DAVID SANKOFF* AND SYLVIE MAINVILLE**

CODE-SWITCHING OF CONTEXT-FREE G R A M M A R S

How can we combine the grammars of two languages to model bilingual behaviour
such as code-switching under the equivalence constraint on word order? We answer
this question on the formal level, making use of context-free grammars for both
unilingual and bilingual behaviour. Our solution satisfies a number of conditions on
the language assigned (if any) to higher-order constituents in the phrase structure.
Bilingual sentences are seen to be often ambiguous with respect to this assignment. We
adapt the theory of probabilistic grammars to the prediction of switchpoint abundance
for a given bilingual situation and we apply this to a number of language pairs exhibiting diverse word-order contrasts. We show how to count the number of bilingual
sentences which are code-switched equivalents of a given sentence.

1.0

Introduction

The discourse of individuals in bilingual communities often contains
elements of both languages in close proximity. Even within a single sentence, it may be possible to identify sounds, words or structures belonging
to, or deriving from, each of the two different languages. This juxtaposition
arises from lexical borrowing, phonological interference, code-switching
and various other processes set in motion by language contact.
Bilingual speech of this nature poses a particular problem for formal
models of language. In the monolingual case, each instance of such a model
involves restrictions, constraints and conditions specific to the language in
question, not generally compatible with components of other languages.
There is not necessarily any way of combining two conflicting instances of a
formal model, representing two languages, so as to account for the kind of
bilingual behaviour we are discussing. The question is thus to what extent
can the same kind of models used for monolingual grammar be used as well
*
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to generate bilingual behaviour, and what additional devices must be appended to handle the bilingual case. In this paper, we study this type of
problem from the mathematical viewpoint, focusing on one kind of bilingual behaviour, intrasentential code-switching between languages of different word-order types. Our approach throughout will be to make sufficient
assumptions and simplifications to assure that the mathematical analyses can
be carried through to some significant conclusion. We do not claim that these
assumptions hold without exception for natural languages; on the contrary,
we would eventually seek to broaden our analysis in a more realistic setting.
Nevertheless, we believe our findings here capture the essence of the interaction between syntagmatic and hierarchical structures in determining the
nature of code-switching.
We will make use of a relatively simple type of grammatical model,
namely a context-free phrase structure grammar, which not only is mathematically well-understood, but also accounts for many of the word-order
properties of natural language. For languages generated by such grammars,
we will base our definition of code-switching on the equivalence constraint
(Poplack 1978,1980), which characterizes intrasentential code-switching in a
variety of bilingual communities. Poplack observed that within constituents
for which the two languages have the same word order, code-switches could
occur freely, but between two elements that are ordered differently in the
two languages, switches are prohibited. Thus, among Spanish-English bilinguals, switches can occur between demonstrative and noun, and between
auxiliary and verb, where Spanish and English word orders coincide:
Despuesjo hacia uno d'esos concoctions - the garlic con cebolla (Then I
would make one of those concoctions — the garlic with onion)
Siempre esta promising cosas (He's always promising things)
Switches are disfavoured between a noun and a postposed adjective or between Spanish preverbal clitic complements and English verbs, where the
two languages differ:
* the house blanca
* la casa white
* el se sat down

(the white house)
(the white house)
(he sat down)

Our first task will be to construct a formal device capable of generating
exactly those bilingual sentences that satisfy this constraint (including as
special cases all the grammatical monolingual sentences in both languages).
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This device will also have the generational capacity of context-free grammar.
Some of the ideas for this appeared first in Sankoffand Poplack (1981) and
Rivas (1980), though the mathematical aspects were not pursued there.
Our second goal will be to investigate the role of word-order typology in permitting or prohibiting various intrasentential code-switch
points in typical sentences. This will involve probabilizing rudimentary
grammars exemplifying some of Greenberg's (1966) 24 basic word-order
types. Code-switch point abundance can then be predicted using a theorem
(Sankoff 1971) about the languages of probabilistic grammars.
Finally, we set out a computational framework for counting the number of different code-switched sentences equivalent to a given sentence.

