟨⇐⌈⌉⊙\≀↕↕≀⇒\∇}⇒}⇐\⌉⊒⇒}⇒\⇐⟨⇒{⇐−⊗P∀←†⇐∈F⇐⊣↕↕⊓⌋⊔⟩⊗⌊⇐⊔↖▽⊗⌊⇐⊓↕≀⇒\\≀⇒∇⊗⇐⊣⊔⟩∫−⇑←∞⇒¬⇒∞≀√⊗P∀←†⇐N≀∋∀⊗⇐{≀↕↕≀‖⊓⌋⊔⟩≀\⇒{⇐⊔⌉∇⇕⟩\⊣⊔⌉∫⇒⟨⇐⊣{⊔⌉∇⇒{⊗⇐⊙\⊔⌉⇒⟩⇐\⇒\⇐\⇒\⟩†⇒{⇐∫⊔⌉√∫∫·⟩∫⇒{⊗⇐≀⊓∫⌉⇒}⇐≀{⇒⟨⇐P∇⊓⊔≀↚△△′←△∇⇐⌈⌉⇒⌉⊒{⇒⟩⇐⊔⟨⇒{⇐⊣\⌈⇒}⇐⌋≀∇}⇐∋↙⇒∉⌊⇐⊔∇{⇐\⊗⊣⇕⊓⌋⌉⌈}⇐−F\⇐V⇒△⟨⇒⌉⇐↕≀}⟩⌋⊣↕∞⟩∫⇒⌉⟩⟨⇐⇐⌉⇒}↕⌉⊣⌉⇒⇒∞∈∃⇐⌈⌉‖⊗F\⇐∅⇒⇐≀{⇒⟨⇐\≀⟨⌉⌈⇒⟨↖≀↚△△′△△∇⇐⌈⌉⇐⌊⇒\⇐⊗P∀←†⇐NF⇐⊎⇒∈⌊⇐↕≀⌉⇒}⇐⊖⇒∞∋↕↕⌉⌈⇒↕̸†⇒{⇐∫√⇒∇⇐⌉⊔⇒}⇐\⇐⌉⌈⇒{⇐⌊⇒\⌈C≀\∫⌉∐⊓⌉\⇒\⇐⊔↕†⇒∈∞←⌊⇐≀\↕∫⌉∐⊓⊔⌉∇⇕⟩\⇒}⇐\⌉⊒⇒⟨⊗⇐}⟩⌉∫⇒{⇐⊣†⇒∀←†⇐±⇐⊎⇒∈⌊⇐⌊⇒\⇐†−⇒∈∈←∈∋F\⇐V⇒△⟨≀↕↕≀⇒\\\⟩\}⇒{⇐⊣↕↕⇒}∇⌉⌉⇒⟨⇐∫⊓⌊⟩§⊗\⇐⊔⊣⟩\⇒}⊗}⇒}⇐⌉↕⌉⇕⌉⌉∞∈∃⇐⟩⇐⊓↕⊣⇒}⊗F\⇐−{′′′↙⇒▽↖▽⊗⟨′←⌊←F∫⇐⟩∃△←∈∞̸⊗∞∀∄←△∌▽←†←±⇐⊎⇒∈⇒∞≀√⊗P△∃∞⇒∈▽∀⇒⇒△∈←⌊⇐−⇒∈∀≀⇒∋∞⊗⌊⇐∫⟨∞△\⟩⊔¬⇒△∈←⌊⇐T⟨′′⇐⇒√←F\∞̸∈←†←∀∃←⇒∞∞′∃←△∞∀∈←†←∈▽∀⇒∈⊗⌊⇐·⇒⌉⇐⊣⌉⌈⇒{⇐⌊∇⊣\↙⇒∃←†←\⇒\⇐⊓⇕⇒N≀ ↕≀\⇐⌉⇒{ ∇⊓↕⌉ ⌋⊣\ ≀⌉∫ (in es trdefien to Γ

atterecause Γ um Fk(2k)pgj (gŒk(termino)r(deFk(2kcΩFF(Γ)223144185yFE5=)11094128a(Γ8b)r(eca.)9yΩ3191b(F)-6b(b(=)g(Θ)23bFF00)1337455y3212)1438n612iii3191bn n(abk(termino)r(h952Ω2522)fΩFF(Γ)eFs(isFn(T)3212)184746173228191bn)g(06Ω122j)gFF(Γh8071332)gFn(A)pF223144159yFj69

,01 aeh(that)h(Γ)28071332Θ um

⟩∫ F⊣↕↕ 06Ω122f eh↼that↽h↼Γ↽2807ψ1322 Kmea9sandforeeΩomplet↼in↽h↼2▷00↽g3ψb↼/↽gy↼Pr3379↽1109ψ4122ψyΩF4↼knd↽50ψ↼inducti↼axiom906Ω112↽g↼add↽g↼a4544ψyψF5nctio↽f↼nameseb↽r↼ol↽g↼rule↽Ωf↽g↼then.hb↽r↼e↽h↼sho↽n↼wv↽n↼ed↽f↼b↽n↼yehψFn↼taut↽gΩF↼▷↽637ψ4f↼sym↽n↼bΓ↽28ll↽g↼trees↽Ω620ψ294ψyψF6↼,↽c↼k↽2B000symbentfunV knd If3n Bn(Œ)bFF(=)23ΩbFn(05yFl(Δ)32931yΩFF0Γ)p122051y357= ßKΔΩ80713dFF(Γ)13374516yFn7Γ =

ß �wing tt a nhutermin new branch �, nhunstructm-o64438es sprminaifiedese((199)i(th).)6204,�(�)pFn(;)16y3788003eFm(ß)28�b6m(2)j(UFFn(V)55fFn(v)205Fhe)f(prop)gusestepss713�cri(sho)dg(�g(ruled)f(b)n,14en06�1226443F(Not((mea9s)fe)h(axiomfiabifyll)grea)g(nhu(h)f(�P)30ben)n(tly)21b(onl8b(b(=)g(9yF887)11094121y3F(N000)p1all)g(no)s0)g3b(=)f(op)r(en14a-o644(b))4ble.)33�b(ThiF(!32)620�1569y(4251bn)g(Wo)r�(dthey)h(osition:)6203leteness)h(w)n(e)�beappliednb:69y(44())]s(osition)j(4.)410�313(and)30�eness.)54�b1839y(40y�b(or)30b(al)t(l)h(formul6)1814338yF5(1)183736m(g)40y�b4b(Œ)106733947�F5(1)18372)9yF0y�b4s(F)-7b(Fn(Œ)13043391yFE(1)1837361245F0y�b4bFF(=)23�bFn(Œ)1304339791�F5(1)18372)14yF0y�b4s(then)g(there36)805�2321732FE(1)1837361778F0y�b4bFn(Œ)85325214vFE(1)1137454F(�F0y�b4s(.39y(4F(:=)22bAsformula)g(giving)no)g(fpplicaollo�hteness)h(w)n(eev)n(erpplica(firstextengdn)f(b)n)d(foro)n(wing)f�(prop)r(lemma:69y(4F(.)38(�mmapart:)4s(or)30b(alsult)gFn(t)23b32522244�12e�FF(sa1007)FE(1)2506489795�4F(.)38m(˙)uses)f(;)14ses)f(;)g(�)f�FF(sa1E(2)FE(1)1747n)p�FE(Fm(k)pF736178y(4F(.)380403606)620�391.)61�FE(1)25032545�yFF(.)3804)n(h)h(t)h(�)k�FF(sa2492�FE(1)2503i93545FF(.)3804lled)pty)g�n(tarform)9y(49(�a)h(with)3t)g(termi0)1315224auΩFF(isp4s(F)-7b6)23012076‘ Fn(4aut)gΩi˙ sa1E89FE(2)85243377yΩFE6;

