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AN ELEMENTARY LINGUISTIC THEORY 

3.1 Assuming the set of grammatical sentences of English to be 
given, we now ask what sort of device can produce this set (equi­
valently, what sort of theory gives an adequate account of the 
structure of this set of utterances). We can think of each sentence 
of this set as a sequence of phonemes of finite length. A language is 
an enormously involved system, and it is quite obvious that any 
attempt to present directly the set of grammatical phoneme sequen­
ces would lead to a grammar so complex that it would be practically 
useless. For this reason (among others), linguistic description 
proceeds in terms of a system of "levels of representations ." 
Instead of stating the phonemic structure of sentences directly, the 
linguist sets up such 'higher level' elements as morphemes, and 
states separately the morphemic structure of sentences and the 
phonemic structure of morphemes. It can easily be seen that the 
joint description of these two levels will be much simpler than a 
direct description of the phonemic structure of sentences. 

Let us now consider various ways of describing the morphemic 
structure of sentences. We ask what sort of grammar is necessary to 
generate all the sequences of morphemes ( or words) that constitute 
grammatical English sentences, and only these. 

One requirement that a grammar must certainly meet is that it be 
finite. Hence the grammar cannot simply be a list of all morpheme 
( or word) sequences, since there are infinitely many of these. A 
familiar communication theoretic model for language suggests a 
way out of this difficulty. Suppose that we have a machine that can 
be in any one of a finite number of different internal states, and 
suppose that this machine switches from one state to another by 
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producing a certain symbol (let us say, an English word). One of 
these states is an initial state; another is afinal state. Suppose that 
the machine begins in the initial state, runs through a sequence of 
states (producing a word with each transition), and ends in the final 
state . Then we call the sequence of words that has been produced a 
"sentence" . Each such machine thus defines a certain language; 
namely, the set of sentences that can be produced in this way. Any 
language that can be produced by a machine of this sort we call a 
finite state language; and we can call the machine itself a finite state 
grammar. A finite state grammar can be represented graphically in 
the form of a "state diagram". 1 For example, the grammar that 
produces just the two sentences "the man comes" and "the men 
come" can be represented by the following state diagram: 

THE 
(7) 

We can extend this grammar to produce an infinite number of sen­
tences by adding closed loops. Thus the finite grammar of the 
subpart of English containing the above sentences in addition to 
"the old man comes", "the old old man comes", ... , "the old men 
come", "the old old men come", ... , can be represented by the 
following state diagram: 

OLD 

(8) 
THE 

1 C. E. Shannon and W. Weaver, The mathematical theory of communication 
(Urbana, 1949), pp. 15f. 
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Given a state diagram, we produce a sentence by tracing a path from 
the initial point on the left to the final point on the right, always 
proceeding in the direction of the arrows. Having reached a certain 
point in the diagram, we can proceed along any path leading from 
this point , whether or not this path has been traversed before in 
constructing the sentence in question. Each node in such a diagram 
thus corresponds to a state of the machine. We can allow transition 
from one state to another in several ways, and we can have any 
number of closed loops of any length. The machines that produce 
languages in this manner are known mathematically as "finite state 
Markov processes ." To complete this elementary communication 
theoretic model for language, we assign a probability to each 
transition from state to state. We can then calculate the " uncer­
tainty" associated with each state and we can define the " information 
content" of the language as the average uncertainty , weighted by 
the probability of being in the associated states. Since we are 
studying grammatical, not statistical structure of language here, this 
generalization does not concern us. 

This conception of language is an extremely powerful and general 
one. If we can adopt it, we can view the speaker as being essentially 
a machine of the type considered. In producing a sentence, the 
speaker begins in the initial state, produces the first word of the 
sentence, thereby switching into a second state which limits the 
choice of the second word , etc . Each state through which he passes 
represents the grammatical restrictions that limit the choice of the 
next word at this point in the utterance . 2 

In view of the generality of this conception of language, and its 
utility in such related disciplines as communication theory , it is 
important to inquire into the consequences of adopting this point of 
view in the syntactic study of some language such as English or a 
formalized system of mathematics. Any attempt to construct a 
finite state grammar for English runs into serious difficulties and 
complications at the very outset, as the reader can easily convince 
himself. However, it is unnecessary to attempt to show this by 

2 This is essentially the model of language that Hockett develops in A manual 
of phonology (Baltimore, 1955), 02. 
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example, in view of the following more general remark about English: 

(9) English is not a finite state language. 