2.0

Translatability of context-free grammars

Consider a context-free grammar consisting of a set C of non-terminal
symbols including one distinguished symbol S; a set of terminal symbols T,
none of which are also in C, and a set of rewrite rules R of form c -> v{... vn
where c is a symbol in C, and the string on the right hand side v t ... vn
consists of one or more symbols in T or C. Recall that a sentence derivation is
formed by writing down S, then rewriting S by the string U j . . . u m on the
right hand side of any rule in R of form S —» U j . . . um, then rewriting any Uj
which is non-terminal by some rule of form u{ —> w{... wp and so on. Rewriting a symbol does not affect the other terms in the string, so that it does not
matter in which order the non-terminal symbols of a string are rewritten.
When there are no more non-terminal symbols in the string (and R must be
such that this is always possible), the derivation stops and the final string is
just a sentence generated by the grammar.
We will make use of the familiar phrase structure tree representation
for the derivation of a sentence. Each symbol appearing in the derivation is
represented by a node of the tree. This symbol is said to dominate the
constituent or subtree of which it is the highest node, and may be used to
represent that constituent. In this definition each terminal node is itself a
constituent. When a rule is used to rewrite a non-terminal symbol, the element on the right hand side of the rule are disposed immediately below it, in
the same left-to-right order as appears in the rule, and are connected to it by
branches of the tree.
In order to speak of code-switching between two different grammars,
it is necessary to have some connection between the categories of one and the
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categories of the other. Whether such connection always exists between two
natural languages is controversial, but since this is peripheral to our interest
in word order, we will simply make the strong translatability assumption
that there is a one-to-one correspondence between the categories of language
A and the categories of languages B, and use the same symbols for both.
Furthermore we assume that there is a one-to-one connection between the
rules of A and B — if language A has a rule c —> V j . . . vn, then language B must
have a rule c —» U j . . . un, where each symbol in V j . . . vn has its counterpart in
U j . . . un, and vice versa, though the order of the terms in one string will not in
general correspond to the order of the terms in the other. Finally, for convenience, we will assume fixed word order, that is if c -> V j . . . vn in a given
grammar, then there may be other rules rewriting c in that grammar, but
none where the right hand side contains exactly the same symbols v b ... vn,
but in a different order.

3.0

Constraints on tree labelling

We can now state the equivalence constraint. Consider a phrase structure where some or all of the nodes are labelled as belonging to one language
or the other, as in the following figure.

The constraint applies only between two adjacent constituents, i.e. whose
respective highest nodes are immediate descendants of the same node. Thus
the constraint is pertinent only to the pairs (x, y), (y, z), (e, £) and (j, k).
To assess whether or not a bilingual sentence is grammatical, we
examine every pair of adjacent constituents (e. g. χ and y). We consider the set
Ε of immediate descendants of the node directly above the two constituents
in question, that is the dominating nodes of the two constituents themselves
plus any others which are direct descendants of the same immediate ancestor
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(e.g, x, y and z). If the two nodes have different labels, or if one and/or the
other is not labelled, the constraint requires that E agree with the right-handside of a rewrite rule in each of the two grammars as follows: The symbol for
any nodes in Ε ίο the left of the boundary between the two constituents must precede the
symbols for all nodes in Ε to the right of the boundary, in the right-hand-side string of
the two rulesfrom the two grammars. For example, if the rule from language A is
c —> χ y ζ and that from Β is c -> χ ζ y, then nodes χ and y satisfy the constraint
while y and ζ do not. If, on the other hand, the two adjacent constituents
have the same language label on their highest node, then the constraint only
requires that the set Ε agree in this way with the right hand side of a rule
from that one language.
This description of the equivalence constraint requires that we have a
way of identifying at least some non-terminal nodes as belonging to one or
the other language. There are three other constraints that a labelled or partially labelled bilingual phrase-structure tree should satisfy in a realistic
theory. First, every terminal node should be labelled, corresponding to the
fact that these constitute the "observable" part of the tree, the sentence.
Second, no non-terminal node should be labelled unless it has at least one
line of descendants ending with a terminal node, all having the same label. In
other words, if there is no sentence-level evidence for giving a particular
label to a higher-level node, then this will not be given. Third, if all the
terminal nodes of a constituent have the same label, then so must all its nonterminal nodes. This seems a self-evident consistency condition, particularly
in view of the fact that monolingual constituents are observed to be monolingually grammatical.
How to go about labelling some or all of the nodes of the phrasestructure tree for a bilingual sentence so that it satisfies the equivalence
constraint, plus the three other constraints, is not a trivial matter, and there is
some controversy over how to go about it. Our approach here will be to
generate code-s witched sentences at the same time as the language labelling
on the non-terminal nodes, in such a way so as to assure that the grammar
remains context-free and that the labelling respects the equivalence and
other constraints at all times.
4.0

