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Abstract

Gentle defined by F.W. Schroer [Schréer 89] is a compiler description language in the tradition of logic program-
ming [Clocksin ® al 84] and two level grammars [Fisker ¢ al 75, Koster 71, Watt 74]. It provides a common
notation for high level description of analysis, transformation, and synthesis. A tool has been implemented to
check the wellformedness of Gentle descriptions, and to generate efficient compilers. Gentle replaces a variety
of special purpose languages by a general calculus: Horn logic.

The language, a programming environment, and a tutorial are presented in this paper.
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Preface

Gentle defined by F.W. Schréer [Schroer 89] is a compiler description language in the tradition of logic pro-
gramming and two level grammars. It provides a common notation for high level description of analysis,
transformation, and synthesis. Compilation is often viewed as a process translating the source text into a se-
quence of intermediate languages, until the desired output is synthesized. These intermediate languages may be
viewed as terms, and Gentle offers a simple and efficient way to transform these terms (intermediate languages).
These transformations are described in a declarative way using predicates. Due to the special nature of the task
(describing compilers) Horn logic as Gentle’s foundation is modified in several ways: Gentle is a typed language
and the data flow inside the predicates is fixed. Several kinds of predicates are offered for different jobs during
compilation. It is restricted compared to Prolog in its backtracking behaviour and its pattern matching rules.
Besides the specification of terms and rules transforming them, the concrete syntax of the context free source
languages is declared using the same declarative notation. This grammar specification is used to generate a
parser for the language. Output of the system is generated by side effects caused by predicates.

A tool! has been implemented that checks the wellformedness of a Gentle specification and generates very fast
compilers. The language Gentle and a supporting tool were designed and implemented by F.W. Schréer in
1989 and published in [Schréer 89], which is a comparison study of three compiler generation tools. Starting
from Schroer’s first implementation of a Gentle tool, the Gentle programming environment using the scanner
generator rex [Grosch 87] the parser generator lalr [Vielsack 88] (instead of the initially used yacc) has been
implemented. It provides a library containing often used predicates; better error handling etc. has been
implemented. Measurements of the speed of Gentle and the generated programs are given in [Vollmer 91b].
The paper is structured in the following way: First in chapter 1 the Gentle language is presented. The next
chapter gives the user manual and a description of the library. Chapter 3 is a tutorial of Gentle implementing
a program interpreter. The appendix contains the UNIX manual page entry for the usage of the Gentle tool,
and a Gentle syntax summary.

Finally, I want to express my special thanks to FriWi Schroer.

IThe current version of Gentle is: 3.9 August 25, 1992



Chapter 1

Gentle Language Reference Manual

1.1 Introduction

The chapter is structured in the following way: First in section 1.2 a simple Gentle specification is presented,
which solves constant folding. Section 1.3 informally introduces the other languages constructs. Section 1.4
gives some general information. The next section defines Gentle. In section 1.7 it is shown how a typical target
specification looks like. In section 1.8 Gentle is related to Prolog. The Gentle syntax is summarized in the
appendix C.

1.2 A simple example

1.2.1 Types, terms, and action predicates

This simple example shows the methods of Gentle to describe a term transformation, which is the main point
of Gentle. The exercise is to fold constants, i.e. to evaluate integer expressions during compilation as far as
possible. The example source language consists of binary integer expressions, identifiers for integer variables,
and integer constants.

These integer expressions are represented as Gentle terms. In Gentle, all terms are explicitly typed. Here the
type of those terms is called EXPR, which may be either a constant, an integer variable, or a binary operation on
EXPR terms. The integer constants are represented by terms of type INT and identifiers by terms of type IDENT,
which are declared in the Gentle library. Terms of type OP denote the kind of the operation.

EXPR = const (INT), -- integer constants
var (IDENT), -- access of an integer variable
binary (0P, EXPR, EXPR).

0P = plus, minus, mult, div.

Terms are formed using functors, terms and term variables in the usual way. The type of the term variable is
derived from its context.

The source expression a + 3 is represented by binary (plus, var (a), const (3)). In the terms const (N)
and binary (plus, X, Y), the term variables are N,X,Y; plus is just a term, having no sub—terms. Such terms
are called constant terms. a, 3 are constant terms of type IDENT and INT, respectively.

The term transformation is specified by predicates. As usual a predicate is defined as a disjunction of Horn
clauses: clause; ...clause,. A clause has a head and a tail. The tail is a possibly empty list of literals. The
head and each literal may have input and output parameters, partioned by the arrow symbol, which specify the
data flow of the parameters:

head (input; -> outputy) : literal; (input; -> output;)

literal,, (input,, -> output,,).

Such a clause is an implication, where the hypothesis is formed as a conjunction of tail literals, and the conclusion
is given by the head. For each literal there must be a head of a clause with the same name. This implication
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may be read as “if literal; is true and literal, is true ...then that clause is true”. The entire predicate is
true, if at least one of its clauses is true.

The process of term transformation may be viewed as the proof of a predicate. If a proof exists, the input—output
relation holds, or with other words: the input term is transformed to the output term.

The task of our example is to evaluate statically as much of an expression as possible. Input is an expression tree
(i.e. term), which should be transformed again into an expression tree (i.e. term). For example: a + (3 + 4)
is represented as: binary (plus, var (a), binary (plus, const(3), const (4))) should be transformed
to a+7 or binary (plus, var (a), const (7)). The idea for solving this problem is first to fold the children
of the binary term and then to apply the operator to the folded child terms. The predicates below specify this:

’ACTION’ fold (EXPR -> EXPR).
fold (const (N) -> const (N)):.
fold (var (X) -> var (X)):.
fold (binary (Op, E1, E2) -> Result):
fold (E1 -> R1)
fold (E2 -> R2)
eval (binary (Op, R1, R2) -> Result).

