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INTRODUCTION 

A language 1s 1n canon1cal form if 1ts èas1s has the 

follow1ng structure due to Post: 

(1) There exista a f1n1te alphabet of distinct lattera 

wh1ch Cfn be juxtapoaed to form strings, 1e, any latter 1s 

a string, if b and c are strings then be 1s a string, noth1ng 

elae 1s a string. 

(11) There exista a special f1n1te set of strings called 

primitive assertions. 

(i11) There exista a f1n1te set of productions each of the 

follow1ng form: 

Su Pn g,'). P,,_ • • • • 
g "'' 

61.\ p,_, Sa.,. p l'Jo •••• s.,.r( 

• • • • • • • • • • • • • • • • • • • • • • data 

si<,P'" gkl. p"l. •••• gKh(.C) 

g, P.r. Sa. PJ~ •••• gk } product 



where the g's are given strings, possièly null, and the P's 

represent operational variables of the production chosen 

from a f1nite set of auch string variables, possièly 

including the null string. We make the restriction that 

each Pj trom the product must be chosen from the P1m of the 

data, that each datum and the product must contain at least 

one P, and that no choice of P 1 s can ce allowed which would 

permit a null product. 

The strings consist1ng or the primitive assertions, 

and all the strings obtainaèle by repeated use of the 

productions starting with the primitive assertions, will 

te called the assertions of the system. Any datum of auch 

a production will be the product of a.nother production, or 

a primitive assertion. 

Post orig1nally developed this definition of language 

as an atstract structure from which he hoped to prove theoreme 

atout languages in general, especially concerning their 

decision problems. In his 1941 paper {1) he proved his 

remarkable normal form theorem which states that every 

canonical langaage can be reduced to a normal language, ie 

one which has but a single primitive assertion with each 

0 f i ts productions or the :f'orm gP - ... .-~ Pg' • Thus any 

theorem concern1ng the structurally simpler normal form is 

also a theorem about its canonical equivalent. Later in 
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his 1944 paper (2) Post used his concept to tackle the 

decision problems of reoursively enumeratle sets of positive 

integers with 1nterest1ng suocess. 

However, the full power of this simple definition of 

language seems not to have been grasped ty mathematicians. 

Undouètaèly it can produce deep theoreme atout languages 

in general tut certainly one of its major applications will 

te 1n the study of particular languages. 'l'he expression 

of a language 1li its canonical form may have no special 

ad van tage a. If a language is itself 1nelegantly expressed 

its oanonica.l form will te inelegant.* But it may tring 

insights to the study of auch a language. In other cases, 

auch as that of the spoken languages, the canonioal definition 

seems uniquely able to handle the langua.ge's structure. Not 

only does it readily provide a meohanical procedure for 

determ1ning the grammatical correctness of a sentence, it 

seems to promise deep resulta 1n semantics, the protlem of 

determining whether a statement in a spoken language has 

meaning and how meaningful sentences are constructed. 

Here two languages shall èe studied in detail 1n 

their canonioal form, a predioate caloulus for numèer 

theory and English. Gentzen's schema has èeen chosen 

See Rosenèloom (3) for the canonical forma of his languages 



for the predicate calculus used here èecause of 1ts simplioity 

and for the ease 1n which it reduces to canonical form, along 

with an original (to the èest of the author' s knowledge) 

modification of Kleene's postulates for number theory which 
\\ ,, 

maltes arithmetio proofs independant of Gentzen's eut and so 

lesa dependent upon "guess1ng11
• As regards t.he English 

- . 
language only the grammar problem has èeen considered and 

that only for statement sentences, tho the method used 1s 

readily applicable to questions or commanda. The result1ng 

grammar is quite adequate but by no means perfect. A. 

moderate amount ot slave labor and diligence 1n conjunct1on 

with decent research facilities would suftice to make it 

tight. These examples are enough to illustrate the 

considerable power of Post's definition of language. 
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A CANONICAL PREDICATE CALCULUS FOR NUMBER THEORY 

Calculi for numèer theory are well known and we need 

not expla1n our purpose 1n construct1ng one. But it should 

be noted that we are ma1nly 1nterested 1n the structural 

and formal prol:lems 1nvolved. Indeed the canon1cal approach 

forces this attitude upon us s1nce it d1sallows all auch 

verbalisme as "x is suèstitutable for y" requiring either 

that we do without them or that we replace them l:y some set 

ot productions. 

First of all we need a f1nite set of operat1onal variables, 

the P's of the generalized production, as spec1fied 1n our 

definition. We will need only the follow1ng s1xteen. 

9i) Q( , 8 any string of ones, possièly null. 

(11) x, y are variables, not null, 1:elong1ng to the class 

of assertions determ1ned l:y production Bl. 

(iii) a, è, c, d are terme, not null, telonging to the class 

of assertions determined èy the productions Bl thru B4. 

(iv) A., B are formulae determined èy Cl thru cf. 
(v) r, A, 9 are aequen ta determ1ned èy Cl thru CJ. 

(vi) S 1s any sequenèe of terme derival:le from rules 

Bl thru B4 separated by a comma. 

(vii) M, N are any strings whatsoever. 
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We now detine our alphabet and set up the productions 

wh1oh will oonstruot our well tormed formulae. 

Alphabet 

()[J 1'/' ;@ ... ,::, .., v.+ v 

Primitive Assertions 

() 

t/J 
primitive variable 

primitive predioate 

Variable Formation 

Bl (oC.) -(a(l) 

Term Formation 

B2 a b 

(a-t-b) 

Formula Formation 

B3 a 'b 
(a • tl) 

B4 a -(a a.) 

6 

01 [ol/.8 sJ x @[ol/PsJ @ to be read as "not f.ree in" 

[o</,OlS ,x] 

02 [oC/,0 s] 

[oc. 1/ ,.<1 s] 



C3 

C6 

A. B 
[A "::JB) 

(a/b )à. 