Combining grammars

Before generating bilingual sentences, we examine each pair of corresponding rules in the two grammars. Aligning their right hand sides, we
note that equivalence points (points at which the equivalence constraint
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would permit switching) are situated at the same positions in the two rules.
Between two successive equivalence points, and at the extremities of the
right-hand-side strings, we find either singleton symbols or regions of nonequivalence. E.g.
ι
equivalence points
Language A:

c —> tuvxyz

Language B: c —» utyvxz

L

singleton
non-equivalence regions

The derivation of a sentence starts by rewriting the symbol S, SA, or SB. Each
time we rewrite a non-terminal symbol, we use two corresponding rules
from the two grammars. The symbols in each non-equivalence region must
be ordered and labelled according to one of these two rules, although another region may be based on the other rule. E. g.
c -> uBtBvAxAyAz
The relative positions of regions and singletons are as in the two rules. The
symbols not in a non-equivalence region may be labelled A or B, or may
remain unlabelled. The labelling of the set of descendants of a node must,
however, satisfy the following conditions:
(i)
(ii)
(iii)

If a non-terminal symbol is unlabelled, not all of its immediate descendants may take the same label.
If a non-terminal symbol is labelled A, say, then at least one of its
descendants must be labelled A. The same with B.
All terminal symbols must be labelled.

Note that if no pair of corresponding rules exists such that (i) can be respected, i. e. no pair contains any equivalence points, then the non-terminal symbol involved may never be left unlabelled whenever it occurs. In particular,
if S cannot be rewritten to satisfy (i), then only SA or SB can be used in
generating sentences.
This way of generating code-switched sentences has the following
properties. First, it satisfies the equivalence constraint in both the negative
and positive senses, in that no switch can occur where prohibited but
switches can occur anywhere else. Second, all terminal symbols are labelled,
by (iii).
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Third, if a constituent has a label, then this is passed on to at least one
of its descendants and is eventually inherited by at least one of its terminal
symbols (by ii); the lack of this property would be a serious weakness,
possibly leading to ungrammatical monolingual sentences. Some theories of
code-switching, such as those of Sankoffand Poplack (1981), Rivas (1980)
and di Sciullo, Muysken, and Singh (1986) also certain "heritability" conditions of this type, but specify in more detail which symbols must inherit the
label.
A fourth property, a consequence of (i) and (ii), is that if all the
terminal symbols in a constituent have the same label, then the category
dominating the constituent also has that label. In addition, we are assured
that this monolingual constituent is grammatical with respect to the appropriate monolingual grammar, in accord with empirical observation.
Fifth, there is no unmotivated labelling. The previous four properties
involve labels on (1) terminal symbols, (2) pairs of constituents which prohibit intervening switches, (3) at least one line of descendants of any labelled
category, and (4) the non-terminal members of any homogeneously labelled
constituent, none of which can be given up without sacrificing the credibility
of the model. However, no other labelling is obligatory, and this conservatism is warranted by data on balanced bilinguals (Sankoffand Poplack 1981)
where the assignment of labels to all nodes of a code-switched phrasestructure tree is shown to be unnatural and arbitrary.
Sixth, and this is really a consequence of the equivalence constraint,
no constituent, no matter how well-formed, can appear out of order in the
constituent which contains it, because of code-switching. This property is
not shared by models in which rules from both grammars can be used more
freely to rewrite higher-order non-terminal symbols (e.g. Woolford 1983).
Empirical evidence on verb-object ordering in SOV-SVO bilingualism
(Sankoff, Poplack and Vanniarajan 1986), and on adpositional phrases in
prepositional-postpositional bilingualism (Poplack 1986) suggests that this
sixth property is realistic.
Seventh, this mechanism of generating sentences is essentially a
context-free grammar, though we have not explicitly formalized it as such.
Our description has been formulated in terms of identical and different rules
for corresponding categories in the two monolingual grammars, in order to
highlight the relationship between these and code-switching behaviour, but
this does not change the fact that, in mathematical terms, we are generating
the code-switched sentences by a single context-free grammar.
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Parsing a bilingual sentence