ACTION’ eval (EXPR -> EXPR).

eval (binary (plus, const (N1), const (N2)) -> const (N1 + N2)):.
eval (binary (minus, const (N1), const (N2)) -> const (N1 - N2)):.
eval (binary (mult, const (N1), const (N2)) -> const (N1 * N2)):.
eval (binary (div, const (N1), comnst (N2)) -> comst (N1 / N2)):.
eval (E -> E):.

Gentle keywords are “enclosed” by apostrophes to distinguish them from Gentle identifiers. For each predicate
a signature is declared, specifying the predicate name, the type of input and output terms, and the kind of the
predicate, here action predicates. Both predicates have EXPR terms as input and output parameters. The fold
predicate specifies some kind of recursion over terms. The first two fold clauses are the base of that recursion,
and mean that constants and variables are not changed. The type of the term variables N and X derived from
the context are INT and IDENT respectively. Note that the tails of these clauses are empty. The third fold
clause folds the child terms E1, E2 of binary and passes the result terms as parameter to the eval predicate.
Which of the clauses is selected depends on the form of the input term. This selection is performed by matching
the actual and formal parameters of the predicate. For example if the input term of the eval predicate has the
form binary (plus, const (N1), const (N2)) then the first eval clause is selected, and the output term
has the form const (N1 + N2). If the term has a form, not so specific as given in the first four eval clauses,
the last clause matches always, because the term variable E matches with all kinds of EXPR terms.

For some term types, the so called opaque types, Gentle interprets the terms as integers, and provides integer
arithmetic on them. In the term N1 + N2 above, the fact that N1 and N2 are term variables of the opaque type
INT, is derived from their context. Hence, N1 + N2 is interpreted by Gentle as an integer expression with integer
variables. When this term is processed, the integer value of N1 + N2 is computed and used as a constant term
of type INT.

1.2.2 Grammar specification, token, and nonterminal predicates

Now the question arises, how the terms are constructed initially, or the other way round, what is the input of
that constant folding program. As said before, a Gentle specification uses a context free grammar to describe
the input language of the target program. When a sentence of the input language is read (parsed), an internal
representation of the sentence is constructed. The context free grammar and the construction process are
specified also using terms and predicates.

Two new kinds of predicates for specifying the grammar are introduced: token predicates and nonterminal
predicates. Both predicate kinds may have at most one output parameter and no input parameters. The tokens
are “produced” by a scanner implemented outside of Gentle, hence there are no clauses for token predicates.
The clauses of the nonterminal predicate may be read as production rules of the context free grammar. When
such a production rule is reduced by the parser, the action predicates following the tokens or nonterminals of
the production’s right hand side, and the term construction of the output parameter are performed. For the
example above the grammar specification looks like:
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’TOKEN’ PLUS.

’TOKEN’ MINUS.

’TOKEN’ MULT.

’TOKEN’ DIV.

’TOKEN’ LEFTPAR.

’TOKEN’ RIGHTPAR.

>TOKEN’ NUMBER (-> INT).
’TOKEN’ IDENTIFIER (-> IDENT).

’NONTERM’ Root.

Root : Expr (-> E)
print_EXPR (E)
fold (E -> FoldedExpr)
print_EXPR (FoldedExpr) .

’NONTERM’> Expr (-> EXPR).

Expr (-> E) : Term (-> E) .

Expr (-> binary (plus, E1, E2)) : Expr (-> E1) PLUS Term (-> E2)
Expr (-> binary (minus, E1, E2)): Expr (-> E1) MINUS Term (-> E2)

NONTERM’ Term (—> EXPR).

Term (-> E) : Factor (-> E)

Term (-> binary (mult, E1, E2)) : Term (-> E1) MULT Factor (-> E2)
Term (-> binary (div, E1, E2)) : Term (-> E1) DIV Factor (-> E2)

’NONTERM’ Factor (-> EXPR).

Factor (-> const(N)): NUMBER (-> N)

Factor (-> var(X)) : IDENTIFIER (-> X)

Factor (-> E) : LEFTPAR Expr (-> E) RIGHTPAR .

Root is the root symbol of the context free grammar. The Root clause may be read as “parse an expression,
print it, fold it, and print the folded expression”, where the print _EXPR predicate is defined at another place.

1.3 Introduction of other Gentle constructs

1.3.1 Global variables and condition predicates

First global variables and another kind of predicate are presented. Global variables make it easy to maintain
global information for example a list of all identifiers, used in a program. The following program fragment
defines such a list of identifiers having type IDENTS.

Using VAR’ declares a global variable, having the type IDENTS and name All1Tdents. A value is assigned to a
global variable using the special predicate Variable <- Term while the value is used by Variable -> Term or
writing the variable on a using position.

The action predicate Insert inserts an identifier into that list, only if it is not already contained in it. A
condition predicate is used to test a condition over terms it may fail, or succeed. Action predicates are not
allowed to fail. If IsContained fails, when called from the first Insert rule, the second Insert rule is tried,
which does the actual inserting. Or more general, if in clause C of predicate P the call of a tail predicate P’
fails, the entire clause C fails, and the next clause of P is tried. If there is no next clause of P, then P itself fails.

IDENTS = idl (IDENT, IDENTS), nil .

VAR’ IDENTS AllIdents.

ACTION’ Insert (IDENTS, IDENT).