A 

C4 A. -
[-t&1 

81 a 

C5 x 4 

tVxA1 

b 

A(a/b) 

See substitution rules for meaning or (~b) 

Sequent Formation 

C7 r A 
1""' ; A 

The concept of a term or variable being free or not 

free 1n a formula or term assumes a mechanical procedure 

for dec1d1ng this freedom. Herewi th is auch a procedure 

in canonical form. 

Free 'lerm Test @ to be read as "not free in" 

Dl (o(.) D2 (o() D3 (eo() @ (S) 

(cAl) @ 0 () @ (oU) · (oU) @ (61) 

D4 x@a x@b D5 x@a X®b D6 x@ a 

x@ (a•è) x @ (a b) x @ (a 1 ) 
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a è x 

(a+b) @x 

DlO c a @ b ct 
a@ -b'Vo@d 

Dl2 (a') @ b (a') @ o 

(a' ) @ ('t •o ). 

DB 

Dl4 (a•b) @ o (a•b) @ d 

(a•b') @ (o+d) 

Dl5 (a+b) @ o {a+b) @ d 

(a+b) @ (o•d) 

Dl7 (a')@b a@bVD@a 

(a 1 )@ (b 1 ) 

a è x 

(a•b) @-x -

Dll 

Dl3 

Dl5 

t. a@l: c:A 

o @ dVa@ b 

(a')@ b (a')@ o 
~ (a,·) @ ( b + o) 

(a•b) @ o 

(a•b)@ (o') 

Dl6 (a+ 'b) @ o 

(a-i-b) @ (e') 

D18 (a • b) @ o (a • b) @ d a @ o \1 o @ a 

(a•b) @ (o•d) 

Dl9 (a • b) @ o (a· b) @ d b @ d Y d @ b 

(a•b) @ (o•d) 
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D20 (a...,b) @ c (a,..b)@ d a@cvc@a 

(a+è) @(c'-t-d) 

D21 (a+b)@ c (a-tè)@ d l:®d\'d@b 

(a-..b)@ (c.f.-d) 

D22 a@S a@b 

·-a @ s, b 

D24 a@ A D25 a@A. a@B 

a@ (~Al a @ · [A::>Bl 

D26 a@A. :x@a r127 
a @ ['Vxà1 

D28 a@ r a@ à 
·a@ r; A 

We now need some substitution productions to make 1t 

explicitly clear what we mean by ''substitutal:lett. Let 

A(a/l:) be read as 11 a will replace b 1n A" and (a/b)A be 

read as "a bas replaced b 1n A" • No formula con ta1n1ng 
~ -

eithe~A(a/b) or (a/b)A shall be considered well formed, 

tho expressions conta1n1ng these en ti ti.es shall certainly 

te assertions of our system. It 1s to be noted that the 
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substitution productions given here are valid only for 

consœuctive proofs, and that if deductive provaèility is 

desirable (for its convenience, not its necessity) 

alterations would have to be made 1n many of the productions. 

Substitution Rules 

S2 

54 

M[A-;,B'J(a/b)N 

M (A(a/b) ~ B ( a/è )] N 

Ml -,A.] (a/b )N 

M t-,JA(a/è))N 

53 

S5 

s6 M LVxAl(a/è)N x @ a x @ b 

MlVxA(a/b)]N 

57 M[~x(a/b)iA]N x@ a x @ b 

M(a/b )( Vü]N 

sa Ml:VyA]N x ®[VyA] 59 

M [ 't/yA(x/y )]N 

M((a/b )AJ(a/b )B)N 

M ( a/b) [A -::>B]N .. 

M [-,(a/b )AJN 

M(a/t) (-\A']N 

M[. '{y (x/y )A]N 

M [~xAJN 

Rules sa and S9 are unnecesaary but convenient 1n cases 

where a bound variable èlocka an intended substitution. They 

can be avoided altogether by the proper cho1ce of bound 

variables. 
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S 10 M 'o 1 
) ( a/b ) N ( o 1 

) @ b V b @ ( o 1 
) 

M ( o ( a/b) ï ) N . 

S11 M( {a/b)o 1 )N 

M(â/b)(c' )N 

S 12 M ( o • d )( a/b) N ( c • d) @ b V b @ ( o • d) 

M(o(a/b) •d(a/b)')N 

513 M((a/b)o•(a/b)d)N 

M(â./b) (o•d)N 

514 M(o+ d)(a/b)N (c..,.d) @ b vb @ (c+d) 

M(c(a/b)+ d(a/b) )N 

S15 M( (a/b)o+ (a/b)d)N 

M ( a/b) ( o 1' d) N 

S16 M[o(/~ sJ(a/è)N 

M~/,8 5(a/è )}N 

S18 M[ol/ 8 (a/è )S]N 

M(a/b )~ /,0 S]N 

519 Mx(a/b)N b@ x 

M(a/b)xN 

S17 

520 

M, (a/b )N 

M(a/t::) ,N 

Mb(a/b)N 

M(a/b)aN 

li 



521 l"' \- A a 
f1 (a/x) t- A(a/x) 

s22 (a/x) r t- (a/x)A 

r t- A 

s23 a. r t-A x @ r; A 
-r(x/a) t- A(x/a) 

s24 (x/a) r t- ~/a) A 

r t- A 

525 M; (a/b)N 

M(a/i) ;N 

12 
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The rules of inference are stra1ght adaptions from 

Gentzen's system, wh1ch 1s 1taelf almost 1n canon1cal form. 