The syntactic analysis of a bilingual sentence poses all the same difficulties as in the monolingual case, as well as additional ones. Here we will
discuss these additional problems of the bilingual case only, assuming that
for each sentence we can reconstruct exactly which rules were used to derive
it. Thus we are given a string of terminal symbols (each one labelled as to
language A or B), plus a phrase-structure tree, but not the language labels (if
any) which should be assigned to the non-terminal nodes.
Certain label assignments are obvious. If all the terminal symbols in a
constituent have the same label, then all its non-terminal nodes must be
labelled in the same way. If a non-terminal symbol is rewritten by a rule
containing a non-equivalence region, then the appropriate labels must be
affixed to certain of its descendants as in the construction in the previous
section. Any label assigned in this way must be linked by a descending series
of nodes to at least one similarly labelled terminal node, as in (ii), and the
nodes in one such series should also receive the same label. Our construction
assures that none of these labellings interfere with any other.
In addition if all the immediate descendants of any non-terminal node
have the same label, this node should also be assigned this label (by i and ii).
The resulting labelling is then one which could have been generated
by our construction, as part of the derivation of the given sentence. In
general, however, we can label additional nodes in such a way as to remain
consistent with the constraints implicit in (i)-(iii). Thus the given sentence,
even though it may be generated in a unique way in terms of the rewrite rules
used, may be ambiguous when it comes to language labels assigned to nonterminal nodes.