That is, it is impossibl e, not just difficult, to construct a device of the 
type described above (a diagram such as (7) or (8)) which will 
produce all and only the grammatical sentences of English. To 
demon strate (9) it is necessary to define the syntactic properties of 
English more precisely. We shall proceed to describe certain 
syntactic properties of English which indicate that, under any 
reasonable delimitation of the set of sentences of the langu age, 
(9) can be regarded as a theorem concerning English. To go back to 
the question asked in the second paragraph of§ 3, (9) asserts that it 
is not possible to state the morphemic structure of sentences 
directly by means of some such device as a state diagram, and that 
the Markov process conception of language outlined above cannot 
be accepted, at least for the purposes of grammar. 

3.2 A language is defined by giving its 'a lphabet' (i.e., the finite set 
of symbols out of which its sentences are constructed) and its 
grammatical sentences. Before investigating English directly, let us 
consider several languages whose alphabets contain just the let ters 
a, b, and whose sentences are as defined in (IO i-iii): 

(IO) (i) ab, aabb, aaabbb, ... , and in general, all sentences con­
sisting of n occurrences of a followed by n occur rences of 
b and only these; 

(ii) aa, bb, abba, baab, aaaa, bbbb, aabbaa, abbbba , ... , and 
in general, all sente nces consisting of a string X followed 
by the 'mirror image' of X (i.e., X in reverse), and only 
these; 

(iii) aa, bb, abab, baba, aaaa, bbbb, aabaab, abbabb, ... , and in 
general, all sentences consisting of a string X of a's and b's 

followed by the identical string X, and only these. 

We can easily show that each of these three langu ages is not a finite 
state language. Similarly , languages such as (10) where the a's and 
b's in question are not consecutive, but are embedded in other 
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strings, will fail to be finite state languages under quite general 
conditions. 3 

But it is clear that there are subparts of English with the basic 
form of(]Oi) and (lOii). Let S 1, S2 , S3 , .. . be declarative sentences 
in English. Then we can have such English sentences as: 

(11) (i) 

(ii) 
(iii) 

If S1, then S2 . 

Either S3 , or S4 . 

The man who said that S5 , is arriving today . 

In (11 i), we cannot have "or" in place of "then " ; in (11 ii), we 
cannot have "then" in place of "or"; in (11 iii), we cannot have 
"are" instead of "is". In each of these cases there is a dependency 
between words on opposite sides of the comma (i.e., "if" - "then", 
"either"-"or", "man"-"is") . But between the interdependent 
words, in each case, we can insert a declarative sentence S 1 , S3 , S5 , 

and this declarative sentence may in fact be one of (11 i-iii). Thus if 
in (11 i) we take S I as (11 ii) and S 3 as (11 iii), we will have the 
sentence: 

(12) if, either (11 iii), or S4 , then S2 , 

and S5 in (11 iii) may again be one of the sentences of(I l). It is clear, 
then, that in English we can find a sequence a+ S1 + b, where there 
is a dependency between a and b, and we can select as S 1 another 
sequence containing c + S2 + d, where there is a dependency between 
c and d, then select as S2 another sequence of this form, etc. A set 
of sentences that is constructed in this way (and we see from (1 I) 
that there are several possibilities available for such construction­
( 11) comes nowhere near exhausting these possibilities) will have all 
of the mirror image properties of(IO ii) which exclude (lOii) from the 
set of finite state languages . Thus we can find various kinds of non-

