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Introduction

Lately there has been some interest in gener-
ators that derive strings from feature struc-
tures within unification based formalisms (e.g.
Shieber 1988 for PATR II, and also references
cited there, Wedekind 1988 for an LFG gener-
ator, and Dymetman & Isabelle 1988 for gen-
eration with DCG’s). In the first section I will
show that the generators that have been pro-
posed all face some problems. Some analyses
in the spirit of Unification Categorial Gram-
mar (Zeevat et al. 1987) and HPSG (Pollard
& Sag 1987) that account for Dutch crossing
dependencies cannot be handled by top-down
generators. On the other hand, Shieber’s bot-
tom up generator for PATR II requires gram-
mars to be semantically monotonic. I will as-
sume that this requirement is too strong for
general usage. As an alternative I will define
BUG, a bottom up generator that uses a top-
down oracle , as is common in directed bottom
up parse strategies (for an overview cf. Kay
1980, see also the BUP parser in Matsumoto
et al. 1983, and a similar parser in chapter
6.3 of Pereira & Shieber 1987). I require that
all grammar rules have exactly one semantic
head. Furthermore a restriction on semantic

heads will be defined. In the third section I
will compare this restriction with Shieber’s re-
quirement on semantic monotonicity. It will
be shown that the requirement on semantic
heads allows some useful analyses not avail-
able in Shieber’s approach.

BUG is part of an experimental machine
translation system for translating interna-
tional news items of Teletext. The analy-
sis/generation module of the system uses a
Prolog version of PATR II (similar to Hirsch
1987). For this reason I will define BUG within
this Prolog based PATR II environment, but I
assume that the approach is valid for unifica-
tion based formalisms in general.

1 Problems with existing
generators

Currently available generation algorithms face
a number of problems. First I will describe
the principal problem for top-down generators.
Then I will discuss Shieber’s bottom up gen-
erator.



1.1 A major problem for top-
down generators: left recur-
sion

In this section I will assume a general gen-
eration strategy, where rules are applied in a
top-down fashion. The order in which nonter-
minals are expanded can be important. I will
assume that this ordering is defined in a satis-
factory way. Dymetman & Isabelle 1988 pro-
pose a version of DCG where the order of the
goals of the body of a DCG clause is defined in
two ways: one for parsing and one for genera-
tion. Furthermore some version of goal freez-
ing (Colmerauer 1982) is used in cases where
this scheme is not powerful enough. The LFG
generator of Wedekind 1988 checks whether
the resulting daughters of a rule are connected ,
before this rule can be applied. A node is con-
nected iff its semantics is instantiated. Con-
nectedness not only influences the order of ex-
pansion of nonterminals, but also influences
the order in which rules are selected. This
constraint therefore excludes some useful anal-
yses, as will be shown in the following. Top-
down strategies where rules are applied non-
deterministically will not terminate for these
analyses.

To introduce the problem for top-down gen-
erators grammar rule <1> will be considered
first. This rule shows that generation is un-

<1> VP_1 -> to VP_2
<VP_1> = <VP_2>

decidable in general ! . The rule states that
a VP can be combined with the lexical entry
'to’. The result is a VP that has the same
feature structure. This example (albeit unre-
alistic) shows that for some type of grammars

1Note that I use the well known PATR II notation
for grammar rules throughout this paper

the generation process is undecidable because
for every VP we can add the word ’to’ as often
as we want (e.g. generating strings like ”john
likes to to to to kiss mary”). In most natural
language grammars syntactic information will
be available to stop this source of infinite am-
biguity. Often however this information is only
available after lexical lookup. Therefore a top-
down generator may fail to terminate for some
grammars, although syntactic information is
available that should have blocked this type
of undecidability. T will discuss an example
within PATR II, in which an analysis of sub-
categorization in HPSG style is used. The cru-
cial rule is given in <2>, a complete grammar
can be found in appendix A (sample grammar
3) in Shieber 1986. In this analysis subcatego-