Rules Of Inference 

Fl A 
At- A · 

F2 r; iA. t-B; A 

r t-[A::>B]; Â 

F4 

F6 r t- A. i A x @ r; A 

r t-tVnJ; ~ 

F7 r; A .. A x@ A a --
r;l~xA(x/a)J t-A 

Sl.& T' ; lVx(x/a)A] .. A 

p; [\'xA 1 l- Â 

F9 f1f. A; A f"; Af-A 

F3 r 1- A; A r; B .. A 

- r ; [A~B] 1- A 

F5 rt-A; A 

F8 r;At-.6. x 

r; [\'xA'] t-A 
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Structural Rules Of Inference 

Gl MrN lA. G2 
M r ;AN 

M fi ;A.;AN 

Ml"' ;AN 
G3 MA;BN 

MB;.AN 

In setting up our productions f'or numter theory it 

will l:e convenient to let a a è repreaent t/l]_,a.,b] a.nd we 

may arl:1trar1ly chooae the syml:ol () to te the zero of' 

the sy a tem a.nd denote i t l:y 0. The f'ollow1ng productions 

are easentially the same as the postulates f'or numl:er 

theory which appear. 1n Kleene {4). 

Rules For Numl:er Theory 

Hl r' ; {a• (b')): ( (a•b) +a) r A 

· rt-b. 

H2 r ; (a+- ( b 1 
) ) = ( (a+ b) 1 

) ... A 

f't-A 

H3 r ; (a-t 0) =a t-A 
r"t-A 

H4 l"" ; (a • 0) ::r 0 \-A 

r t-A 

H6 r t- ( a' ) :; 0 ; A 

J"'II-A 
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H7 r t- a: b . A , 
r 1- (&') = (b') • A ' 

H8 f1; a::: b 1-.6. 
r -; (a')= (b') t-.6 

H9 .tl r .... a:b . ~ ' r; A(a/b) t- a=b • A.; A ' 

827 r; (a/b)A t- a=b . /J. ' r; - À 1- A 

The following productions are for use with the induction 

procedure. 'l'he se productions may seem redundan tly fonnula ted 

èut there are some inherent difficulties 1n using an 

inductive proof construotively. For instance, when we 

are substituting x for (x'J we must first be sure that 
-

our formulais f.ree of x's if the procedure is going to 

èe valid. This k1nd or question does not arise when we 

are us1ng our induction 1n the usual mannar, ie, when we 

are try1ng to decide whether a fonnula is an assertion or 

notJrather than try1ng to construct an assertion. As would 

èe suspected, if we had been formulating our language to 

be used as a 'a.ecision" procedure the productions 1nvolved 
... 

in our induction rule would be much simpler and the 11proof 
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tree" of any assertion would be more compact. Constructive 
' 

proofs 1n this kind of system are, 1n general, longer than 

their corresponding deductive proofs. Unfortunately, 1n 

choosing the constructive rather than the deductive approach 

we have lost much of the 11beauty" of our system. 

It is also wall to note here that once Ell. (a/b) has 

been introduced into an assertion, all following productions 

must involve (a/b) un til the (a/b) has been eliminated. 

For exa.mple it is not permitted that MIA.;(a/b)CN ~ M(a/b)C;AN 

because the interchange production is good only for wall 

formed fonnulae and (a/b )C is not wall formed l:y the definition 

of .A and B 1n G3, which must be assertions derived from 

the products of productions (Cl) thru (06). 

16 

s2a r t-A x @ r ;A 529 y= x ; r; A. t- B x @r;B y. @ r;A 
· · · r t- .. cx.;o > 

HlO r ~ (x/0 )A 

r; At- B((x' )/(y')) 

530 r; A r ((x' )/(y' ))B x@ r' 

r ; A t- B (x/ (x 1 
) ) 

r i A )- (x/ (x 1 
) )A 

r t- A 

x® rr 



In this language proofs of theoreme come out 1n a 

mechan1cally direct faah1on, whose neatness 1s perhaps 

obscured by the poverty of symbole and the unth1nlt1ng 

attention g1ven to each small point. Mak1ng a tew 

obv1ous 1nformalisms, however, suff1ces to show some of 

the mechan1cal d1rec tness 1nheren t 1n the language. The 

pro of o t auch a simple th1ng as a • a usually co vers a 

messy page as tor instance 1n Kleene, page 84. 

1s done (1nformally) 1n a few 11nes. 

H3 
Vl~ F\ a+ 0: a ... a-tO::.a 

Hq ... a+O•a 

s (a: x)(a+ 0/a) ... a .. x; ·Q+O=CL 

$2.7 
(ai- 07a}(a+O:x) .. acx;4+0=Q. 

S11 a+ Or x 1- a=x 

s (a -t-0::: x) (a/x) .. (a= x) (a/x) 

s~~ 
(a/x)(a~O=a) .. (a/x)(a: a) 

f+<i 
a+O=a ... a:a 

.. a: a 

Here 1t 

a=x 

For our proofs we do not need rule F9 (by Gentzen's 

theorem) but it is a convenient one to have for pract1cal 

purposea as it allows us to avo1d proving over and over 

again assertions which we know to èe theoreme; without it, 

for instance, we would have to prove a: a every time we 

needed 1t. 
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The commutivity ot equality is easy to prove. 

t- a=b b:!X 
Htt 

tb:: x J ~ a?b J r a: b . b:.x s , 
( a/b )( a = x ) r a=b • b::x 

Sl7 
, 

S~l 
a:x t- b=x 

s (a .:-x)(a/x) \- (b =x )(a/x) 

P't a: a t- b:a a:a 

t- b•a 

Without the eut we could nrove the same thing by using 

a+ 0.:: a, and a few more lines. 

We could continue in this fashion and prove all of the 

standard ar1thmet1cal theoreme, but it is pointless to do 

so without first making a few more obvious conventions, 

and perhaps restructuring the productions for deductive 

analysis, a step which would especially simplifY the 

induction proofs. As it is we have done what we set out 

to do -- completely formali~e the predicate calculus for 

arithmetic with1n the framework of Post•s ca.nonical definition 
-

ot language in the simplest garb we could conceive wherein 

nothing was taken for granted and no procedures were left 

unwri tten to l:e done l:y the mathematician • s brain. 

has been successtully reduced to meaningless marks• 

Everything 
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A. CANON IOAL GRAMMAR FOR THE ENGLISH LANGUAGE 

In sett1ng up a grammar for a spoken language we are 

deal1ng with essentially the same problem as that of the 

well formed formula of the predicate calculus considered 1n 

the previous section by means of the A, B, and 0 productions. 