3 See my "Three models for the description of language, " l.R .E. Transaclions 
on Information Theory , vol. IT-2, Proceedings of the symposium on information 
theory , Sept., 1956, for a statement of such conditions and a proof of (9). 
Notice in particular that the set of well-formed formulas of any formalized 
system of mathematics or logic will fail to wnstitute a finite state language , 
because of paired parentheses or equivalent restrictions. 
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finite state models within English. This is a rough indication of the 
lines along which a rigorous proof of (9) can be given, on the 
assumption that such sentences as (11) and (12) belong to English , 
while sentences that contradict the cited dependencies of (11) (e.g., 
"either S 1, then S2 ," etc.) do not belong to English. Note that many 
of the sentences of the form (12), etc., will be quite strange and 
unusual (they can often be made less strange by replacing "if" by 
·'whenever" , ""on the assumption that ", "if it is the case that", etc. , 
without changing the substance of our remarks) . But they are all 
grammatical sentences, formed by processes of sentence construc­
tion so simple and elementary that even the most rudimentary 
English grammar would contain them. They can be understood, 
and we can even state quite simply the conditions under which they 
can be true . It is difficult to conceive of any possible motivation for 
excluding them from the set of grammatical English sentences. 
Hence it seems quite clear that no theory of linguistic structure based 
exclusively on Markov process models and the like , will be able to 
explain or account for the ability of a speaker of English to produce 
and understand new utterances, while he rejects other new sequences 
as not belonging to the language . 

3.3 We might arbitrarily decree that such processes of sentence 
formation in English as those we are discussing cannot be carried 
out more than n times, for some fixed 11. This would of course make 
English a finite state language, as , for example , would a limitation 
of English sentences to length of less than a million words. Such 
arbitrary limitations serve no useful purpo se, however. The point 
is that there are processes of sentence formation that finite state 
grammars are intrinsically not equipped to handle . If these pro­
cesses have no finite limit , we can prove the literal inapplicability of 
this elementary theory. If the processes have a limit , then the 
construction of a finite state grammar will not be literally out of the 
question , since it will be possible to list the sentences , and a list is 
essentially a trivial finite state grammar. But this grammar will be 
so complex that it will be of little use or interest. In general, the 
assumption that languages are infinite is made in order to simplify 
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the description of these languages. If a grammar does not have 
recursive devices (closed loops, as in (8), in the finite state grammar) 
it will be prohibitively complex . If it does have recursive devices of 
some sort , it will produce infinitely many sentences. 

In short , the approach to the analysis of grammaticalness suggest­
ed here in terms of a finite state Markov process that produces 
sentences from left to right , appears to lead to a dead end just as 
surely as the proposals rejected in § 2. If a grammar of this type 
produces all English sentences , it will produce many non-sentences 
as well. If it produces only English sentences, we can be sure that 
there will be an infinite number of true sentences, false sentences , 
reasonable questions , etc ., which it simply will not produce. 

The conception of grammar which has just been rejected repre­
sents in a way the minimal linguistic theory that merits serious 
consideration. A finite state grammar is the simplest type of 
grammar which , with a finite amount of apparatus, can generate an 
infinite number of sentences. We have seen that such a limited 
linguistic theory is not adequate; we are forced to search for some 
more powerful type of grammar and some more 'abstract' form of 
linguistic theory. The notion of "linguistic level of representation" 
put forth at the outset of this section must be modified and elaborat­
ed. At least one linguistic level cannot have this simple structure. 
That is, on some level, it will not be the case that each sentence is 
represented simply as a finite sequence of elements of some sort , 
generated from left to right by some simple device. Alternatively, 
we must give up the hope of finding a finite set of levels, ordered 
from high to low, so constructed that we can generate all utterances 
by stating the permitted sequences of highest level elements , the 
constituency of each highest level element in terms of elements of 
the second level, etc., finally stating the phonemic constituency of 
elements of the next-to-lowest level. 4 At the outset of § 3, we 

• A third alternative would be to retain the notion of a linguistic level as a 
simple linear method of representation, but to generate at least one such level 
from left to right by a device with more capacity than a finite state Markov 
process. There are so many difficulties with the notion of linguistic level based 
on left to right generation, both in terms of complexity of description and lack 
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proposed that levels be established in this way in order to simplify 
the description of the set of grammatical phoneme sequences. If a 
language can be described in an elementary, left-to-right manner in 
terms of a single level (i.e., if it is a finite state language) then this 
description may indeed be simplified by construction of such higher 
levels; but to generate non -finite state languages such as English we 
need fundamentally different methods, and a more general concept 
of "linguistic level". 

of explanatory power (cf. § 8), that it seems pointless to pursue this approach 
any further. The grammars that we discuss below that do not generate from 
left to right also correspond to processes less elementary than finite state Markov 
processes. But they are perhaps less powerful than the kind of device that 
would be required for direct left-to -right generation of English . Cf. my "Three 
models for the description of language" for some futher discussion. 