<2> VP_1 -> VP_2 X :
<VP_1 head> = <VP_2 head>
<VP_2 subcat first> = <X>
<VP_2 subcat rest> = <VP_1 subcat>

rization is expressed by associating each word
in the lexicon with a list of arguments (the
’subcat’ feature in the example). These argu-
ments are selected one at a time with rules
like <2>. Notice that there is no upper limit
to the length of this list. Syntactic informa-
tion blocks infinite ambiguities, because the
subcat list will have some fixed length. This
length is specified for each word in the lexi-
con. Top-down generators cannot use this syn-
tactic information because this information is
rooted in the lexicon. The lexicon for exam-
ple specifies that the subcat list of the verb
’kiss’ has two members. However, this infor-
mation is not available until the lexical entry
'kiss’ is reached. The generation process will
also predict longer subcat lists, without the
possibility to know that these lists will never
be realized in a lexical entry. At a certain mo-
ment in the generaton process rule <2> can be



applied to a feature structure that can be uni-
fied with feature structure VP_1. As a result,
rule <2> can also be applied to VP_2, and
so on. For the LFG-generator of Wedekind
this analysis is impossible; in his approach rule
<2> can never be applied because node X
will be unconnected. For the DCG-generator
of Dymetman & Isabelle the generation pro-
cess will indeed not terminate. The problem
displays some similarities with the problem of
left recursion for top-down parsing strategies;
therefore I will call this problem the left recur-
sion problem for top-down generation 2 .
Note that the problem arises because there
is no limit to the size of the subcategoriza-
tion list. Although one might propose an up-
per limit for lexical entries, it is linguistically
wrong to pose an upper limit in general be-
cause subcat lists may be appended in syn-
tax resulting in indefinitely long subcat lists,
e.g. in analyses of Dutch crossing depen-
dencies phenomena (Evers 1975, Huybrechts
1984), but also in analyses of Verb Clusters
in other languages (Evers 1987). Consider the
Dutch sentence <3a>. In this construction
verbs can combine their subcat lists, as can be
seen from <3b>. Therefore subcat lists can
have any length. It is also impossible to pre-
dict from a semantic structure that contains
e.g. ’kiss’ the size of its subcategorization list
by looking in the lexicon directly. It can be
the case that the verb will be combined with
another verb, resulting in a longer subcatego-
rization list.

1.2 Bottom up generators

The only bottom up generator I currently
know of is the one proposed in Shieber 1988.
In Shieber’s generator rules are applied in a

21t is not necessarily so that this left recursion is
caused by the leftmost daughter of a rule; the left re-
cursion is caused by that daughter that is generated
first

<3a> dat [Jan [Marie [de oppasser [de
olifanten [zag helpen voeren]]]]]
that John Mary the keeper the
elephants saw help feed
(that John saw Mary help the
keeper feed the elephants)

<3b> V [a,b,c,d]
V [c,d] V [a,b,c]

vV [b,c] V [a,b]
zag helpen voeren
saw help feed

a = elephants
b = keeper

c = Mary

d = John

bottom up fashion. Results are kept on an
Earley type chart. To make this process goal
driven there is a restriction that the seman-
tics of every subphrase that is found must
subsume some part of the original semantics
(the input). This restriction results in the
semantic monotonicity requirement on gram-
mars; this restriction requires that the seman-
tics of a part of a derivation must subsume
part of the semantics of the complete deriva-
tion. An example will clarify the strategy. As-
sume we want to generate a string for the se-
mantic formula <4> with a grammar compa-
rable to sample grammar 3 of Shieber 1986 3
. As the generator starts it will try to select

<4> kiss(john,mary)

3In this paper I will abbreviate semantic forms. In
fact the semantics is a feature structure as every other.



rules (and lexical entries). First it can select
lexical entries that subsume part of <4>. The
lexical entries ’john’, 'mary’, ’kiss’ will be put
on the chart as they subsume part of <4>. A
NP can be constructed dominating ’john’ and
another one dominating 'mary’. A VP domi-
nating ’kiss’ will be constructed as well. Now
a rule similar to <2> can apply, resulting in
a VP with the semantics as in <5>. At last a

<5> kiss(_,mary)

rule applies that combines the NP dominating
’john’ and the VP dominating ’kiss’ and 'mary’
resulting in the sentence ’john kisses mary’ (ig-
noring inflection for the moment) with seman-
tics <4>. Note that no other rules can apply
if their resulting semantics does not subsume
part of the original semantics. In the forego-
ing example it is e.g. not possible to apply a
rule to construct a PP ’to mary’ or anything
similar to that.