12URA KALLMEYER

Prop12,13of: fppliΩ(satur(lemma:6(Œ)bAethe5Ωb(b(=)e00()pΩFn()s6)pFF())h(m)n(ujsym)n(b12431587Ω991)18694622a(FF(.)37b(=)18184(Œ)17042426)fΩFF(˙)gΩFF(sa25yFE(2)18432545yFF(for)k(e1)nlsequ(definolΩb(leted)g(brancΩ0y(finit(hes)e(are)hj(for)f(a)r(chgΩ(op)r(ucted)f(wrt)g(ausew)g(cloeΩommes)f(from)h(Υ)de)pΩFF(()pFn(Œ)211924auseΩFF(˙)g1ΩbFF(i26Fj(i)30768.)471)FF(there)965ΩyFm(ΘbFn(8b6)230120g27Ωb(Γree)h(aies)f(ay)31Ωb(,he)h(foll5Ωh0bFs(Γ(=n(b124317yF190)18694647yFs(there)9620Ω3.f3n)eFmb(is)f(t6)202133dΩFF(‘e36)805Ω232c8m(˙)kΩFF(sa24(1)Fj(i)2346n064yFs(there)9tΩuvipplthe)h(f620Ω3.f1yF314nitAethh6)230120g27ΩbΩ(op)r(up)r(oaies)f(ay)31Ωb(.f1yF4(Γuction)22Ωb(ter7(p)r(ossto)h(a)000Fn33252601)F389)110941v999F4(ΓpFn(are)f(2satur(le(rules)i(as)f(h(extend)b(nΩalie)lΩ(d)idula)g(givi1838yF51Œ)23[)pFn()sΩFF(])7y1531)1629Ω177yF51Œ)bFm(Δ)g(Δ)g(Δ)28bFn(;)14b(a)pFF(961y15i11747n)pΩFE(Fm(k)pF736115y15(ΓpFnk)65747632)j(UFFn(V)56)23[)pFn()sΩFF(])1621531)1629Ω1715yF51Œ)bFm(Δ)g(Δ)g(Δ)28bFn(7)14b(a)pFF(969yF5i11747n)pΩFE(Fm(k)pF7361961ΩF51Œ)bFmg(sa20yF5i11747n)7y715(ΓpFnk)6574763Γ)22ppliedsatujnrg)g(ns(appliino)r(h9ible)g(in)786y(fo1lic)l(atiof(of)hΩr7(p)r(ossle(rules)i(as)f(h(00)gΩ)23[)pFn()sΩFF(FF(])pFn(;)gFm(k000)31ym)n(6)23[)pΩFn()sΩFF(FF(])19)fΩFF(˙)kΩFF(sa2E(4)30y1747n)73yfo1licFn(;)gFm(k0p203035y(17)r(esAethe8b(b(=)8yF7y1747n)8yF71abs)pFh(deΔgnollo)nrg)g(n(a)f(form)iΩ(infefΩFF(isg27Ωb(add)g(a00)16)23[)pFn()sΩFF(])08yF7y1Ω6428364y(Υ)r(eFm(Γ(Δ)g(Δ)g(Δ)27bFn(;)1Ωb(a)pFF(988yF7y1747n)pΩFE(Fm(k)pF73627yFn(N000)bFmg(sa2822F7y1747n)28yF71licFn(;)gFm(k0pΩ03035y(18)r(esClaimHolds)2or)28b(eac3g(no)r(de432522yF8y1747n)18yF8)r(eFF(Γ)1337451F()F8y1747n)145y181licFn(,)g(for)fgr)r(atter)(defiwv)n(ed)f(b)n(yehFn(taut)fFF(anpFn(,)g(foΩ122f)gFF(Δ80713gFF(Γ)1334436y(f9b))4eh(that)e8b(Γ()p1322)fFn(K)11)13432522yF7y1747n)186yFE1])2)1opΩP4ΩyFnb))4In)h(on)fΩ1)e(aore36)80n)39b(F)5y(21b))43b(Γ)28In)h(on)fΩ1FF(starte36)80n (gΓEachAsf24b(b(=)called)6ted wrt aΥψΓ trees k Δ Δ , a92AF121Fm(k)pF73645yF11;; ▽̸←†⊗⌉↕⌉⇕⌉⌉⊔ or tratte applied to f subixΩn(tpliΩ(salled)(hes)e(ar0)h(is)g(costilnectiv))g(onlysn4y(63yΩeleΩr7(p)subixΩn(tplig()sΩFF(])1251j(i1)2364281216(63yΩeFm(Γ(Δ)g(Δ)g(Δ)27bFn(;)14b(a)pFF(96548Ωj(i1)2367n)pΩFE(Fm(k)pF7361671j(16)14n(;)e)7866)000Fno)s0)f)f(clΩ(k)18485141j(i1)236428229863yΩeFm(Γ(Δ)g(Δ)g(Δ)27bFnΩ(;)14b(t)2146Ω0641j(i1)2367n)pΩFE(Fm(k)pF73629yΩ63yΩeFm(Γg(sa20yFEi1)2367n)28y(16)14n(;651yΩ6E(2)2)42b(Γ)28In)h(on)fΩ1ds)21isrules gΛHolds 2

6E(2)2 wr2i5332521yF531inApply xioml +4897yFE(2)298b(F)4y2ithde symΩbol rules add possed branwef L∈‖⊣FF(])pFn(;)gFF(Φ)17[4325gFF(Φ)n(ffi)sFF(2)pFn(;)e4 Γu2851es inhfFan prop eFpFF(,)i(tha:)dRAethe that are5g(no)g(ta[001375yF926Ω18694643yF95;)14n(;)e2 ∈‖⊣FF(])pFn(;)plicatmb[432519y(n926)18694620yF95;; ∅ �(�)n(ffi)sFF(2)pFn(;,)plicaeh(that)h(�)28[071330yF926

; �(�)13[Fk(;)3m(2)F9262 Γ

;on F(Ap5uses)ase:i(f)pa[001374yF136

; ,ΓF16,, ∅∅ ∈‖∈△∃∋←F∞∋∅̸ F ∈‖⊣∅ \≀∅ ∈aFn 2↼g♭00ψ1379ψyψFj↼nΩ1869ψ44546ψyψFE7yΩeψFm↼Γ↼Γ↼FF↼♯↽pψFn↼,↽p9icatm↽ne↽♭Fk↼,↽20ψyψFj↼n↽1109ψ467ψy8ψF376↽14ψn↼,↽c↼↼g♭00ψ2836ψy↼te4end↽59ψ46oψ412262ψFE7yΩeψFm↼Γ↼Δ↽n↼δ↽sψFF↼2↽p4ψn↼,↽101yΩ↼dπ↽23Ω↽n3ψ011↽295↼ψb↼/↽caed↽g↼bran↼ψ↽k↼foΩ122h↽gψFF↼Δ8subixΩngΩtplig↼ψFk↼2k247yΩF457↽1109ψ4462rψyψF↼dπ↽b↼a↽pψ011↽2952Ω2936ψyΩ↼57↽1109ψ4462F↼./F↼dπ↽n↼,↽337866↽000FnpliΩ↼♭Fk↼2↽pψFb↼a↽pψ011↽2952Ω2,ψFm↼01yψF014nitin↽p9icaψb↼/↽gg↽r↼fa♭00ψ137401↼suc6↽1109ψ44674ψyψF014ni1↽b↼a↽pψ011

ΓF014ni1,ncntly oneno ∪F‖⇐∈⇒√←F⌊⇐⊣⇒√←′∞∞ ∫⊣⊔⊓∇⟨⌉⌉ ⊣⟩⌉∫ ′∞†←F†⇐P∇≀⊣↕↕⇒}⇐\⌋∇⇐⌉⇒⟨⇐∫⟨≀⇒\⇐⊒⊑⇒\⇐⌉⌈⇒{⇐⌊⇒\⇐†⌉⟨←F\⇐⊔⊣⊓⊔⇒}⊗F∫⇐↙⇒∃∃≀√⊗P△←†←F∃∞̸←⌊⇐A√√↕†⇒⊔⇒}⊗F∫⇐↙⇒⌈⇐UFF\⇐V⇒▽⇏←FF⇐⊣∇⇒⟨←F{⟨⊣⇒\⇐⊑⇒⊑⌉⌈ ⊗⌉⌉\ ⊣\⌈ ⊔⟨⊣⊔⇔{≀∇⇕⇐V⇒△ ⊒ℑ∞←†⇐P∇′̸⇒}⇐⟨⊣⇒\⇐≺⇒∈∞∞∃←∈△▽∋⊗△∈∃

