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Chapter 1

Preamble

Logical categorial grammar is a version of categorial grammar in which the syntactic calculus is
a universal categorial logic, i.e. the syntactic component is invariant from language to language,
and a language is described entirely by its lexicon, and a grammar is purely lexical. CatLog
is a series of programs for automatic logical categorial grammar semantic parsing (that is, the
computer translation of human language into logic) developed by the present author; hitherto
the programs have been written in Prolog. CatLog3 is a system for such semantic parsing based
on the particular program CatLog version l2.pl.

For execution, the engine CatLog3 requires a logical categorial lexicon, and some linguistic
examples. Running CatLog3 on a lexicon and some examples supports textual listing of a lexicon
and generation of linguistic analyses in the Prolog console: the linguistic expressions, associ-
ated sequent calculus derivations/syntactic structures, and logical forms. Such execution also
creates files containing LATEX code for the lexicon, and LATEX code for outputs for the examples
resulting from CatLog3 linguistic analysis (the linguistic expressions, associated sequent calculus
derivations/syntactic structures, and logical forms).

The structure of this technical manual is as follows. In Chapter 2 the parser/theorem-prover
CatLog3 is introduced. Chapter 3 illustrates execution outputting to the Prolog console. Chap-
ter 4 lists the standard, predefined, linguistic examples of the file examples.pl of CatLog3, and
Chapter 5 lists the standard, predefined, English lexicon of the file lexicon.pl of CatLog3. In
Chapter 6 the LaTeX output is exemplified. The file l2.pl annexing this technical manual contains
the Prolog source code of version l2.pl of CatLog, the program implementing parsing/theorem-
proving, on the basis of what we call ‘hedge’-sequent calculus, for the fragment of categorial
type logic of CatLog3 (Morrill 2017[11]); the files example.pl and lexicon.pl also annexing this
technical manual contain the Prolog source code of the English linguistic examples and lexicon
respectively.
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Chapter 2

Introduction

The CatLog programs work by reducing grammar to logic: an expression α is of the grammatical
type A if and only if an associated logical statement Lex(α) ⇒ A, where Lex(α) is a lexical
selection for α, is a theorem of a universal categorial type calculus. This type calculus is an
intuitionistic sublinear logic. It is sublinear in that theoremhood is not fully preserved under structural
rules such as contraction or permutation (word multiplicity and word order matter in grammar).
It is intuitionistic in that its proofs are constructive, and the reading of a derived expression is a
function of the meanings of its lexical expressions and of the constructive content of the proof by
which it is deemed to be grammatical. I.e. the design entails compositionality, the principle which
is generally formulated as stating that the meaning of a sentence is a function of the meanings of
its words and of their mode of composition; this principle is attributed to the founder of modern
logic G. Frege, although he never stated it as such; it’s dual would appear to be contextuality: the
principle according to which the meaning of a sentence is also a function of its ‘context’ (idea
communicated to me by H. Hendriks).

This overall architectural design is purely lexical: a grammar is just a lexicon (dictionary)
which is a set of ternary lexical items (signs) of the form:

lex(Prosodic form, Type, Logical form).

The Prosodic form is a string of words which may be partially bracketed; the brackets represent
prosodic or syntactical domains such as intonational phrases or extraction islands. The Prosodic
form is the phonosyntactical representation of the lexical item. The Type is a formula of the
categorial type logic; the type represents the grammatical category of the lexical item. The
Logical form is a closed term of higher-order logic representing the logical semantics of the lexical
item. The language model defined by a set of lexical signs is the set of ternary signs derivable
from/generated by this lexicon Lex according to the logic of the categorial grammatical types:

{(α,A, φ)| ` Lex(α)⇒ A : φ}

As well as being called logical categorial grammar, grammar on this design has been called, for
example, type logical categorial grammar, type logical grammar, or logical grammar; see, for
example, Moortgat 1988[6], 1997[8]; Morrill 1994[14], 2011[15]; Carpenter 1997[1]; Jäger 2005[3];
Oehrle 2011[17]; or Moot and Retoré 2012[9]).

The task of semantic parsing is that of computing, for a given phonosyntactical expression α,
and grammatical category A, the set of semantic readings (logical forms) of the expression α in
type A according to a grammar.