Insert (Ids, Id): IsContained (Id, AllIdents)

Insert (Ids, Id): AllIdents <- idl (Id, Ids) .

CONDITION’ IsContained (IDENT, IDENTS).
IsContained (Id1, idl (Id2, Ids)): Equal (Id1l, Id2) .
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-— When condition Equal succeeds, IsContained succeeds.

IsContained (Id1, idl (Id2, Ids)): IsContained (Idi, Ids)
-- When condition IsContained (of the tail) succeeds, IsContained succeeds.

—-- If the empty list (nil) is reached, the predicate fails, because
-- there is no rule for that case.

1.3.2 Dynamic global tables

A generalization of global variables is the global table concept. A global table is something like an array in
common imperative languages, except, that space for entries is provided dynamically. Entries of the table are
accessed using a key.

This concept may be used to represent graphs with Gentle, which is not possible using terms only. The following
example, shows a graph marking algorithm to compute a minimal spanning tree for a graph and a given root
node. The graph is represented as a table of nodes, each node is a tuple, consisting of a mark field, a field for
the information stored in the graph, and a field for each successor. The number of successors of a node has a
fixed upper bound (in this example four). The following program fragment shows the usage of the language
constructs:

NODEATTR =
node (Marked : BOOLEAN, -- true: marks a node as visited
Info . INFO, -— user defined information
Succl : NODE, Succ2 : NODE, Succ3 : NODE, Succ4 : NODE),
nil -- represent the ‘‘empty’’ successor

’TABLE’ NODEATTR Graph [NODE].

MST = -- terms constructing the minimal spanning tree
mst (Info : INFO, Succl : MST, Succ2 : MST, Succ3 : MST, Succ4 : MST),
nil

’ACTION’ new (-> NODE).

new (-> Node) : ’KEY’ NODE Node.

ACTION’ define (NODE, INFO, NODE, NODE, NODE, NODE).

define (Node, Info, Succl, Succ2, Succ3, Succ4d)
Graph [Node] <- node (false, Info, Succl, Succ2, Succ3, Succ4)
-— the node is marked as "unvisited", i.e. with the term "false"

?ACTION’ ComputeMst (NODE -> MST).

ComputeMst (nil -> nil): . -- this node is the empty node
ComputeMst (Root -> nil): -- this node is marked
Graph [Root] -> node (true, Info, Succl, Succ2, Succ3, Succ4d)

ComputeMst (Root -> mst (Info, Mstl, Mst2, Mst3, Mst4)): -- this node is unmarked
Graph [Root] -> node (false, Info, Succl, Succ2, Succ3, Succ4)
Graph [Root] <- node (true, Info, Succl, Succ2, Succ3, Succ4)
—-- mark this node and call "ComputeMst" for all children
ComputeMst (Succl -> Mstl)
ComputeMst (Succ2 -> Mst2)
ComputeMst (Succ3 -> Mst3)
ComputeMst (Succ4d -> Mst4)
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ComputeMst (Succl -> Mst1)

The global table Graph is declared using > TABLE’. The terms contained as table entries have the type NODEATTR.
Space for a new entry is created using the special ’KEY’ literal, where the local variable Node holds the resulting
key, which is used for accessing entries of the table. A table entry access is done in the same way as it is done
for global variables, except that after the table name the key is given.

1.3.3 Escapes from Gentle: opaque types, and external predicates

Each programming language needs access to the underlying operating system, for example performing input
and output. Some languages provide special language constructs, others not. Gentle uses this second way.
Gentle offers so called external (action and condition) predicates, which are implemented in another programming
language, usually C. A Gentle specification needs only to know the predicates signature.

Another escape is needed to use data entities, like floating point numbers, unique identifications for program
identifiers, etc., which are not provided by Gentle. To solve this, opaque types may be declared. The user has
to define the meaning of opaque values, by predicates dealing with them.

The Equal condition above is such an external predicate, comparing two identifiers, which are opaque values.
The opaque values representing identifiers are usually computed by the scanner.

1.4 How things work

This section gives some general information how the Gentle tool is used. As Gentle is used for the generation of
programs, which analyse and transform texts (for example compilers, interpreters, text analysis) the input to the
generated program is a stream of tokens, which is constructed by a scanner. Qutput or effect of the generated
program, which is sometimes called the target program, may be a file containing assembler instructions, or
interactively interpretation of the input, or a transformed text (for examples see section 2.13).

A Gentle specification consists of mainly two parts. The accepted input language is specified by a context free
grammar and rules are specifyed how the internal representation of that input should be transformed to produce
the desired output. The grammar rules are annotated in some way to construct that internal representation.
When the generated program is started, first it parses the entire input and constructs the internal representation;
second the transformations are performed to produce the output, starting with the actions specified at the root
symbol of the grammar.

The parser is generated out of the grammar given in a Gentle specification. For that purpose parser generators
like yacc or lalr [Vielsack 88] are used. The user of Gentle is not bothered with that. But the scanner must be
written by the user. Scanner generation tools like lez or rex [Grosch 87] may be used. Gentle produces several
kinds of output: input for scanner and parser generator tools and C programs. Compiling and linking them
together results in a program solving the specified problem.

A Gentle specifications may be separated into several modules, each contained in a separate file. A library of
common used predicates exists (see section 2.12).

1.5 Syntax and semantics of Gentle

This section defines the syntax and the static semantics of Gentle. The syntax is described in extended BNF!.

