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The Metaprogramming System

A number of tools in 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 language. For each syntactic
category of the language, a corresponding pattern is generated. The syntactic hierarchy of the
grammar is mapped into a corresponding pattern hierarchy. This object-oriented representation of
programs is further exploited by including 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 Mjglner BETA System is a programming environment that supports design, implementation 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 (ASTSs). It was decided that for a language supported by
the system, the corresponding ASTs should be instances of a well-defined data type. There is no
commonly agreed definition of abstract syntax tree, which implies that each language implementor
selects his own definition. 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-expressions. An

example of a Pascal statement and a corresponding AST in the form of an S-expression is:
while p<>q do if p<q then q:=q-p else p:=p-q
(while (<> p q)

(if (<poa

(
(:

qa (- qp))
p(-pa))))
S-expressions could in fact be used for manipulation of an AST. In order to do this in Simula,

BETA, or other languages, predefined patterns (types) modelling S-expressions could be included
in the environment.

Not all S-expressions do, however, constitute correct programs. In order for an S-expression to be
an AST, a certain context-free structure must be satisfied. E.g. the S-expression '(while (if p) (else
g))6 does not correspond to an AST for a Pascal program, even though it is a well 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 corresponding to each syntactic
category (nonterminal) of the grammar. ASTs derived from a syntactic category are then modelled
as instances of the corresponding pattern. The pattern Ifimp corresponds to the syntactic category
<Ifimp>. Instances of pattern Ifimp then model ASTs that may be derived from <Ifimp>.

The grammar hierarchy is modelled by a corresponding pattern hierarchy. E.qg. if the nonterminal
<Imp> may derive <Ifimp>, <WhilelImp> etc., then the pattern Imp will be a super-pattern of Ifimp.
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 programs in the form

The Metaprogramming System 3
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of ASTs. This implies that the various Mjglner 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 language. A
metaprogram using the grammar-based interface will thus be language specific since it uses the
set of patterns generated from the grammar of the actual language. 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 presentation 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 programs. 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 acceptable. 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.

 Tree level: Here the AST is viewed as a tree. This corresponds to S-expressions.

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

» 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-free level 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 is that all tools including
user programs access programs through a common representation. 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 ASTs of any
context-free language.

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

Metaprogramming System Mjglner Informatics
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Introduction to Context-Free Grammers

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

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

The most important result is that context-free grammars can be generated and recognized
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 languages and is
therefore also the foundation for the grammar-based tools of the metaprogramming system. Before
going into details with the particular grammar formalism 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 nonterminals, 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
grammar). A sentential form is like a sentence, except that nonterminals may be present in a
sentential form. l.e. a sentential form is not fully derived (the remaining nonterminals have not been
expanded).

Terminals are denoted by wi, nonterminals by <Ai>, productions by <A> ::= w0 <B0> w1l <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 special symbol, empty, which
stands for the empty terminal (string).

To illustrate these concepts, a small part of the Pascal grammar is given[1]:
<pr ogr anp 1= program <nane>
<decl arati ons>
begi n
<st at enent s>
end.
<statenment> ; <statenents>
enpty
i f <condition>
then <statenent >
el se <statenment>

<st at enent s>
<st at enent s>
<st at enment >

<st at enent > = <nane> := <val ue>

<condi ti on> 1= <nane>

<decl arations> ::= <declaration> ; <declarations>
<decl arations> ::= enpty

<decl ar ati on> <nane> : <nane>
<name> may be any identifier, <value> may be true or false

In this grammar, program, begin, end, ".", ";", ":=", ":", if, then, and else are terminals, whereas
<program>, <name>, <declarations>, <declaration>, <statements>, <statement>, and <condition>

Introduction to Context-Free Grammers 5
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are all nonterminals. The nonterminal <program> is the startsymbol.

This grammar may e.g. generate the sentence:
program P

V: T;

begin V := true; end.

and the sentential form:

program P
V: T;
begin if <condition> then <statenent> else V := false; end.

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 nonterminal on the left-side of the "::="
symbol of the production. This implies that <condition> may be substituted with any legal name and
<statement> 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 original language. That is, if we
choose <statements> as the startsymbol, we will get the sublanguage of legal statements in 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 is a legal sentence
according to the grammar.

[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. 'begin’ instead of begin.

Metaprogramming System Mjglner Informatics
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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:

« An alternation rule has the following form:
<A0>::| <Al> | <A2> | ... | <An>

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

A constructor rule has the following form:
<AO>::= w0 <t1l: Al1> wl ... <tn:An> wn

where <A0>, <t1:Al>, ..., <tn:An> are nonterminal symbols and w0, w1, ..., wn are possibly
empty strings of terminal symbols. This rule describes that <A0> derives the string w0 <Al1>
wl... <An>. A nonterminal on the right side of the rule has the form <t:A> where tis a
tag-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.

« A list rule has one of the following forms:

<A>: i+ <B>w

<A> I * <B>w

where <B> is a nonterminal and w is a possibly empty string of terminal symbols. The

nonterminal <A> generates a list of <B>'s separated by w's: <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.

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 <NameDecl>, <NameAppl>, <String>
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
<Title:NameAppl>.

A nonterminal may only appear once on the left-hand side of a rule, and the complete grammar
must be LALR(1)[2]. The limitations on the rules which can be used in a structured context-free
grammar do not restrict the class of languages that can be described. 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 readable grammar.