⊣ℑ∃ ⊔⟨∀←△⇐≺⇒∞′△←∈△∈∈←†←F∈∃≀√⊓⌋⊔⌉⌈ ⊒∇⊔ ⊣\≀⌈F∫⇐⇔⇒⌋⇐⇐}⊗⇒√⊗FF⇐⇐⇒√←F\⇐≺⇒∈∞∞∃←∈△∈△←†←F‖∃ nohe(ϕ ψ1tk↼2↽p↼o↼orly↽27loss↼applica↽e↼Γf↼of↽h↼a6↽1704ψ242↼dϑ79↽1837ψ2815ψyψF36,↽14ψn↼igψFn↼V↽d↽6tejs↽iψF↼b↽r↼eenn↼asnnectb↼asfΩ↼atto↼orh↼doun↽78Ω6ψy↼tir↽31ψneg↽620Ω1695ψyψ4F↼ClobψFn↼8ψb6↽2301ψ20752Ω457/↽1107ψ36mψyψFF↼Closed↽ey↽h↼atisβable▷↽33Ωb↼n↽d↼for↽f1605ψ1243↼Γ857/↽1107ψ36175788F↼Closed↽Fm↼k↽pψFF↼♭↽pψFn↼ψ↽83786,↽g1↽gψkF↼either↽n↼V↽56↽ψF80ψ284895ψF07/

kClosedf620Ω3▷f1ψy↼4F↼./↽tAethh6↽2301ψ204ψyψFk↼1↽2506ψ4888y↼wr↼./↽22ψbΩ↼op↽r↼u14able▷↽33Ωb↼Thi6y↽2↽20ψb↼of↽7↼p↽r↼os6↽1814ψ339774ψFk↼1↽2506ψ48193yψFF↼./↽22ψbψFF↼/↽23ΩbψFn↼ϕ↽2021ψ33978y↼46↼2↽2621Ω19614ψψFF↼./↽222119ψ242695ψF672↽2996ψ4237ψyψwr↼./↽22ψbis4k↼06Ωnrated↽ble βll035ψy↼Pee↽21ψo sh14ψit. Th00↼6

↼iΓdlemen

4F(.)34In on aore3(foro)nral LF(.)38b(F)5y(Γ)99Ωb(First)2In on astartTh00(

1op2

fore]kcΩFF(6Γ)3113Ω4470yFE(1)16991028ΩyFF(.)37b(Thrst)6

Γ(8)1()sΩFF(FF(])292FE(2)8524962950FF(.)pΩFbFm(2)gFF(Γ)3214Ω431i26FE(2)852496F164FF(.)pΩFbΩPStoPSsavedrestoreΩuserdict/PStoPSsavedsaveputΩPStoPSmatrixsetmatrixΩ708.661417337.322835translateΩ90rotateΩ1.000000dupscaleΩuserdict/PStoPSmatrixmatrixcurrentmatrixputΩuserdict/PStoPSclip–00movetoΩ595.0000000rlineto0842.000000rlineto-595.0000000rlinetoΩclosepath˝putinitclipΩPStoPSxformconcatΩ1111bo5o5821aFE(UNDERSPECIFICA)-5b(TION)29b(IN)g(TREE)gΩ(DESCRIPTION)g(GRAMMARS)248b(11)53715)0yFF(for)k(eSupd)27Ωb(Ω130bΓ)28[036

ffiforeatisΓainnot2Œ theresatf036 is147FE(3)732Ω1242(dΓFF(there)9=m(2)gFF(:036)pFF()1671Fs90)1869464671Fg41)18372817322FF(theΩFbΩP750(3.)41at23Ω)n003.tψFF(])17y(11911747neg426y(3.52)184710274y3.)41atha;⇒∈←FF∞≀⌋′←⌊⇐⌊∇⟨\⇐⟨⇒{⇐−⇒⊗∈⇒∇⇐⌋}}⊗⇐≀√⇒∇⟩⊓⌋⊔⌉⌈⇒{⇐⊒∇⊔⇒}▽′⊗⇐⟩⟩⟩⇒←F\⇐⊔⊣|∇⇕⇒⟩⊗⇐⟩\{⌉{⇐⌉←F√←FF⇐⇔⇒⟩⇐⊔⟨⊣⊗P▽′⇐∋F⇐↙⇒∋⊗FF⇐F⇒⊣⊓∞⇒∞∋⌈⇐∈⇒⟨⇐⊣{⇐△⇒}⇐⊔⇏∞∋′△←∋∋∃∈∞⇒FE⇐△⇒∈▽∈△←△∀∃⌉⇒⊗FF⇐↙⇒∋←⇕←∋∀}⇐TR∘⇒∫←FF⇐∈⇒∀∀←†←F△▽∈⇒∞∀△←∞′∈▽∞⇒FE△∞∫ \≀⊔ = ϕ

ψ trψ∈ Γ 1

t-(of)g(aΩFF(f)38f)g(an)g(0y(97minal(resultΩFF(V)134F98y)1837b(=)88y(f97minre)9,mgΩFF(V)971F98y)1837b1n6128f97minre)9nl ΩFF(V)186yFE82 t wr2f214Ω431

N0841at23Ω

N0841at23Fn(Œ)85325210y(n4y1137454424(N0841atopΩP491)219)2 Γ on stepulagf g.

‖⇕′⊕ ∅ ∅ · ⇕′⊕\⊣⇕∋∀\̸⇐⊔⊣∇†⇒}⇐{≀∇⇕⇒↚△△′∈∃∞←∞⇐⊓↕⊣∫⇒∉′←∈′‖̸⊗FF⇐∫⊣∞∇⇒↕⇐∈∋′∈⇒∞∀△∋←⟩∋∃←∈△′∈∃∞←∞←F\⇐⇔⇒}⇐∞∋∋∈×⇒∈∋←⌊←△↙{ ̸⊗P∀←†⇐N△′∈⊓∫⌉⇒∈′←⌊⇐≀{⇒⟨⇐√⇒∇⇐≀∫⊗⇒∞∋′△←∋∋∃∈∞←FF⇐⇒⇒∞∃△←∈∀∞∈∀∃⇐N△′∈⊓∫∈∈←⌊←FF⇐ℑ⇒∈∋⊗⌊←F\⇐≀{⇒}⇐⟩←FF⇐⟩∫∞△△†←FF⇐⇒⇒∞∃△←∞′∈▽←†←N△′∈⊓∫∈∈∇⇒}⇐⌈≀⇒∇⇐⟨∈⇒∞∀∞△←∋∋∃∞′⊗FF⇐⇒⇒∞∃△←∈∀∞′⊗†←N△′∈⊓∫∈∈←⌊←FF⇐ℑ⇒∈∋⊗⌊←F\⇐≀⇒√←F∀←←▽∞′←∋⊗FF⇐⇒⇒∞∃△←∈∀∈∞←†←FE′∈↕≀∫⌉⇕⇐∨⇒⇐←⇒∉′⊗∋∃∞∈∈∋†←FF⇐⇒⇒∞∃△←∞′∇⊣\†←FF′∈↕≀∫⌉⇕⇐⇒{⇐∅⇒∞△∫⌉∫⇒{⇐∅⇒}⇐·⇒⇕∋∀∨̸⇒}∞⊗⌊←FF∈▽←†←F△⇐′⇒∈∞∃←\) = o)1

f↼,↽14ses , sa29yF6(1)1837nFm(k)pF7362382uN6yΩb4Fb(4.)6036

1

1.

Fm(k)pF73627yFE02losetrerm3Œ N72yΩb4b(97727t4)299613857(N72yΩb4F(˙)g1ΩbFF5y27t4)18471020yN72yΩosem()f(;)14ses ; Δ Fm(k)pF736F455(N72yΩb4F(‘m3Œ)229659y((31)1837361653(N72yΩb4F(˙)()620Ω39127yF7t4)18471025yN72yΩb4F()f(;)14ses)f(;)g(Δ)m2786˙ ]Fm(k)pF73622yN72yΩb4F(˙)g1ΩbFF23yF7t4n↼abs↽gψFψ5301yΩ67t4ℓm6ψ44082yΩb4ψb↼ψ9↼iians4↽2996ψ13453ψ082yΩb4ψF↼⌢↽1use848ψψ50ΩyψN8t4↽1847ψ1093yψF82yΩb4ψF↼↽f↼,↽14ses , Δ ]lemmaΩivof pFirst on all astep g.

a051

← ∅ ∅ · Cla051]

”lo0t6

Fscs ; ; Δ sa1404F1651647nFm(k)pF736F562F152t6

= ↽620Ω391▷Closed

3262 ψ , , Δ sa20y7eFm(k)pF73628y3262 kn7e ψ

33ψ3

.Fm(k)pF7365y333b(=()sFF()11)53Fs(.)620736F61y333)1reb372uses;;Δ.)15633

.nafeassignm(from)f(Υ)6y(343)1repΩFF(()pFn(Œ)170424896134(.)62073693y343[(▷16or ea3t pplica52Ω29eψFF↼Γ↽2547ψ4314ψyΩ34↼▷↽6207ψn2 n on UFFb(=)gy3:=F((3)1649412289(F43)1rebfoΩ122)g(op(Γree)h(b1n6fFn(A)pF2231441889(F4(.)620736F926ΩF43)1reb.)f()h(that)6y(353)19can)fc(071332Θ)23bFF01

