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Abstract

Programs are hierarchical compositions of formulae satis-
fying structural and extra-structural relationships. A pro-
gram editor can use knowledge of such relationships to
detect and provide immediate feedback about violations of
them. The Synthesizer Generator is a tool for creating
such editors from language descriptions. An editor
designer specifies the desired relationships and the feed-
back to be given when they are violated, as well as a user
interface; from the specification, the Synthesizer Generator
creates a full-screen editor for manipulating programs in
the language.

1. Introduction

With the Cornell Program Synthesizer, we demonstrated
the power of full-screen, syntax-directed editing for block-
structured languages, especially when coupled with incre-
mental compilation and structured interpretation and
debigging [Teitelbaum & Reps 1981]. The success of the
initial, hand-crafted Synthesizer encouraged us to create
the Synthesizer Generator, a system for building such
environments from language descriptions.

At the same time, our goal was to explore methods for
integrating additional program analysis and translation
tools into interactive program development systems. The
desire to enforce context-sensitive syntactic constraints,
perform incremental translation, and detect data-flow-
anomalies implied we needed a way of incorporating
knowledge of a language’s semantic relations.

As argued in our earlier paper [Demers et al. 1981],
attribute grammars are an attractive underlying formalism
for systems such as the Synthesizer Generator because:

e They extend the descriptive power of context-free
grammars, thereby permitting expression of context-
sensitive relationships, such as type consistency in a
program.
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e They are declarative definitions of relations that must
hold among the parts of a program, thereby ensuring
that context-sensitive analyses defined with attribute
grammars cannot depend on the order in which a pro-
gram is developed. Consequently, a system designer
can never create an editor having order-dependent
errors.

o They allow automatic reestablishment of consistent
relationships among attributes when a syntax tree is
modified, without explicit ‘‘undoing” or “rollback”
actions, for propagation of semantic information
through the tree is implicit in the formalism. Further-
more, this updating process can be performed in an
asymptotically time-optimal manner [Reps 1984, Reps
et al. 1983].

Because of these properties, we have based the Synthesizer
Generator on attribute grammars.

The Synthesizer Generator is a tool for specifying how
structured objects may be manipulated in the presence of
context-sensitive relationships. The editor designer
prepares an attribute-grammar specification that includes
rules defining abstract syntax, attribution, display format,
and concrete input syntax. From this specification, the
Generator creates a full-screen editor for manipulating
objects according to these rules.

In an editor generated with the Synthesiser Generator,
a program is represented as s consistently attributed
derivation tree. Programs are modified by operations that
restructure the derivation tree, such as pruning, grafting,
and deriving. Restructuring a derivation tree directly
affects the values of the attributes at the modification
point; some of the attributes may no longer have con-
sistent values. Incremental analysis is performed by
updating attribute values throughout the tree in response
to modifications.

Apart from its use to generate programming-language
editors, the Synthesiser Generator has also been used for
creating a variety of other tools that manipulate struc-
tured data, including a desk calculator, a proof checker,
and several text-formatting editors.

The use of attribute grammars for the underlying for-
malism of the Synthesiser Generator distinguishes our
spproach from the ones used in MENTOR [Donzeau-
Gouge et al. 1975] and GANDALF [Medina-Mora & Not-
kin 1981). The use of attribute grammars for specifying
interactive environments distinguishes our work from com-
piler writing systems such as GAG [Kastens et al. 1983].
Other projects currently using attribute grammars in
interactive environments include TRIAD [Ramanathan &
Soni 1980} and POE [Johnson 1983).




The foundations of the attribute-grammar approach to
building language-based environments are discussed in
[Reps 1984, Reps et al. 1983]. Applications of the Syn-
thesizer Generator are discussed in [Reps 1983] and in
[Reps & Alpern 1984). This paper gives an overview of
the Synthesiter Generator’s facilities for specifying
language-based editors.

2. Abstract syntax

The core of an editor specification for a given language is
the definition of the language’s abstract syntax, given as a
set of grammar rules. An object being edited is
represented by its derivation tree with respect to the
grammar, and regardless of user interface, be it textual or
structural, the effect of each editing modification is to
change this underlying syntax tree.

The abstract syntax is specified as a collection of
phyla and operators, a formulation of context-free gram-
mars more appropriate for defining abstract syntax and
better suited for defining structure editors [Donseau-Gouge
et al. 1075, Medina-Mora & Notkin 1981]. An operator is
a uniquely-named (possibly O-ary) Cartesian product of
phyla. A phglum i3 a non-empty set of operators. A rule
of the form

phyo op(phy: phys - * - phue);

declares membership in phyo of a k-ary operator op with
arguments phyy, phys, * - - phy, and is analogous to the
context free production

phyo — phyr phys - - - phy:

with the differences that (1) the operator name op
differentiates this production from all other structurally
identical alternatives of phy, and (2) the given operator
op may be a member of other phyla, necessarily with the
same arity and arguments.