There is one important representation for sentential forms and sentences of any context-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 nodes in an AST are productions and the branches in the AST signifies

Structured Context-Free Grammars
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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 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 metaprogramming system is an object-oriented model of the ASTs. An AST is modelled as an
instance of a pattern. There is a pattern corresponding to each syntactic category (nonterminal) of
the grammar. ASTs derived from a syntactic category are then modelled as instances of the
corresponding pattern. The grammar hierarchy is modelled by a corresponding pattern hierarchy.

Special grammar symbols are shown enclosed by << and >>. These symbols are called
placeholders. Placeholders are always associated with a honterminal of the grammar. A
placeholder may have a tag-name in order to be able to distinguish between several instances of
the same nonterminal in a program. l.e. <<PopLib:attributes>> is a placeholder, where attributes
specifies the syntactic category and PopLib is the tag-name. As illustrated below, some

placeholders are also equipped with the symbols SLOT or "...". These will be explained below
(# Private: @<SLOT Privat eBody: descri ptor>>
Push: (# e: @nteger

enter e
do <<SLOT PushBody: descri pt or >>
#)

Pop: (# <<PopLib:attributes>> ... #);

<<attributes>>
#)

The above is a BETA pattern for a Stack. The pattern is not fully specified in the sense that the
pattern contains placeholders that have not been expanded.

Generally, programs may contain placeholders of three different types: nonterminals, slots or
contractions. Nonterminals and slots denote unexpanded nonterminals of the underlying grammar,
whereas contractions denote expanded nonterminals of the underlying grammar. I.e. a program
containing nonterminals and slots are sentential forms of the BETA language, whereas programs
only containing contractions are sentences of the BETA language.

Nonterminals are indications that these parts of the program have not been specified yet (e.g.
<<PopLib:attributes>>). The ability to leave nonterminals in the program is the means for allowing
syntax directed editing.

Slots are indications of parts of the program that deliberately have been kept open (e.g. <<SLOT
PushBody:descriptor>>). Slots are a means for specifying a program in which parts are separately
specified (these parts are indicated by the slots). A program with slots may be separately compiled,
and other programs may contain the slot definition to be applied later.

Contractions are placeholders indicating that this part of the program, derived from the nonterminal,
is not shown (e.g. ...). l.e. contractions are a means for suppressing details that are otherwise
present in the program. Note that contractions may suppress other placeholders, i.e. nonterminals,
slots and other contractions may appear within a contraction. Contractions are merely a means for
presenting an overview of programs etc., and the handlig of contractions are therefore totally
controlled by the different tools (i.e. not managed by the metaprogramming system)

Structured Context-Free Grammars 8
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In terms of the underlying AST of the program, nonterminals are leaves in the tree, slots are
references from one AST to another AST (possibly not yet derived), and contractions indicates a
sub-AST that is not shown (i.e. only represented by the syntactic category of the root of the
sub-AST.

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 A is B.
« If <A> appears in a list rule in one of the forms:
<A>: i+ <B> ...
<A> I F <B> ...
then the super-category of A is List.

* If <A> appears in an optional rule:
<A> 1 :? <B>

then no category A is defined (to be discussed later).
» Otherwise the super-category of A is 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 a legal grammar:
<A> | <B> | <C

<B> ::+ <D>

<C ::= <E> termnal <F>

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

Structured Context-Free Grammars



Example of Structured Context-Free Grammar

Below an example of a structured context-free grammar is given[3].
G amar Smal | :
<Bl ock>:: = begin <Dcl Part: Dcl Lst >
do <InpPart: | npLst>
end
<Dcl >::| <VarDcl> | <ProcDcl >
<Var Dcl >:: = var <Nane: NaneDecl >: <Var Type: Type>
<ProcDcl >:: = proc <Nane: NaneDecl| > <Body: Bl ock>
<lnmp>::| <Iflnp> | <Assignmentlnmp> | <ProcCall>
<Iflnmp>:=if <Condition: Exp>
t hen <ThenPart: | npLst>
el se <El sePart: |npLst> endif
<Assi gnnent | np>: : = <Var: NameAppl > : = <Val ue: Exp>
<ProcCal | >:: = <Proc: NanmeAppl >
<Dcl Lst>:: * <Dcl >;
<InmpLst>::* <Inp>

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 example grammar is:

Cons List
Dc Block Inp Dcllist Implist

VarDcl ProcDcl AssignmentImp IfImp ProcCall

The categories Cons and List generalize all categories according to the rule type that defines the
category. <Imp> is a super-category of <Iflmp> since any string generated by <Iflmp> may be
generated by <Imp>.

[2] However, this restriction is only neceaasry if the grammar is to be used for parsing purposes
(see chapter 7 for more details).

[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).
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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 a level where the AST is
viewed as an ordinary tree. This is straight forward using subclassing. The patterns generated from
the grammar are all subpatterns of the general patterns Cons and List. These patterns are actually
subpatterns of more general 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 corresponds to an ordinary data type for a tree.
The specialization hierarchy for the patterns defined in the tree level is:

AST
Expanded Lexem UnExpanded SlotDesc
Cons List LexemText Optional

NameDecl Namelppl String Const Comment

The following is a verbal description of these patterns:

