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The Metaprogramming System

A number of toolsin the Mjglner BETA System are metaprograms, i.e. programs that
manipulate other programs. The metaprogramming system is grammar-based in the
sense that a metaprogramming tool may be generated from the grammar of any lan-
guage. For each syntactic category of the language, a corresponding pattern is gener-
ated. The syntactic hierarchy of the grammar is mapped into a corresponding pattern
hierarchy. This object-oriented representation of programs is further exploited by in-
cluding a set of more general patterns that view a program as an abstract syntax tree
and by allowing the user to add semantic attributes in sub-patterns.

The Mjginer BETA System is a programming environment that supports design, im-
plementation and maintenance of large production programs. In such an environment
support for structure and security is essential. The Mjglner BETA System is primarily
aimed at supporting the object-oriented programming style.

All metaprogramming tools in the Mjglner BETA System manipulate programs
through a common representation that is abstract syntax trees (ASTS). It was decided
that for a language supported by the system, the corresponding ASTs should be in-
stances of a well-defined data type. There is no commonly agreed definition of ab-
stract syntax tree, which implies that each language implementor selects his own defi-
nition. A context-free grammar for a language induces an abstract syntax that may be
used to give an AST-definition. In the Mjglner BETA System, the representation of a
program as an AST is defined by means of a context-free grammar for the language.
In addition there is a set of rules that specify how the context-free grammar is mapped
into a set of data types. The context-free grammar is then part of the specification of
the environment.

The ASTs defined by the context-free grammar may be described as Lisp S-expres-
sions. An example of a Pascal statement and a corresponding AST in the form of an
S-expressionis:

while p<>q do if p<q then q:=qg-p el se p:=p-q

(while (<> p Q)
(if (<pa
(:=a (- 9p))
(:=p (- pq))))
S-expressions could in fact be used for manipulation of an AST. In order to do thisin
Simula, BETA, or other languages, predefined patterns (types) modelling S-expres-
sions could be included in the environment.

Not all S-expressions do, however, constitute correct programs. In order for an S-ex-
pression to be an AST, a certain context-free structure must be satisfied. E.g. the S
expression “(while (if p) (else q))” doesnot correspond to an AST for a Pascal
program, even though it isawell defined tree structure.

An object-oriented model of the ASTs has been developed as part of the Mjglner
BETA System. An AST is modelled as an instance of a pattern. There is a pattern cor-
responding to each syntactic category (nonterminal) of the grammar. ASTs derived
from a syntactic category are then modelled as instances of the corresponding pattern.
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Trees (AST)
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using patterns
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The pattern | f | np corresponds to the syntactic category <I f | np>. Instances of pattern
| f 1 mp then model ASTs that may be derived from <I f | np>.

The grammar hierarchy is modelled by a corresponding pattern hierarchy. E.g. if the
nonterminal <l np> may derive <I f | np>, <Wi | el np> €etc., then the pattern 1 mp will
be a super-pattern of 1 f1 np. The pattern hierarchy is derived automatically from the
context-free grammar. In order for this to work properly, the context-free grammar
must obey a certain structure.

Using the metaprogramming system, there is a well defined representation of pro-
gramsin the form of ASTs. Thisimplies that the various Mjginer BETA System tools
and other metaprograms all are able to use the same representation of programs.

The grammar-based interface described above results in a set of patterns for each lan-
guage. A metaprogram using the grammar-based interface will thus be language spe-
cific since it uses the set of patterns generated from the grammar of the actual lan-
guage. A number of tools are language specific in the sense that usually one exists for
each language. Examples of tools that benefit from using the grammar-based interface
are: semantic checkers, program analysers, interpreters, browsers, graphical presenta-
tion tools, transformation tools.

For certain types of metaprograms it may be inconvenient to use the grammar-based
interface, since it implies grammar-based information to be hard-coded in the pro-
grams. If manipulation of the AST could only take place through this interface, it
would be necessary to write such tools for every language. This is of course not ac-
ceptable. Examples of such tools are table-driven parsers and syntax-directed editors.

In order to support both types of tools, the AST in the metaprogramming system may
be accessed at three levels.

1. Treelevel: Herethe AST isviewed as atree. This correspondsto S-expressions.

2. Context-freelevel: Thisisthe grammar-based interface generated automatically
from the grammar. This level corresponds to S-expressions where a context-free
structure isimposed, together with functions for accessing the components of the
AST.

3. Semantic level: At this level semantic attributes may be added to the AST. The
attributes are tool dependent and usually reflect context sensitive aspects of the
language.

The three levels are also modelled by a pattern hierarchy. A generated context-free
level is a subpattern of tree level, and a semantic level is a subpattern of the context-
freelevel for the language in question.

In the metaprogramming system, an attempt has been made to view traditional tools
like editor, compiler and debugger as metaprograms in general. The advantage of this
isthat all tools including user programs access programs through a common represen-
tation. This leads to the integration of the grammar-based interfaces with the tree level
and semantic level described above.

The implementation language of the metaprogramming system is BETA. This means
that all metaprograms are written in BETA. However, metaprograms can manipulate
ASTsof any context-free language.

The metaprogramming system is also known under the name Yggdrasil. Thisnameis
used in a few operations, and in some of the diagnostic messages from the system.
The name originates in the Nordic mythodology, where Y ggdrasil is the name of the
"Tree of Life".



1 Introduction to Context-
Free Grammers

The theory of forma grammars is very extensive, and we will only describe here the
very basics of formal grammars. Several textbooks dealing with formal grammars ex-
ists and their application as a basis for describing programming languages.

Formal grammars may be divided into severa classes, of which the most important
classes are the right-linear grammars, the context-free grammars and the context-sen-
sitive grammars. Right-linear grammars are identical to regular expressions.

The most important result is that context-free grammars can be generated and recog-
nized effectively by automated tools such as parsers, whereas context-sensitive
grammars are undecidable in general.

Context-free grammars play an important role in the definition of programming lan-
guages and is therefore also the foundation for the grammar-based tools of the
metaprogramming system. Before going into details with the particular grammar for-
malism used in the metaprogramming system, we will give a quick introduction to
context-free grammars.

Any context-free grammar is defined by means of a set of terminals, a set of nonter-
minals, a set of productions (also called rules), and one startsymbol. A terminal is a
string of characters (e.g. BEGIN in a Pascal grammar). A nonterminal is a special
symbol that may derive other symbols. Productions are the means for specifying the
rules for deriving sentences and sentential forms from the grammar. We say that the
grammar is able to derive a set (possible indefinite) of sentences. A sentence consists
solely of terminals (e.g. a Pascal program is a sentence derived from a Pascal gram-
mar). A sentential form is like a sentence, except that nonterminals may be present in
a sentential form. |.e. a sentential form is not fully derived (the remaining nontermi-
nals have not been expanded).

Terminals are denoted by wj, nonterminals by <A; >, productions by <A> : : = wp <Bgp>
wy <B1> ..... The startsymbol is a nonterminal, from which all derivations according
to the grammar are defined to constitute the language, defined by the grammar. There
Is one specia symbol, empty, which stands for the empty terminal (string).

To illustrate these concepts, a small part of the Pascal grammar is givent:

<pr ogr ane . 1= program <nane>
<decl arati ons>
begi n
<st at ement s>
end.

1 Please note, that this grammar specification is not fully consistent with the actual
grammar specification syntax of the metaprogramming system (see chapter 7).
The primary difference is, that terminals in the actual grammars to be used by the
metaprogramming system must be enclosed in single quotes (e.g. ' begi n'
instead of begi n.

Context-free
grammar

A grammar



4 Metaprogramming System
<st at ement s> = <statenment> ; <statenents>
<st at ement s> = empty
<st at enment > = if <condition>
t hen <statenent>
el se <statenent >
<st at erment > = <nane> : = <val ue>
<condi ti on> 1= <nane>
<decl arations> ::= <declaration> ; <decl arations>
<decl arations> ::= empty
<decl aration> ::= <name> : <nane>
<nanme> may be any identifier, <val ue> may betrue orfal se
In this grammar, program begin, end, ". ", ";", ": =", " ", if, then, and el se are
terminals, whereas <prograne, <nane>, <declarations>, <declaration>,
<st at ement s>, <st at ement >, and <condi ti on> are al nonterminals. The nontermi-
nal <pr ogr anw is the startsymbol.
This grammar may e.g. generate the sentence:
Examples program P
V: T,
begin V := true; end.
and the sentential form:
program P
V: T;
begin if <condition> then <statenment> else V := fal se; end.
Derivation From this sentential form, several derivations are possible. Derivations are defined by

the productions of the grammar. A derivation consists of substituting a nonterminal in
the sentential form with the right-side of one of the productions having this nontermi-
nal on the left-side of the ":: =" symbol of the production. This implies that
<condi ti on> may be substituted with any legal nhame and <st at enent > with either
an assignment statement or an if statement.

It is important to note, that if one takes another nonterminal as the startsymbol, the
language that can be derived from that nonterminal, will be a sublanguage of the
origina language. That is, if we choose <st at enent s> as the startsymbol, we will get
the sublanguage of legal statementsin Pascal.

The above discussion is taken in terms of derivations (i.e. the grammar generating the
possible sentences defined by the grammar). The observations are equally important
when we are talking about parsing a string of characters, and evaluate whether or not
the string isalegal sentence according to the grammar.



Structured Context-free Grammars

1.1 Structured Context-Free
Grammars

The grammar formalism used in the metaprogramming system is a variant of context-
free grammars. The main reason for introducing this formalism is to make it possible
automatically to generate pattern definitions from a grammar.

A structured context-free grammar is a context-free grammar where the rules
(productions) satisfy a certain structure.

Each nonterminal must be defined by exactly one of the following rules:
1. Analternation rule hasthe following form:
<AD>: | <Al> | <A2>| ... | <An>

where <A0>, <A1>,..., <An> are nonterminal symbols. The rule specifies that <A0>
derives one of <Al>, <A2>,..., OF <An>.

2. A constructor rule has the following form:
<A0>::= w0 <t1l:Al> wl ... <tn:An> wn

where <A0>, <t 1: A1l>, ..., <t n: An> are nonterminal symbols and wo, wi, ..., wn
are possibly empty strings of terminal symbols. This rule describes that <A0>
derivesthe stringwo <A1> wi... <An>. A nontermina on the right side of the
rule has the form <t : A> where t is atag-name and A is the syntactic category.
Tag-names are used to distinguish between nonterminals belonging to the same
syntactic category. Consequently all tag-names in a rule must be different. If no
tag-name is provided the name of the syntactic category is used as a tag-name.

3. Alist rule has one of the following forms:
<A>I i+ <B>w
<A>I Y <B>w

where <B> isanonterminal and wis a possibly empty string of terminal symbols.
The nonterminal <A> generates a list of <B>'s separated by ws: <B> w <B> w. . .
w <B>. The +-rule specifies that at least one element is generated; the *-rule
specifies that the list may be empty.

4. An optional rule has the following form:
<A>::? <B>

where <B> is a nonterminal. The nonterminal <A> may generate either the same
strings as <B> may generate, or the empty string (i.e. nothing).

There exists four predefined nonterminal symbols named <NaneDecl >, <NanmeAppl >,
<Stri ng> and <Const >. These nonterminals are called lexem-symbols. They derive
identifiers, character-strings and integer constants. A lexem-symbol may also have a
tag-name, like <Ti t | e: NameAppl >.

A nonterminal may only appear once on the left-hand side of arule, and the complete
grammar must be LALR(1)2. The limitations on the rules which can be used in a

2 However, thisrestriction isonly neceaasry if the grammar isto be used for parsing
purposes (see chapter 7 for more details).

Rules in
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structured context-free grammar do not restrict the class of languages that can be de-
scribed. Any context-free language may be generated by a structured context-free
grammar. It may perhaps be awkward to be forced to follow the rules. On the other
hand being forced to structure a grammar using the rules often results in a more read-
able grammar.

There is one important representation for sentential forms and sentences of any con-
text-free grammar, the abstract syntax tree. An abstract syntax tree (for short AST)
represents how a sentential form (or sentence) has been derived from the grammar (or
how it has been constructed by the parser). The AST does not represent the terminals
of the grammar, only the involved nonterminals. The nodesin an AST are productions
and the branches in the AST signifies derivations of the nonterminals involved in the
production in that node. The leaves of the AST are lexems, if the AST represents
sentences. If the AST represents a sentential form, leaves may also be nonterminals.
ASTs are a very convenient representation of programs and many manipulations of
programs may be specified as manipulations on the underlying AST.

A context-free grammar for a language induces an abstract syntax that may be used to
give an AST-definition. In the Mjglner BETA System, the representation of a pro-
gram as an AST is defined by means of a context-free grammar for the language. In
addition there is a set of rules that specify how the context-free grammar is mapped
into a set of data types. The context-free grammar is then part of the specification of
the environment.

The super-category of a given syntactic category A is defined as follows:
» If <A> appears on the right side of an alternation rule of the form:
<B>::| ... | <A>| ... |
then the super-category of AiSB.
* |If <A> appearsin alist rulein one of the forms:
<A>::+ <B> ...
<A>SI I <B> ...
then the super-category of AisLi st.
* If <A> appearsin an optiona rule:
<A> ::7? <B>
then no category A is defined (to be discussed later).
* Otherwise the super-category of Ais Cons.

The inheritance hierarchy of the generated patterns of the context-free level is the
same as the classification hierarchy of the syntactic categories. In general a syntactic
category may have more than one super-category. This corresponds to multiple
inheritance in object-oriented languages. Since BETA currently does not support
multiple inheritance, there is the additional restriction that the hierarchy must be tree
structured. That is, the following grammar will not be alegal grammar:

<A> 1| <B> | <C
<B> ::+ <D>
<C ::= <BE> termnal <F>

since <B> will have both Li st and A as super-category.



Structured Context-free Grammars

1.1.1 Example of Structured Context-Free Grammar

Below an example of a structured context-free grammar is givens.
G ammar Smal | :

<Bl ock>::= begin <Dcl Part: Dcl Lst> do <InpPart: | npLst> end
<Dcl >::] <VarbDcl> | <ProcbDcl >
<Var Dcl >:: = var <Nane: NanmeDecl >: <Var Type: Type>
<ProcDcl >:: = proc <Name: NameDecl > <Body: Bl ock>
<Imp>::| <Iflmp> | <Assignmentlnp> | <ProcCall>
<Iflnmp>::=if <Condition: Exp>

then <ThenPart: | npLst>

el se <El sePart: | npLst> endif
<Assi gnnent | mp>: : = <Var: NameAppl > : = <Val ue: Exp>
<ProcCal | >:: = <Proc: NaneAppl >
<Dcl Lst>::* <Dcl >;
<l npLst>::* <l np>;

The nonterminals <Type> and <Exp> will not be defined.

The syntactic categories of a structured context-free grammar may be organized into a
classification hierarchy according to the set of strings being generated. The hierarchy
mainly derives from the alternation rules of the grammar. The hierarchy for the ex-
ample grammar is.

Cons List
Dcl Block Imp DclList ImpList

VarDcl ProcDcl Assignmentimp Iflmp ProcCall

The categories Cons and Li st generalize all categories according to the rule type that
defines the category. <I np> is a super-category of <I f I np> since any string generated
by <I f I mp> may be generated by <I np>.

3 Please note, that this grammar specification (as the previous grammar) is not fully
consistent with the actual grammar specification syntax of the metaprogramming
system (see chapter 7).

Example
grammar
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2 The Tree Level

As mentioned in the introduction, certain tools like syntax directed editors are usually
table-driven in the sense that the code is independent of the actual grammar. The AST
is manipulated as an ordinary tree. The context-free level must therefore be integrated
with alevel where the AST is viewed as an ordinary tree. Thisis straight forward us-
ing subclassing. The patterns generated from the grammar are all subpatterns of the
genera patterns Cons and List. These patterns are actually subpatterns of more gen-
eral patterns describing ASTs as ordinary trees. In this section these general patterns
are described. The general patterns are called the tree level.

At the tree level, an AST is modelled as an instance of the pattern AST. The pattern
AST is further specialized into a number of sub-patterns. Some of these sub-patterns
correspond to the rule types of a structured context-free grammar. The tree level cor-
responds to an ordinary data type for a tree. The specialization hierarchy for the pat-
terns defined in the tree level is:

AST

Expanded Lexem UnExpanded SlotDesc

Cons List LexemText Optional

NameDecl NameAppl String Const Comment
The following is averbal description of these patterns:

AST describes all ASTs. Operations of this pattern are: Synbol returns the nontermi-
nal symbol of the AST. Ki nd returns the type of the AST (e.g. Li st ). Fat her
returns the father. SonNo returns the index of this AST in the list of sons of the
f at her of this AST. Next Br ot her returns the next brother of this AST inthelist
of sons of the f at her of this AST. AddComment updates an associated comment,
Get Corment returns an associated comment, and HasConment tests whether a
comment is associated with this AST. HasSemant i cError and Semanti cError
is used by language-dependent tools to mark ASTs with information on semantic
errorsin the AST. Copy returns a copy. Mat ch, Equal andLt performsdifferent
kinds of comparisons of ASTs, and copy enables copying an entire AST.
Finally, Near est CoormonAncest or returns the nearest common ancestor of this
AST and some other AST. Get Attribute, put Attribute, get NodeAttri bute,
put NodeAttri bute, getSlotAttri bute, put Sl ot Attri bute,
get Sl ot NodeAttribute and putSlot NodeAttribute, are operations for
accessing and changing the different attributes, that are specified for this kind of
ASTs. The number of attributes are defined as part of the grammar specification.
Findly, the putCommentProp and getCommentProp is used for associating
properties directly with individual ASTs. For a description of properties, see
chapter 7.

Expanded describes ASTs that are expanded into trees (i.e. something has been de-
rived from the nonterminal of this AST). Get returns a son at a given position.
Put updates a son at a given position. NoOf Sons returns the number of sons of

AST is modelled
as an instance of
the pattern AST

Tree level
patterns
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this AST. Scan iterates over the sons in this AST. sSuf fi xwWal k and Suf fi x-
vl kf or Prod perform preorder traversal of the tree with this node as root. | n-
sert will insert an AST before a given son. Finally, expanded defines get son1,
..., get son9 and put sonli, ..., put son9 for direct access to the given son number.

Cons describes all nodes derived by a constructor rule. Del et e deletes a son at a
given position.

Li st describes all nodes derived by alist rule. SonCat describes the category of the
ASTs of the list. Del et e deletes an AST with a given position and | nsert in-
serts an AST at a given position. Append inserts an AST as the last son in the
list. NewScan iterates over the ASTsin thislist.

Lexem describes al nodes derived by one of the predefined nonterminals (e.g.
Const). No special operations.

LexeniText describes leaves having textual contents. Get Text returns the textual
contents. Put Text updates the textual contents. Cur Lengt h returns the length of
the textual contents. Get Char and put Char alows for accessing and changing
the individual charsin the textual contents. d ear empties the textual contents.

NaneDecl| describes al name declarations. ScanUsage iterates over the name appli-
cations that use this declaration. Thisinformation is context-sensitive and if used
it must be set up by alanguage specific tool. AddUsage and r enoveUsage is used
by these language-specific tools to set-up and remove such informations.

NaneAppl describes all name applications. Get Decl returns a reference to the AST,
containing the declaration of this name application. This information is context-
sensitive and if used it must be set up by a language specific tool. Next Usage
returns the next usage (reference to an AST) of this nameAppl, if any exists.
Decl Set tells whether any language-specific tools have setup declaration in-
formation for this name application.

St ri ng describes all strings. No special operations.

Const describes all numeric constants. Get Val ue returns the value of the constant,
Put Val ue updates the value of the constant.

Coment describes comments associated with ASTSs. Comment Type returns the type
of this comment.

UnExpanded describes ASTs where nothing yet has been derived from the nonter-
mina of this AST. Nont er mi nal Synbol returns the kind of nonterminal asso-
ciated with this AST (Note that t hi s( AST) . synbol returns unExpanded). The
kind of nonterminals are defined in the ki nds object. The available kinds are:
ki nds.interior, kinds.unExpanded, kinds.optional, kinds.naneDecl,
etc).

Opt i onal describes ASTSs that are unexpanded, and where the nonterminal symbol
of this AST is defined by an optional rule. No special operations.

Sl ot Desc describes AST representing SLOTs. Moreon SLOTs later.



3 The Context-Free Level

The context-free level has explicit knowledge about the grammar for the language.
For each nonterminal A of the grammar, a corresponding pattern is automatically gen-
erated, depending on the defining rule for A. For each rule type described in section 2,
the list below describes the corresponding generated patterns.

1. Alternation: A pattern of the following form is generated:
A P(# #)

where P is the pattern corresponding to the super-category of A. The pattern P is
thus the super-pattern for A.

2. Constructor: A pattern of the following form is generated:
A P
(#
get T1: getsonl(# #)
put T1: putsonl(# #)
get T2: getson2(# #)
put T2: putson2(# #)

QéiTn: getsonn(# #)
put Tn: putsonn(# #)
#)

where P is the super-category of A. There is an attribute corresponding to each
nonterminal on the right side of the rule. The suffix of the get - and put - at-
tributes (Ti ) is the same as the corresponding tag-name.

If T isan instance of A, the i'th sub-AST can be accessed and changed through
the get- and put Ti operations. The put- and getsoni patterns have enter
(respectively exit) parameters such that an AST can be inserted as the i'th sub-

AST by ...® T.putTi andwill bedeliveredby T. getTi ® ...