1

construct  meaning
Bl

e’ a is a non—keyword terminal symbol

[a] the part between the brackets is optional

(a) the part between the parentheses is a unit
al/B a nonempty sequence of o’s separated by 8's
a* any number of a’s

ot one or more a’s

af « then 3

alB either a or 8
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1.5.1 Keywords, identifiers, and name scopes
The following keywords are used by Gentle:

’MODULE’ °’TYPE’ °VAR’ ’TABLE’ ’TOKEN’ ’NONTERM’ °’ACTION’
’CONDITION’ °’KEY’

Notice, the apostrophes surrounding the letters, belong to the keyword.

Identifiers are sequences of letters, digits, and the underscore character. The first character must be a letter.
Capital and lower case letters are considered distinct. Like Prolog Gentle distinguishes between identifiers
starting with a capital letter and a lower case letter. As a summary: names, whose first letter is a capital are:
type names and variable names. Names beginning with a lower case letter are: functor names. Names which
may start with both lower and upper case letters are: predicate names, module names.

LargeIdent = (™A | ... | "Z" ) (letter | digit)* .
Smallldent = ("a" | ... | "z" ) (letter | digit)* .
Identifier = Largeldent | Smallldent .
letter ci= npn | . | ngn | P U (AT | nono
digit HEE LY 0 LU IR (N LN

Examples:

isEqual match_patterns_5

Identifiers and keywords are separated by blanks, line breaks, and the following special symbols:
<= > : , . )Y L 1 /x %/ — + - % / v =

Gentle provides three different global and several local name spaces. The names in one global space must be
unique in the entire Gentle specification (i.e. in all used modules). Names in a local name space must be unique
in that local name space. The actual meaning of an identifier is derived from its context.

The following rules for names must be observed:

e All predicate names form a global name space.

e All global variables names form a global name space.

e All type names form a global name space.

o All functor names of one type declaration form a local name space for that type.

e All local variables of a clause form a local name space for that clause. Each local variable name space
must be disjoint to the global variable name space, i.e. local variable names must be different from all
other global variables names.

Identifiers may be used, before they are declared.

1.5.2 Comments

There are two kinds of comments in a Gentle specification:

-- starts a single line comment and
/* starts a /* possibly nested */ comment, which may range
over several lines */
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1.5.3 Modules

A Gentle specification may be separated into several modules. Each module is contained in a separate file. There
are two restrictions: All tokens must be declared in the same module; the context free grammar must appear in
one module. All modules processed by the Gentle tool (see chapter 2) form together the problem specification.
An identifier declared in one module is visible in in all other processed modules (in the corresponding name
space).

A Gentle module consists of declarations, predicate signatures, and clauses.

Gentle_Spec
ModuleBody

’MODULE’ Identifier ModuleBody .
(Declaration | Signature | Clause )* .

1.5.4 Type declarations

There are two groups of declarations. First the declaration of types of terms, second the declaration of global
variables (see section 1.5.12).

Declaration ::= TermTypeDecl | OpaqueTypeDecl | GlobalVarDecl | GlobalTableDecl .

A type declaration has the form:

TermTypeDecl = Type "=" FunctorList "." .
Type ::= Largeldent.
FunctorList ::= ( Functor | Functor " (" Arguments ")" ) // "," .
Functor ::=  Smallldent.
Arguments t:=  Argument // "," .
Argument ::= [LargeIdent ":" ] Type .
Examples:

Expr = binary (0P, Left : EXPR, Right : EXPR), const (INT), var (IDENT).
OP = plus, minus, mult, div.

Type of Argument may be any other declared type. The functor identifiers are local in a type declaration and
must be unique there. The Largeldent in Argument is used only for documentation purposes. These rules
may be viewed as a context free grammar describing typed values, which are called terms. Functors having no
arguments are called constant terms.

Another kind of values are opague values, whose types are declared using:

OpaqueTypeDecl ::= ’TYPE’ Type "." .
Examples:
TYPE’ IDENT . -- represent identifiers
TYPE’ INT . -- represent integers
’TYPE’ STRING. -- represent strings.

Values of an opaque type are constant terms. For example the scanner returns a token which has an attribute
specifying the value of an integer or an identifier.

The meaning and operations on opaque values are usually declared outside of Gentle. Gentle accepts integer
and string constants as values of opaque types. Strings are used in a C like style, the escaping conventions of
C are recognized.

IntConst = digit + .
StringConst = """ Char * """ .
Char 1:= <any (escaped) character, except " and line break> .

Simple arithmetic (+, -, *, /) may be done on opaque values. The user has to ensure (outside of Gentle) in
this case that the values represent entities, for which these operations are defined. Gentle does not provide any
operations on string constants.
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Examples:
"Hello \t world \n" -- \t: tab character, \n: newline
3+ (4 %X) -- X is an variable of type INT.

1.5.5 Terms and pattern matching
A simple term is constructed in the following way:

If f(T,...,T,) is a functor of type Tp and Xi,...,X, are terms of types Ti,...,T,, then
f(Xq,...,X,,) is a term of type Tp. A variable of type Ty is also a term of type Ty (the types
of variables are derived from the context, i.e. the position in the term it occurs).

A term not containing variables is called a ground term.
Examples:

binary (plus (const (1), Y)) -- Y is a variable of type EXPR.
binary (plus (comst (1), const (3))) -- is a ground term

Pattern matching of two terms plays a central role in parameter passing. One of the terms is always a ground
term. The pattern matching process tries to make both terms equal, by assigning corresponding subterms of
the ground term to variables of the other term. The pattern matching procedure may fail, if it is impossible to
find such subterms. The corresponding terms are assigned to variables, if the procedure succeeds.