» AST describes all ASTs. Operations of this pattern are: Symbol returns the nonterminal
symbol of the AST. Kind returns the type of the AST (e.g. List). Father returns the father.
SonNo returns the index of this AST in the list of sons of the father of this AST. NextBrother
returns the next brother of this AST in the list of sons of the father of this AST.
AddComment updates an associated comment, GetComment returns an associated
comment, and HasComment tests whether a comment is associated with this AST.
HasSemanticError and SemanticError is used by language-dependent tools to mark ASTs
with information on semantic errors in the AST. Copy returns a copy. Match, Equal and Lt
performs different kinds of comparisons of ASTs, and copy enables copying an entire AST.
Finally, NearestCommonAncestor returns the nearest common ancestor of this AST and
some other AST. GetAttribute, putAttribute, getNodeAttribute, putNodeAttribute,
getSlotAttribute, putSlotAttribute, getSlotNodeAttribute and putSlotNodeAttribute, 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. Finally,
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 derived
from the nonterminal of this AST). Get returns a son at a given position. Put updates a son
at a given position. NoOfSons returns the number of sons of this AST. Scan iterates over
the sons in this AST. SuffixWalk and SuffixWalkforProd perform preorder traversal of the
tree with this node as root. Insert will insert an AST before a given son. Finally, expanded
defines getsoni, ..., getson9 and putsonl, ..., putson9 for direct access to the given son
number.
» Cons describes all nodes derived by a constructor rule. Delete deletes a son at a given
position.
« List describes all nodes derived by a list rule. SonCat describes the category of the ASTs of
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the list. Delete deletes an AST with a given position and Insert inserts an AST at a given
position. Append inserts an AST as the last son in the list. NewScan iterates over the ASTs
in this list.

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

» LexemText describes leaves having textual contents. GetText returns the textual contents.
PutText updates the textual contents. CurLength returns the length of the textual contents.
GetChar and putChar allows for accessing and changing the individual chars in the textual
contents. Clear empties the textual contents.

» NameDecl describes all name declarations. ScanUsage iterates over the name applications
that use this declaration. This information is context-sensitive and if used it must be set up
by a language specific tool. AddUsage and removeUsage is used by these
language-specific tools to set-up and remove such informations.

» NameAppl describes all name applications. GetDecl 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. NextUsage returns the next usage
(reference to an AST) of this nameAppl, if any exists. DeclSet tells whether any
language-specific tools have setup declaration information for this name application.

« String describes all strings. No special operations.

» Const describes all numeric constants. GetValue returns the value of the constant,
PutValue updates the value of the constant.

» Comment describes comments associated with ASTs. CommentType returns the type of
this comment.

» UnExpanded describes ASTs where nothing yet has been derived from the nonterminal of
this AST. NonterminalSymbol returns the kind of nonterminal associated with this AST
(Note that this(AST).symbol returns unExpanded). The kind of nonterminals are defined in
the kinds object. The available kinds are: kinds.interior, kinds.unExpanded, kinds.optional,
kinds.nameDecl, etc).

» Optional describes ASTs that are unexpanded, and where the nonterminal symbol of this
AST is defined by an optional rule. No special operations.

« SlotDesc describes AST representing SLOTs. More on SLOTSs later.

Assuming the patterns Assignmentlmp, Iflmp and ProcCall corresponding to ASTs generated from
the respective nonterminals. These patterns are sub-patterns of the pattern Imp. Assume that a tool
for counting the number of imperatives in an instance of ImpList is to be implemented. In addition
the tool should count the number of different types of imperatives. The tool may be implemented by
adding a virtual pattern attribute Count to the pattern Imp. The definition of Count may then be

extended in the sub-patterns:
I np: Cons(# Count:< (# do I npCount.Addl; inner #) #)
Assignment I mp: I np(# ...
Count:: < (# do Assignnent Count.Addl #)
#):

I npList: List(# ... #)
IL: I npList;

I L. Scan(# do thi sél m Count #)

The virtual pattern Count in Assignmentimp will be a sub-pattern of the Count pattern in Imp.
ThisElm in IL.scan... will in turn refer to each element in IL. If ThisEIm in IL.Scan denotes an
instance of Assignmentimp then ThisElm.Count will result in execution of ImpCount.Add1 followed
by AssignmentCount.Add1

The Tree Level 12
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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 generated, 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(# #)
get Tn: 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- attributes (Ti) is the same as the
corresponding tag-name.
If T is an instance of A, the i'th sub-AST can be accessed and changed through the get- and
putTi 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 and will be delivered by
T.getTi A ...

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-pattern is
List as the super-category of A is List.

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.

Metaprogramming System Mjglner Informatics
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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 the treelevel pattern. That is, the structure of the context-free

level interface is:
ORIG N ' ~bet a/ ast/ ast| evel '
- astlnterfacelLib: attributes ---
gr ammar Nane: treel evel
(# ...
(* declaration of the patterns fromthe granmar *)

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

Treelevel contains a local AST, grammarAST, decribing the grammar and a number of patterns
(e.g. newAST, newLexemText, newConst, etc.) 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. Finally, treelevel contains a parser attribute which can be used for parsing a text
stream into an AST from the grammar in grammarAST.

The applGram fragment contains a specialization of treeLevel, called applGram. ApplGram makes
the necessary setup for using the treelevel interface to any grammar.

In addition patterns are generated which provide easy creation of new ASTs from existing ones.
For each nonterminal A of the grammar a generator named NewA is generated. For nonterminals
defined by a constructor rule, NewA will as enter parameter take as many ASTs as there are
nonterminals on the right side of the rule. It will then exit an A-AST with the enter parameters as
sons
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Example of Structured Context-Free Grammar,

cont.