3. List: A pattern of the following form is generated:
A: List(# sonCat::< B #)

where B is the name of the nonterminal on the right side of the rule. The super-
patternisLi st asthe super-category of AisLi st.

Constructor rules are thus mapped into a composition hierarchy and alternation rules
into a classification hierarchy.

By using the context-free level it is not possible for a programmer to construct an
AST that violates the context-free syntax.

Patterns in the
context-free level
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3.1 The Structure of the Context-free
Level Interface

The above mentioned patterns that are generated by the metaprogramming system, are
all declared local to a specialization of thet r eel evel pattern. That is, the structure of
the context-free level interfaceis:

ORIA N ' ~betal/ast/v5. 1/ ast| evel
- astinterfaceLib: attributes ---
granmar Nanme: treel evel
(# ...
(* declaration of the patterns fromthe gramar *)

init::< (#do ... (* sone initializations *) ... #)
#)

Treel evel contains alocal AST, gr ammar AST, decribing the grammar and a number
of patterns (e.g. newAST, newLexeniext , newConst , €tc.) for instantiating new ASTs
from this grammar, for identifying the version and name of the grammar, and
facilities for parsing a text representation into a fragment. Finaly, treel evel con-
tainsapar ser attribute which can be used for parsing atext stream into an AST from
the grammar in gr anmar AST.

The appl G am fragment contains a specialization of treeLevel , caled appl G am
Appl G ammakes the necessary setup for using the t r eel evel interface to any gram-
mar.

3.2 Example of Structured Context-
Free Grammar, cont.

The patterns generated for the example grammar are:

Smal | : Treelevel
(# Block: Cons(# getDcl Part: getsonl(# #);
put Dcl Part: put Sonl(# #);
getl npPart: getson2(# #);
put | npPart: putson2(# #)
#)

Dcl : Cons(# #);

Var Dcl ;. Dcl (# get Nane: getsonl(# #);
put Name: putsonl(# #);
get Var Type: getson2(# #);
put Var Type: putson2(# #)

#)

ProcDcl: Dcl (# get Nane: getsonl(# #);
tsonl(# #);
get Body: getson2(# #);

put Nane: pu

put Body: pu
#)

tson2(# #)
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| mp: Cons(# #);

[flnmp: I nmp(# getCondition: getsonl(# #);
put Condition: putsonl(# #);
get ThenPart: getson2(# #);
put ThenPart: putson2(# #);
getEl sePart: getson3(# #);
put El sePart: putson3(# #)

#)

ProcCal |l : I np(# getProc: getsonl(# #);

put Proc: putsonl(# #)
#)

Assi gnnent | np: | np(# get Var: getsonl(# #);
put Var: put sonl(# #);
get Val ue: getson2(# #);
put Val ue: putson2(# #)

#)

Dcl Lst: List(# #);

| mpLst: List(# #);

#)

3.3 Using the Context-Free Level

Consider the references:
P: ~ProcDcl; B: ~Block; N “naneDecl

P. get Body refersto the block of P, and after executing the assignment P. get Body - >
B[], B will refer to this block. P. get Nane->N[]; N. Get Text will return the name of
the procedure as a text.

Consider a tool for investigating the contents of a block, where part of the investiga-
tion is to count the number of imperatives in the block. In addition the number of dif-
ferent types of imperatives will be counted.

This tool may be implemented by adding the operation | nvest i gat e to the pattern
Bl ock. I nvesti gat e makes use of the virtual operation Count which is added to the
pattern | np. Count isfurther specialized in the sub-patterns of | np.

Smal | : Treel evel
(# I npCount, Assignnent Count,
ProcCal | Count, |Count: @ nteger;

Bl ock: Cons
(# Investigate:
(# do

0 ® ImpCount ® Assignnent Count
® ProcCall Count ® |IfCount;
| mpPart. Scan(# do Current. Count #);

... (* Use ImpCount, ProcCallCount, ... *)
#);
#);
Irrp Cons
(# Count:< (# do I mpCount. Addl1; inner #) #);
[flmp: Inp
(# Count::<
(# do
| f Count . Add1;

ThenPart. Scan(#do Current. Count #);

Count the
number of
imperatives in the
block
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Syntax directed
editor

El sePart. Scan(#do Current. Count #);
#)
#)
Assi gnnent | np: | np
(# Count::< (# do Assignnent Count. Add1l #) #);
ProcCall: Inp
(# Count::< (# do ProcCall Count. Addl #) #);

o
B can now be investigated by B. | nvest i gat e.

In spite of the limited usefulness of the above example it gives a flavour of how se-
mantic attributes may be added to the generated patterns. Tools like a semantic ana-
lyzer, a code generator, a program interpreter, a browser, presentation tools, program
analyzers, transformation tools benefit from the possibility to add semantic attributes.

The next example will demonstrate how the syntax directed editor of the Mjginer
BETA System can be extended to provide the user of the editor with transformations.

The editor is an ordinary syntax directed editor which presents an AST in a window
by means of a pretty-printer, it allows the user to navigate in the AST and to edit it.
The pattern describing the editor has the outline:

Sde:
(# Gramar: < TreelLevel ;
G @ ammar ;
Root, CurrentSel ection: ~G AST,
(* alot of other stuff *)
#)

G ammar describes which grammar is actually used. An editor for Pascal may be con-
structed by binding the context-free level generated for Pascal to G ammar . The refer-
ence Root denotes the program fragment being edited by the user. Current Sel ec-
t i on denotes the sub-AST which is the current focus of the user.

To extend the editor with transformations the pattern Sdew t hTr ansf or mati ons iS
declared as a sub-pattern to Sde. SdeWt hTr ansf or mati ons declares the pattern
Tr ansf or mat i on, which has three virtual operations | ni t, Enabl i ngCondi ti on and
Per f or mand a static reference Nane.

SdeW t hTr ansf or mat i ons keeps a list containing an instance of each sub-pattern of
Transf ormati on. Thislist is created by means of initialization operations not shown
here.

When the user selects a new node in the tree Enabl i ngCondi ti on will be tested for
al transformations. The Nanmes of those that are enabled will be presented to the user
in amenu, and if the user selects one of the itemsin this menu, Per f or mfor the corre-
sponding transformation will be called.

SdeW't hTransf ormati ons: Sde
(# Transformation:
(# Nanme: (* Presented in the nmenu *) @ext;
Init:< (* Called when an instance is created *)
(# do ... inner; ... #);

Enabl i ngCondi ti on: <
(* Virtual operation to test if transformation
* is applicable for the current selection of
* the editor.
*
(# Enabl ed: @Bool ean
do inner
exit Enabl ed
#);
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Perform <
(* Operation to be perforned if the user

* selects this transformation
*

(# do inner #);
#)

o

Assume a grammar for Pascal has been written, structured as Snal | , and including the
rule
<Whi | el np>:: = whil e <Condition: Exp> do <DoPart: | npLst>

A syntax directed editor for Pascal with a transformation that will alow the user to
transform an | f I np into awhi | el np could be created by the pattern:

Pascal Editor: SdeWthTransformati ons
(# Gramar: : < Pascal Grammar;
| f ToWhi | eTransformation: Transformation
(#Init::< (# do '"Iflnp to Wailelnp' -> Nanme #)
Enabl i ngCondi tion:: <
(# do (CurrentSelection## = G |fl np##)
-> Enabl ed
#);
Perform:<
(# thelflnmp: ~"G Iflnp;
t heWi |l el np: ~G Wi | el mp;
frag: ~fragnent Form
do CurrentSelection[] -> thelflnp[];
(whilelnp, frag[]) -> newAst
-> theWiilelnp[];
thel fI np. get Condi tion
-> theWhi |l el np. put Condi ti on;
theWhil el mp -> Repl aceCurrent Sel ecti on;
#);
#);
... (* Mre Pascal -transformati ons *)
#);

The pattern Repl aceCurrent Sel ection used by Performis an attribute of pattern
Sde.

The 1 f Towhi | eTr ansf or mati on isasimple tree-match transformation. In the same
way more advanced context-sensitive transformations could be added to the Pascal-
editor. A transformation that extends a <Pr ocedur e- I dent i f i er > with atemplate for
the list of actual parameters is an example of this. This list could be generated with
the correct number of parameters, and the parameters could be specialized such that a
<Vari abl e> nonterminal is inserted if the formal parameter is a <var - Par anet er >,
an <exp> nonterminal if itisa<val ue- Par anet er >, €tc.

The context-free level provides the programmer with much more structure and secu-
rity than the tree level alone. Consider the declaration P:  ~Pr ocDcl . The body part of
P may be denoted by P. get Body. If only the tree level is used, the corresponding
declaration and denotation will beP: ~AST and P. get son2. Thisisless readable and
it is solely the responsibility of the programmer that P actually denotes an AST for
<Pr ocDcl > otherwise P. get son2 will not return an AST for <Bl ock>.

Structure and
security






4 The Semantic Level

As indicated by the investigation example in the previous section, it is often useful for
tools to be able to add attributes (operations, data) to the patterns of the context-free
level. A simple way to add semantic attributes is to let the tool programmer textually
edit the patterns of the context-free level. In a programming environment with many
grammars and tools this is not satisfactory from a maintenance point of view. If se-
mantic attributes have to be manually inserted into the patterns this has to be done
each time changes are made to the grammar. From a structuring point of view it
would be an advantage if the definition of semantic attributes could be kept separate
from the generated patterns.

The semantic level of the metaprogramming system is therefore defined as part of the
grammar. The semantic level alows the specification of the number of semantic attri-
butes of each syntactic category in the grammar. The metaprogramming system will
then ensure that the proper memory space is allocated for these attributes, and their
values will be maintained by the system and stored along with the AST.

It is important to know, that the persistent parts of the ASTs (i.e. the information
stored in the files) is not in the form of BETA objects (instances of the AST patterns).
The storage isinstead in the form of an encoded bytestream, which also is the runtime
representation of the ASTs, and the AST patterns are merely interfaces to this com-
pact representation. This also implies that information in various types of objects as
part of the instances of the AST patterns will not be stored when the AST is stored
onto the disk. Such information is transient and cannot be shared with other tools.
Since the semantic information is to be shared between tools, and stored onto the per-
sistent representation of ASTS, it is specified in the grammar (in the attributes part,
see chapter 6).

These persistent attributes of ASTs are accessed through the put Attribute and
get Attribute of ASTs. The attributes are integer-valued and indexed, and may be
used for any purpose.

To enable the specification of transient properties of AST to be used at the semantic
level, the metaprogramming system offers facilities for specifying that SLOTs should
be inserted at various places in the generated context-free level interface. First of al,
if anonterminal is mentioned in the attribute part of the grammar, an attribute slot is
automatically inserted in the pattern generated for that nonterminal (see chapter 6 and
appendix 3). Secondly, the options part of the grammar may specify an identifier in
the subst anceSl ot option in the options part of the grammar, and the result is that a
descriptor slot with that name is inserted in the t r eel evel subpattern for the gram-
mar (see chapter 6 and appendix 3).

These dlots are used for specifying the transient properties in separate fragments, such
that changes in the grammar (and thereby regeneration of the context-free level inter-
face, does not destroy any semantic specifications. See appendix 3 for an example of
this usage of semantic level dots.

Semantic
attributes

Encoded
bytestream

Attribute slot






5 The Fragment System
Interface

The metaprogramming system also contains an interface to the Fragment System of
the Mjglner BETA System. The fragment system enables the management and ma-
nipulation of ASTslocated on different files. The functionality of the fragment system
allows the splitting of an AST into an number of sub-ASTs (sub-trees) by alowing
some interior nodes in the original AST to be replaced by special nodes, called sl ot -
Desc. The AST, originally positioned at the position of that node, may by located on a
totally different file (possibly along with other sub-ASTs). All these ASTs are called
fragments. Fragments are named in an hierarchical name space, similar to the UNIX
hierarchical file system. The full name of a fragment has the following structure:
/ nameq/ nane2/ . ../ nanmep/ frag, where /nameq/ names/ .../ nanen IS caled the
path of the fragmentsand f r ag is called the local name of the fragment. The path of a
fragment is the same as the full name of the father of the fragment. Fragments are
usually located in files on the file system. Fragments are stored in two different for-
mats: textual representation and binary representation. The binary representation is
considered the essential representation of fragments, and the purpose of the textual
representation is human reading, printing or parsing into the binary representation. If
the fragment is created using tools based on the metaprogramming system, there is no
reason for storing the textual representation since the binary representation contains
all necessary information.

The fragment system interface of the metaprogramming system is used as the basis
for the fragment system for BETA [MIA90-2].

The fragment system interface consists essentially of four major patterns:

Fragment

FragmentGroup FragmentForm FragmentLink

Fragment IS an abstract pattern for the three other patterns, implementing the fol-
lowing operations: Narme accesses the local name of the fragment and f ul | Nane
accesses the full name of the fragment. Di skFi | ename refers to the name of the
file containing the binary representation, and t ext Fi | ename refers to the file
containing the textual representation. Fat her returns a reference to the father of
this fragment, and t ype refers to the fragment type (group, form, or link). I ni t
initializes the fragment, r eset resets the fragment as if it has just been parsed
from the textual representation, and cl ose closes the fragment. ModTi me returns
the time for the last change to this fragment, changed indicates whether this
fragment has been changed, markAsChanged sets the changed mark, and
checkDi skRepresentation will check if the disk representation has been
changed. Fragments may have properties associated with them. These properties
are kept in the pr op attribute, which is alist of properties, where each property
carries one value. In a subsequent section, properties are discussed in more
detail.

Storing ASTs
using the
fragment system
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Fragnent also contains afew operations, related to the BETA specific fragment
system: Origin refers to the origin of the BETA fragmens, bind binds a
fragment within this BETA fragment and bi ndToOri gi n binds this fragment to
itsorigin.

Fr agnent For m represents one single (sub-)AST. It contains the following opera-

tions: Cat egor y refering to the syntactic category of the root node of the AST in
this fragmentForm. Pri nt makes an almost readable dump of the fragmentForm.
Root refers to the AST of this fragmentForm, gr ammar refers to the grammar,
describing the grammar of the language of this fragmentForm, and scanSl ot s
iterates through al dlots in this fragmentForm. Finally, the BETA specific
atribute bi ndi ng refers to the dot to which this fragmentForm have been
bound.

Fragnent G oup represents a group of (sub-)ASTs. Fragnent Li st is the list, con-

taining all the fragments in this group. Cpen makes it possible to get accessto a
single fragment in the group, scan makes it possible to iterate through all the
fragments of this group, and par se makes it possible to parse afile into a frag-
ment group. Def aul t Grammar refers to the grammar used for this f ragnent -
G oup. SetupOri gi n, get Bi ndi ng and get BETAbi ndi ngs can be used for ac-
cessing the slot bindings.

Fragnent Li nk represents a link to some other fragment (e.g. the INCLUDE link in

the BETA fragment system). It contains a reference to the fragment, and the

various names for that link.

The fragment system interface also influences the AST interface afew places. First of
al, an AST has afrag attribute, which refers to the fragment containing this AST.
Secondly, unExpanded has the attributesi sSl ot and t heSl ot , wherei sSl ot istrue
if thisnodeinthe AST representsadlot, and t heSl ot contains information (name and
syntactic category) on the slot. Slotsisinserted in the AST in the following way:

(# aSlot: “slotDesc; anUnexpanded: “unExpanded;
do ... -> newUnExpanded -> anUnexpanded[];

#)

newSl ot -> aSlot[];
"foo' -> aSlot. nane;
aSlot[] -> theUnexpanded. t heSl ot



6 Generating a
Metaprogramming
Interface

Many of the toolsin the Mjginer BETA System are available as generators, such that
given a specific grammar for some language, new program development tools may be
generated. These tools will offer extensive support of the specific language, such as
parsing, pretty-printing, hyper structure editing (including syntax directed editing),
and modularization etc. as offered by the fragment system. Finally, the meta pro-
gramming system is available for that language.

This section will describe how to construct a structured context-free grammar, and
generate a new set of program development tools that supports this language. The
grammar-based tools are Parser, Pretty-printer, Editor, Fragment system, and the meta
programming system.

6.1 Constructing a Grammar

We are assuming that an ordinary context-free grammar is given for the selected lan-
guage. Strategies for constructing such a grammar can be found in most textbooks,
that deals with compiler construction. In order for the grammar to be useful, it has to
fullfill the following requirements:

1. The grammar must be converted into a structured context-free grammar. Since
any context-free grammar can be converted into a structured grammar, this step
should not cause major difficulties (except possibly for the restriction that the
resulting hierarchy must be tree-structured, as discussed in chapter 2).

2. The resulting structured context-free grammar has to be LALR(1). This re-
quirement may be ignored, if there is no need for generating a parser for that
language (i.e. all programs in that language will be manipulated, using the editor
and the meta programming system). Unless otherwise explicitly noted, we will,
in the following, always be refering to the structured context-free grammar when
we are discussing the grammar.

3. Along with the grammar, several additional properties of the grammar need to be
specified, namely unused predefined nonterminals, the comment symbols of the
grammar, the string symbol of the grammar, etc. All these options are described
in chapter 6. We will discuss here only the most commonly used options.

The grammar definition is divided into five parts: the fragment part, tthe naming part,
the options part, the rules part, and the attributes part: The naming part specifies the
name of the grammar, the options part specifies the valid options of that grammar, the
rules part contains the productions of the grammar, and the attributes part specifies for
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each nonterminal, the number of semantic attributes defined at the semantic level for
that nonterminal. The options part and the attributes part are optional parts and may
thus be absent from the grammar definition. The meta grammar describing the lan-
guage for grammar specification is given in appendix 1.

6.1.1 The Fragment Part

In order to make the grammar specification readable for the various grammar tools, it
must start with a fragment form specification. The format of a fragment form specifi-
cation for agrammar is.

-- nanme: aGrammar: metagrammar --
where name must be the name chosen for this grammar.

6.1.2 The Naming Part

The grammar definition must begin by naming the grammar. Thisis done in the nam-
ing part of the grammar. The naming part consists of one clause:

G anmar nane:
where name must be the name chosen for this grammar.

6.1.3 The Options Part

The options part of the grammar contains various settings of variables, that control the
way in which the grammar processor treats the productions in the rules part, and other
issues.

Each option is specified by the name of the option followed by "=" followed by the
value of the option. The valid options are:

e version: Defines the ver si on number of the grammar. The version number is
used by the meta programming system to ensure that different AST's handled in
a meta program are using the same version of the grammar. Default is ‘'unde-
fined'.

» astVersion: Defines the version of the metaprogramming system to be used for
this grammar. Default is the same version as the version used for the generator.

» comBegin: Defines the string that signifies a beginning of comment in the lan-
guage of the grammar. Default is'(*".

» comEnd: Defines the string that signifies the end of comment in the language of
the grammar. If the string is the empty string, end of line acts as the comment
end string. Default is'*) '

e stringChar: Defines the string literal enclosing symbol (e.g. in a Pascal gram-
mar, st ri ngChar will be "). containing programs, written in the language of this
grammar. Default is' (single quote)

e Unused Lexem Terminals. If not all lexem terminals (e.g. <nameApp> are used
in the grammar, these should be marked as unused. This is done by using the
name of the lexem terminal as the option name and associate the value unused to
it (e.g nameApp = unused). Default isnone.

* substanceSlot: Specifies an identifiers: i d. The result of specifying this identi-
fier is, tha the metaprogramming system will generate the following attribute in
the generared context-free interface fragment: i d: <<SLOT id: descritor>>.

» subOf: Specifies the pattern name to be used as the superpattern for the context
free level patterns. Default is'treelevel’.
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* BobsOptions: String containing a comma separated list of options to be passed
to the BOBS compiler-compiler. Default is'32,34,59'.

» splitOnFiles. Specifies that the generated BETA patterns, interfacing to the
context free level should be split on the given number of files. Default is 1.

» suffix: Defines the file name suffix, that is expected on files, containing pro-
gramsin the syntax of this grammar. Default is'. t ext '

o startsymbol: Defines the startsymbol of the grammar. If no startsymbol option
is defined for the grammar, the nonterminal on the left-hand side of the first
production of the rules part of the grammar is chosen as the startsymbol of the
grammar.

6.1.4 The Rules Part

The rules part of the grammar contains the specifications of the productions of the
grammar.

The productions must follow the structure of a structured context-free grammar, as
described edlier. Terminals have the form ' w , i.e. a string enclosed in single quotes
(e.g. 'enter'). Nonterminals has either the form <A> or <t: A>, where t is a tag-
name, and A is the syntactical category. If no tag-name is provided, the name of the
syntactic category is used as the default tag-name.

The complete grammar must be LALR(1), if a parser needs to be generated by the
metaprogramming System.

6.1.5 The Attributes Part

The attributes part of the grammar is a specification of the additional memory, the
metaprogramming system needs to allocate in order to be able to handle the semantic
attributes defined at the semantic level of the grammar.

The attributes part isalist of

<nont er mi nal Nane>: nunber,
where <nont er mi nal Nane> is the name of a nonterminal of the grammar, and nunber
Is the size of the semantic attributes defined for this nonterminal. These semantic at-
tributes are saved as part of the AST, when it is stored on some file. Please note, that
for efficiency reasons, the number of attributes must be even (or zero).

