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Intr oduction
Yapps(Yet Another Python Parser System) is an easyto use parser generator that is written in

Python and generatesPython code. There are several parser generator systemsalready available
for Python, including PyLR, kjParsing, PyBison, and mcf.pars, but I had dif ferent goals
for my parser. Yapps is simple, is easy to use, and produces human-r eadable parsers. It is not
the fastest or most powerful parser. Yapps is designed to be used when regular expressionsare
not enough and other parser systems are too much: situations where you may write your own
recursive descentparser.

Someunusual featuresof Yapps that may be of interestare:

1. Yapps producesrecursive descentparsersthat are readableby humans, asopposed to table-
driven parsers that are dif �cult to read. A Yapps parser for a simple calculator looks similar
to the one that Mark Lutz wr ote by hand for ProgrammingPython.

2. Yapps also allows for rules that accept parameters and pass arguments to be used while
parsing subexpressions. Grammars that allow for arguments to be passedto subrules and
for values to be passedback are often called attribute grammars.In many casesparameter-
ized rules canbe used to perform actions at “parse time” that areusually delayed until later.
For example, information about variable declarations canbe passedinto the rules that parse
a procedure body, so that unde�ned variables can be detected at parse time. The types of
de�ned variables can be used in parsing aswell—for example, if the type of X is known, we
can determine whether X(1) is an array referenceor a function call.

3. Yapps grammars are fairly easy to write, although there are some inconveniences having
to do with ELL(1) parsing that have to be worked around. For example, rules have to be
left factored and rules may not be left recursive. However , neither limitation seemsto be a
problem in practice.

Yapps grammars look similar to the notation used in the Python reference manual, with
operators like * , +, | , [] , and () for patterns, names (tim ) for rules, regular expressions
("[a-z]+" ) for tokens, and # for comments.

4. The Yapps parser generator is written as a single Python module with no C extensions.
Yapps producesparsersthat are written entirely in Python, and require only the Yapps run-
time module (5k) for support.

5. Yapps's scanner is context-sensitive, picking tokens based on the types of the tokens ac-
cepted by the parser. This can be helpful when implementing certain kinds of parsers,such
asfor a preprocessor.

There are several disadvantages of using Yapps over another parser system:

1. Yapps parsers are ELL(1) (Extended LL(1)), which is less powerful than LALR (used by
PyLR) or SLR (used by kjParsing ), so Yapps would not be a good choice for parsing
complex languages. For example, allowing both x := 5; and x; asstatements is dif �cult
becausewe must distinguish based on only one token of lookahead. Seeing only x, we
cannot decide whether we have an assignment statement or an expressionstatement. (Note
however that this kind of grammar can be matched with backtracking; seesection E.)
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2. The scanner that Yapps provides can only read from strings, not �les, so an entire �le has
to be read in before scanning can begin. It is possible to build a custom scanner, though,
so in caseswhere stream input is needed (from the console, a network, or a large �le are
examples),the Yapps parser canbe given a custom scannerthat readsfrom a stream instead
of a string.

3. Yapps is not designed with ef�ciency in mind.

Yapps provides an easy to use parser generator that produces parsers similar to what you
might write by hand. It is not meant to be a solution for all parsing problems, but instead an aid
for those times you would write a parser by hand rather than using one of the more powerful
parsing packagesavailable.

Yapps 2.0 is easier to use than Yapps 1.0. New featuresinclude a lessrestrictive input syntax,
which allows mixing of sequences,choices,terminals, and nonterminals; optional matching; the
ability to insert single-line statements into the generated parser; and looping constructs * and +
similar to the repetitive matching constructs in regular expressions. Unfortunately , the addition
of theseconstructs hasmade Yapps 2.0incompatible with Yapps 1.0,so grammars will have to be
rewritten. Seesection ??for tips on changing Yapps 1.0grammars for use with Yapps 2.0.

Examples
In this section are several examples that show the use of Yapps. First, an intr oduction shows

how to construct grammars and write them in Yapps form. This example can be skipped by
someonefamiliar with grammars and parsing. Next is a Lisp expressiongrammar that produces
a parsetreeasoutput. This example demonstrates the useof tokens and rules,aswell asreturning
values from rules. The thir d example is a expressionevaluation grammar that evaluates during
parsing (instead of producing a parse tree).

Intr oduction to Grammars
A grammarfor a natural language speci�es how wor ds canbe put together to form largestruc-

tur es, such as phrases and sentences. A grammar for a computer language is similar in that it
speci�es how small components (called tokens) can be put together to form larger structures. In
this section we will write a grammar for a tiny subsetof English.