T.he rema1n1ng rules were concerned with procedures for 

eonstruct1ng a subclass of well formed formulae, the provavle 

formulae of ar1thmetic. This 1ndicates that there is no 

compel1ng reason for us to stop with the grammar proèlem. 

It should be possible to set up productions which would 

generate mean1ngful sentences as a subclass of the class 

of grammatical sentences, mean1ngtul, of course, only with 

respect to the 11reality frame" èuilt 1nto the productions • 
. 

such a task promises some formal difficulties and a great 

deal of clerical work and shall not èe attempted here, tho 

there does not seem to be any esaential difference èetwean 

the two problems other than that one 1s simpler due to the 

fact that the elements of the class wh1ch we use to def1ne 

a word are much fewer 1n the grammatical case. 

The alphabet of canonical English consista of the 

twenty-s1x lattera, the punctuat1on marks, the space, the 

numbers, whatever other odd assorted symbole are 1n current 
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use including intonations and 1nflect1ons l'rhich I shall 

ignore, and V A e. = • Our primitive assertions shall be 

of three k1nds, definitions and primitive strings, the 

latter divided 1nto primitive words and primitive types • 
. . a . 

A· primitive type can be considered to bel\set with base 

20 

elements consisting of primitive words and all other primitive 

types which are subsets, 1ncluding itself; additional elements 

of the set are constructed èy specified grammatical productions. 

There may be no primitive words 1n the type set if the 

grammatical productions only allow phrases as elements. 

If our object is merely to construot phrase frames or 

sentence trames we can dilate all pr1mit~ve words and just 

consider the strings of types generated èy the productions. 

We shall let all our definitions be of the follow1ng 

form: lf:: R, where W is a list of pr1mi tive strings and R 

a list of primitive types. Each memèer of W is an element 

of each member of R, and any primitive type which is a 

suèset ot .&11 the R will alao appear among the w. The 

introduction of the complement of a primitive type 1s 

possible and has a meaning, but it is auch a weak mean1ng 

tha t we shall ignore i t. 

Other forma of definition are possible depending upon 

the use to which the system will be put practically. For 

translation machines an alphabetical listing of all primitive 



strings 1n the form x= R would l:e most convenient, coupled 

with a transitive law and the convention requir1ng that no 

set and its subset appear 1n the definition of a primitive 

word, this 1n order to minimize definition aize and maximize 

availaè ili ty. We ahall not 1ntroduce auch a convention. 

Here R serves as the grammatical definition of each 

memèer of w. If we were deal1ng with semantics, R would 

actually be the semantic definition, tho of course we would 

need many more primitive types. The primitive types of 

semantics would èe the so called ttundef1ned terms" which 

have much the same correspondance as t'parts of speech" do 

to our grammatical types. 

Before discussing the simple algebra needed here as a 

èase for the productions, a comment upon the paper of J. 

Lambek ttThe Mathematics of Sentence Structure" (5) is 1n 
- present wri ter - ·· -

order. At first the _.. •• thought that he had a distinctly 

different system for analyzing grammar. But upon a closer 

but brief re-exam1nation of Lambek 1 s syntactic calculus it 

seems that if the procedures herein given are adequate for 

21 

a complete solution of the grammar proèlem, then the syntactic 

calculus (in conjunction with intersection and union productions) 

is probaèly also adequate for its solution. This depends 

upon whether each grammar production can be effectively 

reduced to a set of what La.mbek calle syntactic types. 



This can be attempted 1n this fash1on: most grammatical 

productions are of the form x" a ; y E: b ~ xy E- c 

where x and y are a tr1ngs and a, b a.nd c are pr1mi ti ve 

types. This can be re-written as a(a'\c) ~ c by left 

division or (o/b)b ~ c by right division. If we then 

add the syntactic type (a\c) or (c/b) 1nto the definitions 
• Il ~ • and productions where b or a appears {whether as a primitive 

type or 1nside an already present syntactic type) then the 

production ought to be of no turther use providing our 

algebra can handle right and left division as 1n the syntactic 

oalculus. By a repeated application of this process it may 

be possible to eliminate all grammar productions. But the 

syntactic types can become very complicated. This is not 

necessarily a drawback. If our definitions become more 

complicated our algebra becomes simpler, a tact whieh may 

be of distinct advantage to a computer. It would l:e 

easier for the parsing unit of a translating machine to mas ter 

the use of the syntactio calculus than it would be for it to 

master the use of many hWldred gra.mmar productions. 

The follow1ng rules are essentially a ver, weak boolean 

algel:ra, minus among other th1ngs a production that would 

give x .-x which has l:een replaoed by rule (al). 



W and Y are sequences of primitive strings, and x and y 

are strings -- necessarily primitive in (al). S and R are 

sequences of primitive types. 

necessarily primitive in (al) 

possièly empty. 

a and è are types 

w and z are strings, 

Sentences containing f\ and V may not at first seem 

meaningful èut they. have a distinct meaning when we are 

considering the problem of parsing l:y machine. Very little 

of a translating machine 1 s large memory could èe 1n fast 

access storage. By looking up the definition of each 

word only once and inaerting the intersection of the 

def1n1ng types 1nto the sentence frame this proèlem is 

èy-passed. 

al W, x , Y =t B , a , R 

xe a 

a2 x' a xE b 

xe. (aA b) 

a3 xe-a. yE;b a4 xE-b yQoa. 

xf:(a.Vb) x~(a.vb) 

a5 w x ~ ~ a w y :r. (è a. 

w (xV y) z Q a 
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a6 wxzQa yec a7 w y zea x e-c 

w (x 1\ y) z E- a w (x "-y ) z e a 

The system as it stands 1n rules (al) thru (a7) 

trivially has a decision procedure. Later we will show 

that the system as a whole, with grammar productions, has 

a decision procedure and so can èe used for pars1ng. 