As a side effect of specifying the nonterminal in the attributes part, that the generated
context-free level interface pattern for that pattern will contain an attributes slot:
<<SLOT nont erm nal NaneAttri butes: attributes>>

6.1.6 An Example Grammar
The following grammar will be used in the following to illustrate the various tools:

- nylang: aGranmar: netagranmmar --
grammar nyl ang:

<if> ] <while> | <procCall >;

"if' <condition:exp>

"then' <thenPart: statenent>

'"el se' <elsePart:statement> 'endif';

<st at ement >
<if>

rule
<modul e> = '"nmodul ' <nodule:id>";"' <inportQpt>
"begin' <statenent> 'end'
<i d> : = <naneDecl >;
<i nport Opt > :? <inport>;
<i nport> ;= "inport' <nameList>'
<naneLi st > : + <nameDecl >
g
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<whi | e> "whil e' <condition: exp>
‘"do' <statenentList> 'end';

<st at enent > '

<statenentList> ::

*
<exp> | <expProcCall> | <text> | <nunber>;
<t ext > = <string>;
<nunber > = <const >;
<expProccCal | > = <procCal | >;
<procCal | > = <nameAppl > "'(' ")’

6.2 Generating the Grammar-Based
Information

After having constructed the grammar, several grammar analysis tools needs to be in-
voked in order to analyse the grammar and generate the necessary information for the
various tools. In the following discussion, we will assume the grammar is named ny-
| ang and the grammar isresiding on the file nyl ang- et a. gram

The naming conventions used here are mandatory:
A grammar must reside on a filewith a namethat isthe name of the
grammar (as specified in the G anmar clause of the grammar) followed
by - met a. gr am

6.2.1 Generating the Metaprogramming Interface

In order to generate the predefined patterns that constitute the tree- and context-free
level interface to the AST's generated by the grammar, we have to invoke the gener -
at or tool:

gener at or nyl ang

The gener at or checks whether the grammar is a valid structured context-free gram-
mar, and generates the following files:

* nyl ang- net a. ast : Thisfile contains an AST of the grammar itself. ThisAST is
in accordance with the metagrammar specification given in appendix 1.

e nylangcfl. bet: This file contains BETA patterns, constituting the BETA in-
terface (as described above) to the context-free level of AST's that will be gen-
erated by the parser (or other tools, such as the editor). If the grammar options
(discussed later) specify that these patterns should be split on several files, the
filesnyl ang2. bet , nyl ang3. bet , etc. will also exist.

* nyl ang- par ser. bobs: This file contains the grammar in a special format to be
used by the parser generator (see below).

6.2.2 Generating Parser and Parser Tables

The next step is to analyse the grammar (to check that the grammar is LALR(1) and
otherwise well-formed). Thisis done by the bobsi t tool:

bobsit nyl ang
Besides analysing the grammar, the bobsi t tool generates the file:

* nyl ang- par ser. bt ab: This file contains the parser tables, needed by nyl ang-
par ser. bet .



Generating a Metaprogramming Interface

25

Bobsi t may find errors in the grammar (such as the grammar not being LALR(2),
nonterminals that cannot be reached from the startsymbol, etc). If a parser is not to be
used at al for the nyl ang grammar (i.e. all AST's of the grammar is generated by
grammar-based tools) these errors may be ignored.

Bobsi t isarevised version of the BOBS compiler generator.

6.2.3 Generating Pretty-printer Specification

Having analysed and checked the grammar, generated the AST interface to the gram-
mar, generated the BETA interface to the AST's of the language, and generated the
parser and parser tables, the next step is to generate a pretty-printer specification for
the language. Thisis done by the makepr et t y tool:

makepretty nyl ang
Makepr et t y generates the default pretty-printer specification for the grammar nyl ang
on thefile:
* nylang-pretty. pgram

This default pretty-printer specification is often not the best possible pretty-printer
specification for the given grammar. The default pretty-printer specification is there-
fore often modified in order give a better reflection of the semantical structure of the
language. These modifications are done manually and discussed later.

6.2.4 Generating Pretty-printer Specification Tables

As the final step in generating the grammar-based information to be used by the vari-
ous grammar-based tools, the pretty-printer specification tables need to be generated.
Thisin done by the nor epret t y tool:

norepretty nyl ang
Mor epr et ty analyses and checks the pretty-printer specification on the file nyl ang-
pret ty. pgr amand generates the pretty-printer specification tables on thefile:

* nylang-pretty. ptbl

6.2.5 Generating the Grammar-based Information Easily

In order to make it easier to run these four tools in the right sequence, a utility tool is
available:

dogram nyl ang

which runs generator, bobsit, makepretty and morepretty in that sequence.
Please note, that the dogr amtool will overwrite any existing manually edited pretty-
printer specifications. If these should be retained, either run the three other tools (e.g.
except makepretty) manualy, or copy the manually edited pretty-printer specifica-
tion file to a safe place before invoking dogr am

6.2.6 Registering the new grammar

The grammar is now ready for being used by the different grammar-based tools in the
Mjaglner BETA System. The grammar-based tools uses a particular searching strat-
egy, when trying to locate the grammar to be used for interpreting a given file (textual
source file, of a group file, containing the ASTS). This searching strategy is imple-
mented inthef i ndG ammar fragment, described later. This strategy is the following:

1) First try to locate the grammar in the current directory.

2) Then try to find the grammar among the grammars specified in one of the
grammar specification files:
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a) First try among the grammars defined in the MBSgr anmar s. t ext filelo-
cated in the current directory.

b) Then try among the grammars defined in the MBSgr ammar s. t ext filelo-
cated in the HOME directory of the user.

c) Then try among the grammars defined in the MBSgr anmar s_DEMO. t ext
filelocated in the ~bet a directory.

d) Finaly try among the grammars defined in the MBSgr ammar s_STD. t ext
filelocated in the ~bet a directory.

The first grammar found in this sequence will be used. The format of these grammar
specification files are:

[
- I NCLUDE 'fil enane of grammar'

- INCLUDE 'fil enane of grammar'
. etc. ..
-- INCLUDE 'fil enane of grammar'
1]
The filename of the grammar should not include the - net a suffix. If we assume that
your new grammar nyl ang is located in the ~you/ nyl ang directory, you can specify
the grammar by inserting the following line in one of the grammar specification files:

- I NCLUDE ' ~you/ nyl ang/ nmyl ang

In order to have your new grammar being usable by the grammar-based tools, you
therefore either have to have the grammar files located in the current directory, or
have the grammar specified in one of the above mentioned grammar specification
files. Since the gr ammar sDEMO. t ext and gr anmar sSTD. t ext files are located in the
~bet a directory, these files will not usually be modifyable by the normal users. You
will therefore most often be specifying your grammar in one of the
. MBSgr anmar s. t ext files mentioned above.

Important note for version 5.1: In this release, it is
necessary to specify the grammar also in thefile

MBSgrammarsExt.text

to make the grammar usable for the grammar-based tools
(Sif, Frea, Frigg, Valhalla).

6.2.7 Using the Pretty-printer and the Hyper-structure Editor

After having specified your grammar, you will be able to use the new grammar with
the pretty-printer and the hyper-structure editor.

In order to make a pretty-print of the nyl ang program on the filet st . nyl ang, the pp
tool must be used:

pp tst.nylang > tst.pp

Thiswill pretty-print thefile t st. nyl ang (or t st . ast ) and deliver the pretty-print on
thefilet st. pp. pp accepts two options:

-p ppSpecFi | e: name of apretty-print specification to be used for this pretty-print

-d ppDept h: the depth of the AST to be pretty-printed. Can be used for making
abstract interface descriptions.

The grammar is now also ready for use by the hyper-structure editor Si f. Usage of
nyl ang in Si f is described in detail in the Sif manual [MIA 90-11]. However, in or-
der to be able to utilize the automatic contraction facilities of Si f , the grammar speci-
fication needs to be augmented with one additional section, namely definition of the
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contractionCat egori es property. This property is specified at the very beginning
of the grammar specification (in the form of afragment property). Asan example, we
can definethe cont r act i onCat egor i es property for thenyl ang grammar:

contracti oncategories
nodul e
i mport
if
whi | e;
- nylang: aG amar: netagrammar --

grammar nyl ang:

rule

<modul e> = '"nmodul ' <nodule:id>";"' <inportQpt>
"begin' <statement> 'end';

<i d> .1 = <naneDecl >;

<i nport Opt > ;1 ? <inport>;

etc. as previously

In this example, we have specified the rules nodul e, i nport, i f and whil e as the
contractions categories. Thisimplies, that Si f automatically will contract these parts
when displaying a program derived from nyl ang. Pleaserefer tothesif.

Please note, that we in this example shows the entire file, including the fragment syn-
tax needed:

- nylang: aG ammar: netagrammar --

Note, that aG anmar and net agr anmar are mandatory names, whereas nyl ang can be
freely chosen.

6.2.8 Modifying the Pretty-print Specification

If you want to modify the specification, then modify the file: nyl ang- pretty. pgram
either by means of atext editor or the pretty-print specification language-editor. After
modifying the pretty-print specification norepretty is used again to create new ta-
bles for the editor. Note that if the grammar is modified, then the file nyl ang-
pretty. pgram must be updated accordingly, e.g. a new production in the grammar
might require a new production in the pretty-print specification grammar. In order to
be able to modify the pretty-print specification the user must know the pretty-print al-
gorithm.

The Pretty-print Algorithm

The pretty-print algorithm is an adaptive pretty-printer, i.e. the pretty-printer always
tries to print as much as possible on each line. If the pretty-printed text cannot fit on
one line, the pretty-print specification tells where to break the line. For each produc-
tion in the grammar, there is a specification of how to pretty-print that production.
Furthermore it isindicated where to associate a possible comment.

The pretty-printer algorithm takes as input a stream of tokens. A token is atext string,
abreak or ablock.

» atext string is a sequence of characters

» abreak specifies, where aline may be broken

» ablock is specified by means of two delimitor tokens: [ and ].
A stream is defined by

1. atext string isastream and

2. if s1, 87, ... shisastream then [ s1 <break> s <break> .. <break> s, ] isaso a
stream.
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The algorithm gives a text string as output. The text string has a fixed maximal width.
The block concept is used in the following way: the algorithm tries to break onto dif-
ferent lines as few blocks as possible according to the maximal width. If a block can-
not fit on one line the block has to be broken. The breaks are used to specify where to
break the block. A break has alength and an indention. The length specifies the num-
ber of single space characters to be written if the block is not broken. The indention
specifies the number single space characters to be written (relative to the surrounding
block) at the beginning of anew lineif the block is broken.

There exist two types of blocks: consistent and inconsistent blocks. If a consistent
block cannot be written on one line the substreams of the block will be written on
separate lines. 1.e. al breaks in the block will imply a line break. If an inconsistent
block cannot be written on one line the substreams are only written on a separate line
if they cannot be written on the rest of the current line.

The reason for the distinction between consistent and inconsistent blocks is that one
might prefer:
i f <<condition:exp>> then
<<t henPart : st at enent >>

el se
<<el sePart: st at enent >>
endi f
to i f <<condition:exp>> then <<thenPart: statenent>> el se
<<el sePart: statement>> endif
and i mport a, b,
c
t o4 i mport a,

b;
c

The Pretty-print Specification

The pretty-printer is based on the algorithm just described, but because the internal
representation of a document is an abstract syntax tree, the input stream to the pretty-
printer algorithm must be generated from the AST. This step is called unparsing. The
structure of an AST is described by means of a grammar. The pretty-print specifica-
tion defines for each production in the grammar how it shall be unparsed.

Only those productions, that result in nodes in the AST, has a corresponding specifi-
cation. The productions are constructor and list productions as described previously.

The grammar for pretty-print specificationsis described in appendix 2.
The pretty-print specification of a constructor production has the following form:

<Constructor> ::= <Producti onNane: naneAppl > '=' <Stream Itenli st >;
<ltenlList> i <l tenp;
<ltenmp ::|] <Term nal> | <NontTerms | <Break>

| <Bl ock> | <Comment Pl ace>

The Pr oduct i onNane is the name of the syntactic category on the left side of the cor-
responding production in the language grammar. The items in the stream can be ter-
minals, nonterminals, breaks, blocks or comment places:

* A terminal can be aterminal symbol from the corresponding production. Thisis
specified by T: n, where n is the terminal number in the production. A terminal
can also be an explicit terminal symbol: abc.

4 Naturally, we are assuming that the line width is not sufficient to have the entire
inport a, b, c
ononesingleline
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* A nonterminal is referring to the nonterminal symbol in the corresponding pro-
duction or, if the nonterminal has been expanded, to the underlying sub-AST.
Like terminals the nonterminals are numbered (N: n).

* A break is specified by $<I engt h>, <i ndent i on>. The meaning of | engt h and
i ndent i on is described above. The default break $$ has length 0 and indention
1

* A consistent block is specified by [c¢ ... ] and an inconsistent block is speci-
fiedby [i ... ].

* The comment place character * is used to indicate where to pretty-print the
comment that may be associated with the node (corresponding to the production)
in the AST. A comment place character shall be positioned after a terminal
symbol and cannot be used in alist production.

The pretty-print specification of alist production has the following form:

<Li st Prod> ::
<Li st Spec> ::

<Pr oduct i onNane: nanmeAppl > ' =" ' (' <ListSpec> "')";
<Begi nni ng: I t enlLi st >

"{' <Bl ockType> <Separator:Iteniist> "}

<Endi ng: I t enii st >

The list production specifies what is going to be pretty-printed before the list, between
the list elements and after the list. A list is always surrounded by a block. Note the the
block delimitorsfor listsare{ and} .

The pretty-print specification must always start with a fragment form soecification
(similar to the grammar specification). For a pretty-print specification the syntax is:

-- nane: prettyprint: prettyprint --
where name must be the name chosen for this grammar.

An Example of Modifying the Pretty-print Specification

As mentioned the makepretty script generates a default pretty-print specification.
This section illustrates the default pretty-print specification of the sample grammar
and how the specification can be improved to obtain a more "pretty" pretty-printing.

The default pretty-print specification for nyl ang (nyl ang- pretty. pgram) might
looks liked:

- nylang: prettyprint: prettyprint --
PrettyPrint Schene nyl angSpec

for nyl ang:

nodul e = T:13$3* $$ N1 $$ST:2 $$ N2 $$ T:3 $3 N3 $3$ T: 4;
id = N 1;

importOpt= N1 ;

i nport = T:1%$%* $$ N1S$ T2

nameLi st = ({cT1$$})

statement= N 1

i f :T:1$$*$$N1$$T2$$N2$$ :3 $$ N 3$$T:4;
whi | e = T:1 35 * $$ N1 S T:2 33 N2 $$T:3
statementList = ( {c T:1 $$} );

exp = N1,

text = N 1;

nunber = N1;

expProcCal | = N 1;

procCall = N1 $$T:1%$$* $3T:2

5 This default pretty-print speficication is subject to changes. The default pretty-
print specification on your system might differ from the one shown here.
Especially will al construction nonterminals have consistent blocks surrounding
their right-hand pretty-print specifications.
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As can be seen the default specification uses default breaks; there are no blocks ex-
cept in lists; the block type of alist is consistent and only the list separator is speci-
fied; comments are only associated with constructor productions and always after the
first terminal symbol.

Let uslook at the following sourcefile:

-- test: nodule: nylang --
nmodul e pi p;
(* Copyright 1992*)
(* Molner Informatics *)
i mport dyt, baat, olsen; (* sone inported operations *)
begin
whi |l e ol sen() do
if (* the test condition will be filled out later *)
<<condi ti on: exp>>
t hen
dyt ()
else if <<condition:exp>> then baat() else <<elsePart:statenen
endi f
endi f;
<<st at enent >>
end
end

Using the default pretty-printer specification as generated by the makepretty tool
(see above) resultsin the following pretty-print®:

-- test: nodule: nylang --

nmodul e (* Copyright 1992 *)

(* Molner Informatics *) pip ; inport

(* some inported operations *) dyt, baat, olsen ; begin while
olsen ( ) do

if

(* the test condition will be filled out |ater *)
<<condition: exp>>

t hen

dyt

(

)

el se

if

<<condi tion: exp>>
t hen

baat

(

)

el se

<<el sePart: statenent>>
endi f

endi f;

<<st at enent >> end end

Because there are no blocks in the specification, the pretty-printer tries to write as
much as possible on each line as can be seen on the first three lines of the program.
Note that no blocks in the specification has the same effect as one surrounding incon-
sistent block. After the third line each item is written on a separate line. Thisis caused
by the statementL.ist, that introduces a consistent block of statements.

6 Since the default pretty-print specification might differ on your system, the same
appliesfor this pretty-print example.



Generating a Metaprogramming Interface

31

This pretty-printing is certainly not very pretty, but only a few modifications of the
specifiation improves the layout drastically. Consider the following modified specifi-
cation:

- nylang: prettyprint: prettyprint --

PrettyPrint Schene nyl angSpec
for nyl ang:

modul e = [c[i T:1 $$ N1 T:2] $% * $$ N2 $$ [c T:3 $1,2
N:3 $$ T:4] 1;

id = N1,

importOpt= N1

i mport [i T:1%$$ N1 T:2 %% *];

nanmeLi st ( {i 1381} );

statenment= N1 ;

i f = [c[i Tm1 8 * $1,3 N1 $$ T:2 ] $1,3 N2 $$ [i T:3 $1,3
N:3] $$ T: 4 ];

whi | e = [c[i T!1$$* $S N1 $$ T:2] $1,3 N2 $$ T: 3];
statenentList = ( {c T:1 $$ } );

exp = N1;
text = N
nunber
expPr ocCal N 1;

proccCal | N1 T:1T:2 $$ *

Thet est program now |looks much nicer:

1
T:

N: 1;

(TR TN

- test: module: nylang --
nmodul e pip
(* Copyright 1992 *)
(* Moalner Informatics *)
i nport dyt, baat, olsen; (* sonme inported operations *)

begi n
whi | e ol sen() do
if (* the test condition will be filled out later *)
<<condi tion: exp>> then
dyt ()
el se
i f <<condition: exp>> then
baat ()
el se <<el sePart: statenment>>
endi f
endi f;
<<st at enent >>
end
end

The following changes have been made: In the nodul e production some blocks have
been introduced: one that surrounds the whole production, one that surrounds the
header of the module and one that surrounds the body of the module. It is important
that the block types of the first and the last block are consistent. The break between
the module name and the ":" have been removed. The comment character have been
moved. The break between the begi n keyword and the <st at enent > has been
changed to an indention of two characters.

In the naneLi st production, the block type has been changed to inconsistent. The i m

port production is surrounded by an inconsistent block in order to "overload" the
consistent block of the start production. In thei f and whi | e productions, blocks has
been introduced and the indention has been changed. In the proccCal I production, the
breaks has been removed.

The reader is recommended to try to understand the effect of these modifications in
order to gain insight into the workings of the pretty-print specification.
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6.3 Format of Source Files

The source files to be read by the different grammar tools (e.g. pp andsi f ) must all
start by giving a specification of the fragment form (similar to grammar specifications
and pretty-printer specifications).

The fragment form syntax for source filesis:
-- nane: category: granmar --

where grammar  be the name for the grammar for this source file. Cat egory must be
the name of a construction nonterminal in the grammar, and finally nane is the name
chosen for this fragment form (mostly not significant). If “: granmmar“ isomitted, the
BETA grammar is assumed.

Please note, that it isimportant that cat egory isthe name
of a construction nonterminal, i.e. a nonterminal specified
by a construction rule:

category ::= ...;




/ Fragment and AST
Properties

The metaprogramming system enables associating properties with each fragment and
with the individual nodes in an AST. The fragment properties are defined as part of
the fragment syntax (e.g. the ORIGIN and INCLUDE properties). The AST properties
may be attached to the nodes by metaprogramming tools.

The properties are defined as instances of the propertyLi st pattern (defined in the
property fragment). Properties are lists of (name, parameterList) pairs. Name may
be any text string, and parameterList is a list of values, where each value may be an
integer, atextstring or a name (also a textstring).

The attributes of propertyLi st are: addPr op, fi ndPr op, del et ePr op, scanPr op and
get Prop.

The fragment properties are available through the prop attribute of the fragnent
pattern. The AST properties may be accessed through the following attributes of the
AST pattern: set Conment Prop, get Comrent Prop and hasConment Prop. Set Com
ment Pr op makes it possible to associate a pr oper t yLi st with an AST, and get Com
ment Prop makes it possible to gain access to the propertyLi st associated with an
AST, and finally hasConment Prop is used for testing whether a pr opertyLi st iscur-
rently associated with an AST.