Simple English sentencescanbedescribed asbeing a noun phrasefollowed by a verb followed
by a noun phrase. For example, in the sentence,“Jack sank the blue ship,” the wor d “Jack” is the
�rst noun phrase, “sank” is the verb, and “the blue ship” is the secondnoun phrase. In addition
we should say what a noun phrase is; for this example we shall say that a noun phrase is an
optional article (a, an, the) followed by any number of adjectives followed by a noun. The tokens
in our language are the articles, nouns, verbs, and adjectives. The rules in our language will tell
us how to combine the tokens together to form lists of adjectives,noun phrases,and sentences:

� sentence: noun phrase verb noun phrase

� noun phrase: [article] adjective* noun

Notice that somethings that we said easily in English, such as“optional article,” areexpressed
using special syntax, such as brackets. When we said, “any number of adjectives,” we wr ote
adjective* , where the * means“zer o or more of the preceding pattern”.

The grammar given above is close to a Yapps grammar. We also have to specify what the
tokens are, and wh above is close to a Yapps grammar. We also have to specify what the tokens
are, and what to do when a pattern is matched. For this example, we will do nothing when
patterns are matched; the next example will explain how to perform match actions.

parser TinyEnglish:
ignore: "\\W+"
token noun: "(Jack|spam|ship)"
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token verb: "(sank|threw)"
token article: "(a|an|the)"
token adjective: "(blue|red|green)"

rule sentence: noun_phrase verb noun_phrase
rule noun_phrase: [article] adjective* noun

The tokens are speci�ed asPython regularexpressions. SinceYapps producesPython code,you
can write any regular expression that would be accepted by Python. (Note: These are Python
1.5 regular expressionsfrom the re module, not Python 1.4 regular expressionsfrom the regex
module.) In addition to tokens that you want to see(which aregiven names),you canalso specify
tokens to ignore, marked by the ignore keywor d. In this parser we want to ignore whitespace.

The TinyEnglish grammar shows how you de�ne tokens and rules, but it does not specify
what should happen oncewe've matched the rules. In the next example, we will take a grammar
and produce a parsetreefrom it.

Lisp Expressions
Lisp syntax, although hated by many, has a redeeming quality: it is simple to parse. In this

section we will construct a Yapps grammar to parse Lisp expressionsand produce a parse treeas
output.

De�ning the Grammar

The syntax of Lisp is simple. It has expressions, which are identi�ers, strings, numbers, and
lists. A list is a left parenthesis followed by some number of expressions(separated by spaces)
followed by a right parenthesis. For example, 5, "ni" , and (print "1+2 = " (+ 1 2)) are
Lisp expressions.Written asa grammar,

expr: ID | STR | NUM| list
list: ( expr* )

In addition to having a grammar, we need to specify what to do every time something is
matched. For the tokens, which are strings, we just want to get the “value” of the token, attach its
type (identi�er , string, or number) in some way, and return it. For the lists, we want to construct
and return a Python list.

Once some pattern is matched, we enclose a return statement enclosed in {{...}} . The
bracesallow us to insert any one-line statement into the parser. Within this statement, we can
refer to the values returned by matching eachpart of the rule. After matching a token such asID ,
“ID” will be bound to the text of the matched token. Let's take a look at the rule:

rule expr: ID {{ return ('id', ID) }}
...

In a rule, tokens return the text that was matched. For identi�ers, we just return the identi�er ,
along with a “tag” telling us that this is an identi�er and not a string or some other value. Some-
times we may need to convert this text to a dif ferent form. For example, if a string is matched,
we want to remove quotes and handle special forms like \n . If a number is matched, we want to
convert it into a number. Let's look at the return values for the other tokens:

...
| STR {{ return ('str', eval(STR)) }}
| NUM {{ return ('num', atoi(NUM)) }}

...
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If we get a string, we want to remove the quotes and processany special backslashcodes,so
we run eval on the quoted string. If we get a number, we convert it to an integer with atoi and
then return the number along with its type tag.

For matching a list, we need to do something slightly more complicated. If we match a Lisp
list of expressions,we want to createa Python list with those values.

rule list: "\\(" # Match the opening parenthesis
{{ result = [] }} # Create a Python list
(

expr # When we match an expression,
{{ result.append(expr) }} # add it to the list

)* # * means repeat this if needed
"\\)" # Match the closing parenthesis
{{ return result }} # Return the Python list

In this rule we �rst match the opening parenthesis,then go into a loop. In this loop we match
expressionsand add them to the list. When there areno more expressionsto match, we match the
closing parenthesisand return the resulting. Note that # is used for comments, just as in Python.

