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Abstract. In order to foster the use of proof assistance systems, weratied the
proof assistance syste@MEGA with the standard scientific text-editqeyacs.
We aim at a document-centric approach to formalizing anifiyieg mathematics
and software. Assisted by the proof assistance systemutherawrites her doc-
ument entirely inside the text-editor in a language sheesl tis, that is a mixture
of natural language and formulas #TEEX style. We present a basic mechanism
that allows the author to define her own notation inside a charu in a natural
way, and use it to parse the formulas written by the authoredlas to render the
formulas generated by the proof assistance system. To rhakméchanism ef-
fectively usable in an interactive and dynamic authoringrenment, we extend
it to efficiently accommodate modifications of notationstrack dependencies
to ensure the right order of notations and formulas, to usédisrarchical struc-
ture of theories to prevent ambiguities, and to reuse cdadegether with their
notation from other documents.

1 Introduction

The vision of a powerful mathematical assistance envirartitiat provides computer-
based support for most tasks of a mathematician has stiecLitesw projects and inter-
national research networks in recent years across disaiglboundaries. Even though
the functionalities and strengths of proof assistanceesystare generally not suffi-
ciently developed to attract mathematicians on the edgesaarch, their capabilities
are often sufficient for applications in e-learning and eegring contexts. However, a
mathematical assistance system that shall be of effeatppast has to be highly user
oriented. We believe that such a system will only be widelgepted by users if the
communication between human and machine satisfies thedsnaeparticular only if
the extra time spent on the machine is by far compensateddogyiiem support. One
aspect of the user-friendliness is to integrate formal rfinge@nd reasoning tools with
software that users routinely employ for typical tasks idesrto promote the use of
formal logic based techniques.

One standard activity in mathematics and areas that arel lmasenathematics is
the preparation of documents using some standard text ratgpasystem likeAIEX.
TeXmacs [10] is a scientific text-editor in the WYSIWYG paradigm thabvides pro-
fessional type-setting and supports authoring with poweriacro definition facilities
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like those in ATEX. As a first step towards assisting the authoring of mathiemlatoc-
uments, we integrated the proof assistance sy<tBmeGA into TeXyacs using the
generic mediator EAT Q [12]. In this setting the formal content of a document must be
amenable to machine processing, without imposing anyictstrs on how the docu-
ment is structured, on the language used in the document, threoway the document
can be changed. TheLRr Q system [11] transforms the representation of the formal
content of a document into the representation used in a @ssiftance system and
maintains the consistency between both representationsghout the changes made
on either side.

Such an integrated authoring environment should allow e to write her math-
ematical documents in the language she is used to, that istanmof natural language
and formulas inATEX style with her own notation. To understand the meaning ef th
natural language parts in a mathematical document we diyrrety on annotations for
the document structure that must be provided manually byisee Although it might
still be acceptable for an author to indicate the macroesitings like theories, definitions
and theorems, writing annotated formulas (e.gF{in}{\V{x}, \F{cup}{\V{A},
\V{B}}}" instead of x \in A \cup B") is definitely not. Aiming at a document-
centric approach to formalizing mathematics, we presenéehanism that allows au-
thors to define their own notation and to use it when writingrfolas within the same
document. Furthermore, this mechanism enables the prewstaisce system to access
the formal content and use the same notation when presdatimglas to the author.

The paper is organized as follows: Section 2 presents thetation language for
documents of the E_T Q) system, in particular for formulas. Inspired by notatioted-
initions in text-books, we then present the means the agtimuld have to define nota-
tions. The goal consists of starting from such notationsotaio anabstractionparser
that allows to read formulas using that notation and alsoreespondingeendering
parser to render formulas generated by the proof assistystem. Section 3 describes
how the notational definitions can automatically be trammefed into grammar rules
defining theabstractionandrenderingparsers, which are created by a parser generator
that allows to integrate arbitrary disambiguators. Seclipresents a basic mechanism
how to accommodate efficiently modifications of the notagidn Section 5 we extend
the basic framework to restrain ambiguities, allow for thdefinition of notations and
use notations defined in other documents. We discuss relatdd in Section 6 before
concluding in Section 7.

Presentational convention:The work presented in this paper has been realized in
TeXumacs- Although the EXpacs markup-language is analogousA@gX-macros, one
needs to get used to it: For instance a macro applicationfikec{A}{B} in IATEX be-
comes<frac|A|B>in TEXpmacs-markup. Assuming that most readers are more famil-
iar with IATEX than with TEXpacs, we will use aATpX-syntax for sake of readability.