It 1s amus1ng to mention the Russell paradox here. 

The words are all sets which do not conta1n themselves l:y 

definition. Only the primitive types conta1n themselves. 

We might ask the question, 11 Is word a word or a primitive 

type?" We can of course do no su ch thing un til we can 

construct auch a set. Consider the productions (minus 

formal details that could be supplied.): 

Rl U :word decide-not (y 6 y) 
U, y'iitword 

R2 P = prim-type decide (y & y) 

P, y ê prim-type 

whence it becomes 1mmediately evident that we have 1ntroduced 

a paradox. 

an article.) 

(Note: ~ is a singular noun that takes 
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W, word, Y :aS , nugo , R (al) 

(Rl)u= word word enugo decide-not (word flword) 

U, word=word(al) 
word.E:word .. 

Here we are us1ng our clear eut decision procedure 

decide-not (wordtword) to assert {word t-word). 

to reduction to aèsurdity and then try to assert 

(worde prim-type) we have no èetter luck. 

W, word, Y• P, nugo, R(al) 

If we resort 

(R2 )P• prim-type word~nugo decide {wordéword) 

P, word a prim-type {al) 

worde: prim-type 

We need the tree decide (word i word) to as sert that 

(wordjprim-type) but this we cannot do without also assert1ng 
-· 

decide-not { word s=word) • Thus the paradox. The artificiality 

of auch paradoxes becomes clearly evident 1n this example. 

It is eliminated 1n the usual manner èy lifting to a different 

order the sets ty which we diseuse our sets. In this oase 

we must replace the sign = 1n (Rl) and (R2) by, say, a and 

1ntroduce a new production like (al) replac1ng ;# with i!. . 

and e wi th, say, ..(: • Then (Rl) simply gives us (word~word) 

and we cannot assert (wordfprim-type). This is as our 

reason would demand. 
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In pass1ng, some or the handicaps under wh1ch the 

grammar productions here given have been oèta1ned anould 

te mentioned. I worked f1rst with my toy 1 s èaèy dictionary, 

then graduated to sentences :from novels and the Sc1entif1c 

American which I stripped down to manageable form, then 

graduated to full sized sentences. Work1ng in this way 

is enormously difficult. For instance it took me a whole 

day to collect enough sentences representative of which, 

.!!bQ., whom, that to make an adequate analysis of that form. 

uThe Structure of Engl1sh" by Fries (6) was of an immense 

help, and tho his word classes and groups do not always 

stand up, they provide some very real meat. What 1s 

needed for this type ot research is a library of words 

on IBM cards, sorted alphabetically by docile graduate 

students, each card punched w1th the word and having 

written upon it the sentence 1n which the word appeared. 

There also should be a lièrary for worda with end1ngs, 

listed like a rhym1ng dictionary. With twenty or 

thirty thousand sentences from representative sources 

thus filed away, it would te a simple matter to reach 1n 

the file, select all the sentences conta1n1ng the wanted 

worq, say which or ~ or all, examine them and wri te out 

all the productions 1n which those words appear, compare 

them with exist1ng productions to see whether the word 
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èelongs to any previously existing type and what are its 

various multiordinal grammatical meanings, and to see 

whether there are any flaws 1n the productions. A very 

tight grammar could be èuilt up 1n a very short t1me this 

wa:y èecause the re can' t be more than a few hundred key 

structural words to examine. 

In spite ot the difficulties, the grammar here1n 

outlined is fairly adequate, more so than any other grammar 

the author has sean. 11Noun" phrases, "ver't:" forma, and 
' 

many of the common modifiera are handled, along with soma 

of the more frequent sentence compounders. 

As a small test the author anal~zed twenty five 

sentences averag1ng thirty words per sentence in sequence 

from an article 1n the Scientific American and round only 

eleven renegade structures, three of these of rare predicate 

types deliberately ignored, the other eight be1ng modifier 

phrases (which were not deeply studied -- there are very many) 

auch as "when fresh", 11 said Cannon", "ln short", 11 so far as 
-

posslèleu. Of course, the value of a mechanical grammar 

depends largely upon 1ts 1nabil1ty to construct ungrammatical 

forma and this does not show up 1n pars1ng if the assertions 

over-cover the genu1ne grammatical trames. It would be a 

simple matter to construct a grammar which would parsa with 

lOO% efficiency, if only because it considered all strings 

of words to be assertions. Still the methode used for 
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construct1ng grammar rules 1n this paper clearly indicate 

the power of Post's canonical definition of language. 

A proèlem which has been completely ignored here is 

that of l:racket1ng. In all the productions l:rackets have 

been 1nserted, but this is not terril:ly meaningful as 

l:rackets do not axiat 1n a spoken or written language, 

except in the rud1mentary form of pauses, 1nflections and 

commas. This of course leads to the fact that not all 

sentences have unique sentence frames, nor are sentence 

frames themselves always unique. 

There is probably a grammar of brackets implici t in 

the sentence construction 1n EngliSh, especially spoken 

English, which elim1nates most (but not all) grammatical 

aml:iguities. Certain words seem to carry specifie l:racket 

types with themselves. For instance, at the èeg1nn1ng of 

a modifier, ~ attaches itself to the element immediately 

on the left, ie, we always gat: 

on ((the airplane) in l:<the sky) of (America)]) 

rather than 

on ( Ü the airplane) in (the sky >] of (America)) 

If we wanted to indicate that the airplane belonged to 

America we would say, 11 1n the sky on the airplane or America." 