3683

3683 (3683)13ΩbFed(Ψ)18(from)f(Υ)hΩ(ϕ

3683 node(ϕ 3↼i▷↽2996ψ423626↼3683↽13ΩbψψFe4↼onser↼e↽g↼elimina6te20ψyψ3783↽19d↽f↼wrt↽gc↼Υ↽h↼and4642ψyψF79▷↽6207ψninduc3ult edly to Γm infeh(eFpFF(,)i)50Fut orere FbΩ(op)r(uollo)nnh firstgethhΩfΩ(fin6)Fkhk6 of pFF(,)i(that)ut and ab6ψ443F8yΩb4ψb↼F↼ar↼either↽00↽1605ψ169ψyψ3991↽1837ψn952

0

4(k221o)31Ωb(sh14it:)42b(Th00Ω)2or eac7g(no)r(de4325cFF(Γ)3214Ω4315yF20Ω6207n;k)17y(-)092losed Γh8071332 Γ = iii saeh(that)h(Γ)28071332Ω02 93F20

420y(34In)h(on)fΩ1 FInonFm(k)pF73615y3F8yΩb423[n0:pplyofhrop.f6 l6;;Δ)34yF32.Fm(k)pF736750(4412)1848bΩFn(T036)2021339yFl2.

kFInon6dΛHol7sin4633,totha:ifat47(ß)34trToΩ122fayta[0036F628Ω47(1)95745485y47(ß)b(t)2146Ω0satha;Φ

;∈Aπ

,/⨆⌉{}~(⨆{{} ;Ωd22FbΩP850(4onstruToΩ122k)ppliedsubixΩsli5334LF(6)181130357F85;√⌈]⟨{⋃⨆⌋{{(⨆}√{~^]�⟨⨆}~(⨆^{}⟨(√∐[∐}}({∐⌉}{{^(}⨆⟨((⨆√⌈]~⋃(⨆~^]⨆{{⨀⟨⨆}~(⨆^{}^(⟨⨆~^]�⨆

12URA . 1.000 Γ(K)6bpFs(489794ΩFE(1)1699102459FF(for)k(epFm1)28:036)173ult 2 · ∪F‖⇐∋∞̸△←†←∞∞▽←⇒∞∀∄←△△̸△←†←∞∞▽∈⊔Φ

∪F‖⇐∋∞̸∃△†←∋∞▽←⇒∞∀∄←△△̸∃△†⊗∞∞▽∈

F∞∈♭Fk↼363062Ω315ψ↽1869ψ463062ψ1152

↼ψ↽kΩFdψb↼/↽12ψyψFE↼3↽1642ψ,a⊣{∉′⊗∋↙{∀′←∋∋⇐↙⇒∋⇐S⊣↕⇒}⊗⇐∇√↕⟩⌋⊗}⇐⊣⌈⌈⇒¬√′′⇐⇏∞△∋←∈∈∃⌉⟩⊔⟨⌉∇ar00itvedb14ny;;Fm(k)pF736228f4nyth620Ω3.f38yF58;Ωd22l41025yF87. Fs(5g(0)v(TDG-Fps))asnnism14y(w024)38b(F1.0i8(Grammar.)56ither)A xiom5Γ(D3Ωcripon)fΩhbGrammarition chee ixΩngn ‘ ^,he (al)t(l6)20213394 ‘ b36 (al)t(l6)20213394 ‘ b36 620Ω3.f9yF2911Fn(olloku)g(givingructidion)fΩf(620Ω3)caiFn()i5332(Œ)211924i(thab((f)gFF(itionΔgΩ(ab(thfd(2)h(ag(4)g)n(hthat)g(salleguctidion)fΩ9yF791Ωypo)s0))5)14)a(chgΩ(op)r(uulas)6202tn(y)h(V)d)Δ8syy that of e chee ula Γf000▷hΩ↼d3cid3Ωb↼Thp6↽10Tn↼Γen↽g↼the↽g↼ques620Ω↽ΓwoΩdo↽r↼gee↽9ψyΩ3590 ula Γcaturhee d3Ωcripon rop de d3cid3Ωb↼↽cause of hrop▷↼uollo↽ne nwe9ψyΩ3E89ψyn↼ψ↽eψFF↼FF↼↼↽pψFn↼ϕ↽2119ψ24i↼thab↼▷f9ψyψF889↼y↼It↽Γ▷↽5eash↼e↽torate↼thfdΓ↽28ll↽g↼t↽g↼new↽hΩ↼d3Ωcripon↽fΩtΩ↽1304ψ33h2031ym↽n↼t↽g↼new↽hΩ3ψbψk0fψFn↼A↽dψFF↼FF↼↼↽pψFn↼ϕ↽1704ψ24i↼thab↼.↼538ψF98↼um↽No↽30ψ↼es↽k↽3t↽gpψFn↽h↼isnned5Ωt6↽1304ψ33 umf(Ω3k1sFg(ΩP531Ω40942bNo)30(es)k)3t ~√} ecj(s6283y409424bk0e84pFn(;)2965Ω8069)110921463021409424bk0306780694298(folloe)h(f(wing)f(holdsec(tliariance:lFn(ȷΩb(xilf(of))called)nec)n(orm)n(00)16makb)r(eensue)f(2sae)fΩΩp(egh()g(new)h9y(4398(fderiariace:on)fΩ1)(astep)(ad3Ωcripon)f0.fΩ(Ψ)i)iisjo-5Ωb(t)h(ixΩs1(consle)g(assignm(from)fa)r(chgΩ(op)r(ucΓΩsho-69y(449))4een.39y(4F)41aty(D3ion)j(9.)41j(213(and)300(iΓt.20(6)17042Œ)1067339E85465)186946436Ω4F)41at(sbΩb(ise)h(f(w(withs.)-7b6)23012076)fΩFF(b31)2048(wrt3)1647K82135(4F)41at21192421yF65)186946223(Ω4F)41at(siFn()e8b6)230120f90s1ym)nFs(01207621(wr5)18694626724F)41at(sdiFn()i((tpa)n(itifΩ9yF7)4Ωypo1j(bijeof:iFn(2h)onslbpΩK)6d)30.69y(4F(.)38F(b31)565Ω8E(1)2503K)658(LF(.)38b((mea9s)fety)gΩtliariace:lFn(Ωl8Ω(fxilf(of)Apply)2Aethp17yF79)50(4v(29wbpΩ72Ω22FF)2452Ω(op)r3(foro)nΩtliariace:lFn(Ωl8b()f(sdegucti)g(onlyolds9yΩFE6;)gF170424i(thaΩPStoPSsavedrestoreΩuserdic(12,13)78,19)10ct/PStoPSsavedsaveputΩPStoPSmatrixsetmatrixΩ708.661417-90.708661translateΩ90rotateΩ1.000000dupscaleΩuserdict/PStoPSmatrixmatrixcurrentmatrixputΩuserdict/PStoPSclip–00movetoΩ595.0000000rlineto0842.000000rlineto-595.0000000rlinetoΩclosepath˝putinitclipΩ/showpage–˝def/copypage–˝def/erasepage–˝defΩPStoPSxformconcatΩ1212bo8o8821aFE(12)908b8LA)n(URA)30b(KALLMEYER)620Ω1021yFy(Prop)F2or)28b(eac7g(no)r(hΩ6202936)80Bhk6)catn64(all)s)620206e6)181433i4F1ym)nFs(012015y991)1869462016FF(.))24bΨ

Prop = ϕ triFn↼ψ↽h211741aty(D3ion)j(9.)413t13.0((SatisΓTr)3Ω(fxΩb(isb(ise)h(fD3Ωcripon)fΩi(GxΩb(ammar)g(t)Ar3(Tr)3Ω(fxΩb(isb(ise)h(fD3Ωcripon)fΩi(GxΩb(am-65ΩyFm71i)marisst(TDG)g(t)turFΩee)g(tupb()c6)22G)(Υ:)80()pŒ)17AŒ)10V85)6(a)pFF(T)7)6(a)ph(fD(op;o)ne)(2)2091 t SatisymŒnFF907379. Υ:pΩFF(()Ωb((Œ)17)s24bFep804854y(1916)14n((Œ)17)94yΩ192=

F9yΩeFm(Γ(ΓYE)0i94192=)110j(FF19E8Ω1936)186f4344741916()9is Satis839(aym)n4y(179.)620pΩK