The pattern matching algorithm is:

PROCEDURE match (s, t : terms) : BOOLEAN

-— Only ¢ may contain variables, which have to be disjoint. s is a ground term.
IF t is a variable X
THEN X :=s; RETURN TRUE -- report success
END IF
IF s = f(sl1,...,s8m),t = g(l, ..., tn)AND fand g denote the same functor symbol
THEN apply procedure match to the pairs (s, t9); 1 < i < n
IF the pattern matching succeeds for all :
THEN RETURN TRUE -- report success.
ELSE RETURN FALSE -- report failure.
END IF
ELSE RETURN FALSE -- report failure.
END IF

An example is: match(binary(plus,const(3),const(4)),binary(0p,E1,E2)) succeeds and plus is assigned
to Op1; const(3) to E1 and const(4) to E2.
match(const(3) ,binary(0p,E1,E2)) fails.

1.5.6 Predicate signatures

While processing an input text, the generated program has to do several jobs: tokens must be accepted, the input
must be parsed using tokens, an internal representation of the text must be constructed, and transformed to
produce an output. For these different jobs, Gentle offers four kinds of predicates: token, nonterminal, action
and condition predicates. Logically they are all equivalent, but they have different side effects, for example
controlling the parser.

The declaration of signatures for predicates is used to specify the kind of the predicate, and allows type checking
on terms and variables.

The syntax of signatures is:
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Signature ::=  ’TOKEN’ Identifier [ OutArguments 1 "." |
NONTERM? Identifier [ OutArguments I |
’ACTION’ Identifier [ InOutArguments ] "." |
’CONDITION’ Identifier [ InOutArguments ] "." .
OutArguments tr= (" "->" Arguments ")" .
InOutArguments = "(" [ Arguments ] "->" Arguments ")" .
Examples:

>TOKEN’ IDENTIFIER (-> IDENT).
’NONTERM’ Expr (-> EXPR).

’ACTION’ fold (EXPR -> EXPR).
’CONDITION’ Eq_Int (INT, INT).

Notice, token and nonterminal predicates may have only output arguments. For token predicates the type of
these output arguments is usually an opaque type. The nonterminal predicate given first serves as a root symbol
of the context free grammar.

1.5.7 Clauses

The body of a predicate is formed by clauses. The syntax of a clause is:

Clause = Head ":" Tail "." .

Head = HeadLiteral .

Tail = TailLiteral * .

HeadLiteral = Identifier [ "(" FormalParameters ")" ]
Examples:

Expr (-> var (X)) : IDENTIFIER (-> X).
fold (var (X) -> var (X)):.

For each clause with head name p there must be a predicate signature with name p, with the same input and
output parameter types as the head. A clause with head name h belongs to a predicate p, if h and p denote the
same identifier.

1.5.8 Literals

The right hand side of a clause consists of literals. A literal may be a predicate name and arguments for that
predicate or an operation on global variables and tables.

TailLiterals ::= TailLiteral * .

TailLiteral Identifier [ "(" ActualParameters ")" ] |
GlobalVarRead | GlobalVarWrite |
GlobalTableNewEntry |
GlobalTableRead | GlobalTableWrite .

Examples:

fold (binary (plus, const(3), const(4)) -> X)
fold (binary (plus, const(3), const(4)) -> const (N))

1.5.9 Local variables

Variables contained in terms of a clause are called local variables or just variables. A local variable is called to
be in an input position (output position) if it is contained in a term, which is used as input (output) argument.
The following rules must be observed, using variables in a clause:

e Local variables are single assignment variables. When processing the clause the variable is assigned a
value only once (it is said to be defined).
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e The value of a variable may be used at several places in a clause.

A tail variable must be defined textually before it is used

A local variable is defined, if it is at an
— input position of the head, or
— output position of a tail literal.

A local variable is used, if it is at an
— output position of the head, or
— input position of a tail literal.

These two rules may be abbreviated by head(Varges = Varyse) : tail(Varyse = Vargey).
The syntax of local variables is:

LocalVariable ::= Largeldent.

1.5.10 Formal and actual parameters

The syntactic form of parameters is:

FormalParameters ::= Parameters .

ActualParameters ::= Parameters .

Parameters ::= [ InParameters ] [ "->" OutParameters ]
InParameters ::= Parameter // "," .

OutParameters ::= Parameter // "," .

Parameter ::=  Term |

LocalVariable | GlobalVariable |
StringConst | IntConst |
Expression Operator Expression .

Term ::=  Functor [ "(" ArgumentList ")" ]
ArgumentList ::= Parameter // "," .
Expression ::= LocalVariable | GlobalVariable |
IntConst |
(Expression Operator Expression)
Operator sz LE S LU I P UL

In Parameter global variables may be used but not defined (compare section 1.5.9).

1.5.11 Predicates

As Gentle is used to describe and generate text processing programs, there must be a way to specify the input
of the generated program, i.e. the accepted language. This language is usually specified by a context free
grammar. A scanner reads the text source file and returns a stream of tokens, which is used by a parser to
analyze the syntactic text structure. The token and nonterminal predicates are used to specify the grammar.
While parsing a text, usually an internal representation of that text is build. The next step is to transform
this internal representation to analyze the text. The result of this step is the output of the target program. To
specify this analysis action predicates and condition predicates are used.

The evaluation of predicates may succeed or fail. The meaning and reaction on success or failure depends on
the predicate kind.

Token and nonterminal predicates

For token predicates only the signature is specified, i.e. there is no clause, which belongs to a token predicate.
Nonterminal predicates must have at least one clause.