6.0

Frequency of code-switch points

If two languages have corresponding rules with very different orders
on the right hand side, there will be few places in the sentence in which a
code-switch can occur so as to satisfy the equivalence constraint. Conversely,
if two languages have identical rules, such code-switches could conceivably
occur between every pair of terminal categories in the sentence. In this
section, we explore the role of word-order typology on the frequency of
possible switch points. In order to do this, we will have to add to our model
quantitative parameters for determining the relative rates of usage of various
rewrite rules for the same non-terminal category. As a byproduct, we will
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derive the quantitative dependence of code-switch-point abundance on the
frequency of various recursive and non-recursive rules in the grammar.
Starting with a context-free grammar, we can construct a performance model by probabilizing the rules of the grammar. For each nonterminal symbol, suppose there are k rules which can rewrite it. Then we
assign positive numbers p1} p 2 ,..., pk to rules 1,2,..., k, respectively, such
that p! + p2 + ··· + pk — 1· This is sufficient to entirely determine the
statistical behaviour of the language generated by the grammar. In particular, it determines the average number of terminal symbols of each type in a
sentence.
Our task in this section is to predict the average frequency of possible
code-switch points. Now, these points are not themselves terminal symbols,
but we can circumvent this problem by constructing a new grammar as
follows. We use two new terminal symbols, say σ and τ, representing a
possible switch point and a prohibited switch point, respectively. In comparing corresponding pairs of rules from RA and RB, say c -> V!... vn and c -»
U j . . . u n , respectively, we create a new rule c —> V j . . . ν η σ... στ... τ, where the
number of d's is just the number of possible switch points permitted by the
equivalence constraint and the number of T'S is just the number of boundaries where no switch is permitted. For example, if the corresponding rules
in R A and RB are c -> wxyz and c —> wxzy, then the new rule is c -> wxyzaaT
since there are switch points after the w and after the χ and a prohibited
boundary between the y and the z. Note that since we are focusing here only
on the number of <7's and T'S in sentences, once we have found how many of
these are on the right hand side of each new rule by comparing the two
corresponding monolingual rules, the order of the terms on the right hand
side of the new rule is immaterial, as are label assignments. We can then use a
probabilized version of the new grammar to calculate the average number of
a's and T'S per sentence, using a theorem about the limiting population of
certain multitype branching processes, due to SankofT (1971, 1972).
7.0

Some typological contrasts

To illustrate the results of this method, we construct five context-free
grammars which differ amongst themselves with respect to the four wordorder properties defining Greenberg's (1966) language typology: SVO versus SOV versus VSO, prepositional versus postpositional, adjective-noun
versus noun-adjective, and genitive-noun versus noun-genitive. Here are
the five grammars:
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Type
S ->
O->
O->
N->
N ->
N->
N —>
N->
P ->

l (e.g. Celtic languages)
vNO
P
N
n
na
ng
nag
NS
pN

Type 9 (Romance languages)
S -» NvO
O^ P
N-> N
N-> n
N -> na
N-> ng
N —» nag
N ^ NS
P -> pN

Type
S ->
0->
O->
N->
N ->
N ->
N->
P ->

11 (Scandinavian)
NvO
P
N
n
an
gan
NS
pN

Type 15 (Finnish)
S -> NvO
S -> P
S -> N
N-> n
N —> an
N -> gan
N - > NS
P ^ Np

Type
S ->
0->
0->
N->
N —>>
N -»
N —>
N->
P -»

23 (Dravidian languages)
NOv
P
N
n
an
gn
gan
SN
Np

Key:
S sentence
N noun phrase
O object phrase
P adpositional phrase
ν verb
η noun
g genitive
p adposition

We choose certain pairs of these grammars to explore the effects of various
word-order differences. Between types 11 and 9, only differences in noun
modifiers are involved. Between types 11 and 15 there is a difference in
adposition, while between 11 and 23 both clause structure and adposition
differ. Between types 1 and 9 only clause structure varies, but types 1 and 23
contrast with respect to all possible aspects of word order.
As an example, consider the code-switching grammar for the types
11/23 combination.

Brought to you by | University of Ottawa OCUL
Authenticated
Download Date | 11/24/15 5:37 PM

Code-switching of Context-free grammars

S ->
0->
0->
N->
Ν —>
Ν ->
η ->
N->
Ρ -»
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ΝνΟστ
Ρ
Ν
η
ana
gncr
ganaa
Ν5τ
ρΝτ

Recall that we are no longer concerned with the order of the terms on the
right hand side of a rule, so that the first rule in this grammar could well have
been written S -> ΝσντΟ or even S -» ΟΝστν.
In probabilizing this grammar, we must assign two probabilities
summing to 1 to Ο -> Ρ and Ο -» Ν, andfiveprobabilities summing to 1, to
the rules for rewriting N. A minor technical point is that not too much
probability should be placed on recursive rules such as Ν —» NSt, or else
some derivations will never end, but we omit the mathematical details here.
In Table 1 we show the results predicted by the theorem, of assigning a
probability of 0.7 to Ο -» Ρ, 0.3 to Ο -> Ν, 0.41 to Ν -> η, 0.18 to Ν -> Ν5τ,
0.25 to Ν -> ana, and .08 each to Ν l-> gna and N
Table 1. Average number of potential and prohibited switch points per sentence for five pairs of
language types.