The finite reading property (van Benthem 1991[18]) is the property according to which in each
type an expression is associated with at most a finite number of logical forms. This seems to be an
empirical property of human language: there appear to be no infinitely ambiguous expressions
or, at least, no expressions which are infinitely ambiguous within a single grammatical category.
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Clearly, in the absence of the finite reading property explicit semantic parsing is not computable
since printing the members of an infinite set can never terminate.1

CatLog3 runs under SWI-Prolog version 7.6.4. There are three Prolog source files: the catego-
rial calculus parser/theorem-proving engine l2.pl, the dictionary lexicon.pl of the substantial
English fragment, and the small English corpus examples.pl. CatLog3 computes, given an index
of the identifiers of linguistic items in examples.pl, the expressions’ associated logical forms
according to the categorial dictionary of lexicon.pl and the categorial calculus of l2.pl. As well
as pretty printing dictionaries and analyses in the Prolog console, CatLog3 produces dictionary
and analysis output files in the format of LATEX typesetting code (based on Donald Knuth’s TEX).

The complete list of files used in CatLog3 is:

• l2.pl: the Prolog source coding the parser/theorem-prover for the categorial type logic of
CatLog3;

• lexicon.pl: the Prolog source coding the dictionary of the logical categorial grammar of
English of CatLog3, in which each lexical entry is of the form:

lex(Prosodic form, Type, Logical form)

where Prosodic form is a string of words which may be partially bracketed, type is a formula
of the categorial type logic of CatLog3, and Logical form is a closed term of higher-order logic;

• examples.pl: the Prolog source coding the linguistic corpus of English examples of CatLog3,
in which each linguistic example is of the form:

str(Identifier, Prosodic form, Type)

where Identifier is a Prolog term identifying the example, Prosodic form is the expression to
be parsed, in the form of a string of words which may be partially bracketed, and type is
the target category of the parsing, in the form of a formula of the categorial type logic of
CatLog3;

• lex.tex: a derived LATEX file coding a lexicon, created and generated by loading l2.pl and
a dictionary/lexicon (such as lexicon.pl) into Prolog, and executing the query:

?- pplexlatex.

1In the categorial logic of CatLog3 there are two sources of possible non-compliance with the finite reading property and
of possible consequent undecidabiity: the subexponentials {!, ?}, inspired by the exponentials of Girard (1987[2]), (which
interact with the bracket modalities {〈〉, [ ]−1

} of Morrill 1992[10] and Moortgat 1996[7]), and the continuous product unit
I and discontinuous product unit J of Lambek (1988[5]) and Morrill, Valentı́n, and Fadda (2011[13]) respectively. With
respect to the units I and J, consider unit assignments in the lexicon (for ‘null elements’, for example), a lexical entry such
as 0 : S/S : f in Lambek grammar, or 1 : S↑S : f in displacement grammar. Both can make every sentence generated
by the grammar infinitely ambiguous since these null functors can reapply to a sentence any number of times, changing
it semantically but not phonosyntactically. And with respect to subexponentials !, Kanovich, Kuznetsov and Scedrov
2017[4] show undecidability of a bracket-conditioned contraction subexponential in the context of the Lambek calculus
with bracket modalites.

Let us say that an occurrence of a connective in a lexical type is positive if it will (eventually) show up as the principal
connective of an succedent type in sequent proof search, and that it is negative if it will (eventually) show up as the
principal connective of an antecedent formula. In relation to possible non-computability we propose the following.
Regarding the second source of infinite ambiguity above, to guarantee the finite reading property it is sufficient to
require that in CatLog3 lexical types are bracket non-negative (Morrill and Valentı́n 2015[12]) meaning that there must be no
negative bracket modality 〈〉, nor any positive anti-bracket modality [ ]−1, within any occurrence of a negative contraction
subexponential !. And regarding the first source above, we propose, as in Morrill (2018[16]), that CatLog3 lexical types be
unit non-negative meaning that they have no continuous or discontinuous unit in negative position. So far as we are aware,
in CatLog3, bracket and unit non-negativity, together with the assumption that lexical types have no negative expansion
subexponentials ?, are sufficient to ensure the finite reading property and for the fragment of categorial logic.
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• der.tex: a derived LATEX file coding the output of CatLog3 parsing, created and generated by
loading into Prolog l2.pl, a dictionary/lexicon (such as lexicon.pl), and some linguistic
examples (such as examples.pl), and by executing a query:

?- tt(Index).

where Index is a Prolog term unifying with identifiers of the linguistic examples wanted;

• out.tex: a LATEX file which includes the files lex.tex and der.tex, and which when typeset
produces the file out.pdf containing the final formatted dictionary and analyses resulting
from loading into Prolog l2.pl, a dictionary/lexicon, and some linguistic examples, and
executing the queries:

?- pplexlatex.