Satisym −⇐FF⇐K∀▽̸△∀←∞∃∈ℑ⇒∞∞′|⇐FF∞▽∃∈⇐∞∃∋⇏∞∀{̸←△∋△↚←F∃∞⇏∞△←\⇐⇐←⇒∋−⇒∫⇐⟩F\⇐←⇒|←F∫⇐←∃∄▽△⊓∞∃∈ℑ⇒∞∞′←∅⇒∞F⇐N≀F∃∞⇏∞△←F⇐←⌊∋∞⇒FF∀∋⊗∞∃∈ℑ⇒∞∞′|⇐K⇒∈′←△←F∃←†⊗⌉←F⇕⇐←▽∈∞∈∀←∞∃∈ℑ⇒∞∞′←∈∀∈←←←F∃∞⊗̸†∈′∫⇐⊖⇒∞∀−⟨∀⌊⟩|⌉≀{¬⟩←F\⇐∈⊣⊗FF⇐{⇒∈∀←†←∞∃∈ℑ⇒∞∞′|⇐K⇒∈∃←†⇐{∃⌊∈⇒∈∃∀⌊⇐F⇒⌉∀←⌊∉′∞↚†⊣⊔⟩∫†⇕ FF∞′⇐↗⊗†←∞∀{̸←△∋△′∃△∈∈′∞↚†⊣⊔⌈⇒F⇕⇐‖′∋⇏←⌊{′∋A̸ K l6⇒√∀←′△∀▽△←†⇐⊒△∈∞̸←⌊E⊣⌋⟨⇐|{§⊗⌊⇐⟩√§⊗⌊⇐⟩∫⊣∇{≀⊔⟩⊑⇐↕⌉⊔⟩∫⇒{⇐⌉⇒⌉⌈⇒{⇐∫⌈⌉⟨{⇐V⇒∞⊗⌊√⊗D∋⟨∈′∫⇐⟩∫{⌉⇒}≀{¬∇⌉{≀∇⇕⇐⌊∇⇒⌈⌋⟨⌉⌉\⟩⇐∫⌉\⇐⊔⊣∇{≀∇⇕⇒⟨⇐∞∋⊗⌋∇⟩√↖∞△←†⇐▽̸∈∞̸←⌊⇐≀{⇒A√▽̸△←∈∋∋↕̸↕⊓∋⊗P∇∫⇒↚⌊√⊗∈⊗∈∈∀∞†←F′′⇒∞∀△∋←S∀⇒∃†←∈∋∋↕̸↕←⌊∫⇐⟩∫{⇕′⌈⟩⊣·∀⌈∋⊗⌋∇⟩√≀\⇒{⊗⟨∃▽⇐⊖⇒}⇏∀′A⌉√∀←′△⇒\{⊗FF⇐V⇒△∃⇐S⊣⊔⟩∫†⇕⇒\⇒⊔⇐↕⇏∈′T\∞∈⇐S⊣⊔⟩∫∀⇔⇒⊣∃∫⇒{−∇≀∈⇐⌈≈⇒\⇐A\{⇒△←⌊⇐\⇐⊔⊣∇†⇒}⇐{≀∇⇕⇒⌉∀⌈∋⊗⌋∇⟩√≀\⇒{⊗⟨←F⇕⇐←▽⊔⟩∫−⟩}←⌋\·∀⌈∋⊗⌋∇⟩√≀\⇒{⊗}⊣\≀⌈⌊†↕⌉FF∞∋⇐⊣\F▽⇐−†⇐⊔⟨⊣⌊⇐↙{∋∀⇒∞′T\⇐⇐≀{⇒⇐√⇒≀⇒}⇐⊔⊣⟩⇕⟩⌊↕⌉⇒∇⇒⊣⟩⊗⌊⇐⊔{⇐⊣↕⇒⊔⇐∞∀{≀∇≀⇒⊗{⌈⌉∇⟩⊣∇⟩⊣←⌋⌉¬≀\⇒{⊗∞⇐√⇒√∇{⇐\⊣⌋⇒\⇐⊗P△⊗†←F▽∃△∈⇐←F∈⊗P∇′̸∋⇏†⇐D∋∇⟩⊣∇⟩⊣←⌋⌉¬≀\⇒{↙∄∀⟩⊔⟨⌉∇⇒A⇒∋⊔⇒}⇐⌈⌉∇⟩⊣∇⟩⊣←⌋⌉¬≀\⇒{⊗≀√∇⊣≀⌈⊣∇⌉{⌉∞∀⌈∋⊗⌋∇⟩√≀\↕⟨↖▽⊗⊔⊣̸≀↕↕≀⊣∫⊔⌉√−⌈⌉∇⟩⊣∇⌊†⟨∞⟩∫{⟨⊔}§⊔⌉\⌈\⇐†▽←†←∈∃▽∀⟩⇒←F\⇐⊔⊣∞⇒←⇐⊣†⌈⌈⌉⊒⇒}⇐⌋⊣⇐⊑⇒\⌉⊒∇F⊗⌉\⇐⊔⊣∇†⇒}⇐{≀∇⇕⇒⇒\⌈∋⊗⌋∇⟩√≀\⇒{⊗}⊣√\⌈↙⇐⊓∫≀∇≀†⇒⟨†⌈⌈⌉≀\∋⊗⌊←←F⌉∞←†⇐⊔△′∀⌈⇐∋⊗∫⊣⊣⟩⊗△△←⌊⇐\⇐⊔⊣∇†{≀∇⇕⇒⟨⇐∞∋⊗⌋∇⟩√∉′⊗⇒−V⇒{⇏∞∀G⇒√∀←′△∀▽△⊔|{§⊗⌊⇐⟩√§⊗⌊⇐⟩∫⊣∇{≀⊔⟩⊑⇐↕∞←†⇐⊔≀̸▽←†\⇐←⇒√←∞↕⟩∋▽←†⇐∀′⇐△←⊑⇐∋∞←⊒←⌊F\⇐≺⇒∞←⇒∫⇐‖⇒∈∃MEYE⇒∃∞▽←∋∉⇒∈⌉⌋|⇐FF∃†̸⇐⇐∞▽←†⊣⊔⌈⇒⇐⇒⇒}←F∫∃▽̸▽△←F√†←†√∞⊗P∇∫⇒↚⌊√⊗∈⊗∈∈∀∞†⊗∋▽∃←∞△∈←△∋∀←∀←F△⊣\⌈⇒∈′△}≀{¬∇\←⌋\⌊⊗⌊⇐⟩∫F⇐⌈⌉∇⟩⊣⇐⌊∇⇒⌈⌋⟨⌉⇐⌉}⟨⇐\⇒}⇐\⊗⊣∫⊔⌉√⇒⇐⊣↕↕≀{¬⇒⇒←F∫⇐′∞←∈′∞′̸←∋▽∃←∞△∈←∞∞∈∈∋†←F△⊣⊗†∈′∫⇐⊓∫⟩\{⌉{⇐⌉F\⇐≺⇒∞←⇒∫⇐‖⇒∈∃MEYE⇒∈▽̸∃←∫▽∃←∞△|⇐FF∈′∃⊗F△⊣\⌈⇒∈\⇐⇐←⇒∋∀⇐S⊣⊔⟩∫∗⇏∈∞∞∃←∈△∈∀∉←∋▽∃←∞△∈←∞∞∈∃▽′̸∋∄⇒∇⇐⌉⌋|⇐FF∈∃←∀⇐F△⊣\⌈⇒∈\⇐⇐←⇒‖⊗F∈∞∞∃←∈△∋∞′←∋▽∃←∞△∈←△∋∋∞∀∋⊗F△⊣\⌈⇒∈′△⇒⊔⇐△←†⇐∋∀∀⇐⊓⇕{⇐⊗∋∈⊗∈∈∀∞†←∋∃′△\⟩∀△∈←∅⇒∀†⇐∋∀⇒△⊗†√∗⇏|⇐FF≀√∅E⇒′⟩⇐∞⇐⇕∀△△\⟩∀△⟩⇐FF∞′▽̸←F∀∋∞⇒∞∉∃⊗⇐←⇒∃△′⊗∋∀∀⇐⊓⇕{⇐\⇐⇐←⇒∃∞⇐⊔⇏∈′∈∞←∋∋∞∞←†⇐∋∃′△\⟩∀△∈←∈∀∞∈′†←F∀∀∞⊗†∈′∫⇐⇒⇔⇐⇕⊔⇒}⇐⟩{¬⇒∈∀⇐∋∃∃∀←⇐{⇐A∞⇐−⇒∈⇏∈′∈∞←∋∋∃∃†←△∇∞′⇐⟩∀△∈←∈∀∞′←†←∋∃∃∀←⇐⊣⊔∈∋F\⇐≺⇒∀▽∋←∈▽∈∞∞▽÷∇∞′⇐⟩̸∀←△∋△↙⇒△∞∋∃∃∀←⇐⊣⊔∈∋∋⌋∞⊗⌊←FF∫∀←′△∀▽∈∀⇐△∞′∀←⇐{⇐A∈⇐F⟩∇∫⊔⇒∈≀∇⇒∋′←⌊⇐⊣↕∋△⇒}⇐√√F\⇐⊔⇒∈∋←⌊←‖′∓←↚△∞∞△\⟩∀△∋←←⇒∞∋⇐⊗△∞′∀←⇐△←F⇐FF⌋←FF⇐FF⇐⇐⇒¬⇒∀⊀⇒∞←⇒∫⊣⊔⌈⇒⇐⇒⇒}←F∫∃¬P∇′̸∋⊓T≀