The token and nonterminal predicates describe a context free grammar. The nonterminal predicate names are
read as nonterminal symbols, the token predicate names are read as terminal symbols of the grammar. The
clauses of the nonterminals are production rules of the grammar. The tail of a nonterminal clause may contain
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token, nonterminal, and action predicates, the action predicates must follow the token and nonterminals. The
grammar specified with the token and nonterminal predicates must fulfill the LALR (1) condition [Waite ¢¢ * 84].
If this condition may not be met, some exceptions are possible, see section 2.9.

From Gentle’s point of view, token and nonterminal predicates may never fail, because failure means there is
a syntactic error, which is handled by the generated parser. In the error case an error message is emitted and
and the syntactic error is repaired. The selection of a nonterminal clause is done by the parser using a special
parsing algorithm.

Token and nonterminals may have no input parameters and may have several output parameters, which may be
used to construct a term representation of the parsed input. If a nonterminal clause contains action predicates,
these are evaluated, if this clause was selected by the parser, i.e. the parser reduced this grammar rule.

Action and condition predicates

If there is no clause for an action or condition signature, this predicate is said to be external. The body of an
external predicate must be implemented outside of Gentle, see section 2.11.

Action and condition predicates are evaluated using the following strategy: The predicate signature and the
clauses belonging to the signature form a procedure. These procedures have an additional boolean result,
signaling success or failure of the predicate. The evaluation of a predicate is then transformed to a procedure
call. A predicate procedure call is done in two steps, involving pattern matching. Let predicate p have formal
parameters iny,outy be called with actual parameters in,, out,. The mapping of actual parameters to formal
parameters is done using pattern matching. The formal input parameters get their values assigned, when a
clause of the predicate is evaluated (see below). After the call of the procedure’s body the output parameters
are matched.

call_predicate ( p) : BOOLEAN;
call_body p;
match (outy, out,);
IF call_body AND match has been successful

THEN RETURN TRUE -- report success
ELSE RETURN FALSE -- report failure
END IF

The body of a predicate procedure p is formed by the clauses cics ... c,, numbered in their textual order. The
clauses are evaluated in that order until the first succeeds. If this happens, success is reported to the caller of
the body of p. If all clauses fail, failure is reported. In a short term: clauses are connected by disjunction. Let
the clauses of p look like:

p (ini -> out;) : tail; -- clause c;

p (in, -> out,) : tail, -- clause c,
then the evaluation of the body is done by:

call_body ( p) : BOOLEAN;

i=1;

LOOP
IF i > n -- no more clauses
THEN RETURN FALSE -- report failure
END IF;

evaluate_clause (c;)

IF this was successful

THEN RETURN TRUE -- report success
ELSE i := i + 1 -— +try next clause

END IF
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END LOOP

The next step is to show, how the clause ¢ with head p and tail p; ...pn. is evaluated: First the formal and
actual input parameters are matched. If the matching fails, the entire clause fails, otherwise the predicate
procedure p; is called. If the call was successful, the predicate procedure p, is called, otherwise failure is
reported to the caller of the clause, and so on. If the calls of all literal procedures have been successful, success
is reported to the caller of the clause. In a short term: tail literals are connected by conjunction. More formally
the clause evaluation looks like:

evaluate_clause ( c¢) : BOOLEAN;
match (in,, ing)

IF this matching fails

THEN RETURN FALSE -- report failure

END IF;

i=1;

LOOP
IF i > n -- no more tail literals
THEN RETURN TRUE -- report success
END IF;

call_predicate (p;);

IF this call was successful

THEN i := i + 1 —— next tail literal
ELSE RETURN FALSE -- report failure
END IF

END LOOP

Two assumptions for the pattern matching are made here: first, that the actual input term is a ground term
before calling the procedure and second that the formal output parameter on return from the call is a ground
term. These assumptions are fulfilled, because the way variables may be used in a clause (see section 1.5.9),
and the fact that terms constructed during parsing are ground terms.

Action and condition predicates differ only in their behaviour in the case of failure. An action predicate is used
in situations, where it is “obvious” that the term transformation may not fail. Hence an action predicate is not
allowed to fail, because this failure points to a design error in the specification. If it fails in spite of that, the
target program aborts printing an error message.

Condition predicates are used for testing conditions a term may fulfill or not, and hence a condition predicate
may succeed or fail.

1.5.12 Global variables

To make it easier to write complex specifications or to deal with global information (for example a compiler’s
definition table), Gentle provides global variables and global tables.
A global variable is declared as:

GlobalVarDecls
GlobalVariables

’VAR’ Type GlobalVariable "."
Largeldent.

Type may be any type. Global variables are accessed with:

GlobalVariable "->" Parameter .
GlobalVariable '"<-" Parameter .

GlobalVarRead
GlobalVarWrite

Examples:
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VAR’ INT Counter.

Counter -> X

Counter <- X+1

’VAR’> EXPR ExprVar.

ExprVar <- binary (X,Y,Z)
ExprVar -> binary (XX, YY, ZZ)

A global variable must get a value before ? that value is read.

A generalization of global variables is the global table concept. A global table is something like an array in
conventional imperative programming languages, except that the space for entries is reserved dynamically. The
entries of a global table are accessed using a key and the conventional bracket [ ] notation. A global table is
declared as:

GlobalTableDecl = TABLE’ ((Type GlobalTable) // "," ) "[" KeyType "1".
GlobalTable = Largeldent.
KeyType = Largeldent.