For defining structure editors, the phylum/operator
formalism  offers  several advantages over the
nonterminal/production notion: (1) during editing, »
pruned subtree is identified as an instance of a given
operator, not as an instance of a given production, and
accordingly may be grafted in the tree as an instance of
any of the other phyla containing that operator; (2) the
possibility of intersecting phyla eliminates from the gram-
mar (and therefore from abstract-syntax tree) the need for
nonterminals introduced only for the purpose of factoring.

As will be described later in the paper, the concept of
an operator plays a key role in the notation used in the
Synthesizer Generator's attribute grammar definitions.
(1) As discussed in Section 4, operator names are used to
express construction and selection operations on struc-
tures. (2) As discussed in Section 5, operator names are
used to support modularity in editor specifications.

As the phyla/operator formalism coincides with the
nonterminal/production formalism when all phyla are dis-
joint, and as the nonterminal/production vocabulary is
more widely known, we shall refer to phyla synonymously
as nonterminals, and refer to an occurrence of a given
operator in a phylum as a production.
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Ezample. To illustrate the Synthesizer Generator’s
specification language, we present, as a running example,
the definition of a simple, full-screen desk calculator that
allows creation and modification of an integer expression,
during which time the expression’s current value is incre-
mentally computed and displayed. The abstract syntax of
the desk calculator’s arithmetic expressions is defined by
the following rules:

exp: NullExp()

| Sum({exp exp)

| Diff(exp exp)

| Prod(exp exp)

| Quot{exp exp)

| Const(INT)

I
In these rules, the definitions of the different operators of
phylum exp are separated by vertical bars, and INT refers
to » primitive, predefined phylum containing the nullary
operators 0, -1, 1, -2, 2, etc. Other predefined phyla
include CHAR, STR, FLOAT, DOUBLE, and BOOL.

The first declared operator of a phylum, such as
NullExp in the example above, is termed the completing
operator, and is used, by default, at unexpanded
occurrences of that phylum in the derivation tree. Thus,
s tree that the user considers to be a partial derivation
tree, such as Sumf(exp,exp), is really a complete derivation
tree from the system’s point of view, e.g. the tree
Sum(NullExp(),NullExp()).

3. Attributes and semantic equations

A declarative specification of context-dependent computa-
tions on the set of abstract-syntax trees of a language is
conveniently provided by the semantic rules of an attri-
bute grammar, 3 context-free grammar extended by
attaching attributes to the nonterminals of the grammar
[Knuth 1968).

Associated with each production is a set of semantic
equations, each of which defines an attribute of one of the
production’s nonterminals as the value of a semantic func-
tion applied to other attributes of nonterminals in the pro-
duction. Attributes are divided into two disjoint classes:
synthesized and inkerited;, each semantic equation defines
a value for a synthesized attribute of the left-side nonter-
minal or an inherited attribute of a right-side nonterminal,
attributes termed the output attributes of the production.
The semantic equations of a specification must obey two
constraints: there must be equations for all output attri-
butes of each production, and it must not be possible to
build a derivation tree in which attributes are defined cir-
cularly.

An attribute is attached to a nonterminal by specify-
ing the name of the nonterminal, the type of the attribute,
and whether the attribute is synthesized or inherited. An
attribute’s type can either be one of the predefined phyla
(see above) or a user-defined phylum (see below). For
example, the declaration:

exp { synthesized INT v; };







ENV: NullEnv() { ENV.result == Binding(" #”, 0); }
| EnvConcat(BINDING ENV) {
ENV$1.result = with(BINDING) (
Binding(s,v): 8 == ENV$1.target
? BINDING : ENV$2.result

);
ENV$2.target = ENV$1.target;
}

Calls on lookup(id,exp.env) to find the binding of id in the
environment env are then replaced by the attribution
expression

env{env.target == id;}.result

As a second example of a computation using an attri-
bute hierarchy, we return to the macro example of Section
8 and consider how macro uses are evaluated. The seman-
tics of the Use operator is revised so that if it is a macro
use, then e, the exp bound to the macro name, is extracted
from the environment attribute and e stself is attributed
in the environment of the use in order to find its value v:

exp: Use(ID) {
exp.v == with(lookup(ID, exp.env))(
Binding(s, i): i,
MacroBinding(s, e): e{e.env == exp.env;}.v
We note that this approach allows us to support a

SMALLTALK-like, object-criented programming style in
editor specifications, insofar as an attribute that is itself
an attributed tree can be viewed as an object able to
respond to messages that provide its inherited attributes
and demand its synthesized attributes.
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