language pair

terminal
symbols

prohibited
switch points

possible
switch points

11/9
11/15
11/23

9.2
9.2
9.2
9.2
9.2

2.6
1.2
3.8
1.8
8.2

5.6
7.0
4.4
6.4
0

1/9

23/1

The average sentence length is 9.2 terminal symbols (excluding a's and T'S).
On the average, there are 4.4 pairs of terminal symbols between which a
switch is permitted, and 3.8 pairs where it is prohibited. The table also
shows, for example, that for languages which differ only by adposition type,
the number of points where switches cannot occur is drastically reduced, to
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1.2, while for the most different pair of languages, no switches at all are
predicted.
Of course these results depend somewhat on our assignment of probabilities to the rules of the grammar. Table 2 shows the dependence for
three of the probabilities.
As might be expected, the dependence of the number of σ's on the
probability of Ο -> P is positive when the two languages are both prepositional, while the T'S dependence on this probability occurs when one language is postpositional and the other prepositional.
Table 2. Dependence of switch point frequencies on rule probabilities. Figures indicate the
change in number of tf's and T'S per unit change in rule probability.
language pair

Dependence of p on rules:
Ο -> Ρ

Ν -> η

Ν -» Ν5τ
or Ν -» NS<7

τ σ
11/9
11/15
11/23
1/9

23/1

0 1.8
1.8 0
1.8 0
0 1.8
1.8 0

-10.5 0
0
-10.5
0
-10.5
0
-10.5
-10.5 0

-10
8
30
11
31

41
23
1
19
0

The pattern is somewhat different for rule Ν —» n. As its probability increases, the number of more complex noun phrases decreases and so the
number of T'S decreases for those language pairs showing contrasting positions of noun modifiers. Conversely, for pairs of languages having the same
noun placement the increase in Ν —> η leads to a decrease in the number of
possible switch points.
Finally, as the probability of the recursive rule Ν -> Ν5τ (or Ν ->
Ν8σ) increases, we find a more subtle pattern of changes with the resultant
growth in sentence length. Most favourable to code-switching is the case
(type 11 /type 9) where only noun placement differs, then where only adpositions differ (type 11/type 15), then where only clause order differs (type
1 /type 9), then where everything except noun placement differs (type 11 /type
23) and finally where everything differs (type 23/type 1), and only T'S are
added as the rule probability increases.
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Counting equivalent sentences

In the previous sections, we discussed the average number of potential switch points per sentence. A related question is, given a sentence, monolingual or bilingual, how many sentences are there which are equivalent in
the sense that the same pairs of rewrite rules are used at each step in their
derivations? These sentences differ in the ordering and labelling chosen at
each step, but their constituent structures are basically the same.
To answer this question, we first count the number of ways the right
hand side may be labelled and ordered differently, when rewriting a given
symbol c according to the procedure in Section 4.0. If the pair of rules with
vb . . ., vn on the right hand side involved r non-equivalence regions, s nonterminal singletons that may be left unlabelled, and t terminal singletons or
non-terminal singletons that must be labelled, we know that there are 2 r ~ l ~ t 3s
ways of labelling and ordering the right hand side without taking into account conditions (i) and (ii), since each region, terminal and obligatorily
labelled non-terminal may be labelled in one of two ways, while the remaining non-terminal singletons may each be left unlabelled as well. Of these
labellings, only 2s contain no instance of a given label, since the regions,
terminals and obligatorily labelled non-terminals, must be all labelled with
the other label. Thus in rewriting a labelled c to conform to condition (ii),
there are 2r + t3s-2s possibilities. In rewriting an unlabelled c to conform to
condition (i), there are 2 Γ+ l3s-2 possibilities, since there are only two ways of
homogeneously labelling all the immediate descendants of a node.
Now, once a symbol has been rewritten, all the non-terminal symbols
on the right hand side of the rewrite rule must also be rewritten. Denoting by
E(c) the number of differently labelled constituents dominated by c and
derived through the prescribed sequence of rewrite rules, we have
E(c) = sum of E(VJ)X . . . xE(vn) over all labelling possibilities of
v
The sum contains 2r+t3s-2s terms of form EfV^x . . . xE(vn) or 2r+t3s-2 such
terms, depending on whether c is labelled or not. For any terminal symbol d,
we define E(d) = 1 . The formula is thus a recursion for the E(c) which may
be applied successively, starting at the lowest constituents and working
towards the S node, at each step calculating E(c) where c is such that E(vi)
has already been calculated for all its immediate descendants.
Note that this procedure counts all different phrase-structure labellings, even though some of them are simply alternate derivations of the same
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sentence. To count different sentence labellings only would be a more difficult task.
9.0