It should l:e possible to develop a grammar of brackets. 
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An appendix or der1nitions, 1ncluded at the back, may 

need to 1: e gla.nced at l:y the reader from t1me to t1me as 

the frequency of the introduction of new primitive types 

comas pretty fast hereafter, and their names are not 

familiar. We are go1ng to use the constructive approach 

and build up the basic uni ts or our grammar one l:y one 

until we have what we need to assemble sentences. The 

standard grammatical terme l:reak down completely and we 

shall not use them. This shift is turther necèssitated 

l:y the fact that we want "parts of speech" which are 

self' reflexive. 

First we need to consider the l:asic predicate frame of' 

li:nglish: 

a __ 1_ b Predicate 
0 
__ 2_ d __ 3_ e 

where any or all varial:le slots may l:e used depend1ng upon 

whether our predicate is a function of' one, two, or three 

varial:les. The latter are rare. The varial:les are of 

types which we shall call DYQ.n, m, rom, and èekal, and 

V ilp, yalp. The way in which these varial:les fill the 

slots affords a convenient classification of our predioates 

1nto six distinct classes. (These classes do not have null 

intersections) We shall treat only three. Predicate 

modifiera may occur 1n positions a, b, c, d, e. 
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The basic predioate frames are theae: 

(l) The vil frame. Slot l -- nuon or pron 

2 empty 

3 empty 
1 

l died 

• Jesus wept 
, - ' . 

Sa tan laughed 

(2) The .!.!:ml frame. Slot l -- nuon or pron 

2 bekal 

3 empty 

1 ~ 

the roasted oann1bal tasted delio1ogg 
. . • ·:1. . 

the grapes are ~ 
' ~ demooracy seems awtul weak 

(3) The~ trame. Slot l -- nuon or pron 

2 -- nuon or rom 

3 -- em.pty . ,_ 
Stalin cher1shed comrade Trptsky . ~ 
christiane are good honest people . ~ 
she remembered the m1sty lake 

t ,_ 
~ destroyed her casually that after.noon 
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(4) not treated Slot 1 -- nuon or pron 

2 -- nuon or rom 

3 -- nuon 

1 :a. ~ 1 
Khruahchev gave his people eggs and butter while Eisenhower 

'2. 3 
presented East Germany lard and flour 

• a a -
they elected ~ class fool 
- 1 . 'a 3 

James a.;lpo1nted him dean 
1 ~ 3 • 
~ made his w1fe toast 

(5) Slo t 1 -- nuon or pron 

2 -- nuon or rom 

3 -- -.vilpor lava.lp 

' ~ 3 
the man watched the stripper undresg 

-· · . ~ - 3 ~ made the girl m 
• - -;a ~ 

Tarzan made his wife cook monkeys 
' -~ ~ he sa.w the axe head bi te his toe 

(6) 

' ~ she made her face 

' this helpf'ul fact 
1 

3 
tear.t\tl 

-::2. :a 
makes analys1a possible 

Slot 1 -- nuon or pron 

2 -- nuon or ~om 

3 -- 'bekal 

it also made 
~ 3 

the emotions aocesgible to laboratory measurement 

' the se " .3 changeg rendered the organism more effective 



The command sentences occur w1th slot 1 empty w1th the 

usual f1~gs for slot 2 and 3, as in: (l) run, f1ght, goor off; 

(2) ce good; (3) kill it, pass that exam, stop th1ef; (4) 

g1ve the boy his monay, make your house a home; (5) watch 
• the snake die; ( 6) make me happy. They are all type tavAlp 

.. 

or •valpa.nd may be taken into account simply by making all 

elements of .v.lpa.nd avalf>also elements of ..§!n (sentence). 

They 1ntroduce no new predioate classifications. 

Frame ( 2) may be inverted as in 11m1may were the 

l:orogovea" •. 

Frame (l) may be inverted by an operator like 11 there" 

as 1n "there wept Jesus", "there axiat two numbera 11
, "there 

exista a way". 

A fundamental transformation takes place 1n the èaa1o 

pred1cate frame when we operate on predicates from frames 

(3), (4), and (6) with the elements of the sets~ or 

~ (hasvhad~ave èeen). A predioate of three variables 

is reduced to one ot two, a transitive predicate 1s reduced 

to an 1n transi ti va fo rm. These operations are frequently 

used 1n modest soientifio papers to faoilitate the hiding of 

the author. 

__ 1_ pred1ca te 2 3 

·~ 2 

2 

(1s~am~are~asvwere) predioate 3 

(havevhaa~had been) predioate 3 
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1e, he loved her --~~~ she was loved 

the girl rememèers the lake 

she made her face tearful 

he gave his people tutter 

-~>-• the lake has èeen 

rememèered 

---l-~ her face had èeen made 

tearful 

___ ,__. his people were given 

'butter 

Naturally no auch operation can èe executed upon a 

vil predica.te. It is not possible to say ''was diedu. 

"Worked" 1n "ha.s l:een worked" can only èe type var. A. 

knowledge of this transformation is important to any 

translat1ng machine which is never to confuse "operator" 

wi th "opera ted-upon" • 

A transformation which occurs occas1ionally is this one: 

___ 3 __ ~1~ predicate 2 or _.::2...._ __ 1_ predicate, 

su ch as, "Women, I love," "The hou se which none of us like, 
- - " 

I sba.ll destroy," "Peneils, I give you." This form shall 

not be treated here • It introduces no new pred1cate types. 