Please note, that the current implementation of properties of ASTs implies that the
properties replaces any comments, which might have been associated with the AST.
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8 The Metaprogramming

System Libraries

The metaprogramming system consists of a number of fragments: ast | evel , appl -
gram findgrammar, property, metagrammarcfl and net agr amsemat t :

ast | evel . bet contains the metaprogramming interface to the ASTs and frag-
ments, as described above.

appl gram bet contains one single pattern (subpattern of treel evel ), which
defines the proper initializations etc. for utilizing the treelevel interface for any
given grammar.

findgrammar. bet contains the grammar Fi nder used in the Mjglner BETA
System (i.e. findgrammar seeks for grammars the places where the Mjainer
BETA System locates its grammars).

met agr anmar cf | . bet contains the context-free level interface for the meta
grammar, thus defining the interface to any grammar information, maintained by
the Mjglner BETA System. met agrammarcfl is used by tools that needs to
know about the structure of the grammar for the ASTs they are working on (e.g.
the nmet aG anmar cf | interface is used by the Sif editor to find out about the
valid derivations of a given nonterminal).

met agr amsenat t . bet contains the semantic level interface for the metagram-
mar, and defines the interface to the available semantic information for gram-
mars (e.g. options).
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System

Astlevel.bet

ORIA N ' ~bet a/ basi cli b/vl.5/betaenv';

| NCLUDE ' ~bet a/ basiclib/vl.5/file'
' ~bet a/ sysutil s/vl1. 5/ pat hhandl er'
' ~bet a/ cont ai ners/v1. 5/ hashTabl e'

"property';
BODY 'private/astPrivate';
(*
* COPYRI GHT
* Copyright (C Molner Informatics, 1986-93
* Al rights reserved.
*

-- LIB: Attributes --
(* This fragnent contains the tree level interface to the abstract syntax trees
* and interface to the fragnent library.
) (* idx: 2 %)
astlnterface:
(#
<<SLOT astlInterfaceLib: Attri butes>>;
yggdr asi | Ver si on:
(* describes the version of TH S(astlnterface) *) (# exit 'vb.1' #);
ast :
(* Basic class, which is the super-pattern of all patterns describing
* abstract syntax trees. Ast's are stored in a special purpose fornmat
* which is internally allocated in a repetition.
*
)
(#
<<SLOT astLib: Attributes>>;
frag: (* where THI S(ast) bel ongs *)
A ragment For m
synmbol : (* the nonterm nal synbol of THI S(ast) *)
(# | ab: @nteger
enter (# enter lab ... #)
exi t
(#

exit lab
#)
#),

37
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f at her:

(* return the father of THI S(ast) or NONE, if we are in the root
(#
exit (# as: "ast ... exit as[] #)
#),

next Br ot her:
(# brother: "ast

exit brother[]
#)

sonNo:

(* returns the sonNo of THI S(ast) in the father node *)
(# inx, finx,son: @ nteger

exit son
#) ;
ki nd:
(* return the subCategory of ast this node is *)
(#
exit (# kind: @nteger ... exit kind #)
#)
equal :
(* determines if THI S(ast) and another ast-reference points to tt
* sanme ast. This operations is to be used instead of testing

* reference-equival ence directly: instead of testing
* al,a2: "ast;

* (if al[]=a2[] then ... if);

* you nust test

* (if (al[]->a2.equal) then ... if)

(# conpar edAst: "ast;

enter conparedAst|]

exit (# eq: @oolean ... exit eq #)
#);

near est ConmonAncest or :

(* find the nearest common ancestor of THI S(ast) and the ast
* entered
*)

(# testAst,nca: "ast; testSonNo, mySonNo: @ nteger

enter testAst][]

do ...

exit

(nca[],test SonNo, nySonNo)

(* TestSonNo is the nunber of the son where father-chain of the
* entered ast differs. MSonNo is the nunber of the son wher¢
* father-chain THI S(ast) differs
*)

#)

[t:

(* Determine whether the ast entered or TH S(ast) will be met fir
* in a preorder traversal of the tree. Return true if the ast
* entered comes first
*

(# testAst: "ast; testSonNo, nySonNo: @ nteger

enter testAst][]

do ...

exit (testSonNo < mySonNo)

#)

put Attri bute:

(* save an integer value as an attribute to TH S(ast) *)

(# val ,attributNo: @ nteger;

enter (val,attributNo)
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#);

getAttribute:

(* get an integer-valued attribute *)
(# attributNo,val: @nteger;
enter attributNo

exit val
#) ;
put NodeAttri bute:
(* save an ast-reference as an attribute to THI S(ast) *)
(# val: "ast; attributNo: @ nteger
enter (val[],attributno)
#) ;
get NodeAt tri but e:
(* get an ast-reference - valued attribute *)
(# attributNo: @nteger; val: "ast
enter attributno

exit val[]
#) ;
put Sl ot Attri bute:
(* save an integer value as an attribute to THI S(ast) *)
(# val,attributNo: @nteger;
enter (val,attributNo)
#) ;
getSlotAttri bute:
(* get an integer-valued attribute *)
(# attributNo,val: @nteger;
enter attributNo

exit val
#) ;
put Sl ot NodeAttri but e:
(* save an ast-reference as an attribute to TH S(ast) *)
(# val: ~ast; attributNo: @ nteger
enter (val[],attributno)
#) ;
get Sl ot NodeAttri bute: (* get an ast-reference - valued attribute *)

(# attributNo: @nteger; val: "ast
enter attributno

exit val[]
#)
addConmment :
(* add a comment to THI S(ast). Overwites existing coments *)
(# 1: "l exenilext;
enter |[]
#);
get Comment :
(* return the conment associated with THI S(ast) *)
(#
exi t
(# as: "ast ... exit as[] #)
#)
get Next Conment: @
(*
* This is a special operation that only should be used by
* the prettyprinter
* A conment c¢ for at subAST is organized as foll ows:
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c =clc2... cn, where the positions of the ci's are:

cl sonl c2 son2 ¢c3 .... cn sonn cn+l

each ci can be further divided into a subsequence of coments
that rmust be prettyprinted separately.

Next Comment scans all subcomments one of the tine.

A call of nextComment returns the next subcoment in the
sequence of comments bel onging to THI S(ast).

if nis -2 the whole conment is enpty and subconmment is none
if nis -1 the subcoment is enpty and 'subcoment' is none
if nis O there is only one comment between the two sons

or it is the |ast subconment

if nis 1 there are nmore than one subcomment and
'subcoment' contains the current one

if nis 2 the whole comrent has been scanned,

'subcomment' contains the | ast one

The representation of the comment | ooks |ike this:
" oxxx 21 yyy 2 zzz 21 aaa 2'

where 1 (ascii 1) is the separator between the
subcoment s and
2 (ascii 2) is the subsequence separator

and it should be prettyprinted |ike this:
[* xxx *] sonl [* yyy *] [* zzz *] son2 [* aaa *]

L B R T T B T S R T N R R . B

)

(# subcomment: “text; n: @nteger
do ...

exit (subcoment[], n)

#);

i nsert Subcomment s:

(* This is a special operation that only shoul d be used by
* the editor

Inserts the subcoments with index inx (1..n)
Subconmment s nust include subsequence separators.

THI S(ast) nust al ready have a comment.

An enpty coment with separators

can be created using the prettyprinter

* % X F %k X
~

(# subcomments: ~text; inx: @ nteger
enter (subcomments[],inx)
do ...
#);
set Subcoment s:
(* This is a special operation that only should be used by
* the editor
Sets the subcoments corresponding to index inx (1..n)
Subcomrent s nust include subsequence separators.
I f subcoments is enpty, the existing subcomments
at index inx are del eted.
THI S(ast) rmnust al ready have a conment.
An enpty conment with separators
can be created using the prettyprinter

* % X X X F X X
~

(# subcoments: “text; inx: @ nteger
enter (subcoments[],inx)
do ...
#) ;
get Subcomment s:
(* This is a special operation that only should be used by
* the editor
* Returns subcoments with index inx (1..n), including
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subsequence separators.
If the node has no conment or the subcoments are enpty
the enpty string is returned.

EE
~—

(# subcomments: ~text; inx: @nteger
enter (inx)

do ...
exit subcomrent s[]
#)
scanComment s:
(*
* A conment c for at subAST is organi zed as foll ows:
* ¢ =clc2 ... cn, where the positions of the ci's are:
* ¢l sonl c2 son2 ¢3 .... cn sonn cn+l
* Each ci can be further divided into conments that nust be
* prettyprinted separately.
* ScanComment scans all subconments one of the tine
* calling INNER for each subconment.
* 'current' contains the current subcomment with indexes
* inx (1..n, the ci nunber) and subinx (1..n, the nunber in
* the subsequence)
*
)
(# current: ~text; inx,subinx: @ nteger
do ...
#);

i nsert Subconmment :
(* I'nserts subcomrent with i ndexes inx and subi nx
* THI S(ast) must already have a coment.
* An enpty coment with separators
* can be created using the prettyprinter
*
)
(# subconment: A~text; inx,subinx: @nteger
enter (subcoment[], inx, subi nx)
do ...
#) ;
set Subconmment :
(* Sets subconmment with indexes inx and subi nx,
I f subconment is enpty, the existing subconment is del eted.
THI S(ast) nust already have a coment.
An enpty comment with separators
can be created using the prettyprinter

E

*

)

(# subcomment: ~text; inx,subinx: @ nteger
enter (subcomrent[], inx, subi nx)

do ...

#)

get Subcoment :

(* Returns subcomment with indexes inx and subi nx,
* if the node has no comment or the subcomment is enpty
* the enpty string is returned
*

(# subcomrent: ~text; inx,subinx: @ nteger
enter (inx, subinx)

do ...
exit subconmment|[]
#) ;
hasConment :
(* tells if there is a conment associated with TH S(ast) *)
(# has: @oolean ... exit has #);
hasConment Pr op:
(#

exit (typeO Coment = 17)
#)
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get Conmrent Pr op:
(# prop: ~propertylList;
do ...
exit prop[]
#) ;
set Comment Pr op:
(# prop: “propertylist;
enter (prop[])
do ...
#);
t ypeOr Comment :
(* sets or returns the type of THI S(comment) *)
(# type: @nteger
enter
(# enter type ... #)
exit
(#

exit type
#)
#);
dunp: < (* do a nearly human readabl e dunmp of THI S(ast) to a stres
(# level: @nteger; dnmp: ~stream
enter (level,dnp[])
#);
copy:
(* make a copy of THI S(ast) with all sons. The enter-paraneter
* tells which fragment Formthe copy shall belong to
*
)
(#
copyFrag: ~fragnent Form
astOverfl ow < astlnterfaceException;
startingParsing: < (# do | NNER #);
f ragment Not Exi sting: < astlnterfaceException
(# do true->continue; |NNER #);
gr ammar Not Found: < ast | nterfaceExcepti on;
badFor mat : < astlnterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFileError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi | eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeft Error: < astlnterfaceException;
otherFil eError:< astlnterfaceException;
copyCatcher: @andler (* private *)
(# ... #
enter copyFrag[]
exit
(# as: "ast
do ...
exit as[]
#)
#)
mat ch: <
(* pattern-matching. Returns true if the entered ast match
* THI S(ast)

*)
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(# doesMatch: @ool ean; treeTolMatch: ~ast
enter treeTomatch[]

exit doesiat ch
#) ;
hasSemanti cError:
(* returns true if THI S(ast) has semantic errors *)

(#
ent er
(# b: @ool ean
enter b
do (@ frag.a[index],b)->tos %PutBits[1,1]"
#)
exit frag.a[index]->tos' %GetBits[1,1]
#);
semanticError: (* if hasSemanticError, this is the errorNunber *)
(#
enter

(# errorNunber: @ nteger
ent er error Nunber
#)
exit
(#
error Nunber :
@ nt eger ;

exit errorNunber
#)
#);
stopYggdrasil: < ast Exception
ast Exception: astlnterfaceException
(#
do | NNER ;
nsg. newLi ne;
" index ="'->nBQ. puttext;
(i ndex)->msg. put I nt;
" synbol = '->nsg. puttext;
(synbol ) - >nmsg. put | nt ;

#);
<<SLOT astPrivatelLib: Attributes>>;
i ndex:
(* Private: architecture of an ast:
*
* | - |
K e e e e e e e e e e e e
* index -> | prodno |
K e e e e e e e e e e e e e = -
* | next brother | (if negative: -index to father)
K e e e e e e e e e e e e = -
* | first son | (for lexems: pointer to text)
K e e e e e e e e e e e e
* |[first attribute]
K e e e e e e e e e e e e e = -
* | ce |
*
*) @nteger;

bit7: (* Private *)
(# b: @ool ean
enter
(# enter b do (@@frag.a[index],b)->tos' %utBits[O0,1]"' #)
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exit frag.a[index]->tos' %etBits[0,1]'->b
#)
copyPrivate:< (* Private *)
(#
t heCopy: ”"ast; theCopylnx: @nteger; copyFrag: ~fragmentForr
enter copyFrag[]

eX| t theCopyl nx
#);

do | NNER
#);
expanded: ast
(* this pattern describes all expanded ast *)
(#
<<SLOT expandedLi b: Attri but es>>;
noCf sons:
(* return the nunber of sons of THI S(expanded) *)
(# sons: @nteger;
do ...
exit sons
#)
get:
(* get a son with a given son-nunber *)
(# 1: @nteger;
enter i
exit
(# as: "ast ... exit as[] #)
#)
put :
(* sets the entered ast to be a son of this son with a given
* son- nunber
*)
(#
i: @nteger;
s: "ast;
not SaneFragnment : < ast Excepti on
(* exception called if the entered ast is not in sane fragm
* as THI S(expanded)

*)
(#
do | NNER ;
"Error in put. Inserted ast is not fromsane fragnentFc
->nsg. putli ne;
#);
enter (i,s[])
do ...
#);
scan:

(* iterates over all sons *)
(# current: “ast; currentSonNo: @ nteger;
do ...
#)
suf fi xWal k:
(* make a preorder traversal of the tree with TH S(expanded) as
* root. cutlf can be used to cut the traversal of some sub-ast':
*)
(#
cutlf:<
(# prod: @nteger; toCut: @ool ean
enter prod
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do fal se->toCut; | NNER

exit toCut
#)
current: (* the ast-iterator *) "ast;
do ...
#);

suf fi x\Wal kf or Pr od:

(* make a preorder traversal of the tree with THI S(expanded) as
* root. WII only call INNER for ast's which have the synbol
* "prod'. cutlf can be used to cut the traversal of some sub-ast's
*

)
(#
scanCat: < ast;
cutlf:<
(# prod: @nteger; toCut: @ool ean
enter prod
do fal se->toCut; |NNER
exit toCut
#);
current: (* the ast-iterator *) ~scanCat;
prod: @ nteger;

enter prod
do ...
#);
i nsert:
(* insert an ast before a son with the given son-nunber. Mist
* externally only be called for lists
*)
(#
i: @nteger;
s: "ast;
not SaneFr agnment : < ast Excepti on
(* exception called if the entered ast is not in sanme fragment
* as THI S(expanded)

*)
(#
do I NNER ;
"Error in put. inserted ast is not fromsane fragment Form'
->meg. put | i ne;
#);
enter (i,s[])
do ...
#)
getsonl:
(* optim zed version of getsonl: (# exit 1 -> get #) *)
(#
exit

frag. a[i ndex+1]->t os' %get Short[1]"'->tos' ¥shiftLeft[ 1]
->frag. i ndexToNode
#);
getson2: (# exit 2->get #);
getson3: (# exit 3->get #);
getsond: (# exit 4->get #);
getsonb: (# exit 5->get #);
getson6: (# exit 6->get #);
getson7: (# exit 7->get #);
getson8: (# exit 8->get #);
getson9: (# exit 9->get #);
putsonl: (# a: "ast enter a[] do (1,a[])->put #);
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putson2: (# a: "ast enter a[] do (2,a[])->put #);
putson3: (# a: "ast enter a[] do (3,a[])->put #);
putsond: (# a: "ast enter a[] do (4,a[])->put #);
putson5: (# a: "ast enter a[] do (5,a[])->put #);
putson6: (# a: "ast enter a[] do (6,a[])->put #);
putson7: (# a: "ast enter a[] do (7,a[])->put #);
putson8: (# a: "ast enter a[] do (8,a[])->put #);

putson9: (# a: "ast enter a[] do (9,a[])->put #);
<<SLOT expandedPrivate: Attri butes>>;
dunp::< (* Private *)

(# do ... #);

match::< (* Private *)
(#
do ...
#)

copyPrivate::< (* Private *)
(# do ... #);

do | NNER ;

#)
cons: expanded
(* describes ast's derived froma constructor-production *)

(#
<<SLOT consLi b: Attri but es>>;
del et e:
(* delete a son with the given son-nunber. Inserts an unExpanded
* i nstead
*
(# sonnr: @ nteger;
enter sonnr
do ...
#);
dunp::< (* Private *)
(#
do ' CONS' - >dnp. puttext; |NNER
#)
#);

list: expanded
(* describes ast's derived froma |ist-production *)
(#
<<SLOT I|istLib:Attributes>>;
sonCat: < ast;
newScan: (* iterates over all sons *)
(# predefined:< (# current: "Ast enter current[] do | NNER #);
a: "ast;
current: “sonCat;
current SonNo: @ nt eger;
do ...
#);
append:
(* append a son to the list *)
(# a: "ast; enter a[] do (noOf Sons+1, a[])->insert; #);
delete: (* delete the son with the given son-nunmber fromthe |i st
(# sonnr: @ nteger;
enter sonnr

do ...
#);
dunp::< (* Private *)
(#
do ' LI ST' - >dnp. puttext;

| NNER
#),
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#);
| exem ast
(* describes all ast's derived fromone of the predefined nonterminals *)
(# <<SLOT | exenLib: Attributes>> #);
| exemlext: | exem
(* describes all ast's having textual contents *)
(#
<<SLOT | exenTextLi b: Attri butes>>;
get Text: (* get the textual content *)

(# t: ~text;

do &text[]->t[];
exit t[]

#);

put Text:

(* set the textual content *)
(# t: ~text;
enter t[]
do ...

#);
cl ear:

(* clear the textual content *)

géitﬁar: (* get a char *)
(# index: @nteger; ch: @har
enter index

do ...
exit ch
#) ;
put Char :
(* append a char to the textual content *)
(# c: @har;
enter c
do ...
#);
cur Lengt h:

(* sets or returns the length of the textual contents *)
(# 1. @nteger
enter
(#
enter |
do ...
#)
exi t
(#
exit |
#)
#);
<<SLOT | exemlext Private: Attri but es>>;
dunp::< (* Private *)

(#
do I NNER ;

" Ao >dnp. put;

get Text - >dnp. put t ext
#)

copyPrivate::< (* Private *)
(# theLexCopy: ~l exenilext
do theCopy[]->t heLexCopy][];
get Text - >t heLexCopy. putt ext ;
| NNER
#);
match:: < (* Private *)
(#
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t heVat chLexem 2| exenilext ;
t heT, t heMat chText: “text;

#)
#),
nanmeDecl : | exeniext
(* describes ast's derived fromthe predefined nonterm nal <nameDecl >
(#
<<SLOT naneDecl Li b: Attri but es>>;
addUsage:

(* add an usage of THI S(nanmeDecl) *)
(# user: "naneAppl ;
enter user[]
do ...
#);
removeUsage:
(* marks that a nameAppl does not use THI S(naneDecl) any nore *)
(# user Appl: “~naneAppl ;
enter userAppl []
do ...
#);
scanUsage:
(* iterates over all usages of THI S(naneDecl) *)
(#
current: “nameAppl ;
user: @ nteger;
current Fragment Form ~fragment For m

#)
exit prodNo. nanmeDecl
#);
naneAppl : | exenilext
(* describes ast derived fromthe predefined nonterm nal <naneAppl > *)
(#
<<SLOT naneAppl Li b: Attri but es>>;
get Decl :
(# user: @nteger; decl Ast: "ast;
do ...
exit decl Ast[]
#),
decl Set :
(# b: @oolean ... exit b #);

next Usage:
(# next NaneAppl : “naneAppl

eX| t next NameAppl []
#)

exit prodNo. nameAppl
#);
string: |exenlext
(* describes ast derived fromthe predefined nonterm nal <string> *)
(# <<SLOT stringLib:Attributes>> exit prodNo.string #);
conment : | exenilext
(#
<<SLOT comment Li b: Attri but es>>;
comrent Type:
(# type: @nteger
enter
(# enter type ... #)
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exit
(#

exit type
#)
#)
copyPrivate::< (* Private *)
(# ... #);

exit prodNo. coment
#);
const: | exenirext
(* describes ast derived fromthe predefined nonterm nal <const> *)
(#
<<SLOT constLib: Attri but es>>;
newConst Type:
(# b: @ool ean
exit b
#)
put Val ue:
(# val: @nteger;
enter val
do ...
#);
get Val ue:
(# val: @nteger;
do ...
exit val
#);
dunmp::< (* Private *)
(# do INNER ; '& ->dnp. put; getText->dnp. put Text #);
copyPrivate::< (* Private *)
(# theCnCopy: ~const;
do t heCopy[]->theCnCopy[]; get Text->t heCnCopy. put Text;

#);
exit prodNo. const
#)
unExpanded: ast (* describes ast's which have not been derived yet *)
(#

<<SLOT unExpandedLi b: Attri but es>>;

nont er m nal Synbol :

(* describes which synmbol, TH S(unExpanded) nay deri ve.
* THI S(unexpanded) . synbol returns prodNo. unExpanded
*

)
(#
ent er
(# val: @nteger
enter val
do (@frag.a[index+1], val)->tos' %put Short[ 1]’
#)
exit frag.a[index+1]->tos' %et Si gnedShort[1]"'
#);
isSlot: bit7 (# #);
t heSl ot :
(#
enter
(# o: ~slotDesc
enter of]
#)
exi t
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(# sd: sl otDesc

exit sd[]
#)
#);
sy: (* Private *) @nteger;
dunp::< (* Private *) (# ... #);
copyPrivate::< (* Private *)
(# do ... #);
do prodNo. unExpanded- >sy;
| NNER
exit sy

#)
optional : unExpanded

(* nodes in the tree which are enpty (for optionals) are generated as

* instances of 'optional’
*)
(#
<<SLOT optional Lib: Attribut es>>;
dunp::< (* Private *)
(# do '"#' ->dnp.put; |INNER #);

do prodNo. opti onal - >sy
#),
sl ot Desc: ast
(#
<<SLOT sl ot DescLi b: Attri but es>>;
namne:
(#
enter
(# t: “ext;
enter t[]
do ...
#)
exit
(# c: ~comrent

exit c.getText
#)
#)
category:
(# f: ~unExpanded do father->f[]; exit f.nontermn nal Syrmbol
i sBound: (* Private *) @ool ean;
node: (* Private *)
(# father: @nteger; ff: ~fragnment Form

exit (father,ff[])
#);
copyPrivate::< (* Private *)
(#
do ...
#),
dunp::< (* Private *) (# ... #);

exit prodNo. sl ot Desc
#)
nont er m nal Synbol :
(* may be used to describe synmbol nunbers *)
(#
<<SLOT nont er m nal Synbol Li b: Attri but es>>;
symbol : @ nt eger;
predefi ned:

#);
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(#
exit (synbol <= 0)
#)
i sLexem
(#
exit
((synmbol < - 2) and
(synmbol > - 7))
#)
ent er symnbol
exit synbol
#)
(F---mmmmm e - Fragnment patterns ------------mmommmmt *)
fornlype: (# exit 0 #);
groupType: (# exit 1 #);
linkType: (# exit 2 #);
fragment:
(* Abstract super-pattern for fragnents. A fragnent has a uni que
* jdentification in formof a hierarchical nane: '/fool/foo2/.../foon";
* '/fool/foo2/..." is called the path of the fragnent; 'foo' is called
* the (local) name. Only nanme needs to be stored since the path can be
* fetched recursively fromthe father
*
)
(#
<<SLOT fragnmentLib: Attributes>>
namne:
(* exit the local nane of THI S(fragnment) *)
(# enter naneT[] exit naneT[] #);
full Nane: (* exit the full nane (path/nane) of THI S(fragnment) *)
(# n: ~Text ... exit n[] #);
fat her:
(#
enter fatherR[]
exit fatherR[]
#);
i sOpen:
(* returns true if THI S(fragnent) has been opened *) @ool ean
close:< (* Close TH S(fragnment) *)
(#
do (if changed then markAsChanged if);
| NNER ;
fal se->i sOpen
#)
type: (* returns one of forniType, groupType, |inkType *)
(# exit fragType #);
init:<
(#
do &propertyList[]->prop[]; prop.init; fal se->changed; |NNER
#);
reset:<
(* reset fragnentFormto be as if it has just been parsed up *)
(# do | NNER #);
modtinme: (* time of last visit of file-representation *) @ nteger
mar kAsChanged: (* call this when you want to save sone changes *)
(#
ast Overfl ow < astlnterfaceException
startingParsing: < (# do | NNER #);
fragment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
gr ammar Not Found: < ast | nt erfaceException
badFor mat : < astl nterfaceException
parseErrors: < astlnterfaceException
fatal ParseError: < astlnterfaceException
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(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException
writeAccessError: < astlnterfaceException
writeAccessOnLstFil eError: < astlnterfaceException
ECSError: < astlnterfaceException;
noSuchFi | eError: < astlnterfaceException
fileExistsError:< astlnterfaceException
noSpacelLeftError: < astlnterfaceException
otherFil eError:< astlnterfaceException;
mar kAsChangedCat cher: @andler (* Private *)

(# ... #

do ...
#);
changed: @ool ean;
checkDi skRepresentation: <

(* called when it should be checked, if the disk-representation

* of the fragment have been changed by anot her fragment.

| f

it

* have, the internal state of the fragment is updated according

* the di sk-representation
*

(# haveBeenChanged: @ool ean; error: ~stream
enter error[]

do ...

exit

haveBeenChanged

#)

di skFil eName: < (* returns the filenanme of the di sk-representati ot

(# t: "ext do &ext[]->t[]; INNER exit t[] #);
t ext Fi | eNanme: <

(* returns the file-nane of the text-representation of
* THI S(fragnent)

*) (# t: ~ext do &ext[]->t[]; INNER exit t[] #);
origin: (# enter originR[] exit originR] #);

bind: < (* bind the fragnent f inside TH S(fragment) *)

(# f: ~ragmentForm op: “slotDesc

enter f[]
exit op[]
#)
bi ndToCOri gi n:
(#
f: ~Fragnent Form op: “slotDesc
enter f[]
exit op[]
#)
setupOri gi n:

(# error: “stream
enter error[]
do ...
#);

prop: ~propertylList;

pack: <

(* Private: pack representation into byte stream *)
(# do INNER #);

unpack: < (* Private: unpack rep. from bytestream *)
(# error: "“streamenter error[] do INNER #);

bi ndMar k:

(* Private: true => attenpting to bind slots in TH S(fragnent)

@ool ean;
nameT: (* Private *) “text;
ful | NameT: (* Private *) ~text;

*)
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fatherR (* Private: the enclosing group *) ~fragnent G oup;
fragType: (* Private *) @ nteger;
originR (* Private: Attribute where TH S(fragnent) 'bel ongs' *)

~AMragment ;
ff NameSeparatorChar: (* Private *) (# exit '-' #);
catcher: handler (* Private *)
(# ... #);
do | NNER

#)
newrFr agnent Li nk:
(* returns a new instance of fragnentLink *)
(# 1: ~MragmentLink do & ragnmentLink[]->I[]; |.init; exit I[] #);
fragment Li nk: fragnent
(* This type of fragnent is a link to another fragment *)
(#
<<SLOT fragment Li nkLi b: Attri but es>>;
f: ~ragnent;
ful | NameCOf Li nk: ~text;
| ocal Nane: “text;
di skFi | eNane: : <
(#
do fatherR diskFileNane->t[];
t->t
#);
init::<
(#
#);
close::< (* Private *)
(#
do (if (f[] <> none) then f.close if); none ->f[]
unpack::< (* Private *)
(# do ... #);

#);
newfFr agnent G oup:
(* returns a new i nstance of fragnentGoup *)

(# g: ~MragmentGoup do & ragmentGoup[]->g[]; g.init; exit g[] #);
fragment G oup: fragnent (* This is a group of fragnents *)

(#
<<SLOT fragment GroupLi b: Attri but es>>;
scan:
(# current: ~fragnent
do fragnentLi st. scan
(#
do (if current.f[]=none then
screen[]
->current. open;
if);
current.f[]
->
THI S(scan) .
current[];
I NNER scan
#)
#)
scanSl ot s:

(# current: ~slotDesc
do fragnentList.scan
(# ff: ~fragnent Form
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do (if current.type=fornifype then
screen[]
->current. open
> [];
ff.scanSl ots
(#
do current[]
->
THI S(
scanSlots).current[];
I NNER scanSl ot s
#)
if)
#)
#);
open:
(* This operation opens a |ocal fragnment, |ocal Path, of this grot
* Local Path may be a local name of the form'foo' or a |ocal pat
* 'fool/foo2/.../foon" which will be interpreted local to this
* group
*)
(#
| ocal Pat h: "text;
f: ~fragnent;
g: ~fragnment G oup;
error: “stream
groupl nx, di rl nx: @ nteger;
ast Overfl ow < astlInterfaceException
startingParsing:< (# do INNER #);
fragnment Not Exi sting: < astlnterfaceException
(# do true->continue; |NNER #);
gr anmar Not Found: < ast | nt erf aceExcepti on
badFor mat : < ast I nterfaceException
parseErrors: < astlnterfaceException
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException
writeAccessError: < astlnterfaceException
writeAccessOnLstFileError: < astlnterfaceException
ECSError: < astlnterfaceException;
noSuchFi | eError: < astlnterfaceException
fileExistsError:< astlnterfaceException
noSpacelLeftError: < astlnterfaceException
otherFil eError:< astlnterfaceException
openCat cher: @andler (* Private *)
(# ... #);

enter

(local Path[],
error[])

do ...

exit f[]

al readyOpen: bool eanVal ue

(* returns true, if the local fragnment, |ocal Path, of this group
* already open in this group. LocalPath is as in open

* INNER is executed if localPath is part of THI S(fragnent Goup),
* and f[] refers to the opened fragnent.
*

(# local Path: ~text; f: ~fragnent
enter | ocal Path[]
do ...
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#);
close:: <
(#
#);
nanmedd ose:
(# |l ocal Pat h: ~text; f: ~fragnent
enter |ocal Path[]
#);
fragment Li st El ement :
(#
f: ~ragnent;
type: @ nteger;
nanme: “text;
| ocal Nane,
ful | NameOf Li nk:
(* ought to be in a subpattern, Only o.k. for link-type *)
At ext,
open:
(# error: ~stream
enter error[]

exit f[]
#);
<<SLOT fragnentListEl enentPrivate: Attributes>>
#)
fragment Li st :
A ragment Li st Descri ption;
fragment Li st Descri pti on: contai nerLi st
(#
el enent:: < fragnentLi st El enent;
del et eLocal Nane: (* delete the fragnent with the [ ocal name n *)
(# n: ~text (* the local path *)
enter n[]
#)
find:
(* find a local fragnment. If the fragnent is not open return
* NONE
*
(# n: ~text (* the local path *) ; r: ~fragnent
enter n[]

exit r[]
#);
open:
(* Find a local fragnent. If the fragment is not open then
* open it
*)
(#
f: ~ragment;
n. ~text;
e: “el enent;
error. ~stream
r emoveHeadi ngSl ashes:
(* this routine renoves '/' 's at the head of a
* text
*)
(# t: ~text; ch: @har
enter t[]
do O->t. set Pos;
| oop:
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(if (t.get->ch)="/"'" then restart loop if);
(if (t.pos > 1) then
(1,t.pos-1)->t.delete
if)
exit t

#);
enter (n[],error[])
exit f[]
#);
i nsert Fragnent :
(#
f.: ~fragnent;
newkl ement: “el enent;
al readyThere: < (* exception, which may be called *)
ast | nterfaceException;
ast Overfl ow < astlInterfaceException;
startingParsing:< (# do I NNER #);
f ragnment Not Exi sting: < astlnterfaceException
(# do true->continue; |NNER #);
gr ammar Not Found: < ast | nt erfaceExcepti on;
badFor mat : < astInterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFileError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi | eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeft Error: < astlnterfaceException;
otherFil eError:< astlnterfaceException;
addFr agnent Handl er: @uandler (* Private *)

(#

#)
enter f[]
do ...
#)

addFragnent: insertFragnent (# do newkl enent[]->append #);
i nsert Fragnment Bef ore: insertFragnent
(# before: "theCell Type
enter before[]
do (newkl enent[], before[])->insertBefore
#);
i nsert Fragnent After: insertFragnent
(# after: ~theCell Type
enter after[]
do (newEl ement[],after[])-> nsertAfter
#)
<<SLOT fragmentLi stDescriptorPrivate: Attri butes>>
#)
def aul t Gramar :
~treeLevel ;
saveAs: (* save TH S(Fragnment G oup) using the nane full name *)
(# fullname: "Text;
ast Overfl ow < astlInterfaceException;
startingParsing:< (# do | NNER #);
f ragnment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
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gr ammar Not Found: < ast | nt erfaceExcepti on;
badFormat : < astlnterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException

(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFil eError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi |l eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeftError: < astlnterfaceException;
otherFil eError:< astlnterfaceException;
saveAsCat cher: @andler (* Private *)

(# ... #)
enter fullname[]
do ...

#);
saveBackup:

(* save THI S(Fragment G oup) using the nanme diskFil eNanme+ext *)
(# ext: "Text;
ast Overfl ow < astlnterfaceException;
startingParsing: < (# do | NNER #);
fragment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
gr anmar Not Found: < ast | nt er f aceExcepti on;
badFormat : < astlnterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor mDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFil eError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi |l eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeftError: < astlnterfaceException;
otherFil eError: < astlnterfaceException;
saveBackupCat cher: @uandler (* Private *)

(# ... #
enter ext[]
do ...

#);

rest or eBackup:
(* restore THI S(Fragnent G oup) using the nane di skFil eNane+ext *)
(# ext: ~Text;
ast Overfl ow < astlnterfaceException;
startingParsing: < (# do | NNER #);
fragment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
gr ammar Not Found: < ast | nt erfaceExcepti on;
badFor nmat : < astl nterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFil eError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi |l eError: < astlnterfaceException;



58 Metaprogramming System

fileExistsError:< astlnterfaceException;
noSpacelLeftError: < astlnterfaceException;
otherFil eError:< astlnterfaceException;

rest oreBackupCat cher: @andler (* Private *)

(# ... #

enter ext[]

do ...

#)
di skFi | eNane: : <

(#

#)
textFileNanme::< (# ... #);
i sReal Open:

(# opened: @Bool ean;

exit opened
#);
real Open: (* only to be used by the compiler *)

(# astOverflow < astlnterfaceException;
startingParsing: < (# do | NNER #);
fragment Not Exi sting: < astlnterfaceException

(# do true->continue; |INNER #);
gr ammar Not Found: < ast | nt erfaceExcepti on;
badFor mat : < astInterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);

doubl eFor nDecl arati on: < astl nterfaceExcepti on;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFileError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi | eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeftError: < astlnterfaceException;
otherFil eError:< astlnterfaceException;
real OpenCat cher: @uandler (* Private *)

(# ... #)
do ...
#);
parse: (* for parsing a fragnent G oup *)
(#

gr oupPar ser:

parseErrors: < (* exception called if parse-errors *)
ast | nterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor mDecl ar ati on: <
(* exception called if two fragmentForns with the same
ast | nterfaceExcepti on;
input: @ile;
error: “stream
ok: @ool ean
enter (input.nane,error[])
do groupParser

exit ok

#)

init::< (# ... #);
bi nd: : <

(#

do ...

nanme
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#);
get Bi ndi ng:
(* Get the bindings of the slot within TH S(fragnentGoup). All
* bindings are delivered. For each binding, found is called. The
* el ements of THI S(fragnment Group) nust be fragment Forns or
* fragnentLinks to such.

f: ~fragnent G oup;
i nserted: @ool ean;
scan:
(# current: ~fragnment Goup;
do ...
#);
el m
(* Private *) (# f: ~fragnentGoup; succ: “elm#);
head: (* Private *) “elm

enter f[]

exit inserted
#),
mar kRel at edFr agnent s: <
(# f: ~ragnent;
enter f[]
do (if (f[] <> none) then INNER if)
# .

found: <
(# theBinding: ~fragnentForm
enter theBinding[]
do trace. get Bi ndi ng
->tracer
(#
do ' binding found '->dnp. puttext;
t heBi ndi ng. f ul | Name- >dnp. put t ext ;

#)
| NNER
#);
sl: ~slotDesc
enter sl[]
#)
get BETABI ndi ngs:
get Bi ndi ng
(* get bindings the BETA way; search origin and include fragments
*)
(#
mar kRel at edFragnents: : <
(#
do ...
#);

#);
(**2:******* PRI VATE PAR'I' *********************)
pack::< (* Private *)

(# ... #);
unpack::< (* Private *)

(#

do ...

#);
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checkDi skRepresentation::< (* Private *)
(# do init; error[]->unpack #);
isDirectory:
(* Private: true if the group is not a '"real' group but a
* directory
*) @ool ean;
backupExt: ~Text;
controller: @(* used by the control nmodule in the conpiler *)
(#
status: @nteger;
ancestorTi me: @ nteger;
ancest or sChecked: @ool ean;
doneCheck: @ool ean;
groupT: @nteger;
print Name: “text;

#);

#)
(* fragnent Goup *)

newFr agnent Form (* returns a new i nstance of fragment Form *)
(# g: ~treelLevel; f: ~fragment Form
enter g[]
do & ragnmentForn{]->f[]; g[]->f.grammar[]; f.init;
exit f[]
#);
fragment Form fragnent
(* This is the basic formof a fragment defined by neans of a general
* sentential form
*)
(#
<<SLOT fragnent FornLi b: Attri but es>>;
category:
(# sy: @nteger
exit sy
#) ;
theGsForm (# exit (root.index, TH S(fragmentForm[]) #);
fragNode: (# exit (O, TH S(fragmentForm|[]) #);
print:
(#
do 'Print called of fragmentForm'->screen. puttext;
ful | Name- >screen. puttext;
screen. newLi ne;

#) ;
bi ndi ng: (* The SLOT bound by THI S(fragnent Form) *) “sl ot Desc;
nodi ficationStatus: @ nteger;

root:
(* the root synmbol of the ast kept in the array. Set by the
* parser
*) "ast;
r econmput eSl ot Chai n:
(# do ...; #);
scans| ot s:

(* access operations: scan all SLOTs in TH S(fragmentForm *)
(# inx: @nteger; current: ~slotDesc;

#);
grammar: “treelLevel;
i ndexToNode:

(#
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#);

i nX: @ nteger;
as: “ast;
i ndexQut Of Range: <
ast | nt erfaceExcepti on;
noSuchSynbol : < astlnterfaceException;
grammar GenRef ArrayError: < astlnterfaceException;

enter inx
do ...
exit as[]
#)

<<SLOT fragnment FornPrivate: Attri butes>>;
a: (* Private *) [initiallLength] @ nteger;
curtop: (* Private: current heapTop in the array a *) @ nteger;
initialLength:< (* Private *)
(# max: @nteger do 200->max; |NNER exit max #);
firstSlot:
(* Private: The index of the first SLOT in the array a. The SLOTs
* are |inked together through the 'usage-field of SLOTs
*) @ nteger;
di skFil eNane:: < (* Private *)
(# do fatherR di skFileName->t[] #);
textFileNane::< (* Private *)
(# do fatherR textFileNane->t[] #);
import: @(* Private *)
(* An indexed collection of fragnments referred by
* THI S(fragnment Form

*)
(#
i mpL: ~list;
i nxC. @ nteger;
elenment: (# n: “text; f: ~fragnent Form #);
list:
(#
noCf El enents: <(# nu: @nteger; do 10->nu; INNER exit nu
I: [noCf El enents] “el ement;
#)
<<SLOT fragment Form nportPrivate: Attri butes>>
#);

rootlnx: @ nteger;
init::< (* Private *)

(#

#):
reset::< (* Private *)
(# ... #);

#)
ast Fi | eExt ensi on:
(* exits the filenanme extension for AST files on the particul ar

* architecture (the extension differs e.g. for big- and little endian
* architectures). See e.g. initialization in astBody. bet

*) (# exit astFileExt[] #);
par ser Fi | eExt ensi on
(* exits the filenane extension for parser table files on the particular
* architecture (the extension differs e.g. for big- and little endian
* architectures). See e.g. initialization in astBody. bet

*) (# exit parserFileExt[] #);
ppFi | eExt ensi on:
(* exits the filenane extension for pretty-printer table files on the
* particular architecture (the extension differs e.g. for big- and
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* |little endian architectures). See e.g. initialization in astBody.!