?- tt(Index).

• prooftree.sty: Paul Taylor’s macro package for formatting proof trees in LATEX, used by
out.tex.

Listouts of the SWI-Prolog source files l2.pl, lexicon.pl and examples.pl of CatLog3 are given
in the files l2.pl, lexicon.pl, and examples.pl, annexed to this technical manual.
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Chapter 3

Outputting to the Prolog console

In CatLog3 the program CatLog version l2 implementing parsing/theorem-proving for the catego-
rial type calculus is in the file l2.pl, and a logical categorial grammar of English is represented
by the dictionary in the file lexicon.pl. In the file examples.pl there is a corpus of linguistic
examples which are expressions (prosodic forms) that are partially bracketed strings of English
words.

3.1 Outputting of a dictionary to the Prolog console

In CatLog3, once l2.pl and lexicon.pl are loaded into SWI-Prolog, the query:

?- pplex.

pretty prints in the Prolog console the categorial dictionary in lexicon.pl. This is as follows:
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3.2 Outputting of analyses to the Prolog console

The query

?- tt(N).

parses all the exemples the index of which unifies with the Prolog term N, and times the task. For
example, a session with ?- tt(1) is as follows, with examples.pl, lexicon.pl, and l2.pl.as in the
annexes to this technical manual already consulted.

MacBook-Air-de-Glyn:CatLog3 morrill$ swipl

Welcome to SWI-Prolog (threaded, 64 bits, version 7.6.4)

SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software.

Please run ?- license. for legal details.

For online help and background, visit http://www.swi-prolog.org

For built-in help, use ?- help(Topic). or ?- apropos(Word).

Cannot read termcap database;

using dumb terminal settings.

?- [l2].

This is CatLog3. Copyright 2018 (C) Glyn V. Morrill.

CatLog3 comes with ABSOLUTELY NO WARRENTY. This is free software.

true.

?- [examples].

true.

?- [lexicon].

true.

?- tt(1).

(1) [john]+walks Sf

[iLNt(s(m)): j], nL(<>EgNt(s(g))\Sf): ˆLA(Pres (vwalk A)) => Sf

[iLNt(s(m))], nL(<>EgNt(s(g))\Sf) => Sf [LiL]

[iLNt(s(m))], <>EgNt(s(g))\Sf => Sf [\iL]

[iLNt(s(m))] => <>EgNt(s(g)) [<>R]

iLNt(s(m)) => EgNt(s(g)) [ER]

iLNt(s(m)) => Nt(s(m)) [iLiL]

Nt(s(m)) => Nt(s(m))

Sf => Sf

(Pres (vwalk j))

% 4,942 inferences, 0.003 CPU in 0.004 seconds (86% CPU, 1609772 Lips)

