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Grammar Hammer

V. Zaytsev, The Grammar Hammer of 2012, ACM CoRR 1212.4446, December 2012.



Grammar-based 
source code analysis

• A spectrum of approaches w.r.t. tolerance 

• Tolerance increases from right to left 

• Figure borrowed (for extension) from:

S. Klusener, R. Lämmel, Deriving Tolerant Grammars from a Base-line Grammar, ICSM 2003
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Figure 10. A spectrum of approaches for source code analysis.

Grammar Productions LOC Keywords
Simple statement skeleton 51 209 82
Nested statement skeleton 268 438 129
Base-line grammar 888 1228 325

We have experienced that the runtime for the different
parsers lies within the same range; parsing with the base-
line grammar is as fast as parsing with a small skele-
ton grammar. Note, that this was not the case when we
started our project because a less systematic default comple-
tion caused many (local) ambiguities and in turn penalties.
The described scheme for default productions using simple
means for synchronisation is very robust.

6. Related work

Fuzzy parsing In [Kop97], the notion of fuzzy parsing is
defined and engineered. Fuzzy parsers perform syntactical
analysis on selected portions of the input for the purpose of
the extraction of a partial source code model. The key idea
is to identify ‘anchor terminals’ that trigger the application
of context-free productions. That is, the input is skipped
until an anchor a is found, and then context-free analysis
is attempted using a production starting with a. This is a
rather lexical approach because no context-free structure is
employed to determine the context for constructs of interest.

Island grammars A potent refinement of fuzzy parsing
is the notion of an island grammar [DK99, Ver00, Moo01,
Moo02]. A unified syntax definition formalism is used to
specify islands and water. Island grammars from the liter-
ature are geared towards very specific parsing technology.
Island grammars amalgamate lexical and context-free anal-
ysis rather heavily; see the lexical definition of Water in
Fig. 1 which tends to compete with problem-specific forms
of chunk. As discussed in Sec. 2, island grammars can
be radically concise for simple analysis and transformation
problems when compared to an up-front development of a
conservative parser. Furthermore, the island grammar ap-
proach does immediately lead to very tolerant parsers.

Degrees of tolerant parsing In Fig. 10, we place var-
ious approaches on a chart regarding their relative posi-
tion in between lexical analysis and precise parsing. Fuzzy
parsers involve a lexical criterion to switch to the context-
free mode. Island grammars can mix lexical vs. context-free

style in more sophisticated ways. Still the islands are found
in lists of chunks with little or no similarities to the parse-
tree structure suggested by a base-line grammar. Skeleton
grammars employ ordinary context-free productions where
lexical skips only occur at subtrees the structure of which is
not relevant. Error-repairing parsers can be seen as a way
to achieve tolerance. The simple approach is ‘panicking’
using stop symbols [AU73, ASU86] on top of an otherwise
precise grammar. So lexical skips only occur for recovery
from parser errors. A sophisticated approach is described
in [BH82] where recovery from all errors is guaranteed, and
recovery is driven by the grammar structure rather than us-
ing a criterion for plain lexical panicking.

7. Conclusion

We have first presented a formal definition of tolerant gram-
mars. The parsers that are derived from our tolerant gram-
mars accept inputs that use unanticipated phrases in the
sense of dialects. Our definition specifically addresses the
issue of false positives and false negatives, which are to
be avoided when performing tolerant parsing. We have
then described a semi-automatic process to derive a tolerant
grammar for the productions that are needed for a specific
grammar-based software tool. We have demonstrated our
approach in the context of Cobol re-engineering. The result-
ing parsers scale as required for use in industrial projects.
Compared to previous work on error repair, fuzzy parsing,
and island grammars, the following shift of focus and added
value can be pointed out:

• We reuse productions from an existing base-line gram-
mar to define the structure of constructs of interest.
That is, we do not advocate the design of problem-
specific productions, as in the case of island grammars.
Because all our components for system transformation
and analysis are based on one base-line grammar, com-
ponent composition is possible.

• We advocate a form of tolerant grammars which
we call skeleton grammars because they share their
context-free structure with a base-line grammar down-
to a certain depth in the parse tree. Thereby, we estab-
lish the right context for constructs of interest, which
in turn contributes to reliable tolerant parsing, without
false positives and false negatives.





Semi-parsing examples

• Skeleton grammars 

• Productions for interesting constructs are reused 

• Default productions used for the rest 

• Robust multilingual parsing 

• island grammars for multiple languages 

• combined and stitched together

S. Klusener, R. Lämmel, Deriving Tolerant Grammars from a Base-line Grammar, ICSM 2003. 
N. Synytskyy, J. R. Cordy, T. R. Dean, Robust Multilingual Parsing Using Island Grammars, CASCON’03.



All methods of semi-parsing
• ad hoc lexical 

analysis 

• hierarchical lexical 
analysis 

• lexical conceptual 
structure 

• iterative lexical 
analysis 

• fuzzy parsing 

• parsing incomplete 
sentences 

• island grammars 

• lake grammars 

• robust multilingual 
parsing 

• gap parsing 

• noise skipping 

• bridge grammars 

• skeleton grammars 

• breadth-first 
parsing 

• iterative syntactic 
analysis 

• grammar relaxation 

• agile parsing 

• permissive 
grammars 

• hierarchical error 
repair 

• panic mode 

• noncorrecting error 
recovery 

• practical precise 
parsing

V. Zaytsev, Formal Foundations for Semi-parsing, CSMR-WCRE 2014, pp. 313–317.



Boolean grammars

• Set theory: 

• union, intersection, complement 

• Context-free grammars: 

• disjunction 

• Conjunctive grammars: 

• disjunction, conjunction 

• Boolean grammars: 

• disjunction, conjunction, negation

A. Okhotin, Conjunctive and Boolean Grammars: The True General Case of the Context-Free 
Grammars, Computer Science Review, vol. 9, pp. 27–59, 2013.



The use for conjunction

• Statement is… 

• keyword, expression, block 

• Statement is also a chunk between dots/semicolons/… 

• So, we define a statement 

• as a chunk and as a detailed statement

 V. Zaytsev. Modelling Robustness with Conjunctive Grammars. SATToSE, July 2013.



The use of negation
• An identifier can be anything… but a keyword 

• filtering 

• Embedded SQL query 

• skip until “END-EXEC” 

• Existing approaches are hard to compare 

• reject productions, lookahead restrictions, 
ordered disjunction, production priorities, …

 . T. R. Dean, J. R. Cordy, A. J. Malton, and K. A. Schneider, Agile Parsing in TXL, Journal of 
Automated Software Engineering, vol. 10, no. 4, pp. 311–336, 2003. 



Parsing schemata

• Parsing process as a deduction system 

• Initial items (partial parse trees) 

• Deduction steps (based on production rules) 

• Final items (full parse trees, fact representations) 

• Uniform spec of an algorithm 

• implementations can vary

K. Sikkel, Parsing Schemata — a Framework for Specification and Analysis of Parsing Algorithms. Springer, 1997.



Conclusion
• Lots of methods => good 

• Understanding => ??? 

• Mess needs to be cleaned up 

• Can formal methods help? 

• I’ll try 

• Boolean grammars 

• parsing systems 

• Comfortaa by Johan Aakerlund (SIL OFL)
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