2 Towards Dynamic Notation

The R.ATQ system supports users to interact with a proof assistaraterayfrom in-
side the text-editor gXpacs by offering service menus and by propagating changes
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Element |Arguments

\F__ |[{namg{\B?, (\F [\V [\S ) }

\B_ [{\v+}
\V__ |{name (\T [\TX [\TF )?}
\S {name&
\T {namé¢

\TX  {(\T\TX \TF ), (\T \TX |\TF ) }
\TE_ [{(\T \TX \TF ), (\T [\TX |\TF ) }

Table 1. Grammar of RAT Q’s Formula Annotation Language

of the document to the system and vice versa. Mediating letaetext-editor and a
proof assistance system requires to extract the formakobwf a document, which is
already a challenge in itself if one wants to allow the autbarrite in natural language
without any restrictions. Therefore we currently use a sgimannotation language to
semantically annotate different parts of a document. Tin@tions can be nested and
subdivide the text into dependent theories that containidiefis, axioms, theorems and
proofs, which themselves consist of proof steps like fotanse subgoal introduction,
assumption or case split. The annotations are a set of mpdsfined in a@Xyacs
style file and must be provided manually by the author (segffirldetails). We were
particularly cautious that adding the annotations to adess not impose any restric-
tions to the author about how to structure her text. Note fimathe communication
with the proof assistance system, also the formulas mustittemin a fully annotated
format whose grammar is shown in Tab. 1.

\F{name}{args} represents the application of the functime to the given ar-
gumentsargs. \B{vars} specifies the variablesrs that are bound by a quantifier. A
variablename is denoted bxV{name} and may be optionally typed by {name, type}.

A typenamne is represented byT{name}. Complex types are composed using the func-
tion type constructor- represented b¥TF{typel,type2}, or the operatox repre-
sented b)\TX{typel, type2} as syntactic sugar for argument types. Finally, a sym-
bol name is denoted by\S{name}. For instance, the formutac AN (BUC) is repre-
sented by the fully annotated forxe{in}{\V{x}, \F{cap}{\V{A},F{cup}{\V{B},
V{C}}}} and the quantified formulex. x = x as\F{forall}{\B{\V{x}}, \F{=}{
\V{x},\V{x}}}. In many cases type reconstruction allows to derterminéyibe of a
variable, and therefore typing variables is optional in gystem.

Currently the macro-structures like theories, definitigheorems, and proof steps
must be annotated manually by the user. However, it is n@able to require to write
formulas in fully annotated form. This motivates the neetdivabstractionparser that
converts formulas il[EX syntax into their fully annotated form. Furthermore, wecal
need arenderingparser to convert fully annotated formulas obtained from ghoof
assistance system in&®TeX-formulas and using the user-defined notation. In the &jtur
we plan on the one hand to combine our approach with techsiimuthe tradition of
using amathematical vernaculafe.g. MATHLANG [4]) and on the other hand to use
natural language analysis techniques for the semi-autoaraotation of the document
structure, e.g. to automatically detect macro-structures

The usual software engineering approach would be to wraengrars for both di-
rections and integrate the generated parsers into thensy§tecourse, this method is
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highly efficient but the major drawback is obvious: the uses to maintain the grammar
files together with her documents. In our document-centritopophy, the only source
of knowledge for the mediator and the proof assistance syst®uld be the document
in the text-editor.

Therefore, instead of maintaining special grammar filegHerparser, the idea of
dynamic notation is to start from basic abstraction and eend grammars for types
and formulas, where only the base typeol, the complex type constructors, x
and the logic operatorg, 3,A, T, L A, V,~, =, < are predefined. Based on that ini-
tial grammar the definitions and notations occurring in tbewment are analyzed in
order to extend incrementally both grammars for dealingp wigw symbols, types and
operators. The scope of a notation should thereby respestisibility of its defining
symbol or type, i.e. the transitive closure of dependendriles. Finally, all formulas
are parsed using their theory specdlustractionparser.

Notations defined by authors are typically not specified asngnar rules. There-
fore, we first need a user friendly WYSIWYG method to defineations and to auto-
matically generate grammar rules from it. Looking at staddaathematical textbooks,
one observes sentences likeet x be an element and A be a set, then we write 4,

x is element of A, x is in A or A contains xSupporting this format requires the ability
to locally introduce the variablesandA in order to generate grammar rules from a
notation pattern likex € A. Without using a linguistic database, patterns kkis in A
are only supported as pseudo natural language. Besidehbatuthor should be able
to declare a symbol to be right- or left-associative as welpr@cedences of symbols.