true

We see first the prosodic form (bracketed string) and the type in which it is to be analysed. Then
there is the associated logic statement a proof of which would show grammaticality, including the
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lexical semantics of the basic expressions. Then there is such a proof. Finally there is the logical
translation that results from all this.
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(
[
m
a
r
y
]
)
,
t
h
i
n
k
s
,
t
h
a
t
,
b
(
[
j
o
h
n
]
)
,
l
i
k
e
s
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
f
)
)
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
s
u
z
y
]
)
,
b
e
l
i
e
v
e
s
,
t
h
a
t
,
b
(
[
m
a
r
y
]
)
,
t
h
i
n
k
s
,
t
h
a
t
,
b
(
[
j
o
h
n
]
)
,
l
i
k
e
s
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
g
)
)
)
,
[
b
(
[
b
(
[
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
h
)
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
i
)
)
)
,
[
b
(
[
b
(
[
b
(
[
s
u
z
y
]
)
,
l
a
u
g
h
s
,
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
j
)
)
)
,
[
b
(
[
b
(
[
b
(
[
b
i
l
l
]
)
,
w
a
l
k
s
,
b
(
[
s
u
z
y
]
)
,
l
a
u
g
h
s
,
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
k
)
)
)
,
[
b
(
[
b
(
[
b
(
[
s
u
z
y
]
)
,
t
a
l
k
s
,
b
(
[
b
i
l
l
]
)
,
w
a
l
k
s
,
b
(
[
s
u
z
y
]
)
,
l
a
u
g
h
s
,
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
e
i
g
h
t
(
l
)
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
s
i
n
g
s
,
b
(
[
s
u
z
y
]
)
,
t
a
l
k
s
,
b
(
[
b
i
l
l
]
)
,
w
a
l
k
s
,
b
(
[
s
u
z
y
]
)
,
l
a
u
g
h
s
,
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
9
)
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
m
a
r
y
]
)
,
l
i
k
e
s
,
t
o
d
a
y
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
1
0
)
)
,
[
m
a
n
,
t
h
a
t
,
b
(
[
t
h
e
,
f
r
i
e
n
d
s
,
o
f
]
)
,
w
a
l
k
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
1
1
)
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
t
h
e
,
f
r
i
e
n
d
s
,
o
f
,
a
d
m
i
r
e
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
r
e
l
(
1
2
)
)
,
[
p
a
p
e
r
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
j
o
h
n
]
)
,
f
i
l
e
d
,
w
i
t
h
o
u
t
,
r
e
a
d
i
n
g
]
)
]
)
]
,
c
n
(
s
(
n
)
)
)
.

%
s
t
r
(
r
e
l
(
1
3
)
,
[
p
a
p
e
r
,
b
(
[
b
(
[
t
h
a
t
,
t
h
e
,
e
d
i
t
o
r
,
o
f
,
f
i
l
e
d
,
w
i
t
h
o
u
t
,
r
e
a
d
i
n
g
]
)
]
)
]
,
c
n
(
s
(
n
)
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
4
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
p
r
a
i
s
e
s
,
m
a
r
y
,
a
n
d
,
b
(
[
j
o
h
n
]
)
,
l
a
u
g
h
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
5
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
p
r
a
i
s
e
s
,
m
a
r
y
,
a
n
d
,
l
a
u
g
h
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
6
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
l
i
k
e
s
,
a
n
d
,
w
i
l
l
,
l
o
v
e
]
)
]
)
,
l
o
n
d
o
n
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
7
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
g
a
v
e
,
o
r
,
s
e
n
t
]
)
]
)
,
m
a
r
y
,
t
h
e
,
b
o
o
k
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
8
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
o
r
,
b
(
[
m
a
r
y
]
)
]
)
]
)
,
s
i
n
g
s
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
1
9
)
)
,
[
b
(
[
j
o
h
n
]
)
,
l
o
v
e
s
,
b
(
[
b
(
[
m
a
r
y
,
a
n
d
,
h
i
m
s
e
l
f
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
0
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
l
i
k
e
s
,
a
n
d
,
b
(
[
m
a
r
y
]
)
,
l
o
v
e
s
]
)
]
)
,
l
o
n
d
o
n
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
1
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
g
a
v
e
,
t
h
e
,
b
o
o
k
,
a
n
d
,
s
e
n
t
,
t
h
e
,
c
d
]
)
]
)
,
t
o
,
m
a
r
y
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
2
)
)
,
[
b
(
[
j
o
h
n
]
)
,
g
a
v
e
,
b
(
[
b
(
[
t
h
e
,
b
o
o
k
,
t
o
,
m
a
r
y
,
a
n
d
,
t
h
e
,
c
d
,
t
o
,
s
u
z
y
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
3
)
)
,
[
b
(
[
j
o
h
n
]
)
,
s
a
w
,
b
(
[
b
(
[
m
a
r
y
,
t
o
d
a
y
,
a
n
d
,
b
i
l
l
,
y
e
s
t
e
r
d
a
y
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
c
r
d
(
2
4
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
s
a
w
,
y
e
s
t
e
r
d
a
y
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
a
w
,
t
o
d
a
y
]
)
]
)
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