*) (#

exit ppFileExt[] #);

astFileExt: (* Private *) “text;
parserFileExt: (* Private *) “text;

ppFil eExt: (* Private *) ~text;
(************** END The FragI'T'Ent L| brary END ***************)
(* top: * The top root of the fragnent library *
* @ r agnent G oup;
*)
top: @
(#
init: (# ... #);
groupTabl e: @HashTabl e
(#
el ement : :

(#
ful | name: ~Text;
g: ~Fragnment G oup;
open:
(# error: "Stream
enter error[]

exit g[]
#);

#);
dunmy: @&l erent ;
hashFuncti on:
(# inx: @nteger;
do L:
(for i: 13 repeat
e.ful Il name. | gth-i +1->i nx;
(if inx <1 then leave L if);
e. ful | name. T[ i nx] +val ue- >val ue;

for)
#),
equal ::
(# do left.fullnanme[]->right.fullname.equal ->val ue #);
rangelnitial:: (# do 117->value #);
find:

(* find a fragment group. If the fragnment is not open returt
* NONE
(# full Nanme: ~text (* the path *) ; g: ~fragnent G oup
enter full Nane[]

exit 9]
#);
open:
(* Find a local fragnent. If the fragment is not open then
* open it
*)
(#
g: ~fragnmentgroup;
ful | Nane: ~text;
e: el enent;
error: “stream
r enoveHeadi ngSl ashes:
(* this routine removes '/' 's at the head of a
* text

*

(# t: ~text; ch: @har
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enter t[]
do 0->t.set Pos;
| oop:
(if (t.get->ch)="/" then restart loop if);
(if (t.pos > 1) then
(1,t.pos-1)->t.delete
if)
exit t
#);

enter (full Name[],error[])

exit gf]
#);
<<SLOT topTabl ePrivate: Attri butes>>
#);
open:
(* This operation opens a fragnentgroup file: fileName
*)
(#

fileName: “text;
g: ~ragment G oup;
f: ~ragment;
error: “stream
ast Overfl ow < astlnterfaceException;
startingParsing: < (# do | NNER #);
fragment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
gr ammar Not Found: < ast | nt erf aceExcepti on;
badFor nmat : < astl nterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor nDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFileError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi |l eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeftError: < astlnterfaceException;
otherFileError:< astlnterfaceException;
openCatcher: @andler (* Private *)

(# ... #);
enter (fileNane[],error[])
do ...;
all->f[1];
exit f[]
#)
newG oup: (* make a new group with top as father *)

(#

full name: ~Text;
fg: ~Fragnent G oup;
al readyQpen: < astlInterfaceException;

enter fullname[]

exit fg[]
#)

close: (* close FragmentGoup fg *)
(# fg: ~fragment G oup;



64 Metaprogramming System

enter fg[]
do ...
#)
del et e:
(* delete FragmentGoup fg *)
(# fg: ~ragnent G oup;
enter fg[]
do ...
#);
i nsert:
(* insert a FragmentGoup into top table *)
(# fg: ~ragnent G oup;
enter fg[]
do ...
#);
i sOpen:
(* return Goup fullnane if it is already open, otherw se NONE *)
(# fullnanme: ~Text; fg: ~Fragnent G oup;
enter fullnange[]

exit fg[]
#) ;
topG oup: “Fragnment G oup;
catcher: handler (* Private *)
(# ... #);

#);
(* end of top *)
par seSynbol Descri ptor:
(#
termnals: (* is dynami cally expanded *) [1]
oext,
nontermnals: (* is dynamically expanded *) [1] @ nteger;

#);
errorReporter:
(* error-reporter pattern. Create a specialization of this pattern if
* you want to do your own error-reporting

*)
(#
frag: ~fragnent;
errorStream “stream
beforeFirstError: < object;
afterlLastError: < object;
forEachError: <
(#
st reanPos, startLi neNo: @ nt eger
errorLines:
(* 1, 2 or 3 lines of text before the
* error. Approx. 100 chars
*) @ext;
errorPos: (* the pos in errorLines of the error *) @nteger
| egal Synbol s: ~parseSynbol Descri pt or
enter
(streanPos, startLineNo, errorLines,errorPos (*inx*) ,I|egal Synbol
do | NNER
#);
#)
t heError Reporter:
(* the error reporter which will be called fromthe fragment G ouppar se¢

* or from fragnent Form parser. errorReport
*) ~errorReporter;
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i sSRef erenced:
(* deternmine if the fragnent is referenced anywhere anong the open
* fragnments
*
(# fx: ~ragnent; found: @ool ean
enter fx[]

exit found

#);
treelLevel :
(* prefix for descriptions of grammars *)
(#
<<SLOT treeLevel Li b: Attri butes>>;
gr ammar Ast :
(* if not NONE this point to the formof the ast describing the
* grammar

*) ~fragnent Form
synbol ToNane: (* gives a human-readabl e name for a synbol - nunber *)
(# synbol: @nteger; t: “text;
ent er symnbol
do &ext[]->t[];
exit t[]
#);
synbol ToAst :
(#
synbol : @ nt eger;
as: "ast;

ent er synbol

exit as[]
#);
newAst: (* returns a new instance of ast *)
(# prod: @nteger; as: “ast; frag: ~fragnmentForm
enter (prod,frag[])
do ...
exit as[]
#);
newAst Wt hout Sons:
(#
prod: @ nteger;
as: "ast;
frag: ~fragnent Form

enter (prod,frag[])

exit as[]
#);
newLexenText: (* returns a new instance of |exenilext *)
(#
| engt h: @ nt eger;
prod: @ nteger;
frag: ~fragnent Form
i nx, base: @ nt eger;

ent er
(#
enter (prod,length,frag[])
#)
exit
(# as: "ast
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exit as[]
#)
#) ;
newConst: (* returns a new i nstance of const *)
(# c: ~const; frag: ~fragnent Form
enter frag[]

exit c[]
#) ;
newUnexpanded:
(* returns a new instance of unExpanded *)
(# s: "unExpanded; syncatNo: @nteger; frag: ~fragmentForm
enter (syncatNo,frag[])

exit s[]
#) ;
newQOpt i onal :
(* returns a new instance of optional *)
(# s: "optional; syncatNo: @nteger; frag: ~fragnment Form
enter (syncatNo,frag[])

exit s[]
#)

newsl ot :

(* returns a new instance of sl otDesc *)
(# s: "slotDesc; frag: ~fragnentForm
enter frag[]

exit s[]
#);
version:< (* returns the gramar version *)
i nteger Obj ect (# do undefinedVersion->val ue; | NNER #);
grammar l dentification:< (* the grammar nane *)
(# theG ammar Nane: ~text
do &t ext[]->theG amrar Nane[];
undef i nedG anmar Nane- >t heGr anmar Narne;
I NNER
exit theG ammar Nane] ]
#)
suffix:<
(* the file-name extension used for files containing prograns
* derived fromthis granmar. Default extension is '.text'.
*
(# theSuffix: ~text
do &text[]->theSuffix[]; '.text'->theSuffix; INNER
exit theSuffix[]
#);
init:<
(#
do THI S(treeLevel )[]->granmartabl e.insert;
fal se->parser. haveBeenl nitial i zed;
(for i: genRefArray.range repeat
& ef erenceCGenerator[]->genRef Array[i][]
for);
I NNER
#);
parser: @arse;
par se:
(#
errorReport:

(* produce an errorReport on streamif the |ast parse did nc

* succeed

*)
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(# input,error: “stream
enter (input[],error[])
do ...
#) ;
fi ndSynbol No:
(* given a text-string, find the nonterninal-synbol, that has

* that nanme

*

(#

synbol : ~text; no: @ nteger

enter synbol []

exi
#),

t no

i nput, error: ~stream
goal Synmbol :
@vont er m nal Synbol ;

frag:

M ragnment For m

ok, haveBeenl niti ali zed: @ool ean;
par seEndPos: @ nt eger;

| ast Ch: @har;

privatePart: @..;

initi
(#

alize:

fileName: ~text;

i sEos: <

(* '"--'" may be considered as end-of-stream*) TrueQbject;
| ongLexens: <

(* the lexenms may be long (rmulti-word | exens) *)

Fal se(bj ect ;

dashNanes: < (* dash '-' may be allowed in indentifiers *)
Fal se(bj ect ;

caseSensitive:< (* allows keywords to be case sensitive *)
Fal se(bj ect ;

EOQLasConEnd: < (* EOL is al so accepted as end-of -comment *)
Fal se(bj ect

enter fileNange[]

#)

doPar se:

(#

ast Overfl ow <
ast | nterfaceException;
startingParsing: < (# do | NNER #);
f ragment Not Exi sting: < astlnterfaceException
(# do true->continue; |INNER #);
gr ammar Not Found: < ast | nt erfaceExcepti on;
badFormat : < astlnterfaceException;
parseErrors: < astlnterfaceException;
fatal ParseError: < astlnterfaceException
(# errNo: @nteger enter errNo do | NNER #);
doubl eFor mDecl arati on: < astlnterfaceException;
readAccessError: < astlnterfaceException;
writeAccessError: < astlnterfaceException;
writeAccessOnLstFileError: < astlnterfaceException;
ECSError: < astlnterfaceException;
noSuchFi |l eError: < astlnterfaceException;
fileExistsError:< astlnterfaceException;
noSpacelLeft Error: < astlnterfaceException;
otherFileError:< astlnterfaceException;
catcher: handler (* Private *)
(# ... #);
par seCat cher: @uandl er
(* Private *)
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(# ... #);

enter
(goal Symbol , i nput[],
error[],frag[])

do ...

exit ok

#);
comrent | d:

(* declared to be able to get the value of coment

* comment - bi nding in the parser
*) (# exit comment #);

enter (goal Synbol ,input[],error[],frag[])
do doPar se;

exit ok

#)

<<SLOT treeLevel Private: Attri but es>>
kindArray: (* Private *)

[ mexPr oducti ons] @ nteger;

nodeC assArray:

(* Private *) [maxProductions] @ nteger

SONnArray:
roomArray:

(* Private *) [maxProductions] @ nteger
(* Private *) [maxProductions] @ nteger

inside tt

genRef Array: (* Private *) [maxProductions] “referenceGenerator

prettyPrinter: (* Private *) ”“object;

maxProductions: < i ntegerject (* Private *)

(# do 400->val ue; I NNER #);

#)
kinds: @

(#
interior: (# exit 1 #);
unExpanded: (# exit 2 #);
optional: (# exit 3 #);
naneAppl : (# exit 4 #);
naneDecl : (# exit 5 #);
string: (# exit 6 #);
const: (# exit 7 #);
conment: (# exit 8 #);
slotDesc: (# exit 9 #);

list: (* this will only be returned by 'nodeC ass' *)

(# exit 117 #);

cons: (* this will only be returned by 'nodeC ass' *)

(# exit 118 #);

dunmy: (* tenporary declaration. Is never returned *)

(# exit - 317 #)
#) ;
prodNo: @
(#
unExpanded: (# exit - 1 #);
optional: (# exit - 2 #);
nanmeAppl : (# exit - 3 #);
naneDecl : (# exit - 4 #);
const: (# exit - 5 #);
string: (# exit - 6 #);
coment: (# exit - 7 #);
slotDesc: (# exit - 8 #)
#),
Comment Separatorl: (# exit 1 #);
(* Separation of coments *)
Conment Separator2: (# exit 2 #);
(* Separation of coments in same son *)
Conment Separator3: (# exit 3 #);
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(* Separation of comments in properties *)
Conmment Si eve: [256] @char;
pri nt Conment :
(# comment: ~Text; output: ~Stream
enter (conment[],output[])
#);
undef i nedGr anmar Nane:
(* describes unknown granmars *) (# exit '????" #);
undef i nedVersi on: (* describes unknown versions of grammars *)
(# exit - 1 #);
gramar Table: @
(#
BETA, propertyG anmar, neta, pretty:
(* sone different grammars, which might by instantiated by the
* application
*) ~treelLevel;
noCf KnownGr ammar s: @ nt eger ;

scan:
(# current: “treelLevel
do (for i: noOf KnownG ammars repeat
t[i][]->current[]; | NNER
for)
#);
find:
(#

grammar Nane: “text;
i nX: @ nt eger;
t henane: @ ext;
i f Not Found: < ast | nterfaceException
(* exception called if granmar not found *)
(#
do I NNER ;
"Grammar "' ->nsg. puttext;
gr ammar Nane[ ] - >nsg. put t ext ;
"" not |oaded' ->nsg. putline;
'Going to stop'->nsQ. putline;

#)
error: “stream
enter (grammarNane[],error[])

do ...

exit t[inx][]

#)
t: [10] (* Private *)
"t reelLevel ;

insert: (* Private *)
(# theGamar: “treelLevel
enter theG anmar|]
do ...
#);
i nsert Met agr anmar :
(* Private: an instance of nmetaG ammar nust be inserted into
* grammar Tabl e before any usages of grammar Tabl e
*
)
(#
enter netal]
#)
#);
gr amar Fi nder :
(* create subpatterns of this pattern to inplenent your strategy for

* | ooki ng-up grammars. The fragment: findG anmar. bet contains such a
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* subpattern, inplenenting the standard | ook-up nethod used in the
* M ol ner BETA System
*
)
(#
granmmar: “text;
install ed: @ool ean;
regi sterGammars: < (* invoked to register the granmars *)
(# error: "stream
enter error[]
#);
regi steredG ammars: <
(* may return a fragnent G oup containing the registered granmars
(# grammar sG oup: ~fragnent G oup
do | NNER
exit grammarsG oup[]
#);
error: “stream
enter
(grammar[],error[])
(* here the | ook-up for a grammar shoul d takes place. Either by
* | ooki ng sonmehow anobung the previously registered grammars, or by
* using some dynam c grammar | ook-up net hod

*)

exit installed
(* true if new grammar installed in granmmarTable *)
#)
def aul t G- ammar Fi nder : <
(* default grammarFinder installed by astLevellnit *) grammarFi nder;
grammar M ssi ng:
(* called when a granmar is nissing.
* grammar M ssing.registerGamuars is invoked in astlLevellnit
*) A~grammar Fi nder;
t hePat hHandl er: @i | eNaneConverter;
st ri pPat hNane:
(* Strips last filenane froma path specification in order to
* conformw th the new pat hHandl er.
*
(# PN, newPN:. “text; ix: @nteger;
enter PN ]
do directoryChar->PN. findAl | (# do inx->ix #);
(if ix=0 then
none ->newPN ]
el se
(* terminating directoryChar is not renoved due to 'strange'
* behavior in |ocal Path
*
(1,ix)->PN. sub->newPN ]
if)
exit newPN[]
#);
expandToFul | Pat h:
(# name: "text;
enter nang[]
exit
(nane[], currentDirectory)->t hePat hHandl er. convertFil ePat h

of f endi ngFor nNane:

(* set in case of a doubleDeclaration in fragment Form nanes *) "text;
trace: @

(* different tracing possibilities. |I.e. to trace open of

* fragnents use



Interface Descriptions

* (trace. fragnment Open, true) -> trace. set;
* To activate tracing through the BETA conpiler,
* set conpil eroption=nunber given here+400
* (e.g. "beta -s 490 ..." to activate trace of slot bindings).
* The trace will be delivered on the streamtrace.str. This may be
* set by e.g.:
* traceFile[] -> trace. output;
* By default, trace is delivered on screen
*
)

(#
fragment Open: (# exit 1 #);
onParse: (# exit 2 #);
topOpen: (# exit 3 #);
fragmentC ose: (# exit 4 #);
topd ose: (# exit 4 #);
conmpact Open: (# exit 10 #);
grammars: (# exit 20 #);
parsi ngComents: (# exit 30 #);
get next Comrent: (# exit 31 #);
editingComments: (# exit 32 #);
parser: (# exit 50 #);
getBinding: (# exit 90 #);
get Bi ndi ngMark: (# exit 91 #);
set: (* call this to trace sonething in the astlnterface *)
(# no: @nteger; on: @ool ean; enter (no,on) do on->d[no] #);
output: (# enter str[] #);
str: (* Private *) ~stream
d: (* Private *) [100] @ool ean

#);
options: @
(* different options available. |.e. to set these options use
* true -> options.forceParse
* and to test whether these options are set, use
* (if options.forceParse ... if)
*)
(#
forceParse: (# enter option[1l] exit option[1l] #);
option: (* Private *) [10] @ool ean
#) ]

astlnterfaceNotification
notification
(# m ~text
enter ni]
#)
ast |l nterfaceException: exception
(# m ~text
enter nf]
#)
astlnterfaceError: < astlnterfaceException
astLevel I nit:
(#
do ...
#);
(********** PRI VATE PAR'I‘ *********************)
ref erenceCGenerator: (* Private *)
(# as: "ast do INNER exit as[] #);
genUnExpanded: (* Private *) @ eferenceCGenerator
(# do &unExpanded[]->as[] #);
genOptional: (* Private *) @ eferenceCenerator
(# do &optional[]->as[] #);
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offset: @

(* Private: the follow ng constants are private constants to ast, whic¢
* tells where in array Arelative from'index' different information
* can be found
*)

(#

attribute: (# exit 2 #);

slotAttribute: (# exit 3 #);

coment Type: (# exit 2 #);

usage: (# exit 2 #);

si zePer Node:

(* tells how many entries in A is needed per node (not including
* extra attributes)

*) (# exit 2 #);

si zePer UnExpanded: (# exit 2 #);

si zePer NaneAppl : (# exit 2 #);

si zePer NaneDecl : (* must be equal to sizePerNameAppl *)

(# exit 2 #);

sizePerString: (# exit 2 #);

sizePerConst: (# exit 4 #);

si zePerCorment: (# exit 4 #);

si zePer Sl ot Desc: (# exit 12 #);

#)
groupBl ackNunber: (* Private *)
(* magi ¢ nunmber. To be used to recognize group-files *)
(# exit 131453937 #);
errorNunbers: @(* Private *)
(#
noReadAccess: (# exit 1 #);
noWiteAccess: (# exit 2 #);
not Exi sting: (# exit 3 #);
badFormat: (# exit 4 #);
parseErrors: (# exit 5 #);
grammar Not Found: (# exit 6 #);
arrayTooBig: (# exit 7 #);
noSpacelLeft: (# exit 8 #);
witeAccessOnLstFileError: (# exit 9 #);
doubl eFor nDecl aration: (# exit 10 #);
ECSError: (# exit 14 #);
noSuchFile: (# exit 15 #);
fileExists: (# exit 16 #);
otherFileError: (# exit 18 #);
f at al ParseError:
(* The error nunbers between 101 and 199 are exclusively allocate
* for BOBS fatal parse error numbers. The original BOBS error
* nunber is this (no-100):
*) (# no: @nteger enter no exit (100 < no) and (no < 200) #);

#)
notificationNunmbers: @(* Private *)
(# startingParsing: (# exit 201 #) #);
handler: (* Private *)
(# no: @nteger; nsg: "“text enter (no,nsg[]) do INNER #);
t heCat cher: “~handler (* Private *) ;
maxdepth: (* Private: maximal elements in a stack *) (# exit 50 #);
stak: (* Private *)
(#
st akOverfl owException: astlnterfaceException
(# do INNER ; '"error: stack overrun'->nsg.putline #);
a: [maxdepth] @ nteger;
t opi ndex: @ nt eger;
init: (# do 0->topindex #);
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push:
(# e: @nteger
enter e

do (if toplndex=maxDepth then stakOverfl owException if);
e->a[ t opi ndex+1- >t opi ndex]
#);
pop:
(# e: @nteger;
do a[topi ndex]->e; topindex-1->toplndex;
exit e
#);
enpty: (# exit (topindex = 0) #);

#)

(* The follow ng category defines some constants used as values for super
* attributes in netagrammar-ast's
*

super: @(* Private *)

(#
undefined: (# exit - 10 #);
cons: (# exit - 11 #);
list: (# exit 99999 #)

#);

tracer: (* Private *)

(# traceNo: @nteger; dnp: ~stream
enter traceNo
do (if trace.d[traceNo] then
(if trace.str[]=none then
screen[]->dnp[]
el se
trace.str[]->dnp[]
if);
"Trace: '->dnp. puttext;
(traceNo) - >dnp. put I nt;
"' ->dnp. put;
| NNER ;
dnp. newLi ne;

if)
#);
silentTracer: (* Private *)

(# traceNo: @nteger; dnp: ~stream

enter traceNo

do (if trace.d[traceNo] then
(if trace.str[]=none then screen[]->dnp[]
el se

trace.str[]->dnp[]

if);
| NNER
if)
#) ;
repS: (* Private *) ~repetitionStream
doReal Open:

(* Private: if this boolean is false, unpack of fragnments will only

* read in part of the fragnent description. Should only be used by the
* BETA conpil er

*) @ool ean;

useModi ficationStatus: (* Private *) @ool ean

do astlLevellnit; |INNER ;
#);
containerList: Iist
(* Private: Enpty specialization of the list pattern defined in the
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* containers library. It is only defined to circunvent nane-clash betweer
* the list pattern defined in containers, and the Iist pattern defined her
* in astlnterface.

*) (# #);

ApplGram.bet

ORIG@ N 'astl evel ';

*

* COPYRI GHT
* Copyright (C© Molner Informatics, 1986-93
* Al'l rights reserved.

*

| NCLUDE ' et agr anmar cf | ' ;
| NCLUDE ' et agransematt’'; (* OLM 2.4.93%)
BODY ' privat e/ appl G anBody"
--- astinterfacelLib:attributes ---
appl gram treelLevel
(# meta: “netagranmar;
pl: ~neta.productionLi st;
gr ammar Nane, appl G antuf fi x: "text;
grammar l dentification::<
(# do (if granmmarName[] =NONE t hen NONE - > t heG amrar Nang|[ ]
el se grammar Nane -> theG amar Nanme
if) #);
suffix::< (# do appl Gantuffix -> theSuffix; INNER #);
(* inpossible to define maxproductions to anything better before init
* have been call ed
*
)
version::<
(# grammar: “nmeta. Agrammar ;
do grammar Ast.root[]->grammar[];
(' version',undefinedversion)->grammar. get Opti onVal ue- >val ue;
I NNER
#);
init::<
(# do &text[]->appl Gantuffix[];
".text' -> appl Grantuffix;
INNER; (* to be able to define grammarAst *)

#);..
#);, (* of applgram?*)

Findgrammar.bet

ORIGA N "astlevel';
| NCLUDE ' appl grani ;
BODY ' privat e/ findG amrar Body'

(*

* COPYRI GHT

* Copyright (© Molner Informatics, 1986-93
* Al'l rights reserved.

*

--- astlnterfaceLib: attributes ---
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fi ndG anmar: gramrar Fi nder
(# not Found: < ast | nterfaceException
(* invoked if the grammar cannot be found *)
(# ... #);
noPar ser Avai | abl e: < astinterfaceNotification
(* notification invoked if no parser is available for this grammr *)

(# ... #);
noRegi steredG anmars : < astlnterfaceException
(* invoked if no granmars have been registered. |f granmars are

* registered during this exception, and control is returned to
* findGammar, the registered grammars will be used. *)
(# ... #);
accessError: < astlnterfaceException
(* invoked if any access error occurs during the registering of
* grammars
*),
start Parsing: <
(* invoked if parsing is done during the registering of grammars *)
(# do INNER #);
regi sterGamars: : <
(# accessError: < astlnterfaceException
(* invoked if any access error occurs during the registering of
* grammars
*)’
start Parsing: <
(* invoked if parsing is done during the registering of grammars *)
(# do INNER #);
regi sterGammrsCatcher: (* Private *) @uandl er

(# ... #);
do ...; INNER
#)
regi steredGammars:: < (# ... #);

gr ammar sPATH: <
(* the name of the file in which the valid grammars are specified.
* Used by registerGamars

*

(# grammars: “text

exit grammars][]
#)
met aG anmar Fi |l e: <
(* the name of the file in which the neta-grammar is specified *)
(# metaG anmar: “text

exit metaG anmar[]
#);
private: @...;
newG anmar: (* Private *) “appl G am
grammar Wt hPath: (* Private *) “text;
grammar Group, granmarDefsGroup: (* Private *) ~fragnent G oup;
bobsFile: (* Private *) @il e;
fi ndG ammar Catcher: (* Private *) @uandl er
(# ... #)
do ...;
#)
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Metagrammarcfl.bet

ORIGA N "astlevel'’

* COPYRI GHT

* Copyri ght
* Al rights
*

--- astlnterfacelLib

(O Molner Informatics, 1986-93
reserved.