The Type of the GlobalTable entries may be any declared type. KeyType is introduced as a new opaque type
and is used as type of the key of an entry in the table. The usual operations on opaque types are not allowed
for keys. Access of a global table entry is done with:

GlobalTableRead = GlobalTable "[" KeyVariable "]" "->" Parameter .
GlobalTableWrite = GlobalTable "[" KeyVariable "]" "<-" Parameter .
KeyVariable = LocalVariable .

where KeyVariable is a local variable holding the key. Providing space for a new entry in all tables of the same
declaration is done with:

GlobalTableNewEntry ::= °’KEY’ KeyType KeyVariable .

TABLE’ NODEATTR Graph, INT Count [NODE] .

’KEY’ NODE Node

Graph [Node] <- node (false, Info, Succl, Succ2, Succ3, Succ4)
Graph [Node] -> node (Mark, Infol, Succll, Succ21, Succ31l, Succ4l)
Count [Node] <- X

Count [Node] -> XX

KeyType must be an key type of a table declaration. KeyVariable is a local variable holding the key for a table
access. A global table entry must get a value before ® that value is read.

The Parameter of a global read access and the KeyVariable of a ’KEY literal is said to be at output position,
the Parameter of the global write access is at input position (see section 1.5.9).

GlobalTableNewEntry, the write access of global variables and tables is a special kind of action predicate, which
never fails. The read access of global variables or tables is a special kind of condition predicate. The Parameter
is matched with the value stored in the global variable or table, hence a read access may fail.

1.5.13 Side effects in Gentle

Logic predicates usually don’t have any side effects. But as Gentle allows the use of global variables, tables,
and the call of external predicates side effects are possible and sometimes desired. An example is file input and
output or handling global data. Notice, side effects of a clause are not “undone”, when this clause fails!

1.6 Printing terms

For testing a system it is often useful to visualize the structure of the terms involved. Gentle supports this
by generating action predicates, which print a complete term onto the standard output device. To use this
predicates, the signatures must be declared as follows:

2means a time relation

3means a time relation
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’ACTION’ print_Type (Type ).

Type is the name of any declared type.
For example (see section 1.2) print EXPR (binary (plus, var (a), const(3))) produces:

binary(
plus
var (

a

)

const (
3

)

)

While the printing procedures for term types may be generated, those for opaque and types must be implemented
by the user, because only the user knows their actual structure (see section 2.11.1).

1.7 The structure of a compiler specification

This section introduces the structure of a typical target specification. The basic idea is that compilation is
done in several passes. Terms act as interface between passes. They form the intermediate languages. The first
step is to read the input and parse it. While doing this, the first intermediate representation of the input is
constructed. After parsing has finished the term transformation is started. Each transformation step has input
and output parameters, taking the input (i.e. one intermediate language) and transform it to the desired output
(i.e. another intermediate language). The last step is the generation of some output, for example writing a file.
The following program segment gives an impression of such a specification:

’MODULE’ example
-- Define the intermediate languages
IR.1 = ..... - +.... IRn=..... .

—- The root of all:

’NONTERM’ ROOT.

ROOT : Parse (-> Ir_1)
Transform_1 (Ir_1 -> IR_2)
Transform_n_1 (Ir_n_1 -> IR_n)
GenerateCode (IR_n)

-- The context free grammar
’NONTERM’> Parse (-> IR1).

—- the transformations:
JACTION’ Transform_1 (IR_1 -> IR_2).

ACTION’ Transform_n_1 (IR_n_1 -> IR_n).

—-- Producing some output
ACTION’ GenerateCode (IR_n). ....

1.8 Gentle versus Prolog

This section relates Gentle to Prolog, which is based on Horn-logic theorem proving. A short introduction of
Horn-logic is given in [Clocksin ¢ % 84, chapter 10], a complete introduction into logic programming is found in
[Lloyd 87]. Gentle is compared to Prolog[Clocksin ¢ @ 84], which is one implementation of Horn-logic. Gentle
differs from Prolog in four points:

1. Gentle restricts the usage of logical variables (see section 1.5.9).
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2. The data flow inside of predicates is fixed. For each argument of a predicate its mode must be given, i.e.
it is fixed, whether an argument is an input or an output parameter (see section 1.5.6).

3. The Gentle proof algorithm differs from that of Prolog (restricted backtracking).

4. Due to these restrictions, the unification algorithm is optimized.

1.8.1 Prolog

A Prolog program is formed of variables, terms, literals, and clauses.
A term is either a variable or a structure formed out of terms (i.e. f(t1,...,t,)), where fis a functor symbol
and t; are terms. Constants are structures without any argument. A ground term is a term which contains no
variables.
A literal or predicate is a structure p(ty,...,t,), where p is a predicate symbol (which are disjoint from variables
and function symbols), and ¢; are terms. A literal may be negated.
A Prolog clause is a Horn clause, i.e. is a disjunction of literals, where at most one literal is positive. The
following notation is used:

Prolog clause notation may be read as:

1. ag: —ai,...,a,. implication “ag is true if a; and ...and a, are true”. (apV —a; V-az2 V...V -ay,)
2. ap: —. ag is a fact, i.e. is always true.
3. :1—ai,...,a,. question (goal): “are a; and ...and a,, true” (-a; V-as V...V —ay).

The left hand side of a clause (i.e. to the left from the :-) is called the head, the right hand side the tail of the
clause.

A Prolog program consists of several implications and several facts. Executing a Prolog program means to state
a goal G and to prove that there is a substitution o such that o(G) is derivable from the program. o is called
an answer substitution.

A simple Prolog example is:

bachelor (X) :- male (X), unmarried (X). an implication.

male (charly) :- . a fact.

unmarried (charly) :- .