%
s
t
r
(
c
r
d
(
2
5
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
s
a
w
,
y
e
s
t
e
r
d
a
y
,
a
n
d
,
m
e
t
,
t
o
d
a
y
]
)
]
)
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
6
)
)
,
[
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
w
a
l
k
s
,
b
(
[
m
a
r
y
]
)
,
t
a
l
k
s
,
a
n
d
,
b
(
[
b
i
l
l
]
)
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
7
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
w
a
l
k
s
,
t
a
l
k
s
,
a
n
d
,
s
i
n
g
s
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
e
a
c
(
c
r
d
(
2
8
)
)
,
[
b
(
[
j
o
h
n
]
)
,
b
(
[
b
(
[
p
r
a
i
s
e
s
,
l
i
k
e
s
,
a
n
d
,
w
i
l
l
,
l
o
v
e
]
)
]
)
,
l
o
n
d
o
n
]
,
s
(
f
)
)
.

s
t
r
(
a
t
b
(
1
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
b
(
[
b
(
[
j
o
h
n
]
)
,
l
i
k
e
s
,
a
n
d
,
b
(
[
m
a
r
y
]
)
,
l
o
v
e
s
]
)
]
)
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
a
t
b
(
2
)
,
[
m
a
n
,
b
(
[
b
(
[
t
h
a
t
,
b
(
[
m
a
r
y
]
)
,
b
(
[
b
(
[
l
o
v
e
s
,
a
n
d
,
p
r
a
i
s
e
s
]
)
]
)
]
)
]
)
]
,
c
n
(
s
(
m
)
)
)
.

s
t
r
(
g
e
n
(
o
n
e
(
1
)
)
,
[
i
n
,
t
h
e
,
b
e
g
i
n
n
i
n
g
,
b
(
[
’
G
o
d
’
]
)
,
c
r
e
a
t
e
d
,
b
(
[
b
(
[
t
h
e
,
h
e
a
v
e
n
,
a
n
d
,
t
h
e
,

e
a
r
t
h
]
)
]
)
]
,
s
(
f
)
)
.

%
s
t
r
(
g
e
n
(
o
n
e
(
’
2
’
(
a
)
)
)
,
[
’
A
n
d
’
,
b
(
[
b
(
[
b
(
[
t
h
e
,
e
a
r
t
h
]
)
,
w
a
s
,
b
(
[
b
(
[
w
i
t
h
o
u
t
,
f
o
r
m
,
a
n
d
,
v
o
i
d
]
)
]
)
,
a
n
d
,
b
(
[
d
a
r
k
n
e
s
s
]
)
,
w
a
s
,
u
p
o
n
,
t
h
e
,
f
a
c
e
,
o
f
,
t
h
e
,
d
e
e
p
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
g
e
n
(
o
n
e
(
’
2
’
(
a
(
i
)
)
)
)
,
[
b
(
[
t
h
e
,
e
a
r
t
h
]
)
,
w
a
s
,
b
(
[
b
(
[
w
i
t
h
o
u
t
,
f
o
r
m
,
a
n
d
,
v
o
i
d
]
)
]
)
]
,
s
(
f
)
)
.

s
t
r
(
g
e
n
(
o
n
e
(
’
2
’
(
a
(
i
i
)
)
)
)
,
[
b
(
[
d
a
r
k
n
e
s
s
]
)
,
w
a
s
,
u
p
o
n
,
t
h
e
,
f
a
c
e
,
o
f
,
t
h
e
,
d
e
e
p
]
,
s
(
f
)
)
.

s
t
r
(
g
e
n
(
o
n
e
(
’
2
’
(
b
)
)
)
,
[
’
A
n
d
’
,
b
(
[
t
h
e
,
’
S
p
i
r
i
t
’
,
o
f
,
’
G
o
d
’
]
)
,
m
o
v
e
d
,
u
p
o
n
,

t
h
e
,
f
a
c
e
,
o
f
,
t
h
e
,
w
a
t
e
r
s
]
,
s
(
f
)
)
.

s
t
r
(
g
e
n
(
o
n
e
(
3
)
)
,
[
’
A
n
d
’
,
b
(
[
b
(
[
b
(
[
’
G
o
d
’
]
)
,
s
a
i
d
,
l
e
t
,
b
(
[
t
h
e
r
e
]
)
,
b
e
,
l
i
g
h
t
,

a
n
d
,
b
(
[
t
h
e
r
e
]
)
,
w
a
s
,
l
i
g
h
t
]
)
]
)
]
,
s
(
f
)
)
.