: attributes ---

net agrammar: Treelevel
(# <<SLOT netagranmmar Attributes: Attributes>>;
Prod: cons(# <<SLOT prodAttributes: attributes>> #);

ConsEl em cons
Lst: Prod(# #)
optionSpecific
si ngl eOpti on:

AG anmar @ cons

(# <<SLOT consEl emAttributes: attributes>> #);
étion: cons(# #);
optionSpecification(# #);

(# get G ammar Nane: getsonl(# #);
put G- ammar Namre: put sonl(# #);

get Opti on
put Opti on
get Produc
put Produc
getAttrib
putAttrib

Op: getson2(# #);

p: putson2(# #);
tionList: getson3(# #);
tionList: putson3(# #);
uteOp: getsond(# #);
uteQp: putsond(# #);

<<SLOT AGrammar Attributes: attributes >>

exit 1
#);
Granmar Nane: c

ons

(# get NameDecl : getsonl(# #);
put NaneDecl : putsonl(# #);

exit 2
#);
Pr oducti onLi st
Left Si de: cons
(# get SynDec
put SynDec

. list(# sonCat::< prod; exit 3 #);

| Name: getsonl(# #);
| Name: putsonl(# #);

<<SLOT leftsideAttri butes: attri butes>>

exit 5
#);

Al ternation: Prod

(# getlLeftS
put LeftS
get SynCat
put SynCat

exit 6

#) ;

SynCat Li st: |

de: getsonl(# #);
de: putsonl(# #);
List: getson2(# #);
List: putson2(# #);

st (# sonCat::< synCat exit 7 #);

Constructor: Prod

(# getlLeft$S
put LeftS
get ConsEl
put ConsE

exit 8

#)

ConsEl enli st :
TaggedSyn: Con

de: getsonl(# #);
de: putsonl(# #);
enLi st: getson2(# #);
enLi st: putson2(# #);

list(# sonCat::< consElemexit 9 #);
SEl em

(# get TagName: getsonl(# #);
put TagName: putsonl(# #);
get SynName: getson2(# #);
put SynName: putson2(# #);
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<<SLOT taggedSyncat Attri butes: attributes>>
exit 11
#)
SynCat: ConsEl em
(# get SynNane: getsonl(# #);
put SynNanme: putsonl(# #);
<<SLOT syncat Attributes: attributes>>
exit 12
#);
Error Spec: ConsEl em
(#
exit 13
#);
Li st One: Lst
(# getlLeftSide: getsonl(# #);
put Left Si de: putsonl(# #);
get SynCat: getson2(# #);
put SynCat: putson2(# #);
get TermOp: getson3(# #);
put Ter mOp: putson3(# #);
exit 15
#)
Li st Zero: Lst
(# getLeftSide: getsonl(# #);
put Left Si de: putsonl(# #);
get SynCat: getson2(# #);
put SynCat: putson2(# #);
get TermOp: getson3(# #);
put Ter mOp: putson3(# #);
exit 16
#);
Opt: Prod
(# getlLeftSide: getsonl(# #);
put Left Si de: putsonl(# #);
get SynCat: getson2(# #);
put SynCat: putson2(# #);

exit 18
#)
Dumy: Prod

(# getlLeftSide: getsonl(# #);
put Left Si de: putsonl(# #);
get SynCat: getson2(# #);
put SynCat: putson2(# #);

exit 19

#);

Term ConsEl em

(# getString: getsonl(# #);
put String: putsonl(# #);
<<SLOT termnal Attri butes: attributes>>

exit 23

#) ;

SynNanme: cons

(# get NameAppl : getsonl(# #);
put NaneAppl : putsonl(# #);
<<SLOT synNaneAttributes: attributes>>

exit 20

#) ;

TagNane: cons

(# get NameDecl : getsonl(# #);
put NaneDecl : putsonl(# #);

exit 21

#);

SynDecl Nane: cons
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(# get NaneDecl: getsonl(# #);
put NameDecl : put sonl(# #);
exit 22
#)
OptionPart: cons
(# getoptionList: getsonl(# #);
put opti onLi st: putsonl(# #);

exit 25
#);
optionList: list(# sonCat::< optionElement exit 26 #);

opti onEl enent: cons
(# getoptionNanme: getsonl(# #);
put opti onNanme: putsonl(# #);
getopti onSpecification: getson2(# #);
put opti onSpeci fication: putson2(# #);
exit 27
#)
opti onSpeclLst: optionSpecification
(# getoptionSpecList: getsonl(# #);
put opti onSpecLi st: putsonl(# #);
exit 29
#)
optionSpecList: list(# sonCat::< singleQption exit 30 #);
opti onNane: singleOption
(# get NaneAppl : getsonl(# #);
put NaneAppl : putsonl(# #);
exit 32
#)
optionConst: singleCOption
(# get Const: getsonl(# #);
put Const: putsonl(# #);
exit 33
#)
optionString: singleOption
(# getString: getsonl(# #);
put String: putsonl(# #);
exit 34
#)
AttributePart: cons
(# getattriblist: getsonl(# #);
putattriblist: putsonl(# #);
exit 36
#) ;
AttribList: list(# sonCat::< Attrib exit 37 #);
Attrib: cons
(# getSynCat: getsonl(# #);
put SynCat: putsonl(# #);
get NoOX Attributes: getson2(# #);
put NoOF Attri butes: putson2(# #);
exit 38
#);
NoOf Attri butes: cons
(# getconst: getsonl(# #);
put const: putsonl(# #);
exit 39
#);
errorProd: Prod
(# exit 40 #);
optionError: singleOption
(# exit 41 #);
grammarl dentification::< (# do 'nmetagrammar' -> theG anmar Name #);
version::< (# do 4 -> value #);
suffix::< (# do '.graml -> theSuffix #);
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maxProductions:: < (# do 41 -> value #);
init::<
(# do ...#);
#)

Metagramsematt.bet

ORI A N ' et agr anmar cf |

*

* COPYRI GHT

* Copyright (C Molner Informatics, 1986-93
* Al rights reserved.

*

--- prodAttributes: attributes ---
| ef t Si de:
(#
enter putsonl
exit getsonl
#) ;
get SynDecl Text :
(# I's: ~this(metagranmmar). | eftSide;
sd: "SynDecl Naneg;
n: "“NaneDecl ;
do getsonl -> Is[];
| s. Get SynDecl Nane -> sd[];
sd. get NameDecl -> n[];
exit n.getText
#);
super Val ue:
(# I's: ~this(metagranmar).|eftSide;
do getsonl -> Is[];
exit |s.superVal ue
#);
super Pr od:
(# prodNo: @ nteger;
t heProd: “prod;
pr edefi ned: < obj ect;
f: ~productionLi st
do superVal ue -> prodNo;
(if (prodNo>0) then
father -> f[];
prodNo -> f.get -> theProd[]
el se predefined
if)
exit theProd[]
#)

--- leftsideAttributes: attributes ---
get SynDecl Text :
(# sd: ~SynDecl Nane;
n: “~naneDecl ;
do Get SynDecl Nane -> sd[];
sd. get NaneDecl -> n[];
exit n.getText
#);
super Val ue:
(# val ue: @nteger

enter (# enter value do (value,1) -> putAttribute #)
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exit 1 -> getAttribute
#)
attributeSi ze:
(# val ue: @ nteger
enter (# enter value do (value,2) -> putAttribute #)
exit 2 -> getAttribute
#);

--- taggedSyncat Attributes: attributes ---
get SynText :
(# sn: “synName;
n: “~naneappl
do get SynName -> sn[];
sn. get NameAppl -> n[];
exit n.get Text
#) ;
get TagText :
(# tn: "“tagNane;
n: “naneDecl ;
do get TagNarme -> tn[];
tn. get NaneDecl -> n[];
exit n.get Text
#);

--- termnal Attributes: attributes ---
get Text:

(# s: ~"string

do getString -> s[];

exit s.getText

#)

--- syncatAttributes: attributes ---
get SynText :
(# sn: “synNane;
s: “naneappl ;
do get SynName -> sn[];
sn. get NanmeAppl -> s[];
exit s.getText
#);

--- synNaneAttributes: attributes ---
dcl Ref:
(# val ue: @ nteger
enter (# enter value do (value,1) -> putAttribute #)
exit 1 -> getAttribute
#) ;
dcl Ref Pr od:
(# prodNo: @ nteger;
t heProd: “prod;
predefi ned: < obj ect;
t heG anmar: “agrammar ;
do dcl Ref -> prodNo;
(if (prodNo>0) then
frag.root[] -> theGammar[];
prodNo -> t heG ammar. get Prod -> theProd[]
el se predefined
if)
exit theProd[]
#)
get SynText :
(# s: "naneappl ;
do get NameAppl -> s[];
exit s.getText
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#);

--- AGammar Attributes: attributes ---
get Prod:
(# prodNo: @nteger;
t heProd: “prod
pl: ~productionLi st;
ent er prodNo
do get ProductionList -> pl[];
prodNo -> pl.get -> theProd[]
exit theProd[]

#);
OptionSet :

(# t: @ext;
opt Spec: “optionSpecification
opPart: ~optionPart;
op: “"ast;
opt Li st: “optionList;

enter t

do getOptionOp -> op[];
(if (op.synbol =optionPart) then
op[] -> opPart[];
opPart.getOptionList -> optList[];
if);
(if (optList[]<>none) then
scan: optlList.scan
(#
optionEl: “optionEl enent;
opt Name: “opti onNane;
ap: “nanmeAppl
do current[] -> optionEl[];
opti onEl . get Opti onNanme -> opt Nane[];
opt Nare. get NaneAppl -> ap[];
(if (ap.getText -> t.equal NCS) then
optionEl . get Opti onSpeci fication -> opt Spec[];

| eave scan;
if);
#)
if)
exit Opt Spec[]
#);
checkOpt i on:

(# errortext: @ext;
spec: ”“optionSpecification
checkedSynbol : @ nt eger;
as: “ast;
enter (spec[],errortext, checkedSynbol)
do (if (spec.synbol =checkedSynbol) then
spec. getsonl -> as[];
el se
"ERROR i n option-Specification for
errorText[] -> putText;
screen. newLi ne;
' Expected synbol: ' -> screen. put Text;
checkedSynbol -> screen. putlnt;
screen. newLi ne;
' Found synbol: ' -> screen. put Text;
spec. synbol -> screen. putlnt;
screen. newLi ne;

-> put Text;

if)
exit as[]
#) ;
CGet Opti onVal ue:
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(# val ue: @ nteger;
opti onNanme: @ ext;
c: “~const;
opt Spec: ”"opti onSpecification;
enter (optionNane, val ue)
do (if ((optionNane -> optionSet -> optSpec[])<>none) then
(opt Spec[], Opti onNane, opti onConst) -> checkOption -> c[];
c. get Val ue -> val ue;
)
exit val ue
#) ;
Get Opt i onNarne:
(# value: @ext;
t heOpti onName: @ ext;
c: "l exeniext;
opt Spec: "opti onSpecification;
enter (theOptionName, val ue)
do (if ((theOptionNane -> optionSet -> optSpec[])<>none) then
(opt Spec[], t heOpti onNane, opti onNane) -> checkOption -> c[];
c.getText -> (# t: ~text enter t[] exit t #) -> value;
)
exit val ue
#) ;
Get OptionString:
(# value: @ext;
opti onNanme: @ ext;
c: "l exeniext;
opt Spec: "opti onSpecification;
enter (optionNane, val ue)
do (if ((optionNane -> optionSet -> optSpec[])<>none) then
(opt Spec[], Opti onNare, optionString) -> checkOption -> c[];
c.getText -> (# t: ~text enter t[] exit t #) -> value;
if);
exit val ue
#);

Property.bet

ORIG@ N ' ~bet a/ basi clib/vl. 5/ betaenv';

| NCLUDE ' ~betal/ containers/v1.5/list';

| NCLUDE ' ~bet a/ basi clib/v1.5/repstreani;
BODY ' pri vat e/ propert yBody'

(*
* COPYRI GHT
* Copyright (C Molner Informatics, 1986-93
* Al rights reserved.
*
)

--- LIB: attributes ---
const Type: (# exit 1 #);
StringType: (# exit 2 #);
naneType: (# exit 3 #);
par Val ue:
(# repSave: < (* Private *)
(# f: ~repetitionStreamenter f[] do | NNER #)
#);
const El ement : par Val ue
(# c: @nteger;
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repsave::< (* Private *) (# do c -> f.putlnt #)

#);
StringEl ement: parVal ue
(# s: @ext;
repsave::< (* Private *) (# do s[] -> f.putText #)
#);
nanekEl enent: parVal ue
(# n: @ext;
repsave::< (* Private *) (# do n[] -> f.putText #)
#);

propertylist:
(# propEl enent:
(# prop: @ext;
par: @paraneterlList;
<<SLOT propertyPropertylLi st PropEl ement Represent ati onPri vate:
attri but es>>;
#);
propList: @i st
(# el enment::< propEl enent;
<<SLOT propertyPropertylLi stPropLi st RepresentationPrivate:
attri but es>>;
#);
init: (# do propList.init #);
<<SLOT propertyPropertylLi st RepresentationPrivate: attributes>>;
addPr op:
(# propNane: “text;
newPr opEl enent: “propEl enent;
i fPropExist:< (# delete: @ool ean do true -> delete; |INNER exit
delete #);
newPar :
(# par Type: < par Val ue;
val : “parType
par: “parEl enent;
do &parEl ement[] -> par[];
&par Type[] -> par.val[] -> val[];
I'N ;
par[] -> newPropEl enent. par. append
#) ;
addString: newPar
(# par Type:: < stringEl enent;
s: “text;
enter s[]
do stringType -> par.type; s -> val.s;
#) ;
addNanme: newPar
(# par Type:: < naneEl enment;
n: ~text
enter n[] do nanmeType -> par.type; n -> val.n;
#);
addConst: newPar
(# par Type:: < const El enent;
c: @nteger
enter ¢ do const Type -> par.type; ¢ -> val.c;
#);
ent er propNang[]
#) ;
fi ndProp:
(# nanme: ~text;
|: ~proplist.elenment
ent er nane[]

exit 1]
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#);
del et eProp:
(# prop: ~“text;
enter prop[]
do ...
#),
scanPr op:
(# currentParlList: “parameterlList;
doProp: <
(# prop: "text;
get Nane:
(# not ANane: < (# do | NNER #);
name: “text;
do ...
exit nane[]
#) ;
get Const :
(# not AConst: < (# do I NNER #);
const: @ nteger
do ...
exit const
#) ;
get String:
(# notAString:< (# do INNER #);
string: "text
do ...
exit string[]
#),;
scanPar aneters:
(# doConst:< (# c: @nteger enter ¢ do | NNER #);
doString:< (# s: "text enter s[] do I NNER #);
doName: < (# n: “text enter n[] do INNER #);

#)
enter prop[]
do | NNER
#)
#);
Cet Prop: ScanProp
(# doProp::< (# do (if (prop[]->P.equal NCS) then INNER if)#);
P: ~text
enter P[]
#);
#);
paraneterList: list(# elenment::< parEl enent #);
par El enment :
(# val: ~parval ue;
type: @ nteger;
<<SLOT propertyParEl ement Local sPrivate: attributes>>;
#);

Propertycfl.bet

ORI G N ' ~bet a/ nps/v5. 1/ ast | evel '
--- astlnterfaceLib: attributes---
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property: TreeLevel

(#

Property: cons(# #);

Machi ne: cons(# #);
Val ue: cons(# #);

Properties: cons
(#
get PropertylLi st:
put PropertylList:
exit 1 #);

PropertyList: list
(#

get sonl(##);
put sonl(##) ;

soncat:: < Property;

exit 2 #);

ORIG N Property
(#

get Text Const: getsonl(##);
put Text Const: put sonl(##);

exit 5 #);

| NCLUDE: Property
(#

get StringLi st: getsonl(##);
put StringList: putsonl(##);

exit 6 #);

BODY: Property
(#

get StringLi st: getsonl(##);
put StringList: putsonl(##);

exit 7 #);

VDBODY: Property
(#
get Machi neSpeci fi
put Machi neSpeci fi
exit 8 #);

OBJFI LE: Property
(#
get Machi neSpeci fi
put Machi neSpeci fi
exit 9 #);

LI BFI LE: Property
(#
get Machi neSpeci fi
put Machi neSpeci fi
exit 10 #);

LI NKOPT: Property
(#
get Machi neSpeci fi
put Machi neSpeci fi
exit 11 #);

BETARUN: Property
(#

cati
cati

cati
cati

cati
cati

cati
cati

onLi
onLi

onLi
onLi

onLi
onLi

onLi
onLi

St:
St :

St:
St :

St:
St :

St:
St :

get sonl(##);
put sonl(##);

get sonl(##);
put sonl(##);

get sonl(##);
put son1(##);

get sonl(##);
put son1(##);
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get Machi neSpeci fi cati onLi st:
put Machi neSpeci fi cati onLi st:

exit 12 #);

MAKE: Property
(#

get Machi neSpeci fi cati onLi st:
put Machi neSpeci fi cati onLi st:

exit 13 #);

BUI LD: Property
(#

get Machi neSpeci fi cati onLi st:
put Machi neSpeci fi cati onLi st:

exit 14 #);

RESOURCE: Property
(#

get Machi neSpeci fi cati onLi st:
put Machi neSpeci fi cati onLi st:

exit 15 #);

ON: Property
(#

getl ntegerlList: getsonl(##);
put | nt egerLi st: putsonl(##);

exit 16 #);

CFF: Property
(#

getl ntegerlList: getsonl(##);
put | nt egerLi st: putsonl(##);

exit 17 #);
StringList: |ist
(#

soncat : : < Text Const;
exit 18 #);
IntegerList: list
(#

soncat : : < | nteger Const,;
exit 19 #);

Machi neSpeci fi cationList: list

(#

get sonl(##);
put sonl( ##) ;

get sonl(##);
put sonl( ##) ;

get sonl(##);
put sonl( ##) ;

get sonl(##);
put son1( ##) ;

soncat : : < Machi neSpeci fi cation

exit 20 #);

Machi neSpeci fi cati on: cons
(#
get Machi ne: getsonl(##);
put Machi ne: put sonl(##);
get StringList: getson2(##);
put StringlList: putson2(##);
exit 21 #);

Def aul t: Machi ne
(#
exit 23 #);

O her: Property
(#
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get NaneDcl : get sonl(##);
put NameDcl : put sonl(##);
get PropertyVal uelLi st: getson2(##);
put PropertyVal ueli st: putson2(##);

exit 24 #);
PropertyVal ueList: i st
(#

soncat: : < PropertyVal ue;
exit 25 #);

PropertyVal ue: cons
(#
get Val ue: getsonl(##);
put Val ue: putsonl(##);
exit 26 #);

NaneDcl : Val ue
(#
get NameDecl : get sonl(##);
put NameDecl : put sonl(##);
exit 28 #);

NanmeApl : Machi ne
(#
get NameAppl : get sonl(##);
put NameAppl : put sonl(##);
exit 29 #);

Text Const: Val ue
(#
getString: getsonl(##);
put String: putsonl(##);
exit 30 #);

I nt eger Const: Val ue
(#
get Const: getsonl(##);
put Const: put sonl(##);
exit 31 #);
gramarldentification::< (# do 'property' -> theG anmarNane #);
version::< (# do 4 -> value #);
suffix::< (# do '.prop' -> theSuffix #);
maxproductions::< (# do 31 -> value #);

init::< (# do ...#);






Appendix 1: The
Metagrammar

To illustrate the grammar definition language of the metaprogramming system, we
have included the grammar for the grammar definition language itself. This meta-
grammar is available to the user of the metaprogramming system, making it possible
to use hyper structure editing on language grammars, and making it possible to con-
struct other tools that can manipulate grammars.