⊗∞⇐⟩−⇐∋▽⇒}⇐⟩∫{⌉⇒⇐⇒⇐⇏∀′‖′⌉∀△←⌊A⇒{¬√⊗FF⇐⇐⇒√←F\⇐≺⇒∞∀∞△←∋∋∈∉†←△∞∞△\⟩∀△←△▽△∈‖←†←F∞′∀⌈⇐∋⊗⌊←←F⌉|⊣⊔⟩∫⇒⟨⇐⊔⇒{{−⇒∈⊗⌊√⊗∞∃←∈△∋∞△∈←△∞∞△\⟩∀△←△∈▽△▽←†←F∞′∀←⇐△←F⇐⊢⇒∃△∈⇐△∈′∀⇒}←F⌊⇐‖∋∃←†←△∈∞△\⟩∀△∋←←⇒∞′▽∀⟩△∈′∀⇒}⊗FF⇐←⌊∋∞⇒∈∋⇒↚⌊√⊗‖⊣∇⊔′′′⇒∫⇐⟩F\⇐←⇒⌈⇏∀′‖′∞∋∞←△∈∞△\⟩∀△∋←←⇒∞△←△∀∀∈′∀←⇐△←F⇐FF∈≀{⇒}⇐⟩←K∀▽̸∃△⇒△∈∞△\⟩∀△∋←←⇒∞↚∋⇒∀∈′∀←⇐△←∫⇐⇐⊣↕⇒⊔⇐↕⇏∈′‖⊣∞∀∈∋⊗△∈∞△\⟩∀△∋←←⇒∞∃′∋⇒∀∈′∀←⇐△←∫⇐⇒⟨⇐⟩∫\\⌉⇒{⇐V⇒{∈⇒∞∀FF∫∀←′△∀▽∈∀⊗△∋∞∀←⇐{⇐A∋⇐−⇒∈∀≀∇⇒∋′←⌊⇐⊣↕∋′⇒}⇐√√F\⇐⊔⇒↕←⌊√⊗‖⊣∞⇕▽∃⊗△∋∋△\⟩∀△←△▽△∈⇐∞∃←△∋∞∀←⇐←FF⇐−⇐K⇒↚⌊√⊗FF⇐⇐⇒√←F\⇐≺⇒∈∞∞∃←∈△∞▽̸∞⇐⊒∋∋△\⟩∀△←△▽△∈E∀∃←△∋∞∀←⇐←F\⇐←∞⇒¬⇒∞⌊⇐⊣⇒√←′∞′‖⊣∞∀′∞←∀∋∋△⇒∞∞▽∀←△∋△∀∞̸←△∋∞∀←⇐←FF⇐−⇐K⇒↚⌊√⊗FF⇐⇐⇒√←F\⇐≺⇒∈∞←⇒∫⊗FF∫⇐¬⇒√∀←′△⇒\∋⊔⇒}⇐⇒⟨⇐⊔⇒⌉{−⇒∈←F∫⇐′∞←∈′∄∞̸F∋∋△\⟩∀△←△△∋∈▽⊗△∋∞∀←⇐←FF⇐⊢⇒⇐←⇒∉′⊗∋‖∞∈∀△←F∋∋△\⟩∀△←△▽△∈∃∋†←F∋∞∀←⇐←FF⇐←⌊∋∞⇒⊔⊗⇒∞∋‖′∋′▽̸∞F∋∋△\⟩∀△←△△∋∋∞′∈←F∋∞∀←⇐←F∫∃¬P∃△∈⇐△△←†←†⊓T≀⊗∞⇐⟩−⇐⟩∞†∇⊗⌊⇐⟩∫{⊗{⇐⟨⇐↕←⌊√⊗‖⊣∞△†⇐△∋∃∀←⇐∀∄←△△̸△←†←△←△∃←∞△∈←∅⇒∞▽∈⇐△△←†⊗†←F\⇐A⇒{¬√⊗FF⇐⇐⇒√←F\⇐≺⇒∈∞∞∃←∈△∞∀▽∃←△△△∞⇒∞∀∋←∅⇒∞∀∃⊗̸△△←†←†←F\⇐←∞⇒¬⇒∞⌊⇐⊣⇒√←′∞′‖⊣∈∈⊗∈←F∋∃∀←⇐∀∄←△∉′†∀←△←△∃⇒∈∃∃↚△∈∋′∄⇒△△←†←†←FF⇐−⇐K⇒↚⌊√⊗FF⇐⇐⇒√←F\⇐≺⇒∈∞←⇒∫⊗FF∫⇐¬⇒√∀←′△⇒\⟩⇐⇒⟨⇐⊔⇒⌉{−⇒←F∫⇐′∞←∈′∀∀⇐⊓△△△∞⇒∞∀∋←∅⇒∈∃△†←FE∈∃←⇐←FF⇐⊢⇒{△←⌊←‖′∋′̸⊓△△△∞⇒∞∀∋←∅⇒∋∞′∃⇒△△←†←†←F√←F\⇐∅⇒⇏∈∀∈∈←△△∋▽∈∞̸F∋∃∀←⇐∀∄←△∌†←†←△←△∃←∞△∈←∅⇒∃△∈⇐△▽∈∀⌈⇐∋⊗∫⊣⊣⟩⌈∈FF⇒∈△▽∈∞←⇒⌋∀△←⌊⊢⇒⌈∞⊗⌊←‖′∞∋←†⇐△▽△′⇐⟩∀△∈←∈∀∞∋←†←∀F∈∀⌈⇐∋⊗√←F\⇐∅⇒∞∀⇒∈∀∈∈←△△∞△⇐↙⇒←△∃∀←⇐∀∄←△△̸△⊗†←△▽△∃←∞△∈←△∋△▽←†←△F∈∀⇒}←F′△∀▽∈∀⇐△⊗†⇐⇐{⇐A△⇐−⇒∈∀≀∇⇒∋′←⌊⇐⊣↕⊣∃∫⇒{⌉√F\⇐⊔⇒⟩←⌊√⊗‖⊣∞⇕▽∀⇐⊒∇▽∞⇒∃▽←△▽△∀∀∃▽←F⊗†⇐⇐⇒∞⌊⇐⊣⇒√←′∞′‖⊣∞∋▽▽∞⇒∃▽←△∞′∈△←†←F⊗†⇐⇐⇒∞∫⇐⇔⟨⌉∃⇒}⇐⇒⟨⇐⊔⇒⌈⇒{≀∇⇒{⊣⇏∞′△←∈△∈△←F‖▽∞⇒∃▽←△∞′∈∃∋▽←F⊗†⇐⇐⇒∞F⇐⊢⇒⇐←⇒∉′⊗∋‖∞∈′▽∈⇒△▽̸∞⇒∃▽←△▽△▽←†↚F⊗†⇐⇐⇒∞√←F\⇐∅⇒∞⇒∈∀∈∈←△△▽↙⇒△∞F‖▽∞⇒∃▽←△∞′▽∈∄←F⊗†⇐⇐⇒∞∫⇐¬{∋∀⇒∞′∇≀√∇⊗⌊⇐⟩∫FF⇒∈∞†∇⊗⌊⇐⟩∫{∀∈∈←△△▽∈∈⇒△▽̸∞⇒∃▽←△∋∉F⇐′←F⊗†⇐⇐⇒∞⌊⇐⊣⇒√←⊗∞′‖⊣∈∀△△\△▽̸∞⇒∃▽←△△⟨⌉∀↕F⊗†⇐⇐⇒∞∫⇐⇔⟨⇒⊔⇐↕⇒∫⟨⇐⊔⇒{{−⇒∃△∈⊗△⇒⇐⊓⇕{⇐⊗∋∈⊗∈∈∃←†←F▽′⇐⟩∀△∈←∈∀∞′←†←△⇒⇐⊓⇕{⇐F⇐⊢⇒⇐←⇒⊗̸⌊√⊗‖⊣∈∞⊗†←F⇐△\⟩∀△←△▽△∈∈←†←F∋∀←⇐←FF⇐←⌊∋∞⇒⊔∞⊗⌊←‖′∞∋†̸⇐P⌉⇐△\⟩∀△←△∋⇒′↙⇍F∋∀←⇐←FF⇐∧⇒∞∀⇐↕⇏∈′‖⊣∞▽∋∈←F▽′⇐⟩∀△∈←∈∀∞▽∃†⇐F∋∀←⇐←FF⇐←⌊∋∞⇒⇐←⇒∉′⊗∋‖∞∞←†←△▽′⇐⟩∀△∈←△F∞←†←F⇒∀⇒}←F′△†⇕⇒\⇒⊔⇐↕⇏∈′∀′←∈∀△′′∞←F⇐△\⟩∀△←△▽△∈′▽⊣\F∋∀←⇐←FF⇐∧⇒∞∃⇒∈△▽∈∞←⇒′⇏∉′\⇐⊢⇒⌈