%
s
t
r
(
g
e
n
(
o
n
e
(
’
4
’
(
a
)
)
)
,
[
’
A
n
d
’
,
b
(
[
’
G
o
d
’
]
)
,
s
a
w
,
b
(
[
b
(
[
t
h
e
,
l
i
g
h
t
,
a
n
d
,
t
h
a
t
,
b
(
[
i
t
]
)
,
w
a
s
,
g
o
o
d
]
)
]
)
]
,
s
(
f
)
)
.

%
s
t
r
(
g
e
n
(
o
n
e
(
’
4
’
(
a
a
)
)
)
,
[
’
A
n
d
’
,
b
(
[
’
G
o
d
’
]
)
,
s
a
w
,
b
(
[
b
(
[
t
h
e
,
l
i
g
h
t
,

%
a
n
d
,
t
h
a
t
,
b
(
[
t
h
e
,
l
i
g
h
t
]
)
,
w
a
s
,
g
o
o
d
]
)
]
)
]
,
s
(
f
)
)
.

%
s
t
r
(
g
e
n
(
o
n
e
(
’
4
’
(
b
)
)
)
,
[
b
(
[
’
G
o
d
’
]
)
,
d
i
v
i
d
e
d
,
t
h
e
,
l
i
g
h
t
,
f
r
o
m
,
t
h
e
,
d
a
r
k
n
e
s
s
]
,
s
(
f
)
)
.
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%
s
t
r
(
g
e
n
(
o
n
e
(
’
5
’
(
a
)
)
)
,
[
’
A
n
d
’
,
b
(
[
b
(
[
b
(
[
’
G
o
d
’
]
)
,
c
a
l
l
e
d
,
t
h
e
,
l
i
g
h
t
,
d
a
y
,
a
n
d
,
t
h
e
,
d
a
r
k
n
e
s
s
,
h
e
,
c
a
l
l
e
d
,
n
i
g
h
t
]
)
]
)
]
,
s
(
f
)
)
.
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l
e
x
(
[
’
0
0
7
’
]
,
i
L
g
i
u
n
(
t
(
s
(
g
)
)
)
,
’
0
0
7
’
)
.

l
e
x
(
[
a
]
,
i
L
g
i
u
(
f
i
u
(
(
s
(
f
)
c
i
i
L
n
(
t
(
s
(
g
)
)
)
)
i
n
s
(
f
)
)
/
c
n
(
s
(
g
)
)
)
,
[
l
m
d
,
X
,
[
l
m
d
,
Y
,
[
x
s
t
,
Z
,
[
a
n
d
,
[
a
p
p
,
X
,
Z
]
,
[
a
p
p
,
Y
,
Z
]
]
]
]
]
)
.

l
e
x
(
[
a
d
m
i
r
e
]
,
i
L
(
(
b
r
(
(
a
i
e
n
(
a
)
)
-
(
g
i
e
n
(
t
(
s
(
g
)
)
)
)
)
b
s
s
(
f
)
)
/
(
a
i
e
n
(
a
)
)
)
,
[
u
p
,
[
l
m
d
,
X
,
[
l
m
d
,
Y
,
[
a
p
p
,
’
P
r
e
s
’
,
[
a
p
p
,
[
a
p
p
,
[
d
n
,
a
d
m
i
r
e
]
,
X
]
,
Y
]
]
]
]
]
)
.

l
e
x
(
[
’
A
n
d
’
]
,
i
L
f
i
u
(
s
(
f
)
/
s
(
f
)
)
,
[
l
m
d
,
X
,
X
]
)
.

l
e
x
(
[
a
n
d
]
,
i
L
a
i
u
f
i
u
(
(
e
e
i
L
A
b
s
a
b
a
b
A
)
/
i
L
A
)
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.



Chapter 6

LATEX output

Consider consulting l2.pl, examples.pl and lexicon.pl and then executing the queries:

?- pplexlatex, tt( ).

Invoking LATEX on out.tex yields here:
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