The requirement that every rule application
yields a semantics that subsumes part of the
input only results in a complete generator
if the grammar is semantically monotonic.
Shieber himself admits that this requirement
is too strong (op. cit. section 7):

”"Perhaps the most immediate
problem raised by the methodology
for generation introduced in this pa-
per is the strong requirement of se-
mantic monotonicity. (...) Finding a
weaker constraint on grammars that
still allows efficient processing is thus
an important research objective.”

For the moment I will assume that semantic
monotonicity is too strong. In the following
section I will introduce an alternative genera-
tor, BUG, that uses a different constraint on
grammars. In section 3 I will discuss some

analyses of prepositional verbs and idioms that
are not semantically monotonic but can be
handled by BUG. Furthermore I will give some
evidence that suggests that BUG ”allows effi-
cient programming”.

2 BUG: a Directed Bottom
Up Generator

In this section I will introduce BUG, a directed
bottom up generator, and I will discuss some
of its properties. The task for the generator
can be seen as follows. The generator will
receive a feature structure Top as its input.
Part of this feature structure is the semantic
structure S_Top. For a given grammar, the
generator derives all strings W for which the
condition <6> holds (for a formal definition of
this concept within LFG cf. Wedekind 1988).
As will become clear in the following para-

<6> Completeness and coherency

A feature structure Top with se-
mantics S_Top derives string W w.r.t.
grammar G iff W is a terminal string
admitted by G with feature struc-
ture Top2 and semantics S_Top2,
Top can be unified with Top2, S_Top
subsumes S_Top2 (coherency) and
S_Top2 subsumes S_Top (complete-
ness).

graphs, a few conditions on grammars apply
for BUG to work properly. For each grammar
rule there is one daughter that is the semantic
head (specified as such by the rule writer). For
the moment I will assume that if the seman-
tics of the mother node is instantiated then
the semantics of the semantic head is instan-
tiated too. I will define the notion ’semantic
head’ more precisely in section 2.3. First I will
introduce the basic structure of BUG.



2.1 The basic structure of BUG

The basic structure of BUG that will be ex-
plained in a moment can be summarized by
the set of Prolog clauses <7>. This simple

<7> /* BUG version 1 */
generate (Top,PO-PN) : -
link(Top,Down),
word (Word,Down) ,
up (Down, Top, [Word |PI]-PI,PO-PN)

up (Top,Top,String,String) .

up (Down, Top,PI-PJ,PO-PN) : -
rule(Down,Mother,Lefts,Rights),
link(Top,Mother),
generate_list(Lefts,PH-PI),
generate_list(Rights,PJ-PK),
up (Mother,Top,PH-PK,PO-PN) .

generate_list ([],P0-PO).

generate_list ([H|T],PO-PN) :-
generate(H,P0-P1),
generate_list(T,P1-PN).

Prolog program, that bears a close connec-
tion to the lc parser described in Pereira &
Shieber 1987, represents the basic structure of
the generator I will develop in the remainder
of this paper. It is assumed that the grammar
consists of clauses 'rule( Head, Mother, Lefts,
Rights)’ as a result of compiling PATR rules
into Prolog, where Head is the feature struc-
ture of the semantic head of this rule, Mother
the feature structure of the mother node, Lefts
is a list of feature structures that describe the
daughters that precede the head and Rights
the feature structures that are preceded by the
head. The lexicon simply consists of clauses
'word(Word,F)” where Word is the terminal
string and F its feature structure.

In the program the clause ’link’ is used as a
top-down oracle. A basic link between A and

B exists if and only if there is a rule whose
mother’s semantics unifies with A’s semantics
and whose semantic head’s semantics unifies
with B’s semantics. All possible basic links
are precompiled. A link between A and B ex-
ists if there is a basic link between A and B or
if there is a basic link between A and C, and
a link between C and B. Usually the number
of different basic links is very small. The link
predicate is comparable to the reachability ta-
bles in parse theory (cf. Kay 1980) and the
link predicate within BUP (Matsumoto et al.
1983).