The complete grammar is speci�ed asfollows:

parser Lisp:
ignore: '\\s+'
token NUM: '[0-9]+'
token ID: '[-+*/!@%ˆ&=.a-zA-Z0-9_]+'
token STR: '"([ˆ\\"]+|\\\\.)*"'

rule expr: ID {{ return ('id', ID) }}
| STR {{ return ('str', eval(STR)) }}
| NUM {{ return ('num', atoi(NUM)) }}
| list {{ return list }}

rule list: "\\(" {{ result = [] }}
( expr {{ result.append(expr) }}
)*
"\\)" {{ return result }}

One thing you may have noticed is that "\\(" and "\\)" appear in the list rule. These
are inline tokens: they appear in the rules without being given a name with the token keywor d.
Inline tokens are more convenient to use, but since they do not have a name, the text that is
matched cannot be used in the return value. They are bestused for short simple patterns (usually
punctuation or keywor ds).

Another thing to notice is that the number and identi�er tokens overlap. For example, “487”
matches both NUM and ID. In Yapps, the scanneronly tries to match tokens that are acceptable
to the parser. This rule doesn't help here,sinceboth NUM and ID can appear in the sameplace in
the grammar. There are two rules used to pick tokens if more than one matches. One is that the
longestmatch is preferred. For example, “487x” will match asan ID (487x)rather than asa NUM
(487) followed by an ID (x). The second rule is that if the two matches are the same length, the
�rst one listed in the grammar is preferred. For example, “487” will match asan NUM rather than
an ID becauseNUM is listed �rst in the grammar. Inline tokens have preferenceover any tokens
you have listed.

Now that our grammar is de�ned, we can run Yapps to produce a parser, and then run the
parser to produce a parse tree.
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Running Yapps

In the Yapps module is a function generate that takes an input �lename and writes a parser
to another �le. We can use this function to generate the Lisp parser, which is assumed to be in
lisp.g .

% python
Python 1.5.1 (#1, Sep 3 1998, 22:51:17) [GCC 2.7.2.3] on linux-i386
Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam
>>> import yapps
>>> yapps.generate('lisp.g')

At this point, Yapps has written a �le lisp.py that contains the parser. In that �le are two
classes(one scannerand one parser) and a function (called parse ) that puts things together for
you.

Alternatively , we can run Yapps from the command line to generatethe parser �le:

% python yapps.py lisp.g

After running Yapps either from within Python or from the command line, we can use the
Lisp parser by calling the parse function. The �rst parameter should be the rule we want to
match, and the secondparameter should be the string to parse.

>>> import lisp
>>> lisp.parse('expr', '(+ 3 4)')
[('id', '+'), ('num', 3), ('num', 4)]
>>> lisp.parse('expr', '(print "3 = " (+ 1 2))')
[('id', 'print'), ('str', '3 = '), [('id', '+'), ('num', 1), ('num', 2)]]

The parse function is not the only way to use the parser; section 5.1describeshow to access
parser objectsdir ectly.

We've now gone through the steps in creating a grammar, writing a grammar �le for Yapps,
producing a parser, and using the parser. In the next example we'll seehow rules can take pa-
rameters and also how to do computations instead of just returning a parse tree.

Calculator
A common example parser given in many textbooks is that for simple expressions, with

numbers, addition, subtraction, multiplication, division, and parenthesization of subexpressions.
We'll write this example in Yapps, evaluating the expressionaswe parse.

Unlike yacc , Yapps does not have any way to specify precedencerules, so we have to do it
ourselves. We say that an expressionis the sum of terms, and that a term is the product of factors,
and that a factor is a number or a parenthesized expression:

expr: factor ( ("+"|"-") factor )*
factor: term ( ("*"|"/") term )*
term: NUM| "(" expr ")"

In order to evaluate the expression as we go, we should keep along an accumulator while
evaluating the lists of terms or factors. Justaswe kept a “r esult” variable to build a parse treefor
Lisp expressions,we will use a variable to evaluate numerical expressions. The full grammar is
given below:

parser Calculator:
token END: "$" # $ means end of string
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token NUM: "[0-9]+"

rule goal: expr END {{ return expr }}

# An expression is the sum and difference of factors
rule expr: factor {{ v = factor }}

( "[+]" factor {{ v = v+factor }}
| "-" factor {{ v = v-factor }}
)* {{ return v }}

# A factor is the product and division of terms
rule factor: term {{ v = term }}

( "[*]" term {{ v = v*term }}
| "/" term {{ v = v/term }}
)* {{ return v }}

# A term is either a number or an expression surrounded by parentheses
rule term: NUM {{ return atoi(NUM) }}

| "\\(" expr "\\)" {{ return expr }}

The top-level rule is goal, which says that we are looking for an expression followed by the
end of the string. The ENDtoken is needed becausewithout it, it isn't clear when to stop parsing.
For example, the string “1+3” could be parsed either asthe expression“1” followed by the string
“+3” or it could be parsed asthe expression“1+3”. By requiring expressionsto end with END, the
parser is forced to take “1+3”.

In the two rules with repetition, the accumulator is named v. After reading in one expression,
we initialize the accumulator. Eachtime through the loop, we modify the accumulator by adding,
subtracting, multiplying by, or dividing the previous accumulator by the expressionthat hasbeen
parsed. At the end of the rule, we return the accumulator.

