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Language designers usually need to implement parsers and printers for doing the
conversion between program text and abstract syntax trees (ASTs), which are commonly
found and constantly used in application scenarios such as resugaring, code refactoring,
and observing the results of compiler optimisation. It is desirable that when producing |
a new piece of program text from a slightly modified (e.g. optimised) AST which
corresponds to some original piece of program text, the printer can preserve the layouts,
comments, and syntactic sugar contained in the original program text as much as
possible. In order to do so, the common practice is to enrich ASTs with whatever
information that is needed (such as comments), so that the printer can use the enriched
information to produce better-printed results. However, the approach violates the design
philosophy of ASTs, for ASTs should be abstract and compact and centain only essential
information.

This thesis reconciles the compactness of ASTs and printing quality by proposing
retentive printing, which takes not only an AST but also the piece of original program‘
text, so that there is no need to enrich ASTs with unnecessary information (that can
already be found in the program text) to improve printing quality. It is worth noting that
retentive printing is a gencralisation of the conventional notion of printing, because a
retentive printer can accept an AST and an empty piece of program text, in which case
it will behave just like a conventional printer, producing a new piece of program text
depending on the AST only.

We propose a domain-specific language BiYacc, whose program denotes a consistent
(i.c. well-behaved) pair of parser and retentive printer for an unambiguous context-free
grémmar. BiYacc is based on the theory of bidirectional transformations (BX) and in
particular (state-based ésymmetric) lenses, which helps to guarantee by construction
that the generated parser and retentive printer pairs are always well-behaved. We show
that BiYacc facilitates many tasks such as resugaring, language evolution, and simple
refactoring by demonstrating them in a medium-size case study on the Tiger language.

However, using only unambiguous grammars can be rather inconvenient in practice,
as ambiguous grammars (with disambiguation directives) are often considered more
natural and human-friendly than their unambiguous versions. .Therefore, we make the
first move to support ambiguous grammars and tackle grammatical ambiguity in the
bidirectional setting by proposing an approach based on generalised parsing and
disambiguation filters, which produce all the parse results and (iry to) select the only



desired one in the parsing direction; the filters are carefully bidirectionalised so‘ that
they also work in the printing direction and will not break the well-behavedness between
the pair of parser and retentive printer—provided that they satisfy our proposed
bidirectioanlised filter laws. We extend BiYacc with this functionality and design
accessible directives for specifying production rules’ associativity and (relative)
priorities, which give rise to compositional and commutative filters, power users can
also define their own filters. We demonstrate the extended BiYacc using the same Tiger
language defined by an ambiguous grammar and a set of disambiguation rules, which
also includes a manually written one for the dangling else problem.

Next, we find that while lenses are designed to retain information, well-behavedness
actually says very little about the retention of information. The only law (of well-
behavédness) guarahteeing information retention merely requires that the whole source
should be unchanged if the whole view is. In other words, if we have a very small
change on the view, we are free to create any source we like. This is too “global’ in most
cases, and it is desirable to have a law that makes such a guarantee more ‘locally’. Thus,
to explore the possibility of local and precise information retention and formalise the
statement ‘the printer can preserve the layouts, comments, and syntactic suga_r'contained
in the original program text as much as possible’, we propose an extension of the (state-
based asymmetric) lens framework, called retentive lenses, which satisfy a new
Retentiveness law guaranteeing that if parts of an AST are unchanged, then the
corresponding parts of the original program text are retained in the newly printed
program text as well. We verify our idea by introducing a new DSL for writing tree
transformations (especially between CSTs and ASTs) and presenting case studies on
code refactoring, resugaring, and XML synchronisation. Retentive lenses are not state-
based, and its integration into BiYacc is left to our future work.
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