Viewed procedurally, the generation process
defined in <7> proceeds bottom-up from se-
mantic head to semantic head. The surface
string grows to the left and to the right. First
a ’seed’ of the semantics is computed by the
link’ predicate. From this seed the predicate
‘up’ builds a feature structure that can be uni-
fied with the original feature structure. A rule
is selected if a seed unifies with the semantic
head of that rule. Other daughters of this rule
are then generated recursively; their resulting
strings are concatenated to the left and to the
right of the string dominated by the seed. The
feature structure of the mother becomes the
new seed. It dominates the modified string.
Now the up’ predicate is called with this new
seed. Eventually a seed can be unified with
the original feature structure, yielding the fi-
nal string; this case is defined in the first clause
of 'up’.

An example will clarify this strategy. Suppose
we start with semantic structure <4>. Sup-
pose moreover that we have the following (ab-
breviated) rules, where the H categories rep-
resent the semantic heads <8>. This simple
grammar only allows one type of link: a link
exists between feature structures that share
their semantics. The generation process is
started by a call to the generate predicate,
where Top is a feature structure whose seman-
tics is instantiated; the second argument of



<8a> S -> H X
<S sem> = <H sem>
<H subcat first> = <X>
<H subcat rest> = nil
<8b> VP -> H X
<VP sem> = <H sem>
<VP subcat> = <H subcat rest>
<H subcat first> = <X>
<8c> john
<sem pred> = john
<8d> mary
<sem pred> = mary
<8e> kisses
<sem pred> = kiss

<sem argl>
<subcat rest first sem>
<sem arg2> =
<subcat first sem>

‘generate’ represents the string that is to be
found in difference list notation. The predi-
cate ’link’ relates feature structures whose se-
mantics are shared; therefore Down will be a
feature structure with the same semantics as
Top. The predicate 'word’ tries to find a lex-
ical item whose feature structure unifies with
Down. In this example the lexical item ’kisses’
is the only candidate. Now the syntax of Down
will be instantiated as well. The predicate 'up’
will now be called with the two feature struc-
tures Down and Top, and two strings in dif-
ference list notation. The first string repre-
sents the string that is found up to now (the
word ’kisses’); the second string is the result-
ing string. The predicate 'up’ will select a rule
whose semantic head unifies with Down. In
this example the rule <8b> is a possible candi-
date. A link is computed between the mother

of this rule Mother and the feature structure
Top. The predicate ’generate list’ generates
a string for daughters of this rule to the left
of the semantic head, and a string for daugh-
ters to the right of the head. The first call to
‘generate list’ succeeds trivially as there are no
daughters to the left of the head. The second
call to ’generate_list’ yields the string 'mary’.
The resulting string ’kisses mary’ will be the
third argument to the recursive call to 'up’;
the feature structures Mother and Top will be
the first and second argument. In this next
call to 'up’ rule <8a> is a possible candidate.
Now the first call to ’generate_list’ will yield
’john’, whereas the second succeeds trivially.
Finally the predicate 'up’ is called with the in-
stantiation of the mother of <8a>, Top, and
the string ’john kisses mary’. As the two fea-
ture structures can unify the recursion bot-
toms out by unifying the strings. The string
‘john kisses mary’ will therefore be the final
result. Note that words, rules and links are se-
lected nondeterministically; this nondetermin-
ism is handled by Prolog’s built-in backtrack
mechanism.

2.2 Making BUG complete and
coherent

The generator defined in <7> is not coherent
and not complete (cf. <6>), because <7> de-
rives feature structures whose semantics uni-
fies with the semantics of the original feature
structure. Note furthermore that generator
<7> can eagsily fail to terminate because of
this lack of coherency. An example of this is
<9a>. <9a> may be the semantics for the

<9a> eat(john)
<9b> eat(john,banana)
<9c> eat(john,nice(yellow(banana)))



sentence ’john eats’. Generator <7> will also
try to build all feature structures containing a
second argument, e.g. <9b>. For a realistic
grammar the number of ways to do this will
be infinite (e.g. by adding modifiers, <9c¢>);
therefore BUG will not terminate.