We introduce the following annotation format to define themore and to intro-
duce multiple alternative notations faras closely as possible to the textbook style.

\begin{definition}{Predicate $\in$}
The predicate \concept{\in}{elem \times set \rightarrow bool}
takes an individual and a set and tells whether that
individual belongs to this set.

\end{definition}

A definition may introduce a new type Bytype{name} or a new typed symbol
by \concept{name}{type}. We allow to group symbols to simplify the definition
of precedences and associativity. By writingroup{name} inside the definition of
a symbol, this particular symbol is added to the graape which is automatically
created if it does not exist. Any new concept is first introetias a prefix symbol. This
can be changed by declaring concept specific notations.

\begin{notation}{Predicate $\in$}
Let \declare{x} be an individual and \declare{A} a set,
then we write \denote{x \in A}, \denote{x is element of A},
\denote{x is in A} or \denote{A contains x}.

\end{notation}

A notation may contain some variables declared\Bgclare{name} as well as
the patterns written asdenote{pattern}. Furthermore, by writing1left{namel} or
\right{name} inside the notation one can specify a symbol or group of systode
left or right associative. Finally, precedences betweentsyjs or groups are defined by
\prec{namel, ... ,nameN}, which partially orders the precedence of these symbols
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This theory defines the basic concepts and properties of the Theory of Simple Sets.

DEFINITION L. (Type of Elements)
First of all we define the type elem.

DEFINITION 2. (Type of Sels)
Then we define the type set.

DEFINITION 3. (Predicate € )
The predicate € elemx set—bool takes an individual and a set and tells whether that indi-
vidual belongs to this set.

NOTATION 4. (Predicate € ) Let @ be an individual and A a set, then we write @ € A,
xiselementof A, xisin A or A contains x.

DEFINITION 5. (Predicate C )
The predicate C setxset— bool takes two sets and tells whether the first set is a subset of the
second set.

NOTATION 6. (Predicate C ) Let A and B be sets, then we write AC B.

AxioM 7. (Definition of C )
It holds that VU,V .(U CV) & (Ve.(z€U)= (z€V)) .

article plato mems text roman 10 start

Fig. 1. Annotated EXmacs document with dynamic notation in text mode

and groups of symbols from low to high. Please note that atinotés related to a
specific definition by refering its name, in our examptedicate $\in$.

Fig. 1 shows how the above example definition and notatioeapin a EXmacs
document. Using a keyboard shortcut the author can easitgtsimto a so-called “box-
mode” that visualizes the semantic annotations contaiméke document (cf. Fig. 2,
p.6). The author is free to develop the document in eithaw.vie

3 Creating Parsers from User-Defined Notations

We first present how the grammar rules fdvstractionand renderingare obtained
from a document and then briefly describe the parser gemdhatbis a slight variant
of standard implementations.

3.1 Obtaining the Grammar Rules

Starting the processing of a semantically annotated dootras for example the doc-
ument shown in Fig. 1, all surrounding natural languagespirtthe document are
removed and thabstractionandrenderingparsers and scanners are initialized with the
initial grammars for types and formulas. The grammar ruesloe divided into rules
for types, symbols and operator applications. The syntdlefules is

NONTERMINAL ::= (TERMINAL|NONTERMINAL)+ --> PRODUCTION
and is best explained using an example rule:
APPLICATION ::= FORMULA.1 "\wedge" FORMULA.2

--> \F{and}{FORMULA.1, FORMULA.2}
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DOCUMENT A

THEORY

1. Simple Sets

This theory defines the basic concepts and properties of the Theory of Simple Sets.

DEFINITION

DEFINITION 1. (Type of Elements)

First of all we define the type e M
elem

DEFINITION

DEFINITION 2. (Type of Sets)

Then we define the type il

set

DEPINITION
DEFINITION 3. (Predicate € )

The predicate i takes an individual and a set and tells whether that indi-
elem x set— bool

vidual belongs to this set.