The calculator example shows how to processlists of elementsusing loops, aswell ashow to
handle precedenceof operators.

Note: It's often important to put the ENDtoken in, so put it in unless you are sure that your
grammar has someother non-ambiguous token marking the end of the program.

Calculator with Memory
In the previous example we learned how to write a calculator that evaluatessimple numerical

expressions.In this sectionwe will extend the example to support both local and global variables.
To support global variables, we will add assignment statementsto the “goal” rule.

rule goal: expr END {{ return expr }}
| 'set' ID expr END {{ global_vars[ID] = expr }}

{{ return expr }}

To use thesevariables, we need a new kind of terminal:

rule term: ... | ID {{ return global_vars[ID] }}

So far, thesechangesare straightforwar d. We simply have a global dictionary global vars
that storesthe variables and values, we modify it when there is an assignment statement, and we
look up variables in it when we seea variable name.

To support local variables, we will add variable declarations to the setof allowed expressions.

rule term: ... | 'let' VAR '=' expr 'in' expr ...
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This is where it becomestricky . Local variables should be stored in a local dictionary , not in
the global one. One trick would be to save a copy of the global dictionary , modify it, and then
restore it later. In this example we will instead use attributesto createlocal information and pass
it to subrules.

A rule can optionally take parameters. When we invoke the rule, we must passin arguments.
For local variables, let's use a single parameter, local vars :

rule expr<<local_vars>>: ...
rule factor<<local_vars>>: ...
rule term<<local_vars>>: ...

Each time we want to match expr , factor , or term , we will pass the local variables in the
current rule to the subrule. One interesting caseis when we passasan argument something other
than local vars :

rule term<<local_vars>>: ...
| 'let' VAR '=' expr<<local_vars>>

{{ local_vars = [(VAR, expr)] + local_vars }}
'in' expr<<local_vars>>
{{ return expr }}

Note that the assignment to the local variables list does not modify the original list. This is
important to keep local variables from being seenoutside the “let”.

The other interesting caseis when we �nd a variable:

global_vars = {}

def lookup(map, name):
for x,v in map: if x==name: return v
return global_vars[name]

%%
...
rule term<<local_vars>: ...

| VAR {{ return lookup(local_vars, VAR) }}

The lookup function will search through the local variable list, and if it cannot �nd the name
there, it will look it up in the global variable dictionary .

A complete grammar for this example, including a read-eval-print loop for interacting with
the calculator, can be found in the examples subdir ectory included with Yapps.

In this section we saw how to insert code before the parser. We also saw how to useattributes
to transmit local information from one rule to its subrules.

Grammars
Each Yapps grammar has a name, a list of tokens, and a set of production rules. A grammar

named X will be used to produce a parser named X and a scanner anmed XScanner . As in
Python, namesarecasesensitive, start with a letter, and contain letters, numbers, and underscores
( ).

There are threekinds of tokens in Yapps: named, inline, and ignored. As their name implies,
named tokens are given a name, using the token construct: token name : regexp . In a
rule, the token can be matched by using the name. Inline tokens are regular expressionsthat are
used in rules without being declared. Ignored tokens are declared using the ignore construct:
ignore: regexp . These tokens are ignored by the scanner, and are not seenby the parser.
Often whitespace is an ignored token. The regular expressionsused to de�ne tokens should use
the syntax de�ned in the re module, so somesymbols may have to be backslashed.
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Production rules in Yapps have a name and a pattern to match. If the rule is parameterized,
the name should be followed by a list of parameter namesin <<...>> . A pattern can be a simple
pattern or a compound pattern. Simple patterns are the name of a named token, a regular expres-
sion in quotes (inline token), the name of a production rule (followed by arguments in <<...>> ,
if the rule has parameters), and single line Python statements ({{...}} ). Compound patterns
are sequences(A B C ... ), choices( A | B | C | ... ), options ([...] ), zero-or-more repe-
titions (...* ), and one-or-more repetitions (...+ ). Like regular expressions,repetition operators
have a higher precedencethan sequences,and sequenceshave a higher precedencethan choices.

Whenever {{...}} is used,a legal one-line Python statementshould beput inside the braces.
The token }} should not appear within the {{...}} section, even within a string, since Yapps
does not attempt to parse the Python statement. A workar ound for strings is to put two strings
together ("}" "}" ), or to usebackslashes("}\}" ). At the end of a rule you should usea {{ re-
turn X }} statement to return a value. However , you should not use any control statements
(return , continue , break ) in the middle of a rule. Yapps needs to make assumptions about
the control �ow to generatea parser, and any changesto the control �ow will confuse Yapps.