Coherency is achieved by ’freezing’ all vari-
ables occuring in the semantics of the origi-
nal feature structure (e.g. by the numbervars
predicate built in in some implementations of
Prolog). These ’atomic place holders’ will not
unify with any augmentations to the seman-
tics. In order to do so BUG is redefined as in
<10>.

<10> /* BUG version 2 */
bug (Top,String) : -
sem(Top,Top_S),
numbervars (Top_S,0,_),
generate (Top,String) .

This leaves us with the completeness problem.
It is still possible that <10> derives strings
like ’john eats’ for semantics <9b>. The so-
lution is to test at the end of the generator
procedure whether the feature structure that
is found is complete with respect to the origi-
nal feature structure. However, because of the
way in which top-down information is used,
it is unclear what semantic information is de-
rived by the rules themselves, and what se-
mantic information is available because of uni-
fications with the original semantics. For this
reason so called 'shadow’ variables are added
in BUG that represent the feature structure
derived by the grammar itself. Furthermore
a copy of the semantics of the original feature
structure is made at the start of the generation
process. Completeness is achieved by testing
whether the semantics of the shadow subsumes
this copy. This technique is used in the final
version of BUG (see the Appendix).

2.3 Semantic heads

The success of the generation strategy that is
used by BUG very much depends on the def-
inition of semantic head of a rule. The se-
mantic heads are used to make it possible to
compute links between a feature structure and
a seed. Furthermore, by using these links, it is
assumed that the semantics of other daughters
of a rule get instantiated, to make a directed
generation process possible. Therefore, the
following condition <11> on semantic heads
applies. The first part of this condition states

<11> Condition on rules - (a) and (b)

For all rules R of grammar G with
semantic head S, mother node M and
daughter nodes Di
(a) if the semantics of M is instanti-
ated, then the semantics of S is in-
stantiated ( connectedness of the se-
mantic head ); and
(b) if S is instantiated by a feature
structure admitted by G, and the se-
mantics of M is instantiated, then
the semantics of Di are instantiated
( connectedness of the daughters ).

that the semantics of the semantic head of a
rule must be predictable from the semantics
of the mother node of this rule. The second
part of <11> states that the semantics of the
daughters of a rule must be predictable from
the semantics of the mother and the syntax of
the semantic head. The first part of the condi-
tion is a condition on rules, whereas the second
part of the condition is a condition on gram-
mars, because it is not clear what the syntax
of the head can turn out to be, without looking
at the complete grammar.



2.4 Auxiliaries and function

words

A problem for BUG is posed by rules where a
daughter (that is not the semantic head) has
the same semantics as the mother node. An
example is rule <12> In this type of rules,

<12> Sbar -> Comp H :
<Sbar semantics> =
<H semantics>
<Sbar semantics> =
<Comp semantics>

that usually occur in the case of auxiliaries
and function words, BUG will not terminate,
because after the construction of H it will try
to construct the Comp. However this pro-
cess starts with the same goal as the construc-
tion of sbar. Therefore this same rule will ap-
ply again and again. I hypothesize that this
only occurs in the case of function words, case
markers and things like that. In this case the
syntactic head often differs from the semantic
head; moreover the syntactic head is a lexical
entry. Therefore I add <11c¢> to <11>. BUG

<11> Condition on rules - (c)

<c> A node Di is the syntactic
head of R iff the semantics of Di and
the semantics of M are equal.
If a node D functions as the syntactic
head, but not as the semantic head,
then D must be nonbranching.

is modified so that it recognizes cases of syn-
tactic heads. In that case only lexical lookup
is possible, and BUG will terminate for gram-
mars that obey <11> (except for grammars
that use rules like <1>).