File: net agr am gr am

--- metagranmar : Agranmar : metagranmmar ---
G anmar et agr anmar
Option

version =4

suffix=".gran

BobsOpt i on

conBegin

conEnd

stringChar
Rul e

'32, 34
1 (*I

.y

<AGrammar> ::='Ganmar' <G anmarNanme> ':' <OptionCp>
"Rul e' <ProductionList> <AttributeQp>;
<G amrar Nane> :: = <NaneDecl >;

<ProductionList>:+ <Prod> ';';

<Pr od> .| <Al ternation>| <Constructor>|<Lst>
| <Opt >| <Dunmy>| <Er r or Pr od>;

<Left Si de> 1= "< <SynDecl Nane> ' >';

<Al ternation> = <LeftSide> '::|' <SynCatList>;
<SynCat Li st > :+ <SynCat> '|";

<Constructor> = <LeftSide> '::='" <ConsEl enLi st >;

<ConskEl enLi st >: : + .<ConsEI enp;

<ConsEl en> ::| <TaggedSyn> | <SynCat> | <Terne | <Error Spec>;
<TaggedSyn> = '<'" <TagNane> ':' <SynNane> '>';
<SynCat > = '<' <SynNane> '>';

<Err or Spec> ‘error';

<Lst> | <ListOne> | <ListZero>;

<Li st One> = <LeftSide> '::+ <SynCat> <Ter mOp>;
<Li st Zer 0> = <LeftSide> '::*" <SynCat> <Ter mOp>;
<Ter mOp> 11 ? <Ternp;

<Opt > = <LeftSide> '::?" <SynCat>;
<Dumy> = <LeftSide> "::' <SynCat>;
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<SynNane>
<TagName>

<SynDecl| Nane>

<Ter np

<Opti onOp>
<Opti onPart >
<opti onLi st>

<opti onEl enent > :

+ 1

<NaneAppl >;
<NameDecl >;
<NaneDecl >;
<String>;

<OptionPart >;
"option' <optionList>;
<opti onEl enent >;

;= <optionNanme> '='" <optionSpecification>;

<optionSpecification> ::| <singleOption> | <optionSpecLst>;

<opti onSpeclLst >
<opti onSpeclLi st >

<si ngl eOpti on>: :

<opt i onNane>

<optionConst> ::
<optionString>::

<AttributeQCp>

.= ' (' <optionSpecList> ")";
.1+ <singleOption>;

<opti onNanme> | <optionConst >
<optionString> | <optionError>;

<Const >;
<String>;

|
|
11 = <NameAppl >;

11 ? <AttributePart >;

<AttributePart>::= "attribute' <attriblist>;

<AttribList>

<Attrib>

<errorProd> ::

<optionError> :

Attribute

<Left Side> :
<SynNane>

2
1

<Attrib>;

<SynCat> ':' <NoCOf Attri butes>;
<NoCOf Attri butes> :
Error;
= Error

= <const>;



Appendix 2: The Pretty-
print Specification
Grammar

File: prettyprint.gram

-- prettyprint : Agrammar : metagranmar --
G anmar prettyprint:

option
suffix=". pgran

bobsoptions = '25, 32, 34
conbegi n =" (*
conkEnd ="'*)
stringChar ="'"""
rul e
<PrettyPrint> ::= "PrettyPrintSchene' <ScheneNane: naneDecl >
"for' <G ammar Nane: naneDecl > ':' <Producti onLi st >;

<ProductionLi st>;:* <Production> '; ;

<Pr oduct i on>
<Const ruct or >

<Constructor> | <ListProd> ;
<Pr oduct i onNane: naneAppl > ' =" <Stream Itenli st >;

<Li st Prod> <Pr oduct i onNane: nameAppl > '=" ' (' <ListSpec> "')";
<Iteniist> i <ltenp;
<ltenp ::| <Terminal> | <NonTernr | <Break> | <Bl ock>

| <Comment Pl ace>;

<Ter m nal > | <DefaultTerne | <AltTerne ;
<Def aul t Ter n» o= "'T ':' <Term nal No: const >;

<Al t Ter np <Al ternativeTerm nal : String> ;

<NonTer n» = 'N ':' <NonTerm nal No: const >;

<Br eak> | <DefaultBreak> | <AltBreak> ;

<Def aul t Br eak> = '$%';

<Al t Br eak> = '$" <Space:const> ',' <lndention:const>;
<Bl ock> = '[' <BlockType> <ltenList>"]";

(* comments nust only be specified after terninals! *)
<Comment Pl ace> .= "'*";

<Li st Spec> .1 = <Beginning: IteniList>

"{"'" <Bl ockType> <Separator:ItenlList> "'}’
<Endi ng: I tenLl st > ;
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<Bl ockType> | <Consistent> | <InConsistent> ;
<Consi st ent > o="c';

<| nConsi st ent > it

Attribute
<Constructor> :
<Li st Pr od> :
<Def aul t Ternp :
<Al t Ter nm» :
<NonTer n»>
<Li st Spec>

NNNNER P



Appendix 3: Expression
Grammar Example

This appendix contains an example of use of the metaprogramming system for gene-
rating an expression calculator, enabling the user to enter expressions from the key-
board, which are then parser and the resulting AST is then evaluated by an interpreter
(actualy arecursive traversal of the AST, eveluating sunexpressions), and the calcu-
lated result is then printed on the screen. To give an impression of the application, the
following is an example of an execution of the calculator (the underlined text is en-
tered by the user — expr eval isthe name of the calculator):

expreval

Eval ? 3+4

7

Eval ? (3+4)*(20+2)/4
38

Eval ? (3+4

PARSE- ERRORS

# 1 (3+4

# *xkkk*k*x A

# Expected synbols: [/ nod ) * +
Eval ? 22 nod 5

2

Eval ? .

This application consists of five files:
* expr-neta. granm Contains the grammar specification for the valid expressions.

* expr-pretty. pgran Contains the pretty-printer specification.
» exprcfl.bet: Containsthe generated context-free level interface.

» exprsematt. bet: Containsthe additional semantic level interface. Primerily the
eval routine.

» expreval . bet : Containstheinitialization, and keyboard and screen handling
code.

We will in the following present the five files along with a few comments on the im-
portant aspects of the particular file.

The Expression Grammar

This file contains the grammar that are used to check the syntax of the expressions of
the calculator. The grammar is a fairly ordinary expression grammar, except that as-
signment statements are part of the legal syntax of the calculator, making the use of
variables valid in the calculator. Please note the declaration of the substanceSlot and
the attribute part.

File: expr - met a. gr am
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--- expr: AGammar: metagranmar ---
G ammar expr:
option

string = unused

substanceSl ot = dcAtt

Rul e
<stat> ::| <assignhment> | <eval Statenent> | <quit>;
<assignnent> ::= <nane : naneDecl > '='" <expression>;
<eval St at enent > :: = <expression>;
qquit> ="'
<expression> ::| <Termr | <addExpression>;
<terms ::| <factor> | <nultExpression>;
<factor> ::| <nunber> | <bracket Expression> | <vari abl e>;
<bracket Expression> ::="(' <expression> ')"';
<Mul t Expressi on> ::= <Cperandl : Term> <Mul t Operator> <Cperand2 : Factor:
<AddExpression> ::= <Cperandl : Expression> <AddOperator> <Cperand2 : Ter
<Mul tOQperator> ::| <TinesCp> | <DivOp> | <MbdOp>;
<AddOperator> ::| <PlusOp> | <M nusQOp>;
<Nunber> ::= <Const >;
<Vari abl e> :: = <NameAppl >;
<TimesQp> ::= "*";
<DivQp> ::="'/";
<MbdOp> ::= 'nmod';
<plusQp> ::="+";
<m nusQp> ::="'-'

attribute

(* the following definitions will trigger the generator to nake
* semantic attribute slots for the generated context free |eve

*)
<expression> : O
The Expression Pretty-Print Grammar

This file contains the pretty-pring grammar, used by the calculator. Strictly speaking
this pretty-print grammar is not used by the calculator.

File: expr-pretty. pgrani

--- expr : prettyprint : prettyprint ---
PrettyPrint Schene expr Spec

for expr:

stat = N1 ;

assi gnnment [c N1$1,0T:1%$1,0* $1,2 N 2];
eval St at ement N: 1;

quit = T:1 $1,0 *;
expr essi on N
term= N1 ;
factor = N1;
bracket Expression = [
Mul t Expr essi on = [
AddExpr essi on
Mul t Oper at or
AddQper at or
Nunber
Vari abl e
Ti mesQp
D vp
ModOp

pl usOp

m nusQp

=

ddd44z=2
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The Expression Context-Free Level Interface

This file contains the generated context-free level interface. Please note the effects of
the substanceSlot and attribute part specifications in the grammar. The i ni t routine
only contains initializations that can be ignored.

File: exprcfl . bet:

ORIA N ' ~bet a/ nps/v5. 1/ ast | evel '
--- astinterfacelLib: attributes---
expr: TreelLeve
(# stat: cons
(# <<SLOT statAttributes: attributes>> #);
expressi on: cons
(# <<SLOT expressionAttributes: attributes>> #);
term expression
(# #);
factor: term
(# #);
Mul t Qperator: cons
(# #);
AddQper ator: cons
(# #);
assi gnnent: stat
(# getname: getsonl(# #);
put nane: putsonl(# #);
get expressi on: getson2(# #);
put expression: putson2(# #);
exit 2
#);
eval St at enent: stat
(# getexpression: getsonl(# #);
put expression: putsonl(# #);
exit 3
#);
quit: stat
(# exit 4 #);
br acket Expressi on: factor
(# getexpression: getsonl(# #);
put expression: putsonl(# #);
exit 8
#)
Mul t Expression: term
(# get Operandl: getsonl(# #);
put Qperandl: putsonl(# #);
get Mul t Operator: getson2(# #);
put Mul t Operat or: putson2(# #);
get Oper and2: getson3(# #);
put Oper and2: putson3(# #);
exit 9
#);
AddExpr essi on: expression
(# get Operandl: getsonl(# #);
put Oper andl: putsonl(# #);
get AddOper ator: getson2(# #);
put AddQperator: putson2(# #);
get Operand2: getson3(# #);
put Qper and2: putson3(# #);
exit 10
#);
Number: factor
(# get Const: getsonl(# #);
put Const: putsonl(# #);
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#)

The Expression Semantic Level Interface
This file contains the semantic level interface, written for the calculator. Please note

exit 13
#);
Vari abl e: factor

(# get NameAppl : getsonl(# #);
put NaneAppl : putsonl(# #);

exit 14
#);

Ti mesOp: Ml t Oper at or
(# exit 15 #);

Di vOp: Ml t Oper at or
(# exit 16 #);

ModQp: Ml t Oper at or
(# exit 17 #);

pl usOp: AddOper at or
(# exit 18 #);

m nusQp: AddOper at or
(# exit 19 #);

grammar l dentification::<

(# do 'expr'->theG anmar Name #);

version::<
(# do -1->value #);
suffix::<

(# do '.text'->theSuffix #);

maxproductions: : <
(# do 19->val ue #);
dcAtt: @

<<SLOT dcAtt: descri ptor>>;

init::<
(# ... #);

the utilization of the SLOTSs, generated as the result of the substanceSlot and attribute
part of the grammar.

File: expr semat t . bet :

ORI G

| NCLUDE ' ~bet a/ cont ai ners/v1l. 5/ hashTabl e’
--- expressionAttributes:

eval :
(#

do

N 'exprcfl';

val ue: @ nteger

n: ~nunber;

cnst: ~const;

m “~mul t Expr essi on;

a: "addExpression;
anAst: “ast;

be: ~bracket Expressi on;
el, e2: "expression;
var: “vari abl e;

na: “nameAppl

(i f synbol

/I bracket Expressi on then

thi s(expression)[] -> be[];

/1 mul t expressi on then

thi s(expression)[] -> n{];
m get operand2 -> e2[];
m get Mul t Operator -> anAst[];

m get Operandl -> el[];

(i f anAst.synbo
//timesop then el.eva

attributes ---

* e2.eva
//divop then el.eval div e2.eva

be. get Expression -> el[]; el.eva

-> val ue
-> val ue

->

\
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/1 modOp then el.eval nod e2.eval -> val ue
if);

/I addexpressi on then
this(expression)[] -> a[];
a.getOperandl -> el[]; a.getOperand2 -> e2[];
a. get AddQperator -> anAst[];
(i f anAst. synbol
/1plusQ then el.eval + e2.eval -> value
/I mnusOp then el.eval - e2.eval -> value
if)

/I nunber then this(expression)[]->n[];

n. get Const->cnst[]; cnst.getVal ue -> val ue

/lvariable then this(expression)[] -> var[];
var. get naneAppl -> na[];
(# e: ~dcAtt.synbol Tabl e. el enent
do na[] -> dcAtt.synbol Table.findKey -> e[];
(if e[]l//none then
na. get Text -> screen. put Text;
' is not declared ' -> screen. putlLine;
el se e.e.eval -> val ue
if);

#)
if)
exit val ue

#)

--- dcAtt: descriptor ---
(# synbol Tabl e: @ashTabl e
(# element::< (# id: "l exenText; e: "expression #);
hashFunction: : <
(# t: ~text
do e.id.getText -> t[];

t.scan(# do (ch->ascii.l owCase)+133*val ue -> val ue #);

#)
equal : : <
(# equal Text:
(# t1,t2: "text enter (t1[],t2[]) exit t1[]

-> t 2. equal NCS #)

do (left.id. getText,right.id.getText) -> equal Text -> val ue

#) ;
fi ndKey:
(# e: @lenent; found: "el ement
enter e.id[]
do scan(# where::< (# do (e[],current[]) -> equa
do current[] -> found[] #)
exit found[]

#);
#);
init: (# do synbol Table.init #);
#)
------ statAttributes: attributes ------
run:

(# expr: "expression;
eval : “eval St at enent ;
| et: “assignnent;
el m ~dcAtt. synbol Tabl e. el enent
do (if synbol
// assi gnnent then
this(stat)[] -> let[];
&dcAtt. synbol Table.elenent[] -> elnf];
let.getName -> elmid[];
| et.get Expression -> elme[];
eln[] -> dcAtt.synbol Tabl e.insert;

-> val ue #)
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[/ eval St atement then
this(stat)[] -> eval[];
eval . get Expression -> expr[];
expr.eval -> screen.putlnt;
screen. newLi ne

//quit then (nornal,'') -> stop

if);

The Expression Evaluator Program

This file contains the initialization of the metaprogramming system and the handling
of the keybroard and screen. Please note the use of the parser, the handling of parse
errors, and the evaluation of the ASTSs, resulting from successful parsing of the input.

File: expr eval . bet :

ORIGA N "exprcfl';

I NCLUDE ' expr semat t

--- program descriptor ---

(# (* This is a small deno-program of how to use the MetaProgramm ngSystem
* The programinplenents a snmall desc-calculator a la dc in unix. The
* grammar for expressions is on the file expr-neta.gram The generat ec

* context free level is on exprCfl. Exprsenatt contains semantic
* attributes for expr.
*)

ast: @stinterface;
expr: @st.expr; (* the cfl of the granmar *)
expr Fragnent: ~ast.fragnment Form
eval String: "text;
stat: “expr.stat;
ok: @ool ean;
bt abFil e: "text;
do ast.astlLevellnit; (* initialize astlevel *)
expr.init; (* and the context free level of the generated grammar
"expr-parser' -> btabFile[];
ast . parser Fi | eExt ensi on- >bt abFi | e. putt ext;
btabFile[] -> expr.parser.initialize; (* and the parser *)
expr[] -> ast.newFragnment Form -> exprFragnment[]
(* create a fragnmentform which can contain the asts *);

cycle
(# do
"Eval ? ' -> screen. put Text;

keyBoard. getLine -> eval String[]; (* read a string from keyboard *)

eval String.newLine; (* add a newWine to the string *)

0 -> eval String.setPos; (* reset eval String to start *)

(1,eval String[],screen[], exprFragnent[]) -> expr.parser -> ok

(* 1. goal Synbol

* eval String: input,

* exprFragnment: the fragnentformto contains the asts

*

(if ok

//fal se then
' PARSE- ERRORS' -> screen. putLi ne;
0 -> eval String.setPos; (* reset eval String to start *)
(eval String[],screen[]) -> expr.parser.ErrorReport;

else (* there was no parse-errors *)
expr Fragnent.root[] -> stat[];
(* the parser returns the root of the parsed ast in fragnent.root
stat. run;

i)

#)



Index

The entries in the index are the identifiers defined in the public interface of the
libraries: The minor level entries refer to identifiers defined local to the identifier of
the major level entry. For those index entries referring to patterns with super- or
subpatterns within the library, these patterns are specified in specia sections of the
minor level index for that identifier.

astFileEXtension.........ccooeeveiiiiiieceeen, 61
' astinterface..........oocoevvvviiiiii e, 39
e 27 ast39
DODS. ., 27 addComment ............ccceeeiiiiiinnnn. 41
btab . 27 astEXception........ccoooeeiiiiiiiiineennn, 45
POrAM e 27 superpattern
POl 28 astInterfaceException .............. 85
dEXE 28 astInterfaceException
subpatterns
A astException...........o.oeeevvee. 45
a 61 DI oo 45
abstract syntax tree .............c..coceeeinennnn, 8 COPY ot 44
ADbstract Syntax TreeS...........ccvevvveevueeennsnn. 1 COPYPrIVALe ... 45
ACCESSEITON ... 74 AUMP. 43
addCOMMENt........veeveeeeeeeeeeeeeeeeeee, 41 equal ... 40
A0CONSt . oo 81 father. ..o 39
addFragment.............ocvevveeeeiieeeeeeen 57 frag. ... 39
addNEAME. ... 81 getAttribute ... 40
AAAPIOP. ... 81 getComment............ccooeviiiiinnn, 41
AdASIING. ..., 81 getCommentProp..............ccceennn 43
A0dUSAGE. . ... 49 getNextComment.................ccoee 41
AGIAMMAL .o 74 getNodeAttribute.......................... 41
alreadyOpeN.........coveiieeeieeeee e 55 getSlotAttribute................cooo 41
AREIMALION ... 75 getSlotNodeAttribute....................... 41
AREINAtION ... 13 getSubcomment.............ooeiiininn 43
alternation rule.........cccvvveeeeeeeeeeeeeeen, 7 getSubcomments ............cceeviieenn 42
APPEND ... 48 hasComment................ccoceeiiiinn, 43
APPIGIAM ... 73 hasCommentProp .................ccoeee 43
appIGramSuffiX........cc.ocovvvviiueeiinnnne, 73 hasSemanticError .............c.cooevnnee. 44
grammarldentification.......................... 73 index.......coooo 45
grammarName. ..........cc..coveevveeveeennnnn, 73 insertSubcomment .......................... 43
T, 73 insertSubcomments.................oo. 42
MELA ..ot 73 Kind ..o, 40
pl 73 It 40
SUFFIX ... 73 MAtCh ... 44
superpattern nearestCommonAncestor ................. 40
treelevel.........c..ccooveeeeeeaiennn, 73 NeXtBrother ..., 40
VEISION. ..ot 73 PULALLribUtE ... 40
APPIGIAM ... 37 putNodeAttribute...............ccoooein 41
apPIGIaMSUFFIX.......oveoeeeieeeeeeeieeee 73 putSIotAttribute...............ccoooiin 41
ast39 putSlotNodeAttribute ...................... 41
AST 1;8;11 SCanCoOMMENtS........ovvveeeeeniiiiniinnn, 42
ASLEXCEPLION ... 45 SEMANtiCEITOr ..., 44
ASEFIIEEXE ..ot 61 setCommentProp ..........c.ocvvviinennn 43
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setSubcomment............cccooeveiiiinnnn. 43
setSubcomments...........cccoeveiiiiinnnnl. 42
SONNO. et 40
stopYggdrasil........ccoooeiiiiiiiiiinnnn, 44
subpatterns
expanded.........oocceeieiiiiiiee 45
leXem . oo 48
SIOtDESC. .. 51
UNEXpanded..........cccooveeeiinineeennns 50
Symbol......oooooiii 39
typeOfComment............ccoeveevnennnn. 43
astFileEXt. .. .o 61
astFileEXteNsion .........cccoovvevviinneeiinnnn, 61
astinterfaceError..........cccooevevivinennnnnn, 70
astinterfaceException .............c...ccovunnn. 70
superpattern
EXCEPLION ..ot 85
astInterfaceNotification........................ 70
superpattern
notification............ccoocoevevenennnn. 85
astLevellnit ..........ccooooiiii 70
COMMENT. ...euiieieeieeiee e 49
COMMENETYPE ..oovveeieiieeeeeeeene 49
COpyPrivate ........occovviiiii e, 50
superpattern
lexemText.....cooovvveviiiiiiiineiieenns 85
CommentSeparatorl............cccooeevnneennn. 68
CommentSeparator2............ccoocevveenneen. 68
CommentSeparator3............ccoeeevveennenn. 68
CommENtSIEVE. ......cevvviieeeiiiieeeciie, 68
[610] PP 47
delete ... 47
AUMP. e 47
superpattern
expanded.........ooceeveiiiiiiiee 85
[600] ] PP 50
COpYPrivate ......coocovviiieiiieee, 50
AUMP. e 50
getValue ....coovvvieiiiiiiiiiiec 50
NEWCONSITYPE ... 50
PUEVAIUE ... 50
superpattern
lexemText.....cooovvveiiiiineee, 85
defaultGrammarFinder......................... 69
doRealOpen.........coovvviiiiiiiiiien, 72
errorNUMbErS. ........ooviiieiiicee 71
EITOrREPOIter ... oo, 64
exception
subpatterns
astinterfaceException .................. 70
exXpanded.........couiiiiiiii 45
COPYPrivate ......coovviiiiiiiiieee, 47
AUMP.. 47
[0 1< PP 45
QetSONL ..., 47
QELSONZ.... i 47
QetSON3.... it 47
QeLSONA ..o 47
QetSONS ... 47
QEtSONG ....cvviviiiiic 47
QELSONT v 47
0etSON8....ccvv i 47

QetSONT ... 47

INSEIL. ..o 46
MALCh....oeiie e 47
NOOTFSONS ... 45
PUL. .o 45
PUESONL ..oovieii 47
PUESONZ ..oviiiicice e 47
S LU 5] X a7
PUISONA ..o 47
PUESONS ..o a7
PUESONG ..o 47
PUESONT ..evneieeieieeee e 47
PUESONS ... 47
PUESONT ...eviciie e a7
o PP 46
subpatterns
[600] 0 S PP RPTRPTN 47
DSt 47
suffixWalk..........coooiieiiin, 46
suffixWalkforProd..............co.oeeeeee. 46
superpattern
ast85
expandToFullPath .............c..cooiiis 69
formType. ... 52
fragment.........cooooiiiiiii 52
bind.....oooiiii 53
bindMark...........coocoiiiiiiii 53
bindToOrigiN. ..., 53
CAtChEr ...viiici 53
superpattern
handler..........ccooveviiiiiiiiinnnn, 85
changed.........cccoveviiiiin i, 52
checkDiskRepresentation................. 52
ClOSE .. 52
diskFileName ...........occovvviiieinnnenn. 53
father ..o 52
fatherR.......coooviiii 53
ffNameSeparatorChar...................... 53
fragType. . oo 53
fullName ..o, 52
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SCANPIOP ..ceveeieeeei et 82
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