The <<...>> form can occur in two places: to de�ne parameters to a rule and to give argu-
ments when matching a rule. Parametersuse the syntax used for Python functions, so they can
include default arguments and the special forms (*args and **kwargs ). Ar guments use the
syntax for Python function call arguments, so they can include normal arguments and keywor d
arguments. The token >> should not appear within the <<...>> section.

In both the statementsand rule arguments, you can use names de�ned by the parser to refer
to matched patterns. You can refer to the text matched by a named token by using the token
name. You can use the value returned by a production rule by using the name of that rule. If a
name X is matched more than once(such asin loops), you will have to savethe earlier value(s) in
a temporary variable, and then use that temporary variable in the return value. The next section
has an example of a name that occurs more than once.

Left Factoring
Yapps produces ELL(1) parsers, which determine which clause to match based on the �rst

token available. Sometimes the leftmost tokens of several clausesmay be the same. The classic
example is the if/then/elseconstruct in Pascal:

rule stmt: "if" expr "then" stmt {{ then_part = stmt }}
"else" stmt {{ return ('If',expr,then_part,stmt) }}

| "if" expr "then" stmt {{ return ('If',expr,stmt,[]) }}

(Note that we have to save the �rst stmt into a variable becausethere is another stmt that
will be matched.) The left portions of the two clausesare the same,which presentsa problem for
the parser. The solution is left-factoring: the common parts are put together, and thena choice is
made about the remaining part:

rule stmt: "if" expr
"then" stmt {{ then_part = stmt }}
{{ else_part = [] }}
[ "else" stmt {{ else_part = stmt }} ]

{{ return ('If', expr, then_part, else_part) }}

Unfortunately , the classic if/then/elsesituation is still ambiguous when you left-factor. Yapps
can deal with this situation, but will report a warning; seesection 3.3for details.

In general, replacerules of the form:

rule A: a b1 {{ return E1 }}
| a b2 {{ return E2 }}
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| c3 {{ return E3 }}
| c4 {{ return E4 }}

with rules of the form:

rule A: a ( b1 {{ return E1 }}
| b2 {{ return E2 }}
)

| c3 {{ return E3 }}
| c4 {{ return E4 }}

Left Recursion
A common construct in grammars is for matching a list of patterns, sometimesseparatedwith

delimiters such as commas or semicolons. In LR-based parser systems,we can parse a list with
something like this:

rule sum: NUM {{ return NUM}}
| sum "+" NUM {{ return (sum, NUM) }}

Parsing 1+2+3+4 would produce the output (((1,2),3),4) , which is what we want from
a left-associative addition operator. Unfortunately , this grammar is left recursive,becausethe sum
rule contains a clausethat begins with sum. (The recursion occurs at the left side of the clause.)

We must restructure this grammar to be right recursiveinstead:

rule sum: NUM {{ return NUM}}
| NUM"+" sum {{ return (NUM, sum) }}

Unfortunately , using this grammar, 1+2+3+4 would be parsed as (1,(2,(3,4))) , which
no longer follows left associativity. The rule also needs to be left-factor ed. Instead, we write the
pattern asa loop instead:

rule sum: NUM{{ v = NUM}}
( "[+]" NUM{{ v = (v,NUM) }} )*
{{ return v }}

In general, replacerules of the form:

rule A: A a1 -> << E1 >>
| A a2 -> << E2 >>
| b3 -> << E3 >>
| b4 -> << E4 >>

with rules of the form:

rule A: ( b3 {{ A = E3 }}
| b4 {{ A = E4 }} )
( a1 {{ A = E1 }}
| a2 {{ A = E2 }} )*
{{ return A }}

We have taken a rule that proved problematic for with recursion and turned it into a rule that
works well with looping constructs.

Ambiguous Grammars
In section 3.1 we saw the classic if/then/else ambiguity , which occurs becausethe “else . . . ”

portion of an “if . . . then . . .else . . . ” construct is optional. Programs with nested if/then/else
constructs can be ambiguous when one of the elseclausesis missing:
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if 1 then if 1 then
if 5 then if 5 then

x := 1; x := 1;
else else

y := 9; y := 9;

The indentation shows that the program can be parsed in two dif ferent ways. (Of course, if
we all would adopt Python's indentation-based structuring, this would never happen!) Usually
we want the parsing on the left: the “else” should be associatedwith the closest “if ” statement.
In section 3.1we “solved” the problem by using the following grammar:

rule stmt: "if" expr
"then" stmt {{ then_part = stmt }}
{{ else_part = [] }}
[ "else" stmt {{ else_part = stmt }} ]

{{ return ('If', expr, then_part, else_part) }}

Here, we have an optional match of “else” followed by a statement. The ambiguity is that if
an “else” is present,it is not clear whether you want it parsed immediately or if you want it to be
parsed by the outer “if ”.

Yapps will deal with the situation by matching when the elsepattern when it can. The parser
will work in this casebecauseit prefers the �rst matching clause,which tells Yapps to parse the
“else”. That is exactly what we want!