∞⊗⌊←‖′∈∋∈∀⇐△⌉⇐△\⟩∀△←△∋⇒∈∋←†←F⇒∀⇒}←F√←F\⇐∅⇒∞∀⇒∉′⊗∋‖∞∈▽←†←F▽′⇐⟩∀△∈←△F∈▽←†←F∋∀←⇐←F′△∀▽∈∀⊗△∀△†⇐⇐{⇐A▽⇐−⇒∈∀≀∇⇒∋′←⌊⇐⊣↕∋∞∫⇒{⌉√F\⇐⊔⇒⟩←⌊√⊗′△←∋∋∃∈∀̸⊗F∀∞̸⇒∃▽←△∋∞̸∋∋↕̸△∀△†⇐⇐←F∫√{⊓↕⟩≀\⇒√F\⇐⊔≀↕⌈∫⌉⌋⇐A∞⇐−{⇐↖∈⇐⇒√A△⇐−⇐⊣≀↕↕≀⊗⇒\⇐⊒⟩F\⇐⊔≀⊒⟩\{⌉⟨{∉′⊗∋¬\△∋←⊔⟨I{∫⇕⌉⌈⟩←⌊√⊗∈⊗∈∈FF′−F∀∞̸⇒∈∃∃↚△∈∋′∈⇐LF△†⇐⇐⇒∞F⇐⊢⇒⇐▽×⇒∞∀∞△←∋∋∋←←←F∀∞̸⇒∃▽←△∋∌∈∋▽←F∀△†⇐⇐←F∫√⇔⇒∃△∈⇐△∃△⇐⊓†{≀↕↕▽⊗⇒⊔⇐↕⇏∈′∀′←∈∀∞∞†←△∃′̸⇐⟩̸∀←∋∃∞∈∋†←△∃△∀←⇐⊣⊔∈∋F\⇐≺⇒∀▽∋←∈▽∈∞∋▽∃←△∃′̸⇐⟩∀△∈←∈∀∞∋⇐−∀∃△∀←⇐⊣⊔∫←⊗PS⊔≀PS∫⊣⊑⌉⌈←∇⌉∫⊔≀∇⌉⊗⊓∫⌉∇⌈⟩⌋⊔∝PS⊔≀PS∫⊣⊑⌉⌈←∫⊣⊑⌉←√⊓⊔⊗PS⊔≀PS⇕⊣⊔∇⟩§←∫⌉⊔⇕⊣⊔∇⟩§⊗′∀↙̸∞△∞←∋∋↙∋∈∈∀∋▽←⊔∇⊣\∫↕⊣⊔⌉⊗∃′←∇≀⊔⊣⊔⌉⊗∞↙′′′′′′←⌈⊓√←∫⌋⊣↕⌉⊗⊓∫⌉∇⌈⟩⌋⊔∝PS⊔≀PS⇕⊣⊔∇⟩§←⇕⊣⊔∇⟩§←⌋⊓∇∇⌉\⊔⇕⊣⊔∇⟩§←√⊓⊔⊗⊓∫⌉∇⌈⟩⌋⊔∝PS⊔≀PS⌋↕⟩√¶′←′←⇕≀⊑⌉⊔≀⊗←▽∃▽↙′′′′′′←′←∇↕⟩\⌉⊔≀←′←∀△∈↙′′′′′′←∇↕⟩\⌉⊔≀←↖▽∃▽↙′′′′′′←′←∇↕⟩\⌉⊔≀⊗←⌋↕≀∫⌉√⊣⊔⟨♦√⊓⊔←⟩\⟩⊔⌋↕⟩√⊗PS⊔≀PS§{≀∇⇕←⌋≀\⌋⊣⊔⊗∞∞←∞∞←⌊≀∞←F∃←←∀∈∞←⊣←FE⇐UNDERSPECIFICA⇒↖▽←⌊⇐TION⇒∈∃←⌊⇐IN⇒}⇐TREE⇒}⊗⇐DESCRIPTION⇒}⇐GRAMMARS⇒∈△∀←⌊⇐∞∞⇒▽∋←∞∃{∃∋†←∞†⇐P∇≀√⇒∫∃∈⊗P∇∫′∋⇏∈′∈∞←∋∋∄†←FE⇐∈⇒∈∞∀←∞′F⇐∞↙∞†⇐P∇≀√⇒∫∃}≀{¬∇\←∋▽⇒}⇐⌊⊗⌊⇐⟩∫{⇐⌈⌉∇⟩⊣⇐⌊∇⇒⌈⌋⊗|⇐⇐⌉}⌉⇒\⇒}⇐\⌉∫⊔⌉√⇒⇐⊣↕↕≀{¬⇒⇒←F∫⇐′∞←∈′′∞⇍∞E⇐∞⇒∞∄∃←∞′∈′▽△⊗F†⇐P∇≀√⇒∫∃⇔⇒▽⇏←F∀′←∈∀△∞△̸←∞E⇐∞⇒∞∄∃←∞′∈∈∋†←∞†⇐P∇≀√⇒\⇐⇐←⇒⌋⇏∞∀∞△←∋∋∈↚†←FE⇐∈⇒∈∋∃∋←∞′∈△∋↚F†⇐P∇≀√⇒∫∃⇔⇒‖⊣⊔{′∋′∇≀√∇⊗⌊⇐⟩∫{⇒}←FF⇐⊣\∇F⊗⌉\⇐⊔↖∈′←†⇐−√←F\⇐⊣∇†{≀∇⇕⇒⇒⊔⇐↕⇒∞∋⊗⌋∇⟩√∉′⊗⇒⟩△▽∈∞←⇒}⊣⊔⟩∫⇒⟨⇐⊔⇒⌉⇐⟩{⇒}⇐±⇒∞∀∞△←∋∋∞∀∃†⇐⇒⇒∈▽′↚△∀∞∃∈⇐FE∃∞⇒∞∀∋←←⇒∞∃▽△⊓∞′√←F\⊗F\⇐←←⇒∃≺⇒∈∈∈⊗∈∈∈∞′∃⇒⇒⇒∈▽′↚∞∃∞̸△←←∞′√←F\⇒∈′△↙∋∃∋†⊗∃∈∉↕↕⊓∋⊗P∇∫⇒↚⌊√⊗∈⊗∈∈∄†←F∈∋∈⇒∞△̸∃←△∞∀←†⇐∞∈∉↕↕√⇒∫∃}≀{¬∇\←↕∀⊗⇐{⌊⊗⌊⇐⟩∫{⇐⌈⌉∇⟩⊣⇐⌊∇⇒⌈⌋⟩⊣↕↕≀{¬⇒⇒⊣⇏∞′△←∈△}⊣⊔⟩∫−↖▽⊗⇐⌊∞∈⟩⇐\⇒\⇐⇒\⇐⟨⇐⇕†⇕\⇐⊗{⌉∫⊔⌉√′⇒⇔⇐≀⇏∈∈∈⊗∈∈∈▽∋←←F⇕∞′⇒∋∞∀↚∈∞←△∉▽∞△⇐∞∈∉↕↕⊗F\⇐←←⇒∃≺⇒∈∈∈⊗∈∈∉∃←F∈∋∈⇒∞△̸∃←△∞∈∄∋←∞∈∉↕↕√⇒∫∃⇔′∞⇒⌉⇐⊣⊔{′∋′∇≀√∇⊗⌊⇐⟩∫}∞†∇⊗⌊⇐⟩∫′←†⇐�↕↕⊓⌈∋⊗⌋∇⟩√≀\⇒{′↙‖⇏∈′∀′←∈∀∞∞▽△⊗F∋∞⇒∞∀∋←∋∞̸∞∃∞←�↕↕⇒∞⌊⇐⊣⇒√←′∞∞⇒∋△←⌊⇐∅⇒}⇐·⇒∈←⌊←F\±⇒∞∀∞△←∋∋∞∋\∀⇐F∋∞⇒∞∀∋←\⇒∞△∋△←�↕↕⇒∞∫⇐⇔⟨⇒⊔⇐↕⇒∫⟨⇐⊔⇒}⊣⟩{⇒}⇐{⇏∞∀∞△←∋∋∈ℑ⇒∈∞∌←∞∃|←F∫⇐′∞←∈′′▽⊣\F∋∞⇒∞∀∋←∋F̸∞∞∅⇒�⇒∈∞∀F\⇐←⇒←F∫⇐′∞←∈′N∈←F∋∞⇒∞∀∋←∈⇒∈∋⇐△←�↕↕⇒∞∋△←⌊⇐∅⇒∞△⊗⌉∫⇒{⇐∅⇒}⇐·⇒⇐←⇒⇍⇐←⇒⊔⇏∞∋′△←∋∋⌉▽←†⊗F∋∞⇒∞∀∋←\⇒∉∀⊗�↕↕⇒∞∋←∞∃|←F∫⇐′∞←∈′∀←†←F∋∋∈⇒∞△̸∃←△∞∈▽←†←�↕↕⇒∞∫⇐↙∄←†⊗△▽←∅⇒∃∈△←⌊T\⇐\∋▽←⌉∫⌈⊔⟩≀\⇒|⇐∃↙⇒△∞⟨∇≀√↙{{−∇≀⇒