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Appendix: GRAMGEN

GRAMGEN is an interpreter for Extended Affix Grammars (EAGs), developed by
Peter-Arno Coppen at the department of Language and Speech at the University of
Nijmegen. It is written in SNOBOL, a string manipulation language, and it runs on
DOS/Windows, Apple Macintosh and UNIX platforms. The input for GRAMGEN is
an EAG; the output is a generated sentence, in the form of a bracketed structure
(which may also be represented as a tree).

Extended Affix Grammars

EAGs belong to the family of two-level grammars; see Meijer (1986) for a formal
account, or Aarts and Van den Heuvel (1985, p.313-318) who describe the formal-
ism from a linguistic point of view. EAGs are a direct offspring of two-level Van
Wijngaarden grammars, which were originally developed for the formal definition of
programming languages: see also Cleaveland and Uzgalis (1977). An EAG consists
of two layers, with two context-free grammars laid on top of each other, so to speak.
The bottom layer is the actual grammar (also called the hypergrammar) and the top
layer consists of the affix level (the metagrammar). The interaction of both layers
gives the formalism context-sensitive power. This corresponds to a type 1 grammar
in the Chomsky-hierarchy; see Levelt (1974) or Cleaveland and Uzgalis (1977) for a
clear exposé on this hierarchy.

The hypergrammar consists of hyperrules: rewrite rules with a left-hand and a right-
hand side, separated by a colon. A rewrite rule ends with a full stop. The left-hand
side specifies the element to be rewritten by the right-hand side. The right-hand side
may consist of zero. one or more members separated by commas. These members
may be either terminals or non-terminals. A terminal is a literal enclosed in double
quotes: a non-terminal is an element that is to be rewritten and thus is itself the left-
hand side of some hyperrule (possibly the same rule in which it is a right-hand side
member). The right-hand side may also contain several alternative rewritings, sepa-
rated by semicolons. An example of a rewrite grammar in EAG notation is:

abc: a, b, c.
s -

% ¢ @5
B "B By .
ok e, gy

This grammar defines a string of an arbitrary number of As, followed by an arbitrary
number of Bs. followed by an arbitrary number of Cs (all possibly zero), for exam-
ple:
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%]

The hypergrammar is combined with a second level in the following manner. A (hy-
per)non-terminal may be followed by a display between round brackets: a sequence
of one or more affix expressions, separated by commas. An affix expression is an
affix terminal or an affix non-terminal (or a string of affix terminals and/or non-
terminals concatenated by the operator +). An affix terminal is, again, a literal
enclosed in double quotes. The domain of the affix non-terminal is defined in the
metagrammar. The metarules are distinguished from the hyperrules by the symbol
used to separate left-hand from right-hand side: in the metagrammar this symbol is a
double colon, instead of a single colon. Furthermore, the symbol to combine mem-
bers is the concatenation operator +, instead of a comma; alternatives are separated
by a semicolon. The consistent substitution constraint demands that each occurrence
of an affix non-terminal in a rule represents the same value. The example grammar
may be extended to a two-level EAG in the following manner:

abc: afldy, bin)..cn)
a("I"+n): NAN adn) .
a(zero):.

b("I"+n) : "B", b(n).
b(zero):.

C{"IMn) s WCM e s
c(zero):

zZero:: e

ngs wero; "IN,

This grammar, too, defines a string of As, Bs and Cs, but now the number of As
equals the number of Bs and the number of Cs. In other words, this grammar defines
a"b"c", a notorious example of a language that cannot be described by a context-free
(type 2) grammar but can be described by a context-sensitive (type 1) grammar; see
also Cleaveland and Uzgalis (1977, p.17). An example tree structure would be:
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abc

all) b(1h) e
A a(l) B bl) C ()

A a) B b) C ‘C()

Non-EAG elements in GRAMGEN

GRAMGEN is basically an EAG-interpreter, but there are some differences from stan-
dard EAG notation. First of all, affix expressions are between angled brackets
instead of parentheses (parentheses are used for delimiting constituents in the output
structure), but of course this is only a minor notational difference.