:= bachelor (X). the question, to be derived.

The resulting answer substitution is: X/charly.

A substitution o is a finite set of the form {v;/t1,...,vn/t,}, where each v; is a variable, each ¢; is a term
distinct from v; and the variables vy, .. ., v, are distinct. Each element v; /¢; is called a binding for v;. o is called
a ground substitution if all ¢; are ground terms. A substitution o is applied to a formula F, if all occurrences of
the variable v; in F are simultaneously replaced by t;.

For a set S of literals, a substitution o is called a unifier for S, if 0(S) (i.e. o applied to S) has only one element.
A unifier 6 for S is called the most general unifier (mgu) for S, if for each unifier o, there exists a substitution
v such that o(S) = v(6(9)).

A method to prove a goal w.r.t. a set of clauses is SLD resolution [Lloyd 87]. A Prolog interpreter basically
consists of a SLD resolution proof procedure.

prolog prove (: —A;,...,Ap) > o
-- proves the goal (: —Ay,...,Ay,), output is the answer substitution o.
G:=:—(44,...,4Ap)
LOOP
search a clause H: —L4,..., L, such that 360 € mgu(H, A;)
IF there exists no such clause
THEN o:= {}; RETURN FAILURE -- G can not be prooven.
ELSE GI = 0( —Ll,...,Ln,AQ,...,Am)
-- notice if n = 0, then H is a fact.
prolog prove (G’) — 6’
IF this succeeds
THEN o:=6'06
RETURN SUCCESS -- G is prooven.
ELSE -- search a new clause, i.e. backtrack
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END IF
END IF
END LOOP

The clauses are tried in their textual order.

1.8.2 The Gentle proof procedure

Due to the restricted task of Gentle the full power of SLD resolution is not needed, and as a result a more
efficient implementation is possible. The price one must pay is that the Gentle proof algorithm is not complete,
i.e. not all possible solutions are found.

The Gentle proof procedure differs in two points from the Prolog procedure. First not all predicates are allowed
to fail (see section 1.5.11). Second backtracking is restricted in the following way:

If in the prolog_prove procedure the proof of a literal A;,i > 1 fails, backtracking is performed and a new clause
is tried. If this happens in gentle_prove, no backtracking is performed, the proof of G fails. Backtracking is
done only if the proof of : —Ly,..., L, fails. That is, once the tail of a clause has been prooven completely, all
alternatives for that clause are discarded.

gentle_prove (: —Ay,...,Ap) >0
-- proves the goal (: —Ay,...,A,,), output is the answer substitution o.
G:= (:—A,...,An)
LOOP

search a clause H : —L4,..., L, such that 30 € mgu(H, A;)
IF there exists no such clause
THEN o:= {}; RETURN FAILURE -- G can not be prooven.
ELSE Gi:=6(: —Ly,...,Ly)

gentle_prove (G1) — 61

IF this succeeds

THEN Gz = 01 ] 0( —Az, e ,Am)

gentle_prove (G2) — 62

g = (92 o 01 of
RETURN success or failure of this.
ELSE -- search a new clause, i.e. backtrack
END IF
END IF
END LOOP

The clauses are tried in their textual order.

1.8.3 Optimized unification

Since the data flow is restricted in Gentle a simpler unifier may be computed. (It is no limitation to examine
the following with only one input and one output parameter)

Such an unifier § for two Gentle terms P(Iy,Op) and P(I,,0,), can be defined as the composition of several
substitutions:

G{P(IhaOh);P(Igaog)} = Uout(UP(Uz'n(UC’{P(IhaOh);P(Igaog})))) (1.1)

where P(Ip,0p) is the head of the selected clause, and P(I;,0,4) the goal to be proven. I denotes the input
term and O the output term.

Since the tail literals are evaluated from left to right, and all variables of the input term must be defined, o¢
denotes the substitution, which has bindings for all variables of I,. 0y, binds variables of the formal input
parameter to terms of the actual input term. op is the substitution computed by the predicate P, i.e. binds
the variables of the formal output parameter. o,,; defines the variables of the actual output parameter. These
substitutions are defined using the following equations:

oinll) = oc(1,) (1.2)
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9out(Og) = 0p(0in(On)) (1.3)

Notice, the following statements are consequences of the data flow and evaluation strategy rules of Gentle:

o I,,0,4,I,0} are terms.

e I, and O, have no common variables®.

e (O, may use variables defined in I}.

e {I,,0,} and {Ij,Op} have no common variables®.

e 0¢(ly) is a ground term.

e 0, (1) is a ground term.

e 0;,(0p) is a term.

e 0p(0in(0Op)) is a ground term.

Now it must be shown that 6 is a unifier for {P(I5,Op), P(I;,04)}. By a simple computation using the above
notices, one sees that:

0{P(In, On), P(I5,04)} = {P(0c(In); 00ut(0g)) }

It is obvious, that 6 is not a most general unifier.
The substitution ¢, and g, as defined by equation 1.2 and equation 1.3 are computed by the pattern matching
procedure defined in section 1.5.5 (notice, that one term must be ground for that procedure). If the selected
clause C for P looks like:

P(Ih,Oh) : Pl(Il,Ol) e Pn(In; On)

op is computed as:
Op = Oin, ©Oouty © "9 Oout,

L.e. op summarizes all computed variable bindings.
If P(I,,0,) is the j’th tail literal, then

0C = Ojing ©Oputy ©°°°©° Uoutj_1

“because the use / definition rules for local variables
5due to the scoping rules for local variables
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