The patterns generated for the example grammar are:

Smal | : TreelLeve
(# Bl ock: Cons(# getDcl Part:
put Dcl Part:
get | npPart:
put | npPart:
#)

Dcl: Cons(# #);

VarDcl : Dcl (# get Nane:
put Nane:
get Var Type:
put Var Type:

#)

get sonl(#
put Sonl(#
get son2(#
put son2(#

get sonl(#
put sonl(#
get son2(#
put son2(#

#),
#);
#),
#)

#),
#);
#),
#)

ProcDcl : Dcl (# get Nanme: getsonl(# #);
put Narme: putsonl(# #);
get Body: getson2(# #);
put Body: putson2(# #)

#)
| np: Cons(# #);

Iflmp: Inp(# getCondition: getsonl(# #);
put Condi tion: putsonl(# #);
get ThenPart: getson2(# #);
put ThenPart: putson2(# #);
get El sePart: getson3(# #);
put El sePart: putson3(# #)

#)
ProcCal | : I nmp(# getProc: getsonl(# #);

put Proc: putsonl(# #)

#)

Assi gnment | np: | np(# get Var:
put Var:
get Val ue:
put Val ue:

#)
Dcl Lst: List(# #);
| npLst: List(# #);

#)

getsonl(# #)
put sonl(# #);
getson2(# #)
put son2(# #)

Metaprogramming System

The Context-Free Level

Example of Structured Context-Free Grammar, cont.

Mjglner Informatics

16


http://www.mjolner.com
http://www.mjolner.com
yggdrasil-10.html
yggdrasil-8.html
yggdrasil-7.html
../index.html
inx.html
yggdrasil-11.html
yggdrasil-9.html
yggdrasil-7.html
../index.html
inx.html

Using the Context-Free Level

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

P.getBody refers to the block of P, and after executing the assignment P.getBody -> B[], B will refer
to this block. P.getName->N[]; N.GetText will return the name of the procedure as a text.

Consider a tool for investigating the contents of a block, where part of the investigation is to count
the number of imperatives in the block. In addition the number of different types of imperatives will
be counted.

This tool may be implemented by adding the operation Investigate to the pattern Block. Investigate
makes use of the virtual operation Count which is added to the pattern Imp. Count is further
specialized in the sub-patterns of Imp.
Smal | : Treel evel
(# I npCount, Assignnent Count,
ProcCal | Count, |Count: @ nteger;

Bl ock: Cons
(# Investigate:
(# do

0 A1 nmpCount /Z Assi gnnment Count
A ProcCal | Count A1 f Count;
| npPart. Scan(# do Current. Count #);

... (* Use ImpCount, ProcCall Count, ... *)
#)
#);
| np: Cons
(# Count:< (# do | mpCount.Addl; inner #) #);
[flmp: Inp
(# Count::<
(# do
| f Count . Add1;
ThenPart . Scan(#do Current. Count #);
El sePart. Scan(#do Current. Count #);
#)
#),

Assignment I np: 1 np

(# Count::< (# do Assignnent Count.Addl #) #);
ProcCall: Inp

(# Count::< (# do ProcCall Count.Addl #) #);

N .
B can now be investigated by B.Investigate.

In spite of the limited usefulness of the above example it gives a flavour of how semantic attributes
may be added to the generated patterns. Tools like a semantic analyzer, 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 Mjglner 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:

Using the Context-Free Level 17
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Sde:
(# Granmar: < TreelLevel ;
G @z anmear;
Root, Current Sel ection: ~G AST
(* alot of other stuff *)
#)

Grammar describes which grammar is actually used. An editor for Pascal may be constructed by
binding the context-free level generated for Pascal to Grammar. The reference Root denotes the
program fragment being edited by the user. CurrentSelection denotes the sub-AST which is the
current focus of the user.

To extend the editor with transformations the pattern SdeWithTransformations is declared as a
sub-pattern to Sde. SdeWithTransformations declares the pattern Transformation, which has three
virtual operations Init, EnablingCondition and Perform and a static reference Name.

SdeWithTransformations keeps a list containing an instance of each sub-pattern of Transformation.
This list is created by means of initialization operations not shown here.

When the user selects a new node in the tree EnablingCondition will be tested for all
transformations. The Names of those that are enabled will be presented to the user in a menu, and
if the user selects one of the items in this menu, Perform for the corresponding transformation will

be called.
SdeW t hTransf ormati ons: Sde
(# Transformation:
(# Nane: (* Presented in the menu *) @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
#)
Perform <
(* Operation to be performed if the user
* selects this transformation
*
)
(# do inner #);
#)

#);.”

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

A syntax directed editor for Pascal with a transformation that will allow the user to transform an

Ifimp into a Whilelmp could be created by the pattern:
Pascal Edi tor: SdeWt hTransformati ons
(# Granmar:: < Pascal G amar ;
| f Towhi | eTransformati on: Transformation
(#lnit::< (# do '"Iflnp to Whilelnp' -> Nane #)
Enabl i ngCondi tion:: <
(# do (CurrentSel ection## = G |l nmp##)
-> Enabl ed
#)
Perform: <
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(# thelflnp: "G Iflnp;
t heWi | el np: ~G Wi | el np;
frag: ~fragnent Form
do CurrentSelection[] -> thelflnp[];
(whilelm, frag[]) -> newAst
-> theWilelnp[];
t hel f1 np. get Condi tion
-> t heWhi | el np. put Condi ti on;
t heWhil el mp -> Repl aceCurrent Sel ecti on;
#)
#)
(* More Pascal -transformations *)
#);

The pattern ReplaceCurrentSelection used by Perform is an attribute of pattern Sde.

The IfToWhileTransformation is a simple tree-match transformation. In the same way more
advanced context-sensitive transformations could be added to the Pascal-editor. A transformation
that extends a <Procedure-Identifier> with a template 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 <Variable> nonterminal is inserted if the formal parameter is a
<Var-Parameter>, an <Exp> nonterminal if it is a <Value-Parameter>, etc.