NOTATION

5 LA 5 ST CLAR
NOTATION 4. (Predicate € ) Let * " be an individual and "0 " a set, then we
T
2 DENOTE DENOTE DENOTE DENOTE
write 3 [ , Rk ; z
cx€A  xiselementof A xisinA A contains x
article plato mems text roman 10

|
before pl-document

Fig. 2. Annotated EXpacs document with dynamic notation in box mode

This is a rule for the non-terminal symbaPPLICATION used for any kind of appli-
cation of an operator. If it could successfully recognize thunks of text in the class
of FORMULA and that are separated Byxwedge", it substitutes the obtained results
for FORMULA . 1 andFORMULA. 2 in \F{and}{FORMULA.1, FORMULA.2} to create the
parsing result.

The goal of processing the document is to produce a set ofrgearrules for the
respective grammars from the notational definitions givethe text. A top-down ap-
proach, that processes each definition or notation on its extending the grammars
and recompiling the parsers before processing the nexegleiis far too inefficient for
real time usage due to the expensive parser generationgsto¢ae following proce-
dure tries to minimize the amount of parser generations a$ras possible.

scanning

R

Definitions

scanning parsing

adding terminals adding rules

symbols
base types

operators

3 The parser generator is currently implemented in Scheme foait of EXpyacs and is not

compiled. This causes, for instance, the parser generfiicihe example document to take
~ 1min.
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1. Phase: All definitions are processed sequentially. Foin éeafinition the name of
the introduced type or symbol is added to both grammars.

2. Phase: All notations are processed sequentially. Fdr patation the introduced
patterns are analyzed to generate rules for both grammars.

3. PhaseAbstractiomandrenderingparsers are rebuilt and all formulas are processed.

Processing Definitions:A definition introduces either a type bBytype{name} or a
symbol by\concept{name}{typel}. In both cases, theame is added as terminal to
theabstractionscanner (if not yet included). Furthermore, we generateshfnternal
namewhich will be the name of the type (or symbol) communicatethtoproof assis-
tance system. The reason for that is thate can be in a syntax not accepted by the
proof assistance system. The internal name is alphanuaharid is added to then-
deringscanner. Then we extend thbstractiongrammar by a production rule for types
(or symbol) that convertsame into thatinternal nameand vice-versa for theender-
ing grammar. Overloading of symbol names is only allowed ifithgies are different.
Please note that the scanner has always to be rebuilt when termainal is added to
the grammar.

Example 1.In the definition ofe (p.4) we have the following symbol declaration:
\concept{\in}{elem \times set \to bool}. Thename is \in and assume the
internal name beindgn. These are added to the scanners. Furthermore the following
rules are added to thabstractionandrenderinggrammars respectively:

— SYMBOL ::= "\in" --> "in" is added to thabstractiongrammar
— SYMBOL ::= "in" --> "\in" is added to theenderinggrammar

The type information in the symbol declaration is only psszd in the third phase
because we first have to collect all type declarations. Tisis eomplies with future
extensions towards dependent types. Our system currenubosts only simple types.

Processing NotationsA notation defines one or more alternative notations for some
symbol. The author can introduce local variableS &yclare{x1},... \declare{xN}

and use them in the patterns defining the different notatigtemote{patterni},...,
\denote{patternM}.

Example 2.As an example consider our running example from p. 4:

Let \declare{x} be an individual and \declare{A} a set,
then we write \denote{x \in A}, \denote{x is element of A},
\denote{x is in A} or \denote{A contains x}.

We impose that the ordering in which the variables are dedlby\declare com-
plies with the domain of the associated operatorxis.the first argument ofin and
Athe second.

First of all, theabstractionscanner is locally extended by the terminals for the
local variablesx1, ..., xn. Then each notation pattern is tokenized by the scanner,
that returns a list of terminals including new terminals @mrecognized chunks. For
instance, in our example above the scanner knows the telsviarahe local variables
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andA when tokenizing% is element of A”. The unknown chunks ares, element
andof, that are added on the fly. This behavior of the scanner isstamdard, but is
an essential feature to efficiently accommodate new notsitiblore details about the
scanner are presented at the end of this section.

A notation pattern is only accepted if all declared argurvaritibles are recognized
by the scanner, namely alll, ..., xn occur in the pattern. For every notation pattern,
theabstractiongrammar is extended by a production rule for function agpyiis that
converts the notatiopatterninto the semantic function application with respect to the
argument ordering. To this end we must modify the patterndpfacing the occur-
rences of the local variables by the non-termireBMULA. 1 ...FORMULA.N and add
theabstractiongrammar rule

APPLICATION ::= patternl’ --> \F{f}{FORMULA.1, ..., FORMULA.N}

wherepatterni’ is the modified pattern.