.Assume that we have a set bekal to draw from. Our 

nuon set will be divided into s1ngular and plural sets, 

nuono and nuons. Pron will be d1v1ded 1nto s1ngular and 

plural also, prono conta1n1ng "he, she, i t" and prons 

con ta1n1ng "I, y ou, we, they." We will also need two 

subsets of prone, iprçns conta1n1ng "you, we, they" and .1 

con ta1n1ng "t' • 
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The suàseta o~ our predicate sets attached to the 

elements of prone, present tense, we will giTe the appendage 

-p; those attached to prono, the appendage -ps; thoae of 

the pas t tense -ed; tho se which appear atter "1stt , the 

appendage -en; and those forma which end 1n 1ng, -ping; 

1e, the subsets of var are: 

v arp 

li~t 

see 

varps 

lifts 

sees 

vared 

lifted 

aaw 

varen 

lifted 

se en 

varping 

lifting 

aeeing 

We will assume that these elements have already bean 

premodified if they are to be modified, that is, "already aaw'' 

1s also an element ot vared, "push iack" is also an element 

of varp. 

Oonsider the productions: 

bl x 4ë vumO( y E: bekal seem Joyful 

b2 

-(x y) é.vilc( sounded very perverse 
~ca~es ov~t" 

o( ._ set of predioate endings 

ca x E varo<. y E nuon v rom 

{x y )E~ilO(. 
remem-.ering his treason 

seen the ligbt 

b3 x6awc yEvilpVvalpVvolpvvelp 

(x y) e auxvil could go' might want 1t 

must see the man, will die 



'b4 ~ E do y E: Ap 

(x Y) E-dAp 

yeAp 

(x y) E: d.Aps 

do go, do sound 

don' t remember 

does see, does 11ke 

b6 xE:d1d yE:Ap did seem, d1d want 

(x 1 )é d.Aed 
rcu\Pes; ove,.. 

A • "t.h.e set vil, var, vum 

b7 x e dvumR 1 E: bekal d1d seem good 
-- (x -y} Edvilp · -

~~eto~er does sound extrema 
/3 a the set of end1ngs p, ps, ed 

è8 x6dvar,8 y E: nuon V rom 

{x y) Edvi~ 

b9 ;6'be y e 'b ekal" nuon v rom '1 ~ 

did remember the man 

don' t know 1 ta name 

(x y) e valp èe good, èe human 

blO xe èe y e varen '1 vilping 
(x y )fvelp be sassed, be working 

be dr1nk1ng the wa ter 
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bll x é be Y'i- varping be remembering 

(x y) e beping be seeing 

bl2 xE. be1ng y~ bekal V varen v nuon V rom 

bl3 x f: am 

(x y) 6 vàlp1ng 
be1ng naughty 

being taken 

being self sutf1o1ent 

y 6 bekal V nuon V rom V varen Vv1lp1ng Vvalping 

(x y) E am11 
am him, am gone 

am asking the major 

am meing a Joker 

b14 x E-was y E- bekal. V nuon V rom V varen V v1lp1ng v valping 

(x y )6 wasil 

bl5 xE 1s y f: nuon V rom V bekal v varen v v1lp1ng v valping 

(x y)E 1s11 

bl6 xE werev are YE- nuonvrom~eka1Yvarentv1lp1ngVvalp1ng 

(x y) e war11 

b 17 x E tave "t y E vil en have worked 

(x Y ) E:. v ill had s truck o 11 
r•h~s over' 

't • set o t end1ngs pa, ed 
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b 18 x 6 tavep y e vilen 
(x y)~ volp 

* 1;19 x e tave& y e been 

(x y) é thab,4 

have sean the man 

(we 1ntroduoe volp 
rather than vilp 
beoause we do not 
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wan t "d1d have sean ••• " 

have been, had Just been 

1:20 x ~ thab2( y e bekal V nuon V rom v varen V v1lp1ng 

(x y) e vil~ 
had been good 

has been out 

has been cutting wood 

1:21 xe thabp y E l:!ekal\lnuon V rom V varen \lvilping 

(x y) E:volp 
have l:een shot 

cl x 6 prons v nuons y ~ vilp v auxv11 v dvilp vvolpv v~ V ~ 
(x y)e sen 

v rA v~ 
c2 x e prono v nuono y e vilps v auxvil v dvilps vwas11 v 1s11 v v~ 

(x y) 6 sen 

c3 xE, 1 y E: am11 V was11 
(x y) E: sen 

o4 x 6 1prons V nuons 

(x y) esen 

y&war11 

* see no te in appendix un der " thab 11 
• 



Except for frames (4), (5), (6) which have èeen 

neglected and some of the inversions which pop up, the 

b and c productions cover the predicate structure of 

the basic statement sentence of English pretty wall, 

tho it might be mentioned that 1n many people's speech 

(1nclud1ng the au thor• s own) 11 got11 and "been11 have 

structures not covered here. Fries includes "have to, 

has to, had to" as a special auxiliary form 1n i tsel.f', 
~ 

but this is not necessary. The infinitive (type invil) 

serves often as a substantive and fille slot 2 just like 

any other nuon element. The var predicate ~ merely 

has a special affinity for invil elements. 

There are certain predicate-like structures involved 

1n many sentences auch as: "The continent d1scoyered b! 

Columbus was bleak and menacing. The soldier remembered 

getting his sbots. She wan ted to bake a. cake." The se 

we will ignore tempora.rily while we construct our nuon and 

bekal elements. 

A fair number of "substantive" types are needed for an 

adequate grammar -- he, she, it, they subst1tutes; who and 

which correlation fo:nns; classes of substantives with "hard" 
~ 

bases and with predicate bases; and classes with the other 

special modification structures which crop up. Here we shall 

be content with three: !lYSQ. a singular substantive which 
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takes an article, ~ a singular substantive which does 

not take an artiole, n!:ltl a plural substantive which may 

or may not take an article. 

representative liste. 

See the appendix for 

Very commonly 1n lmglish these types modify each other 

from the right. 

dl xE nugo V tugo 

(x y) 6: B 
t"QI\Ieoç over 

B a set nugo, fugo, nuts 

Excluded by the above 

production are phrases like 

men friands, formulae maker. 

Only irregular plurale can 

be used 1n the modifying 

position. 

ignore. 