For ambiguity caseswith choices,Yapps will choosethe �rst matching choice. However , re-
member that Yapps only looks at the �rst token to determine its decision, so (a b | a c) will
result in Yapps choosing a b even when the input is a c. It only looks at the �rst token, a, to
make its decision.

Customization
Both the parsers and the scannerscan be customized. The parser is usually extended by sub-

classing,and the scannercan either be subclassedor completely replaced.
Customizing Parsers
If additional �elds and methods are needed in order for a parser to work, Python subclassing

can be used. (This is unlike parser classeswritten in static languages, in which these �elds and
methods must be de�ned in the generatedparser class.)We simply subclassthe generatedparser,
and add any �elds or methods required. Expressions in the grammar can call methods of the
subclassto perform any actions that cannot be expressedas a simple expression. For example,
consider this simple grammar:

parser X:
rule goal: "something" {{ self.printmsg() }}

The printmsg function need not be implemented in the parser classX; it can be implemented
in a subclass:

import Xparser

class MyX(Xparser.X):
def printmsg(self):

print "Hello!"

Customizing Scanners
The generated parser classis not dependent on the generated scannerclass.A scannerobject

is passedto the parser object'sconstructor in the parse function. To usea dif ferent scanner, write
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your own function to construct parser objects,with an instanceof a dif ferent scanner. Scannerob-
jectsmust have a token method that acceptsan integer Naswell asa list of allowed token types,
and returns the Nth token, asa tuple. The default scannerraisesNoMoreTokens if no tokens are
available, and SyntaxError if no token could be matched. However , the parser does not rely
on theseexceptions;only the parse conveniencefunction (which calls wrap error reporter )
and the print error error display function use those exceptions.

The tuples representing tokens have four elements. The �rst two are the beginning and end-
ing indices of the matched text in the input string. The thir d element is the type tag, matching
either the name of a named token or the quoted regexp of an inline or ignored token. The fourth
element of the token tuple is the matched text. If the input string is s, and the token tuple is
(b,e,type,val) , then val should be equal to s[b:e] .

The generated parsers do not the beginning or ending index. They use only the token type
and value. However , the default error reporter usesthe beginning and ending index to show the
user where the error is.

ParserMechanics
The baseparser class(Parser) de�nes two methods, scan and peek , and two �elds, pos

and scanner . The generated parser inherits from the baseparser, and contains one method for
eachrule in the grammar. To avoid name clashes,do not usenamesthat begin with an underscore
( ).

ParserObjects
Yapps producesasoutput two exception classes,a scannerclass,a parser class,and a function

parse that puts everything together. The parse function does not have to be used; instead, one
can createa parser and scannerobject and use them together for parsing.

def parse(rule, text):
P = X(XScanner(text))
return wrap_error_reporter(P, rule)

The parse function takes a name of a rule and an input string as input. It createsa scanner
and parser object, then calls wrap error reporter to executethe method in the parser object
named rule . The wrapper function will call the appropriate parser rule and report any parsing
errors to standard output.

There are several situations in which the parse function would not be useful. If a dif ferent
parser or scanner is being used, or exceptions are to be handled dif ferently, a new parse func-
tion would be required. The supplied parse function can be used as a template for writing a
function for your own needs. An example of a custom parse function is the generate function
in Yapps.py .

Context Sensitive Scanner
Unlike most scanners, the scanner produced by Yapps can take into account the context in

which tokens are needed,and try to match only good tokens. For example, in the grammar:

parser IniFile:
token ID: "[a-zA-Z_0-9]+"
token VAL: ".*"

rule pair: ID "[ \t]*=[ \t]*" VAL "\n"

we would like to scanlines of text and pick out a name/value pair. In a conventional scanner,
the input string shell=progman.exe would be turned into a single token of type VAL. The
Yapps scanner, however, knows that at the beginning of the line, an ID is expected, so it will
return "shell" as a token of type ID . Later, it will return "progman.exe" as a token of type
VAL.
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Context sensitivity decreasesthe separation between scanner and parser, but it is useful in
parsers like IniFile , where the tokens themselves are not unambiguous, but areunambiguous
given a particular stagein the parsing process.