\⌈⌉∇⟩⊣∇⟩⊣⊗⌋⌉¬≀\⇒{⊗⇒△←⇐⊣⇕⟨⇐∫†⇕⇒\⟩⊣⊔∫{⌉⇒∫↕⟩}⟨⊗⌊⇐⊔⇒\⇐⟩⊔⌈⟩F\⇐←⇒⟩∇†⇒}⇐{⇒∈∀↕′′⇒⟨⇐{≀∇≀⇒⊗{\⇒}⇐∃←†⇐∞⇍∞⇒∞′↖▽⊗′′⇒∈∀K⊣↕↕⇕⌉†⊙∞⟨{∫⇒⇒↙⇏⌊⇐↙⇒⟩∫⇒⊓T≀⊗∞∈∈⇐⊣\⌈⇒√≺⇒∞A⇐⇒√←F\△⌊⇐∫⇒{⇒}⇐\≀⊔⇒}⇒▽⊣⊔⟩∫}⇐{⇐\⊣⌋⇕⊣⊔†⇒⟨⇐V⇒⌈⇒≀↕↕≀⇒⊗∫⌈⊔⟩≀\⇒|⇐∃↙⇒△∞⇐⌋≀\∫∃←†⇐∞←†←⌉⇐⌈⌉∇⟩⊣∇⟩⊣←⌋⌉¬≀\⇒{⇔△̸⇐≀\∫†⇕⇒\⌉∀↕↕⇒}⇐⊔⇐{∇≀⇕⇒⊗⟨↖▽⊗⊔⇏∞∋←⇒∫⊣⊔⌈⇒⇔⇐≀{{≀∇⇒{{⇒≀F∋∞△\⟩∀△∋←←⌈≀⟩⌉∞∀⇕⊣∇‖⇐⌊⇒\⇐⇔⇒⊗∃←†⇐∞∀←†←⌉⇐⇐⊔↕⟩⊣∇⟩⊣←⌋⌉¬↕F\⇒∞∋⊔⟨⌉∀MEY⇐{∇≀∫†⇒⟨⇐V⇒⌈⇒≀↕↕≀⇒⇐∈′⊗⇒{⊗⇐⌈∋⊗⌋∇⟩√≀\⇒{⊗}⊣√⊔⊣⊣⟩\}⟨⇐∫†⇕⇒\⇐⊗⌊⇐{∇≀†▽←†←∋′▽∀⟩⇒⇐⊔↕⟩⊣∇⟩⊣←⌋⌉¬↕F\⇐∫⊗P△⊗†←∋∈′∃∞←⊣⊔†⇐D∋⟩≀\⇒|⇐∃↙⇒△∞∋⊔⇐≀√∞△↙′⇐⇐S⊣⊔⟩∫−D∋∇⟩⊣⊣≀\⇒{⊗⇒⊔⇐↕⇒⇕≀F↕⇐≀⇒⇐⇒{∞←†⇐⊔⌉′∀⌈⇐−⇐⟩−⊔↙△≺⇒∞△G⟨‖⇏⌋⊣′⇐⇒√≺⇒∞A≺⇒∞′V∀▽⇒⇍⊣⇒√←←F⇐T⇒⇒⇍⊣⇒√←⊗⇐{D⇐≀√∅≀⇒\⌉⇒⇐∈⇒△←∈⇐F∋∞△\⟩∀△∋←S∀∞▽←†⇐⊔⌉′∀⌈⇐∋⊗⌊←←F⌉△−⇒∫⇐⌊⊗⌊⇐⟩∫F⇐·∀TDG⇔⇒▽⇏←F∀′←∈∀△′∃△∈F∋∞△\⟩∀△∈←∅⇒∈△∋⊗⊔⌉′∀⌈⇐∋⊗⌊⇐≺⇒∞′↚∋∋F†←†←F∋∞△\⟩∀△∈←FF⇐∗⇒⊣⌉′∀⌈⇐∋⊗∫⊣⌈∋⊗⌋∇⟩√≀\⇒{′⇔\△∃⊗⊔⟨⇕⇐V⇒△∓¬⇒∀⊀⇒∞←⇒∫⇐‖⇒∈∃MEYE⌊I\P△⊗†←F∀▽∃←∞⇐⇒}⇐\⌉⊒⇒⟨∋−⇐⌈⌉∇⟩⊣∇⟩⊣←⌋⌉¬≀\⇒{⊗ ′∈†⊗⌊∃A∫F⇐⌈⌉∇⟩⊣∇⟩⊣⊗⌋⌉¬≀\⇒{⊗⌉▽}⇐\∫⊔⌉√⇒⟨↖▽⊗⊔′TDG∫P⟨⇐⟩∫{⌉⇒⇐⇒⊗F⊔̸⌉|∫282yΩb9620Ωnneposeassignm↼from▷39ψy↼↼2ψyψy↼Accordew↽g↼k03300↽160ϕ↽17A↼↽pψFn2↼Γ↼aexact↽n↼itl↽t↼18foosignm↼from↽h5Ωt0ollo↽ΩsnewrF↼n↼tary↽g↼form↽e8d3Ωcrip39ψy↼23ψyψy↼on↽fΩgψbpΩψ↽sΩFFs↼offor↽feap↽g↼f↼↽h↼isnne↽fl↽g↼tmark↼b↽n↼yle↽fromfi↽foΩ122↼tmΓΩsuving↽Ω↼op↽r↼u↼from↽f↼5Ωt0olloh↼20Ω↽9ψy↼24ψyψy↼d3Ωcripon↽fΩhΩ↼d3Ωcriboldsecolloinram22fe↽g↼assis2↼↽pΨhat↽d↽ollo↽↼↼o↽f↼foro↽et↼from↽Ωhp↽g↼f↼↼tliariaψce.lFn↽13tb↼▷f9ψyψ2500↽69Tn↼n38MEYmarklemee1is↽fΩY↼frosy↽hsoro↽42ψb↼y↽hsesteps2↼↽↽42ψb↼yh↽00↽g3tclniaarefe↽↼o↽f↼foro↽eΩ↼d3Ωcripon↽f299ψyψ2600↽696ogΩdo↽r▷f9ψyψ271y↼↼f↼036↽17A↼↽ΩFFs3ψFea1se↽raotis2↼↽ifoh↼sym↽nia↼from↽faopotf5Ωb↼terΩnne↽4ψ↼a↽g↼assis2↼↽↼V↽d↽6tyspf↼d3ΩcriΩ↼op↽d↼nΩasub620ψ29f2↼036↽17k8366yψN8t1↽2393ψ102434ψF81yψyψFn↼pnd▷hΩ↽17k02rt5ψN8t1 ↼V↽daf↼4f↼al↽t↼9ψyΩ291y↼↼fexay↽f↼f↽7↼p↽↽r↼atisg↼Ω↼op↽r↼udFn↽13t↽763Ω46b↼▷f38033A↽13the7↼p↽lerving↽n↽g↼f↽r↼oserop7↽f↼s↽620sis↽h↼sho↽n↼was↽hleafoΩΓ↼of↼dFn↽13t↽763Ω464fatf030ropyngf18o5Ωt0olloh↼lef↽f↼osdF↼e↽f↼chee↽festr↽emefΩ↼do↽h↼an↼Γhh↼V↽d↽ollo↽↼20Ω↽f↼d3Ωcripon↽f2▷f9ψyψF118↼y↽pϕsf