The context-free level provides the programmer with much more structure and security than the
tree level alone. Consider the declaration P: "ProcDcl. The body part of P may be denoted by
P.getBody. If only the tree level is used, the corresponding declaration and denotation will be P:
AAST and P.getson2. This is less readable and it is solely the responsibility of the programmer that
P actually denotes an AST for <ProcDcl> otherwise P.getson2 will not return an AST for <Block>.

Metaprogramming System Mijglner Informatics
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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 semantic 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 allows the specification of the number of semantic attributes 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 is instead 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 compact 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 persistent
representation of ASTSs, it is specified in the grammar (in the attributes part, see chapter 6).

These persistent attributes of ASTs are accessed through the putAttribute and getAttribute 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 all, if a nonterminal 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 substanceSlot option in the options part of the grammar, and the result is
that a descriptor slot with that name is inserted in the treelevel subpattern for the grammar (see
chapter 6 and appendix 3).

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

Metaprogramming System Mjglner Informatics

Metaprogramming System

The Semantic Level 20


http://www.mjolner.com
http://www.mjolner.com
yggdrasil-12.html
yggdrasil-10.html
../index.html
inx.html
yggdrasil-13.html
yggdrasil-11.html
../index.html
inx.html

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 manipulation of ASTs located
on different files. The functionality of the fragment system allows the splitting of an AST into an
number of sub-ASTs (sub-trees) by allowing some interior nodes in the original AST to be replaced
by special nodes, called slotDesc. 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: /namel/name2/.../namen/frag,
where /namel/name2/.../.namen is called the path of the fragments and frag 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 formats: 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 [MIA 90-2].

The fragment system interface consists essentially of four major patterns:

W

FragmentGroup FracgmentForm FragmentLink

* Fragment is an abstract pattern for the three other patterns, implementing the following
operations: Name accesses the local name of the fragment and fullName accesses the full
name of the fragment. DiskFilename refers to the name of the file containing the binary
representation, and textFilename refers to the file containing the textual representation.
Father returns a reference to the father of this fragment, and type refers to the fragment
type (group, form, or link). Init initializes the fragment, reset resets the fragment as if it has
just been parsed from the textual representation, and close closes the fragment. ModTime
returns the time for the last change to this fragment, changed indicates whether this
fragment has been changed, markAsChanged sets the changed mark, and
checkDiskRepresentation will check if the disk representation has been changed.
Fragments may have properties associated with them. These properties are kept in the prop
attribute, which is a list of properties, where each property carries one value. In a
subsequent section, properties are discussed in more detalil.

Fragment also contains a few 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 bindToOrigin binds this fragment to its origin.

FragmentForm represents one single (sub-)AST. It contains the following operations:
Category refering to the syntactic category of the root node of the AST in this
fragmentForm. Print makes an almost readable dump of the fragmentForm. Root refers to
the AST of this fragmentForm, grammar refers to the grammar, describing the grammar of
the language of this fragmentForm, and scanSilots iterates through all slots in this
fragmentForm. Finally, the BETA specific attribute binding refers to the slot to which this
fragmentForm have been bound.
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» FragmentGroup represents a group of (sub-)ASTs. FragmentList is the list, containing all
the fragments in this group. Open makes it possible to get access to a single fragment in
the group, scan makes it possible to iterate through all the fragments of this group, and
parse makes it possible to parse a file into a fragment group. DefaultGrammar refers to the
grammar used for this fragmentGroup. SetupOrigin, getBinding and getBETAbindings can
be used for accessing the slot bindings.

» FragmentLink 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 a few places. First of all, an AST
has a frag attribute, which refers to the fragment containing this AST. Secondly, unExpanded has
the attributes isSlot and theSlot, where isSlot is true if this node in the AST represents a slot, and
theSlot contains information (name and syntactic category) on the slot. Slots is inserted in the AST
in the following way:
(# aSlot: “slotDesc; anUnexpanded: “unExpanded;
do ... -> newUnExpanded -> anUnexpanded[];

newSl ot -> aSlot[];

'foo' -> aSlot. nane;

aSlot[] -> theUnexpanded.theSl ot
#)
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Generating a Metaprogramming Interface

Many of the tools in the Mjglner 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 programming 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.

Metaprogramming System Mjglner Informatics
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Constructing a Grammar

We are assuming that an ordinary context-free grammar is given for the selected language.
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).

. The resulting structured context-free grammar has to be LALR(1). This requirement 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.

. 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 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 language for grammar specification is given in appendix 1.

Constructing a Grammar
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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 specification for a grammar is:
nane: aG ammar: net agranmmar - -

where name must be the name chosen for this grammar.

The Fragment Part
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The Naming Part

The grammar definition must begin by naming the grammar. This is done in the naming part of the

grammar. The naming part consists of one clause:
G ammar nane:

where name must be the name chosen for this grammar.

The Naming Part 26



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:

« version: Defines the version 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 'undefined'.

« 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 language 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 "*)'

« stringChar: Defines the string literal enclosing symbol (e.g. in a Pascal grammar, stringChar
will be "). containing programs, written in the language of this grammar. Default is ' (single
guote)

» 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 is none.

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

» subOf: Specifies the pattern name to be used as the superpattern for the context free level
patterns. Default is 'treelevel'.

» 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 programs in the
syntax of this grammar. Default is ".text'.

« 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.
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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
ealier. 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.