2.5 Empty semantic heads

An analysis that seems to be ruled out by
<11b> is the analysis of verb second phenom-
ena in several languages. Root sentences in
German for example usually are analyzed as
<12> (I do not really care about the labels
of this tree here). In these cases the semantic

<12> smax

topic sbar

verb(i) s
subj vp
v

e(i)

head seems to be a 'gap’. Therefore probably
the instantiation of e.g. its subcat list will only
be known after some relationship is established
with the displaced verb. As a result <11b> is
violated. However in the final version of BUG
a solution to this problem is available. The
‘generate’ predicate in BUG will yield a list
of lexical items instead of a list of words. To
this list a small phonological frontend will be
applied. This reduces a lot of uninteresting
nondeterminism during the generation process
(e.g. the choice between ’kisses’, ’kiss’, and
"kissed’ is only made after the generation of the
other lexical items). We can use this strategy
to allow for empty semantic heads. During the
generation process there is no distinction be-
tween gaps of semantic heads and their lexical
realization yet (just as there is no difference
between ’kisses’ and ’kiss’ yet). A possible
phonological realization of a feature structure
is the empty string, provided some features are
specified locally (e.g. the value of a slash-like



feature as in GPSG, Gazdar et al. 1985). In
this strategy there is no difference between as-
sociating some inflected form of a verb (e.g.
"kissed”) with a feature structure containing
the appropriate features (e.g. agreement and
tense) and associating the empty string with
a feature structure containing the appropriate
features (e.g. slash). This strategy further-
more reduces a lot of ambiguity in the gener-
ation of main (verb second) and subordinate
(verb final) clauses in languages like German
and Dutch.

3 A comparison between
BUG and Shieber’s gen-
erator

In this part of my paper I will compare the
generator presented by Shieber with BUG.
The first difference is that Shieber’s genera-
tor is part of a general architecture for pars-
ing and generation. I have presented BUG as
an independent Prolog program. It is possible
to define some overall architecture for parsing
and generating within Prolog that abstracts
away from the differences between BUG and
certain Prolog bottum up parsers like ’Ic’ and
BUP, but I will not pursue this matter here.
In the remainder of this section I will discuss
two other points. In the first part Shieber’s se-
mantic monotonicity requirement will be com-
paired with the semantic head requirement.
The second part will give some indications
about the efficiency of both programs.

3.1 Semantic monotonicity vs.
semantic heads

The semantic monotonicity requirement en-
tails that analyses that require some noncom-
positionality are impossible. A first example
of this are prepositional verbs like ’count on’.

Assume that sentences like <13a> have a se-
mantics like <13b>, and are built like <13c¢>.
This means that at a certain stage in the anal-

<13a> John counts on Mary
<13b> count_on(john,mary) .
<13c> s

np vp
john vp pp
v P np

count on

<13d> on(_,mary)
<13e> on(mary)

mary

ysis a pp exists with, probably, its own seman-
tics. This semantics will look like <13d> or
<13e>, which both do not subsume any part
of <13b>. Therefore this analysis is not se-
mantically monotonic. A semantically mono-
tonic analysis of these examples will need a
rule similar to <14>. So prepositions that can

<14> pp -> p np :
<pp head> = <p head>

<pp semantics> = <np semantics>

occur in prepositional verb constructions need
to be analyzed as function words without sig-
nificant semantics. This leads to redundancy
and ambiguities, as sometimes these preposi-
tions must contain specific semantic informa-
tion. This ’escape hatch’ is not available for
more complicated noncompositional examples
as is the case for idioms. Suppose we want to
analyze <15a> as <15b>. This analysis is en-
tirely impossible within Shieber’s framework
because the noun phrase 'the bucket’ can never



<15a> John kicks the bucket
<15b> die(john)

be generated since it does not subsume part
of <15b>. It seems that nothing can be done
about this. Both examples show that noncom-
positional cases cannot (or not without serious
problems) be handled with grammars that are
semantically monotonic. However, both exam-
ples can be analyzed in a way that observes the
semantic head requirement. The lexical entry
count_on’ will contain the equations <16>.
At the time a vp dominating ’count’ is con-

<16> <subcat first cat> = pp
<subcat first semantics pred>

on
<subcat first semantics argl>

<semantics arg2>
count_on

<semantics pred>

structed in the generation process, the seman-
tics for the pp is instantiated by a rule similar
to rule <2> of section 1. Therefore no prob-
lems arise. The same applies to idioms. One
reading of the verb ’kick’ will contain the fol-
lowing equations <17>. Again this will force

<17> <subcat first cat> = np
<subcat first semantics pred>
= bucket
<subcat first semantics det>
the

<semantics pred> = die

an object ’the bucket’ to be generated while
the semantics is kept very simple. I conclude
that several analyses are impossible with se-
mantically monotonic grammars that are pos-

10

sible for grammars that observe the semantic
head requirement.