Unfortunately , context sensitivity can make it more dif �cult to detect errors in the input. For
example, in parsing a Pascal-like language with “begin” and “end” askeywor ds, a context sensi-
tive scannerwould only match “end” as the END token if the parser is in a place that will accept
the END token. If not, then the scannerwould match “end” asan identi�er . To disable the context
sensitive scanner in Yapps, add the context-insensitive-scanner option to the grammar:

Parser X:
option: "context-insensitive-scanner"

Context-insensitive scanning makes the parser look cleaneraswell.
Internal Variables
There are two internal �elds that may be of use. The parser object has two �elds, pos , which

is the index of the current token being matched, and scanner , which is the scannerobject. The
token itself can be retrieved by accessingthe scannerobject and calling the token method with
the token index. However , if you call token before the token has been requestedby the parser,
it may messup a context-sensitive scanner.1 A potentially useful combination of these�elds is to
extract the portion of the input matched by the current rule. To do this, just savethe scannerstate
( scanner.pos ) before the text is matched and then again after the text is matched:

rule R:
{{ start = self._scanner.pos }}
a b c
{{ end = self._scanner.pos }}
{{ print 'Text is', self._scanner.input[start:end] }}

Pre- and Post-ParserCode
Sometimesthe parser code needsto rely on helper variables, functions, and classes.A Yapps

grammar can optionally be surrounded by double percent signs, to separate the grammar from
Python code.

... Python code ...
%%
... Yapps grammar ...
%%
... Python code ...

The second %%can be omitted if there is no Python code at the end, and the �rst %%can be
omitted if there is no extra Python code at all. (To have code only at the end, both separatorsare
required.)

If the second%%is omitted, Yapps will insert testing code that allows you to usethe generated
parser to parse a �le.

The extended calculator example in the Yapps examplessubdir ectory includes both pre-parser
and post-parser code.

Representation of Grammars
For each kind of pattern there is a classderived from Pattern. Yapps has classesfor Termi-

nal, NonTerminal, Sequence,Choice, Option, Plus, Star, and Eval. Each of these classeshas the
following interface:

1When using a context-sensitive scanner, the parser tells the scanner what the valid token types are at eachpoint. If
you call token before the parser can tell the scanner the valid token types, the scanner will attempt to match without
considering the context.
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setup(gen) Set accepts-� , and call gen.changed()if it changed. This function can change the �ag from
false to true but not from true to false.

update((gen)) SetFIRSTand FOLLOW, and call gen.changed()if either changed. This function can add to the
setsbut not remove from them.

output( gen, indent) Generatecode for matching this rule, using indent as the current indentation level. Writes
are performed using gen.write.

used(vars) Given a list of variables vars, return two lists: one containing the variables that are used,
and one containing the variables that are assigned. This function is used for optimizing the
resulting code.

Both setupand updatemonotonically increasethe variables they modify . Since the variables
can only increasea �nite number of times, we can repeatedly call the function until the variable
stabilized. The usedfunction is not currently implemented.

With eachpattern in the grammar Yapps associatesthreepiecesof information: the FIRSTset,
the FOLLOWset,and the accepts-� �ag.

The FIRSTset contains the tokens that can appear as we start matching the pattern. The FOL-
LOWsetcontains the tokens that canappear immediately after we match the pattern. The accepts-�

�ag is true if the pattern can match no tokens. In this case,FIRSTwill contain all the elements in
FOLLOW. The FOLLOWset is not needed when accepts-� is false,and may not be accuratein those
cases.

Yapps doesnot compute thesesetsprecisely. Its approximation can miss certain cases,such as
this one:

rule C: ( A* | B )
rule B: C [A]

Yapps will calculate C's FOLLOWset to include A. However , Cwill always match all the A's, so
A will never follow it. Yapps 2.0doesnot properly handle this construct, but if it seemsimportant,
I may add support for it in a futur e version.

Yapps also cannot handle constructs that depend on the calling sequence.For example:

rule R: U | 'b'
rule S: | 'c'
rule T: S 'b'
rule U: S 'a'

The FOLLOWset for S includes a and b. SinceS canbe empty, the FIRSTset for S should include
a, b, and c. However , when parsing R, if the lookahead is b we should not parseU. That's because
in U, S is followed by a and not b. Therefore in R, we should chooserule Uonly if there is an a or
c, but not if there is a b. Yapps and many other LL(1) systemsdo not distinguish S b and S a,
making S's FOLLOWset a, b, and making R always try to match U. In this casewe can solve the
problem by changing Rto 'b' | Ubut it may not always be possible to solve all such problems
in this way.

Grammar for Parsers
This is the grammar for parsers, without any Python code mixed in. The complete grammar

can be found in parsedesc.g in the Yapps distribution.

parser ParserDescription:
ignore: "\\s+"
ignore: "#.*?\r?\n"
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token END: "$" # $ means end of string
token ATTR: "<<.+?>>"
token STMT: "{{.+?}}"
token ID: '[a-zA-Z_][a-zA-Z_0-9]*'
token STR: '[rR]?\'([ˆ\\n\'\\\\]|\\\\.)*\'|[r R]?"([ ˆ\\n" \\\\] |\\\\. )*"'

rule Parser: "parser" ID ":"
Options
Tokens
Rules

END

rule Options: ( "option" ":" STR )*
rule Tokens: ( "token" ID ":" STR | "ignore" ":" STR )*
rule Rules: ( "rule" ID OptParam ":" ClauseA )*

rule ClauseA: ClauseB ( '[|]' ClauseB )*
rule ClauseB: ClauseC*
rule ClauseC: ClauseD [ '[+]' | '[*]' ]
rule ClauseD: STR | ID [ATTR] | STMT

| '\\(' ClauseA '\\) | '\\[' ClauseA '\\]'