For instance, the above pattesn ['is" "element" "of" A]is transformed into
[FORMULA.1 "is" "element" "of" FORMULA.2]and we obtain the following gram-
mar rule:

APPLICATION ::= FORMULA.1 "is" "element" "of" FORMULA.2
--> \F{£}{FORMULA.1, FORMULA.2}

For therenderinggrammar we have the choice which pattern to use to render the
terms. We currently just take the first possibility. Tiemderinggrammar is then ex-
tended by the production rule

APPLICATION ::= \F{f}{FORMULA.1, FORMULA.2} --> patternl’
For our running example we get thenderinggrammar rule

APPLICATION ::= \F{f}{FORMULA.1, FORMULA.2}
--> FORMULA.1 "is" "element" "of" FORMULA.2

Note that the notation pattern can permute the argumentedytmbol, as would
be the case when using the pattetndontains x]. All abstractiongrammar rules of
a symbol are grouped together in order to support dependeaadiing.

Additionally the author can define the symhime to be left- or right-associative
by \left{name} or \right{name} as well as the precedence of operators by using
\prec{namel},...{nameN} wherenamei is the symbol name given in the definitions.
This declares the relative precedence of these symbolsewtamei is lower than
name (i+1).

Processing FormulasThe generatedbstractionparser is finally used to parse the type
information in symbol declarations and all formulas. Thespareturns the fully anno-
tated version of the types and formulas and also the listafhgnar rules used. These
rules are stored along with the type or formula and can serdetiect dependencies be-
tween definitions, notations and formulas. Whenghstractionparsing process returns
more than one possible reading, the author must advise vgussibility is retained.
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How these situations can be reduced to a minimum is discuisskd next Section and
in Section 5.

Therenderingparser is used to convert fully annotated formulas gengitayehe
proof assistance system infdgX formulas for the text-editor. Again the grammar rules
used are saved to allow for tracking the dependencies.

The Modified Scanner.The presented procedure to analyze the patterns in naahtion
definitions makes extensive use of a modified scanner atgotiat returns all tokens
including unknown chunks. The scanner has been implemenigdthat it guarantees
the tokenizing of the longest possible prefixes. A hard waeahner couldn’t be used
because the alphabet of the language is unknown. By usirgiahdard scanner gener-
ation algorithm described in [14] a deterministic finite@uaton is directly generated
out of the given grammar without generating a non-detestisfinite automaton. Fur-
thermore, the scanner can be built and used independenthegbarser. Due to the
small size of the automaton, the generation of a scanndaisvedy fast with respect to
grammar extensions.

3.2 Generating the Abstraction and Rendering Parsers

In this section we describe the parser generator used ttedfesabstractionandren-
deringparser from the collected grammar rules. The main featuesthat it returns all
possible readings that are due to ambiguities in the gramandhreturns for each read-
ing the list of grammar rules used. In order to eliminate fimsdut incorrect readings
as early as possible, an external function can be specif&ddtralled at runtime to
eliminate ambiguities.

The LALR parsers are generated using well-known algoritir8d 4] together with
the usual action- and goto-tables. Since we don't restticimgput grammar too much,
i.e. we allow also non-LALR grammars, we have to disambigtla¢ input grammar
and provide a handling for non resolvable ambiguities. Tisardbiguation of the gram-
mar is performed using standard methods fronsis®N syster. In case there are still
ambiguities remaining in the grammar, the parser allow=find an external callback
function that is used at runtime to rule out possible reagithgt result from ambiguities.
Thus it is possible to integrate a so-called “refiner” [3],ighhuses type reconstruction
to filter the well-typed readings from all alternatives. fh@rmore, since we are in an
interactive setting, we could ask the user to resolve theaneing ambiguities in con-
trast to situations where there is no possibility of usedbeek. However, that has still
to be implemented in thelRT Q system. If no external callback is defined, the parser
splits itself by default into multiple subparsers, such thpossible readings are re-
turned at the end. It has to be mentioned that the runtime phittesl parser increases
exponentially if the ambiguities are not completely renthvgince the formulas that
need to be parsed in practice are usually not too large, wi tthimk this really poses
a problem.

4 http://wuw.gnu.org/software/bison/
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DEFINITION 3. (Predicate € ) &

The predicate € elemx set—bool takes an individual and a set and tells whether that indi-
vidual belongs to this set.