The Rules Part
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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 is a list of
<nont er m nal Nanme>: nunber

where <nonterminalName> is the name of a nonterminal of the grammar, and number is the size of
the semantic attributes defined for this nonterminal. These semantic attributes 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 nonterm nal NaneAttri butes: attributes>>
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An Example Grammar

The following grammar will be used in the following to illustrate the various tools:

-- nylang: aG ammar: netagrammar --
gramar nyl ang:

rule

<nmodul e> = 'nmodul ' <nodule:id>"';"' <inportOpt>
"begin' <statenment> 'end';

<i d> ;= <naneDecl >;

<i nport Opt > 1 ? <inport>;

<i nport > "inport' <naneList>"';';

<nanelLi st >
<st at enent >

<nameDecl > ', ' ;
<if> | <while> | <procCall >;

Inm— 4+ 1

<if> "if' <condition: exp>

"then' <thenPart: statenent>

"el se' <elsePart:statenent> 'endif"';
<whi | e> = '"while' <condition:exp>

'do' <statenentList> 'end ;

<statenentList> ::* <statenent> ';';

<exp> ::| <expProcCall> | <text> | <nunber>;
<t ext > 1= <string>;

<number > 1= <const >;

<expProcCal | > ;1= <procCal | >;

<procCal | > 1= <paneAppl > ' (" ")
Metaprogramming System Mjglner Informatics
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Generating the Grammar-Based Information

After having constructed the grammar, several grammar analysis tools needs to be invoked 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 mylang and the grammar is residing on
the file mylang-meta.gram.

The naming conventions used here are mandatory:

A grammar must reside on a file with a name that is the name of the grammar (as specified in the
Grammar clause of the grammar) followed by -meta.gram.
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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 generator tool:
gener at or nyl ang

The generator checks whether the grammar is a valid structured context-free grammar, and
generates the following files:

« mylang-meta.ast: This file contains an AST of the grammar itself. This AST is in accordance
with the metagrammar specification given in appendix 1.

« mylangcfl.bet: This file contains BETA patterns, constituting the BETA interface (as
described above) to the context-free level of AST's that will be generated 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 files mylang2.bet, mylang3.bet, etc. will also
exist.

» mylang-parser.bobs: This file contains the grammar in a special format to be used by the
parser generator (see below).
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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). This is done by the bobsit tool:

bobsit nyl ang

Besides analysing the grammar, the bobsit tool generates the file:

« mylang-parser.btab: This file contains the parser tables, needed by mylang-parser.bet.
Bobsit may find errors in the grammar (such as the grammar not being LALR(1), nonterminals that
cannot be reached from the startsymbol, etc). If a parser is not to be used at all for the mylang
grammar (i.e. all AST's of the grammar is generated by grammar-based tools) these errors may be

ignored.

Bobsit is a revised version of the BOBS compiler generator.
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Generating Pretty-printer Specification

Having analysed and checked the grammar, generated the AST interface to the grammar,
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. This is done by
the makepretty tool:

makepretty nyl ang
Makepretty generates the default pretty-printer specification for the grammar mylang on the file:
* mylang-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 therefore often modified in order give

a better reflection of the semantical structure of the language. These modifications are done
manually and discussed later.

Generating Pretty-printer Specification
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Generating Pretty-printer Specification Tables

As the final step in generating the grammar-based information to be used by the various
grammar-based tools, the pretty-printer specification tables need to be generated. This in done by

the morepretty tool:
norepretty nyl ang

Morepretty analyses and checks the pretty-printer specification on the file mylang-pretty.pgram and
generates the pretty-printer specification tables on the file:

* mylang-pretty.ptbl
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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
dogram tool will overwrite any existing manually edited pretty-printer specifications. If these should
be retained, either run the three other tools (e.g. except makepretty) manually, or copy the
manually edited pretty-printer specification file to a safe place before invoking dogram.
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Registering the new grammar

The grammar is now ready for being used by the different grammar-based tools in the Mjglner BETA
System. The grammar-based tools uses a particular searching strategy, when trying to locate the
grammar to be used for interpreting a given file (textual source file, of a group file, containing the
ASTSs). This searching strategy is implemented in the findGrammar 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:

a. First try among the grammars defined in the MBSgrammars.text file located in the
current directory.

b. Then try among the grammars defined in the MBSgrammars.text file located in the
HOME directory of the user.

c. Then try among the grammars defined in the MBSgrammars_DEMO.text file located
in the ~beta directory.

d. Finally try among the grammars defined in the MBSgrammars_STD.text file located
in the ~beta directory.

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

files are:

[l

-- INCLUDE 'fil enanme of grammar'

- INCLUDE 'fil enane of grammar'
etc.

- INCLUDE 'fil enane of grammar'

11
The filename of the grammar should not include the -meta suffix. If we assume that your new

grammar mylang is located in the ~you/mylang directory, you can specify the grammar by inserting

the following line in one of the grammar specification files:
- I NCLUDE ' ~you/ nyl ang/ nyl ang'

In order to have your new grammar being usable by the grammar-based tools, you therefore either
have to have the grammatr files located in the current directory, or have the grammar specified in
one of the above mentioned grammar specification files. Since the grammarsDEMO.text and
grammarsSTD.text files are located in the ~beta 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
.MBSgrammars.text files mentioned above.