Upgrading
Yapps 2.0 is not backwards compatible with Yapps 1.0. In this section are some tips for up-

grading:

1. Yapps 1.0 was distributed as a single �le. Yapps 2.0 is instead distributed as two Python
�les: a parsergenerator(26k) and a parserruntime (5k). You need both �les to createparsers,
but you need only the runtime (yappsrt.py ) to use the parsers.

2. Yapps 1.0supported Python 1.4regular expressionsfrom the regex module. Yapps 2.0uses
Python 1.5 regular expressionsfrom the re module. Thenew syntax for regularexpressions
is not compatiblewith the old syntax. Andr ew Kuchling has a guide to converting regular
expressionson his web page.

3. Yapps 1.0wants a pattern and then a return value in -> <<...>> . Yapps 2.0allows patterns
and Python statementsto be mixed. To convert a rule like this:

rule R: A B C -> << E1 >>
| X Y Z -> << E2 >>

to Yapps 2.0form, replacethe return value speci�ers with return statements:

rule R: A B C {{ return E1 }}
| X Y Z {{ return E2 }}

4. Yapps 2.0 does not perform tail recursion elimination. This means any recursive rules you
write will be turned into recursive methods in the parser. The parser will work, but may
be slower. It can be made faster by rewriting recursive rules, using instead the looping
operators * and + provided in Yapps 2.0.

Troubleshooting
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� A common error is to write a grammar that doesn't have an END token. End tokens are
neededwhen it is not clear when to stop parsing. For example, when parsing the expression
3+5, it is not clear after reading 3 whether to treat it as a complete expression or whether
the parser should continue reading. Therefore the grammar for numeric expressionsshould
include an end token. Another example is the grammar for Lisp expressions. In Lisp, it is
always clear when you should stop parsing, soyou do not need an end token. In fact, it may
be more useful not to have an end token, so that you can read in several Lisp expressions.

� If there is a chanceof ambiguity , make sure to put the choicesin the order you want them
checked. Usually the most speci�c choice should be �rst. Empty sequencesshould usually
be last.

� The context sensitive scanner is not appropriate for all grammars. You might try using the
insensitive scannerwith the context-insensitive-scanner option in the grammar.

� If performance turns out to be a problem, try writing a custom scanner. The Yapps scanner
is rather slow (but �exible and easyto understand).

History
Yapps 1 had several limitations that bothered me while writing parsers:

1. It was not possible to insert statements into the generated parser. A common workar ound
was to write an auxilliary function that executed those statements, and to call that func-
tion as part of the return value calculation. For example, several of my parsers had an
“append(x,y)” function that existed solely to call “x.append(y)”.

2. The way in which grammars were speci�ed was rather restrictive: a rule was a choice of
clauses.Eachclausewas a sequenceof tokens and rule names,followed by a return value.

3. Optional matching had to be put into a separaterule becausechoiceswere only made at the
beginning of a rule.

4. Repetition had to bespeci�ed in terms of recursion. Not only was this awkwar d (sometimes
requiring additional rules), I had to add a tail recursion optimization to Yapps to transform
the recursion back into a loop.

Yapps 2 addresseseachof theselimitations.

1. Statementscan occur anywhere within a rule. (However , only one-line statements are al-
lowed; multiline blocks marked by indentation are not.)

2. Grammars can be speci�ed using any mix of sequences,choices,tokens, and rule names.To
allow for complex structures,parenthesescan be used for grouping.

3. Given choices and parenthesization, optional matching can be expressedas a choice be-
tween somepattern and nothing. In addition, Yapps 2 hasthe conveniencesyntax [A B ...]
for matching A B ... optionally .

4. Repetition operators * for zero or more and + for one or more make it easy to specify re-
peating patterns.

It is my hope that Yapps 2 will be �exible enough to meet my needs for another year, yet
simple enough that I do not hesitate to use it.

Future Extensions
I am still investigating the possibility of LL(2) and higher lookahead. However , it looks like

the resulting parserswill be somewhat ugly.
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It would be nice to control choiceswith user-de�ned predicates.
Themost likely futur eextension is backtracking. A grammar pattern like (VAR ':=' expr)? {{ re-

turn Assign(VAR,expr) }} : expr {{ return expr }} would turn into code that at-
tempted to match VAR ':=' expr . If it succeeded,it would run {{ return ... }} . If it
failed, it would match expr {{ return expr }} . Backtracking may make it lessnecessaryto
write LL(2) grammars.
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