NOTATION 4. (Predicate € ) Let @ be an individual and A a set, then we write x € A,
xiselementof A, xisin A or A containsx.

DEFINITION 5. (Predicate © )
The predicate C setxset— bool takes two sets and tells whether the first set is a subset of the
second set.

NOTATION 6. (Predicate C ) Let A and B be sets, then we write A C B or Aissubset of B.

AxioM 7. (Definition of < )
It holds that YU,V .(U issubset of V) < (Va. (2 isin U) = (V contains x)) .

article plato mems text roman 10 start

Fig. 3. Modified TeXyacs document with dynamic notation in text mode

4 Management of Change for Notations

Theabstractionparser constructed so far is for one version of the docuriiénen the
author continues to edit the document, it may be modifiedhitrary ways, including
the change of existing definitions and notations. Beforentbdified semantic content
of the documentis uploaded into the proof assistance systemeed to recompute the
parsers and parse the formulas in the document. Alway$gdrom scratch following
the procedure described in the previous sections is notegffiand may jeopardize the
acceptance by the author of the system if that process ta&darig. Therefore there is
a need for management of change for the notational parts@é@ndent and those parts
that depend on them. The management of change task has tectsasp

1. First, we must determine any modifications in the notatiparts.

2. Second, we must adjust only those parts of the grammantbaffected by the
determined modifications, adjust the parsers accordinmghtlaen re-parse the for-
mulas of the document.

Determining changesUsing the procedure from Section 3, we re-process all defini-
tions and notations of the document and obtain a new set ofigea rules for each
defined symbol. By caching these sets of rules for each sysylvelcan determine how
the grammar has changed using a differencing mechanism.

Adjusting the scanner and the parsetf the modification of the grammar is non-
monotonic, i.e. some rules have been removed or changedumwentdy have to re-
compute the whole scanner and the parser from scratch dsngocedure from Sec-
tion 3.2. This is for instance the case if we change a notdtiosome symbol, e.g. if
we replacedA c B” by “B D A”, but not if we add an additional alternative notation
for a symbol, like allowindgA is subset of B"in addition to*A C B” as shown in Fig. 3.
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If the grammar is simply extended, we can optimize the cveati the new parser
(recreating the scanner is fast anyway and there is no nesgtitoize that). In this case
we can reuse our previous parser and extend it using a vafiahe standard parser
generation algorithm (cf. [13], p. 138ff.): Aside from thetian- and goto-tables on
which the parser operates, we also have access to the staltesamtomaton. Storing
these data is expensive but enables the extension of thmatan. We first compute
the closure of the start-state and then apply the standgeodiim with the states of the
previous automaton. The computation of the algorithm pcedeither already existing
states, modifications of existing states or completely niates. Using the identifier
of a state and the entries in the goto-tables we determine ihave to create a new
state or only modify an existing state. In case we have ariegjsunmodified state,
the algorithm returns immediately. Otherwise, we have toampute the automaton
for the changed/new state. If an existing state is changed,we must reuse the same
identifier as before for the entries in the goto-tables, @eoto guarantee the soundness
of the transitions for those states that did not change.

Example 3.In our running example we add an additional alternative tiartafor the
symbolC, i.e. we allow the notatiofiA is subset of B”in addition to“A C B”. As-
suming the internal name for this symbokisbset, the following rule is added to the
abstractiongrammar:

APPLICATION ::= FORMULA.1 ¢‘is’’ ‘‘subset’’ ‘‘of’’ FORMULA.2
--> \F{subset}{FORMULA.1, FORMULA.2}

Re-parsing and re-rendering of formula®nce the parser has been adjusted we need
to re-parse those formulas the author has written or chamgedally, e.g. the formula
YU,V. (U is subset of Y < (Vx. (xisinU) = (V contains X) in the axiom of Fig. 3.
Furthermore, we have to re-render those formulas that wenergted by the proof
assistance system. To this end we store the following inébion on formulas in the
document: for each formula we have a flag indicating if it waserated by the proof
assistance system, the corresponding fully annotatedulesrand the set of grammar
rules that were used for parsing or rendering that formula:

— If the formula was written by the author, the associated/fafinotated formula and
the grammar rules are the result of #igstractionparser.

— Ifaformula was generated by the proof assistance systetfaimula is the result
of renderingthe fully annotated formula obtained from the proof assistesystem.
The stored grammar rules are those returned byethderingparser.