One might wonder what the answer to the op-
posite question is, i.e. do there exist analyses
in semantically monotonic grammars that are
impossible within my approach. It is clear that
these must exist (e.g. by choosing the 'wrong’
daughters as the semantic head in a semanti-
cally monotonic grammar); however I did not
yet come across examples that make a cru-
cial use of this. For the moment it seems that
the semantic head requirement is linguistically
more relevant than Shieber’s monotonicity re-
quirement.

3.2 Efficiency considerations

In general I do not yet have anything deci-
sive to say about the difference in efficiency of
Shieber’s generator and BUG. However there
are a few reasons that suggest that my im-
plementation is more efficient than Shieber’s.
First, BUG uses a top-down oracle. There-
fore the generation process seems more goal
directed. Instead Shieber uses a top-down
test to destroy search paths afterwards. Sec-
ond, BUG uses unification almost everywhere,
whereas Shieber’s generator often needs to
check for subsumption. At least within Prolog
unification allows more efficient implementa-
tions than subsumption. Therefore this may
lead to a speed advantage of BUG. A third
advantage is obtained by the delay of choosing
between inflectional variants of words (includ-
ing the empty semantic head in case of verb
second). This reduces a lot of nondetermin-
ism. In Shieber’s system this reduction of local
ambiguity does not exist. However, probably
this same strategy can be incorporated within
Shieber’s framework without serious modifica-
tions.



Summary

In this paper I have shown that existing algo-
rithms to generate strings from a semantic for-
mula in unification based formalisms do face
some problems. I argued that better results
are achieved by using BUG, a directed bottom-
up algorithm, that proceeds from semantic
head to semantic head. Grammars that obey
the semantic head requirement <11> can be
handled by BUG. I compared the algorithm
with Shieber’s Earley-based generation algo-
rithm and concluded that BUG is both lin-
guistically more expressive and computation-
ally less expensive.
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Appendix

/* BUG final version
This version of the implementation serves mainly as
documentation - probably faster implementations are
possible

*/

bug(FS,String) : -
sem(FS,Sem) ,
copy_term(Sem,Sem2) ,
numbervars(Sem,0,_), %coherent
generate(FS,Shad,P0-[1),
phonology(P0O,String),
sem(Shad,ShadSem) ,
subsume (Sem2,ShadSem) . %complete

generate (FS,Shad,Mother, [FS|T]-T) : -
sem(FS,Sem) ,
not not sem(Mother,Sem), !, Ysyntactic head
word(Word,FS,Shad) .

generate (FS,Shad,Mother ,PO-PN) : -
1ink (FS,Down),
word (Word ,Down,Shad2) ,
up (Down,FS,Shad2,Shad, [Word |PI]-PJ,PO-PN).

up (X,X,Shad, Shad,PO-PN,PO-PN) .
up (Down, Top,DownShad, TopShad ,PI-PJ,PO-PN) : -
rule(Down,Mother,Lefts,Rights,

DownShad ,MotherShad,LeftsShad,RightsShad),
link(Top,Mother),
generate_list(Lefts,LeftsShad,Mother,PH-PI),
generate_list(Rights,RightsShad,Mother,PJ-PK),
up (Mother,Top,MotherShad, TopShad ,PH-PK,PO-PN) .

generate_list([]1,[],_,PO-PO).

generate_list ([H|T], [HShad|TShad] ,Mother ,PO-PN) :-
generate (H,HShad,Mother,PO0-P1),
generate_list(T,TShad,Mother,P1-PN).
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