Second, GRAMGEN needs a unique starting symbol with which to begin the expan-
sion process. This must be defined in a “rule” with no right-hand side, only stating
the element that is to be rewritten first (the top node, in tree terminology):

abc.

Furthermore, to express all relevant generalizations in GENIUSS, we accommodated
GRAMGEN with some extra mechanisms that do not belong to standard EAG either.
We introduced a special notation for auxiliary elements that we do not want to ap-
pear in the output. A zero attached to a non-terminal ensures that it does not appear
in the resulting structure itself, only its daughters will. If we applied this in the hy-
perrules of the example grammar to the non-terminals a, b and c:

abc: a<n>0, b<n>0, c<n>0.

the resulting structure would only contain the top node and terminals, e.g.:

abc

A A B B C C

We also introduced a distibution operator * for the purpose of distibuting an affix
across nodes. An affix preceded by a * on more than one sister node is instantiated
only on one of the sister nodes. Thus, the following two hyperrules are equivalent:
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abCan> s adine ) Th<hnyy . cgtn>.
abc<n>; ‘a<n>,. b, c;

A bsn>; o

a; -hoaednSs

Another extra mechanism we added is that of a metahierarchy. A metarule may not
just define the domain of an affix non-terminal, it may also impose a hierarchical
order for the possible rewritings of the non-terminal. This is best explained by
means of another example grammar:

phone.

phone: prefix, number<!figures>.

prefix: number<! [THREE] figures>, dash.

number<multi>: fig, number<figures>.

number<"TWO">: fig, Tig.

flg: lllll; |I2ll; IY3"; "4"; "5";
wgn, mym, wgw. mgm, mon

dashz e

figures:: ("SEVEN") <«<L'M"SIXM . <« "™MEIVE" << "ROURMN <
[THREE] "THREE" << "“TWO".

moltis: "SEVEN"; "“SIX"; “"EFIVE"; "FQUR"; "THREE".

This grammar captures the orthography of telephone numbers with a prefix of three
figures followed by a number of six or seven figures, e.g. 024-6/2862, in a binary
branching structure (note that this simple example grammar does not express addi-
tional constraints such as the first figure of the prefix having to be a zero):

phope
prefix ﬁ;;hbér<SIX>
number<THREE> dash fig numbérfFIVE>
fig  number<TWO> - 6 fig number<FOUR>
|
(‘) fig fig 1 fig number<THREE>
2 4 2 fig nuﬁber<TWO>
é fig ‘fig
1 \
6 2

The metarule for the affix non-terminal £igures contains the hierarchy. By means
of double angled brackets (<<) rather than a semicolon, it expresses a fixed order for
the alternative affix terminals: £igures must be rewritten as SEVEN first (option-
ally), then as SIX. then as FIVE and so on. Optional alternatives, such as SEVEN in
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the example grammar, are put between parentheses; these parentheses may also be
nested when used with more than one alternative, or they may be combined with an
asterisk to indicate that an alternative may be chosen more than once.

The hierarchy is first called in the rewrite rule for phone, in the affix expression
with number. The exclamation mark in front of the affix non-terminal indicates that
at this point a new hierarchy is initiated: whenever a subordinate constituent contains
the same non-terminal, this is substituted according to the order expressed in the hi-
erarchy, starting at the top.

The hyperrule for prefix calls a second, independent instantiation of the hierar-
chy. Again, there is an exclamation mark to force a new substitution process to
begin. but this time not at the top of the hierarchy but at the point indicated between
square brackets. This so-called entry point is marked as such in the metarule for
figures. Note that it would not be possible to refer to an alternative in the hierar-
chy directly rather than to a marked entry point, because the same alternative may
occur more than once in a hierarchy.