Note that we do not prevent the author to edit a generatedflarrAs soon as the author
edits such a formula, the flag attached to the formula is txygl “user” and the cached
fully annotated version and grammar rules are replacechduhie nextabstraction
parsing of the formula.

The stored information is used to optimize the next parsingndering pass over
the document: A formula is only parsed from scratch if atieag of the grammar rules
used has been modified or deleted, or if either the user orrthaf pssistance system
has changed the formula or the fully annotated formula.
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This provides the basic mechanism that allows the authoetmelin a document
her own notation that is used to extract the formal semarditg that efficiently deals
with modifications of the notation.

5 Ambiguities, Dependencies and Libraries

In order to enable a document-centric approach for forrmgimathematics and soft-
ware, the added-values offered by the authoring envirobhmeist outweigh the addi-
tional burden imposed to the author compared to the amowabddf for a non-assisted
preparation of a document. In the following we present tégqpings to reduce the burden
for the author by exploiting the theory structure contaimed document to reduce the
ambiguities the author would have to deal with and also srithe redefinition of no-
tations. With respect to added-values, we provide checksiftation is used before it
has been introduced in a document and, most importantlyyeaupport an author to
build on formalizations contained in other documents.

Ambiguities: Theabstractionparser returns all possible readings and during the parsing
process can try to make use of type-checking provided by ithef @ssistance system

to eliminate possible readings that are not type-corréaeduires to provide type-
information that depends on the context in which a formulpassed, but even then

it will require some amount of automated type-reconstarctiTherefore, there may
always be situations in which we obtain more than one parsisigit which requires the
user to inspect the different possibilities and select idjigt one by menu interaction in
the text-editor.

The logical context of a formula is determined by the thetyccurs in: The dif-
ferent parts of a document must be assigned to specific #geddew theories can be
defined inside a document and build on top of other theoriks.otion of theory is
that of OMDoc [5] respectively development graphs [6]. One way to resalvarising
ambiguity is to provide the context of a formula to tieéiner. The other possibility con-
sists of having different parsers for different theorien¢e avoiding some ambiguities
that would arise when sticking to have a single parser.

Example 4.Consider a theory of the integers with multiplication witietnotation
“x xy” and a completely unrelated theory about sets and Cartesdaugts with the
same notation. This typically is a source of ambiguities thauld require the use of
type information to resolve the issue. Note that standardgpayenerators would not
support the definition of two grammar rules that have the spateern but different
productions as would be necessary in this case. Using diffgrarsers for different
theories completely avoids that problem. However, wheoribe with overloaded no-
tations are imported by another theory, e.g. a theory ofeSam products of sets of
integers, ambiguities may only be resolved using type mftion or user interaction.

From these observations we decided to not have a singlergarsewhole docu-
ment, but to exploit the theory structure contained in theusleent and allow for one
parser for each theory. This entails that if we have a th@ottyat is included into two
independent theoriég andT,, then there is a parser for all three of them. Note that we
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could only have parsers fdi andT, and use either one when parsing a formula in the
theoryT. On the one hand, this would be more efficient for changesusecae need
only to maintain the parsers fdi andT,, but on the other hand this would prevent the
user to redefine in the context of s&ythe notation for some symbol inherited fraim
which is something quite common (and discussed in the neagpaph). Nevertheless,
the drawback of our approach is that if some notation in$id&changed or added, all
three dependent parsers must be adjusted rather than anly tw

In that structured theory approach for parsers, the granuharparser for some
theory consists of all rules obtained from notations forhesgmbol that is imported
in that theory. The management of change mechanism fronio8etts adapted in a
straight-forward manner.

Redefining NotationsWhen importing a theory, we want to reuse the formal content,
but possibly adapt the notation used to write formulas. ®baurs less frequently inside

a single document, but occurs very often when using a theomdlized in a different
document. Since we linked the parsing (and hence the rengjed the individual the-
ories, we allow to redefine notations for symbols inheritexhf other theories. The
grammar rules for a parser are determined by including foh @aported symbol that
notation that is closest in the import hierarchy of theari€there are two such theo-
ries’, a conflict is raised and the author aksed for advise whichtiot to use.