Important note: In this release, it is necessary to specify the grammar also in the file
MBSgrammarsExt.text

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

Registering the new grammar 37



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 mylang program on the file tst. mylang, the pp tool must be
used:
pp tst.nylang > tst.pp

This will pretty-print the file tst.mylang (or tst.ast) and deliver the pretty-print on the file tst.pp. pp
accepts two options:

* -p ppSpecFile: name of a pretty-print specification to be used for this pretty-print
« -d ppDepth: 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 Sif in the Mjolner tool. Usage
of mylang in Sif is described in detail in the Mjolner manual [MIA 99-34]. However, in order to be
able to utilize the automatic contraction facilities of Sif, the grammar specification needs to be
augmented with one additional section, namely definition of the contractionCategories property.
This property is specified at the very beginning of the grammar specification (in the form of a
fragment property). As an example, we can define the contractionCategories property for the
mylang grammar:

contractioncategories
nodul e
i mport
if
whi | e;
- nylang: aG anmar: netagrammar --
gramar nyl ang:

rul e

<nmodul e> ;1= 'nmodul e <nodule:id>"';' <inportOpt>
"begin' <statenment> 'end';

<id> 11 = <naneDecl >;

<i nport Opt > 11 ? <inport>;

etc. as previously

In this example, we have specified the rules module, import, if and while as the contractions
categories. This implies, that Sif automatically will contract these parts when displaying a program
derived from mylang. Please refer to the Sif.

Please note, that we in this example shows the entire file, including the fragment syntax needed:
- nylang: aG ammar: netagramar --

Note, that aGrammar and metagrammar are mandatory names, whereas mylang can be freely
chosen.
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Modifying the Pretty-print Specification

If you want to modify the specification, then modify the file: mylang-pretty.pgram either by means of
a text editor or the pretty-print specification language-editor. After modifying the pretty-print
specification morepretty is used again to create new tables for the editor. Note that if the grammar
is modified, then the file mylang-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 algorithm.

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 production in the grammar, there is a
specification of how to pretty-print that production. Furthermore it is indicated where to associate a
possible comment.

The pretty-printer algorithm takes as input a stream of tokens. A token is a text string, a break or a
block.

« a text string is a sequence of characters
« a break specifies, where a line may be broken
« a block is specified by means of two delimitor tokens: [ and ].

A stream is defined by

« a text string is a stream and
e if s, s2, ... snis a stream then [ s1 <break> s2 <break> .. <break> sn ] is also a stream.

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 different lines as few blocks
as possible according to the maximal width. If a block cannot fit on one line the block has to be
broken. The breaks are used to specify where to break the block. A break has a length and an
indention. The length specifies the number 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 a new line if 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. l.e. all 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 ement >>
el se
<<el sePart: st at ement >>
endi f

to
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i f <<condition:exp>> then <<thenPart: statenent>> el se
<<el sePart: statement>> endif

and

import a,b

c
to[4]
i mport

op

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 specification 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 specification. The
productions are constructor and list productions as described previously.

The grammar for pretty-print specifications is described in appendix 2.

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

<Constructor> ::= <Producti onNanme: naneAppl > ' =" <Stream |tenli st>
<l tenlist> * <|tenp;
<l tenp i <Terminal> | <NontTerms | <Break>

I

<Bl ock> | <Comment Pl ace>

The ProductionName is the name of the syntactic category on the left side of the corresponding
production in the language grammar. The items in the stream can be terminals, nonterminals,
breaks, blocks or comment places:

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

* A nonterminal is referring to the nonterminal symbol in the corresponding production 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 $<length>,<indention>. The meaning of length and indention is
described above. The default break $$ has length 0 and indention 1.

* A consistent block is specified by [c ... ] and an inconsistent block is specified by [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 a list
production.

The pretty-print specification of a list production has the following form:
<Li st Prod> ::= <ProductionNane: nameAppl > '=" ' (' <ListSpec> ")
<Li st Spec> ::= <Begi nni ng: I tenli st>
"{' <Bl ockType> <Separator:ItenList> "}
<Endi ng: | t enLi st >

The list production specifies what is going to be pretty-printed before the list, between the list
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elements and after the list. A list is always surrounded by a block. Note the the block delimitors for
lists are { 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:
- hame: 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 mylang (mylang-pretty.pgram) might looks like[5]:

- nylang: prettyprint: prettyprint --
PrettyPrint Schenme nyl angSpec

for nylang:

module = T:1 $$* $$ N1 $$S T:2 $$ N2 $$ T:3 $5 N. 3 $% T: 4,
id = N 1;

i mport Opt = N1

import = T:1 $$ * $$ N1 $$ T:2

naneLi st = ({cT:1%$%1} );

st at enent = N1;

i f = T:1 %5 * $$ N1 $$T:2 $$ N2 $$T:3 35 N3 $$ T:4;
while = T:1$$* $$ N1 $$ST:2 $$ N2 $$ T:3

st at ement Li st = ({cT13%%1});

exp = N1

t ext = N1

nunber = N1

expProcCal | = N1

procCal | = N1S$T:1$5* $$T:2

As can be seen the default specification uses default breaks; there are no blocks except in lists; the
block type of a list is consistent and only the list separator is specified; comments are only
associated with constructor productions and always after the first terminal symbol.