Discussion

Much of the debate over the equivalence constraint has been marked
by a lack of precision over its interpretation in particular cases. Here we have
succeeded in formulating the constraint in an explicit and rigorous way,
albeit for a restricted class of grammars, namely context-free phrasestructure grammars. This requires careful attention to the labelling of sentence constituents as to which language they belong.
Based on this formulation, we were able to construct a device for
generating the set of code-switched sentences satisfying the constraint, together with their phrase structures suitably labelled as to the language of
some or all constituents. The labellings satisfied two other important conditions, that every non-terminal node label dominate at least one terminal
symbol with the same label, and that every constituent with homogeneously
labelled terminal symbols be itself labelled in the same way. The generating
device may be considered a context-free grammar.
More than one labelling may be associated with the same codeswitched sentence. Even if the grammar is unambiguous in the sense of a
unique phrase-structure tree, it is generally ambiguous in terms of labels on
the higher nodes. This may lead to difficulties in parsing bilingual sentences
but it reflects a reality where it is not always clear at what level are the
constituents in the phrase structure between which code-switches have taken
place.
Our account has included two unrealistically strong assumptions
which facilitate the arguments. Both of these could be replaced with much
weaker conditions. Fixed word order within each language could easily be
weakened to allow variable order in one or the other language. This would
tend to increase the number of potential code-switch points since a switch is
prohibited only where one language has an order which the other does not.
Strict translatability could also be relaxed, by admitting categories and symbols in one language with no direct counterpart in the other, or by dispensing with the one-to-one correspondence between R A and RB. This would be
a more complicated enterprise, and the overall result would be to tend to
reduce the number of switch points.
Our use of context-free grammars is probably the most unrealistic
aspect of our theory. It is not unreasonable, however, to expect that some of
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the ideas here could be extended to grammars allowing deletions, empty
categories and movement transformations. For example, the equivalence
constraint itself is directly applicable to any phrase-structure tree, though
instead of comparing rewrite rules in the two languages, we would have to
compare corresponding constituent types, which may not be produced by
phrase-structure rules only. The other constraints we have incorporated into
our theory are also applicable, but the problem of constructing a generative
grammar of bilingual sentences and their phrase-structure trees depends of
course on the class of formal grammar involved.
We note that the equivalence constraint admits of a much less cumbersome statement in the case of binary rewrite rules. However there does
not seem to be a simpler statement for rules with three or more symbols on
the right hand side. One compensation is that the present formulation is not
sensitive to whether one has a preference for highly branched grammars
with many binary rules or grammars with few rules defining 'flat'
constituents.
A final remark is that while our discussion has been phrased in terms
of bilingualism, the entire development — definitions, constructions, and
probabilistic modelling - is easily extended to the case of three or more
languages in contact.
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