DependenciesA parser and the associated renderer are attached to a tedeach
position in the document belongs to a theory. Therefors,poissible that within a spe-
cific theory, a formula uses the notation of some symbol altincthe definition of that
notation only occurs afterwards in the document. We notich Situations by compar-
ing the position in the document where grammar rules are egfimd where they have
been used to parse a formula. If we determine such a sityatiemotify the author.
The same problem can occur when rendering a formula: If theffassistance system
generates a formula with some concept a position that precedes the definition of the
notation forc (but still in the same theory), the renderer uses the gramuhes before
they are actually defined in the document. Sometimes thef ps®istance system has
no choice about where that formula is included: for instaificg®me proof steps are
inserted into an existing partial proof that occurs beftwedefinition of the notation.
In other situations, for instance if the proof assistancg#tesyn has used an automated
theory exploration systefrto derive new properties, we could try to determine an ap-
propriate insertion position for these lemmas by inspedtire grammar rules used for
rendering However, our impression is that most authors would be up#etir docu-
ment is rearranged automatically. Therefore we preferaedét to the user to move the
text parts including surrounding descriptions into therappate places.

Note that another, much simpler dependency is that betweemefinition of a
concept and the definition of its notation, that should natodefore the definition in
the text. In that case we also simply notify the author.

5 The theories can form an acyclic graph which may lead to a Niamond scenario when
determining grammar rules.
6 For instance, MTHSAID [9] is connected t@)MEGA.
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Libraries. A library mechanism is the key prerequisite to support theettgpment of
large structured theories. We carry over that concept taltioeiment-centric approach
we are aiming at by extending the citation mechanism thadismonly used in docu-
ments. RAT Q provides a macro to cite a documaeemanticallyi.e. it will not only be
included in the normal bibliography of the document, butftivenalized content of the
document is included. Currently, the document must be ptesahe file system and
is included when the macro is evaluated and the processussiee. Aside from the
extracted formalizations that are sent to the proof assistaystem to setup the back-
ground for the current document, we extract the notatiomsaioed in that document.
Importing a theory defined in a semantically cited docummatiata theory of our current
document, allows to determine the set of grammar rules ubmgame mechanism as
described above for structured theories. Furthermoreesive allow the redefinition
of notations, the author can redefine the notation for theepts imported from cited
documents, in order to adapt it to her preferences.

6 Related Work

Supporting specific mathematical notations is a major coneall proof assistance
systems. Wrt. to supporting the definition of new notatiomet tare used for type-
setting, the systemshBELLE [7] and MATITA [2] are closest. $ABELLE comes with
type-setting facilities of formulas and proofs féiX and supports the declaration of
the notation for symbols as prefix, infix, postfix and mixfixr#grmore, it allows the
definition oftranslationswhich are close to our style of defining notations. The main
differences are: the notations are not defined in #figkLdocument but have to be
provided in the input files ofdABELLE. Due to the batch processing paradigm &f |
ABELLE, there are no mechanisms to efficiently deal with modificegtiof the notation,
which is crucial in our interactive authoring environment.

In the context of M\TITA Padovani and Zacchiroli also proposed a mechanism of
abstractionandrenderingparsers [8] that are created from notational equationshwhic
are comparable to the grammar rules we generate from théar@bdefinitions. Their
mechanism is mainly devoted to obtain MathML representatid] where a major
concern also is to maintain links between the objects in Matto the internal objects.
Similar to ISABELLE, the notations must be provided in input files oAMTA that are
separate from the actual document. Also, they do not congliéeeffect of changing
the notations and to efficiently adjust the parsers.

7 Conclusion

In order to enable a document-centric approach for forrmgimathematics and soft-
ware, the added-values offered in an assisted authoririgp@ment must outweigh the
additional burden imposed to the author compared to the atrmfuvork for a non-

assisted preparation of a document. One step in that direigtito give the freedom to
define and use her own notation inside a document back to theraln this paper we
presented a mechanism that enables the author to define heratation in a natural
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way in the text-editor @Xyacs While being able to get support from the proof assis-
tance system, such as type checking, proof checking, tteeaand automatic proving,
and automatic theory exploration. The notations are us@atse formulas written by
the user in theATpX-style she is used to, as well as to render the formulas pediby
the proof assistance system. Ambiguities are reduced bwiallj one parser for each
defined theory in the document and by integrating type-cingdo resolve remaining
ambiguities during the parsing process. The structure efribs also form the basis
to include formalizations and notations defined in othenuhoents. Finally, we devel-
oped maintenance techniques to accommodate the interactéh dynamic process of
preparing a document by simultaneously reducing the amafumork for the user. Fu-
ture work will consist of supportingfeX-documents and using OMAEX to exchange
the formalized content and notations contained in docusnaidifferent formats.
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