Let us look at the following source file:
- test: nodule: nylang --
nodul e pip
(* Copyright 1992*)
(* Mglner Informatics *)
i mport dyt, baat, olsen; (* some inported operations *)
begi n
while ol sen() do
if (* the test condition will be filled out later *) <<condition:exp>>
t hen
dyt ()
el se if <<condition:exp>> then baat() else <<elsePart:statement>> endif
endi f;
<<st at enent >>
end
end

Using the default pretty-printer specification as generated by the makepretty tool (see above)

results in the following pretty-print[6]:
- test: module: nylang --
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nodul e (* Copyright 1992 *)

(* Moglner Informatics *) pip ; inport

(* sone inported operations *) dyt, baat, olsen ; begin while olsen ( ) do
i f

(* the test condition will be filled out later *)

<<condition: exp>>

t hen

dyt

(

)

el se

i f

<<condi tion: exp>>
t hen

baat

(
)

el se

<<el sePart: statenent>>
endi f

endi f;

<<st at ement >> 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 inconsistent block. After the third line
each item is written on a separate line. This is caused by the statementList, that introduces a
consistent block of statements.

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

-- nylang: prettyprint: prettyprint --
PrettyPrint Scheme nyl angSpec

for nyl ang:
module = [c [i T:1 $$ N1 T:2] $$ * $$ N2 $$ [c T:3 $1,2 N3 $$ T:4] ];
id = N 1;
i mport Opt = N1
import = [i T:1 $$ N1 T:2 $$ *];
namelLi st = ({i T:1 %%} );
st at enent = N1,
if = [c[i T:1 %% * $1,3 N1 $$ T:2 ] $1,3 N2 $$ [i T:3 $1,3 N3] $$ T:4 1;
while = [c[i T:1$$* $$ N1SST:2] $1,3 N2 $$ T:3];
st at enent Li st = ({cT13%$%$1});
exp = N1
t ext = N 1;
number = N1
expProcCal | = N1
procCal | = N1 T:1T:2 $$ *
The test program now looks much nicer:
-- test: nodule: nylang --
nodul e pip
(* Copyright 1992 *)
(* Malner Informatics *)
i nport dyt, baat, olsen; (* sone inported operations *)
begi n
whil e ol sen() do
if (* the test condition will be filled out later *)
<<condition: exp>> then
dyt ()
el se
if <<condition: exp>> then
baat ()

An Example of Modifying the Pretty-print Specification
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el se <<el sePart: statenent>>
endi f
endi f;
<<st at enent >>
end
end

The following changes have been made: In the module 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 begin keyword and the
<statement> has been changed to an indention of two characters.

In the nameList production, the block type has been changed to inconsistent. The import production
is surrounded by an inconsistent block in order to "overload" the consistent block of the start
production. In the if and while productions, blocks has been introduced and the indention has been
changed. In the procCall 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.

[4] Naturally, we are assuming that the line width is not sufficient to have the entire import a, b, c on
one single line

[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 all construction nonterminals
have consistent blocks surrounding their right-hand pretty-print specifications.

[6] Since the default pretty-print specification might differ on your system, the same applies for this
pretty-print example.

Metaprogramming System Mjglner Informatics

Generating a Metaprogramming Interface

An Example of Modifying the Pretty-print Specification 43


http://www.mjolner.com
http://www.mjolner.com
yggdrasil-16.html
yggdrasil-14.html
yggdrasil-13.html
../index.html
inx.html
yggdrasil-17.html
yggdrasil-15.html
yggdrasil-13.html
../index.html
inx.html

Format of Source Files

The source files to be read by the different grammar tools (e.g. pp and sif ) 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 files is:
- nane: category: granmar --

where grammar be the name for the grammar for this source file. Category must be the name of a
construction nonterminal in the grammar, and finally name is the name chosen for this fragment
form (mostly not significant). If . grammar' is omitted, the BETA grammar is assumed.

Please note, that it is important that category is the name of a construction nonterminal, i.e. a

nonterminal specified by a construction rule:
category ::= ...;
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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 propertyList 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, a textstring or a name (also a
textstring).

The attributes of propertyList are: addProp, findProp, deleteProp, scanProp and getProp.

The fragment properties are available through the prop attribute of the fragment pattern. The AST
properties may be accessed through the following attributes of the AST pattern: setCommentProp,
getCommentProp and hasCommentProp. SetCommentProp makes it possible to associate a
propertyList with an AST, and getCommentProp makes it possible to gain access to the
propertyList associated with an AST, and finally hasCommentProp is used for testing whether a
propertyList is currently 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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The Metaprogramming System Libraries

The metaprogramming system consists of a number of fragments: astlevel, applgram,
findgrammar, property, metagrammarcfl and metagramsemaAitt:

« astlevel.bet contains the metaprogramming interface to the ASTs and fragments, as
described above.

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

« findgrammar.bet contains the grammarFinder used in the Mjglner BETA System (i.e.
findgrammar seeks for grammars the places where the Mjglner BETA System locates its
grammars).

» metagrammarcfl.bet contains the context-free level interface for the metagrammar, thus
defining the interface to any grammar information, maintained by the Mjglner BETA System.
metagrammarcfl is used by tools that needs to know about the structure of the grammar for
the ASTs they are working on (e.g. the metaGrammarcfl interface is used by the Sif editor to
find out about the valid derivations of a given nonterminal).

* metagramsematt.bet contains the semantic level interface for the metagrammar, and
defines the interface to the available semantic information for grammars (e.g. options).
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Appendix A: The Metagrammar

See doc/grammars/metagrammar.html
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Appendix B: The Pretty-print Specification
Grammar

See doc/grammars/prettyprint.html
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Appendix C: Expression Grammar Example

This appendix contains an example of use of the metaprogramming system for generating an
expression calculator, enabling the user to enter expressions from the keyboard, which are then
parser and the resulting AST is then evaluated by an interpreter (actually a recursive traversal of
the AST, eveluating sunexpressions), and the calculated 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 entered by the user N expreval is the name of the calculator):

expreval

Eval ? 3+4

-

Eval 