These. we will 

school student 

target date 

air ocean 

space frontier 

east coast 

eye glasses 

~ officers 

Ohalumna R1 ver 

food partiales 

rock fishes 

tree tops 

Let ua 1ntroduce a type ajekal (which will be a subset 

of bekal) which conta1ns all more or lesa non substantive 
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pre-modifiera of substantives. This ia by no meana a 

clear eut class. In ''the tree tops" 11 tree" is not an 
~ ~ ' 

ajekal (becauae it will not be generally aubatitutaèle 1n 

ajeka.l productions) while 1n "tïhe red coat" "red" can either 

be type nugo, tugo or ajekal. In"the intuitive man" 

"intuitive" can only èe type ajekal. 
' 

Consider three aubaeta of ajekal; ~' Jeker, lekest. 

We introduce them èecause they have distinct properties. 

Jek oan be modified by "more" and "most", Jeker and Jekest 

cannot, Jeker is involv;d ~-produ~tion; with the word "tban" 
- -(not discussed), jekest elements can be used as nugo elements, 

etc. 

Also we want to include some elements of varen, vilping, 

and varp1ng 1n the ajekal class, but we cannot do this as 

they stand since we have included all modified forma 1n 

these sets. Let !::!Ym 1 avar, a vil be sets of completely 

unmodified predicates, subsets respectively of vum, var, vil. 

Then avaren, avilping, and avarp1ng are subsets of Jek. 

d2 xE nugo V tugo y E avaren V avarpling 
(x y) ~ aJeka.l 

à (man made) moon 

a (nigger ha ting) Klan er 
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their (land 1nvad1ng) off'spr1ng 
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the (spore prod1llc1ng) mushroom 

a.n (instrument carrying) 
platform 

a (Russian designed) spaceahip 

(potato growing) areas 

a (communist 1nsp1red) 
counter revolution 

There are many odd ball ajekal elements for which 

productions shall not be deaigned here. We have mod1!1ed-

substantives which become ajekal members as: ttgood si~e" 
~ ~ 

becomes "good sized", "black hat" becomes ttblack hatted", 
~ - ' -11 long w1nd11 becomes "long windedu. We have jek elements 

mod1f1ed on the :!e.lt by nugo or tugo elements which 

èecome ajekal elements as: 'world wideu, "house h1gh11
, 

- ~ -
"age old11

• We have nugo or fugo elements mod1f1ed on the 

1·~_ft by jek elements wh1ch become jek elements as: 

"odd ball (elements)", nwarm elima te (varieties)u. · There 

a.re others. 

Some of the more common productions 1nvolved 1n the 

creation of ajekal elements follow, but these should not 

be taken too seriously as the author had a nowheres near 

large enough sample of nuon elements to !orm an adequate 

classification of the types or productions involved 1n 

ajekal construction. 



d3 x E-Jekly y e jek 

(x y) e jek 

d4 xE-lesa V more y 6 jek 
-(x y ) E-J eker 

d5 x etoo y E- jek 

(x -y) eseker .. 

d6 xE least Vmost y 6jek 

(x y) Eo Jekest 

An (equally atriking) 
f'ind1ng 

À (lesa enjoyable) day 

A. (more abandoned) woman 

À (too soft) mate rial 

The (most characteristic) 
f'eature 

d7 x& modek y Er jek v jeker V aeker V Jekest 
(x y) Eo ajekal 

d8 x E: mucal y E;- C 
(x y) E:oC 

Thi a (very remarkab le) chain 

A (fairly good) house 

A (real gone) guy 

A (f'ar èetter) man 

A (much too noisy) gigolo 

C is type jeker or seker 

d9 xE moda y e, aj ekal 

(x y) e ajekal A (rather nasty) joke 

A (somehow essentially 
depraved) person 
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We are now 1n a position to ·le-.t. t-modify our substantives. 

dlO :x: E ajekal y E nugo 

(x y)~ na.go 

dll xE ajekal y E- fugo 

(x y) E tago 

dl2 x f: ajekal y E- nuf's 
(x y )E naf's 

Notice that in rules (dlO) to (dl2) we have introduced 

types !!!82,, l!.sQ., and DW• specif'1cally so tha.t the 

products ot the se rules cannot be used as input for rule (dl). 

'rhus we avold expressions 11ke 11 eye dirty glas ses'' wi th 

ttdirty" modif'ying "glasses". 
- ~ 

The article productions àelow are over simplif'ied. 

For instance "the other" serves as an article and we malte 

no allowance t'or this. It should be mentioned that article 

construction in English is more complicated than 1s commonly 

thought. It 1s also sometimes even ambiguous -- does "most 

tamous men11 mean 11 (most f'amous) men" or ••most (tamous men)"? 
- - ~ -

In the latter phrase "most" serves as an article. Also we 

have treated possessive phrases as articles since they 

f'unction this way. 
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el xE. ajekal Yé D 
(x y) e D · 

Dis the set nug 1 s, fug 1 s, nuts' 

e2 xe poe Y gnug 1 
B V fug 1 

B Vnufs t 

my men's, our hat's 

e3 x Eeths y enuts' those men's 

(x y) E ethe A eth 

e4 X€:- eth Y Enug 1 S this man 1 s 
(x y) E ethe Aetn · 

e5 x Etus' s 
(x y) E" ethe 1\ eth 

e6 x e. alb y ' re the all the, both those 

(x y) e ethe. 

e7 x E.eth y~ nago another man 

(x y )e. tago the house 

e8 x~ ethe y enats most men 
(x y) etage many enohan ting places 

Note that nafs is also a suèset of fage since no plural 

need take an article. 
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V1lp1ng and valp1ng we 1nclude as subsets of fago s1noe 

they are trequen tly used this way • 

Fag elements are mod1tied on the r1ght by a var1ety 

of structures, the main right modifier being ot the type 

"1n the moon", "ot the manor" which we call type na!• To 
~ ' 

construct these we need a new set ~ which vaguely 

1ncludes those words whioh are generally called prepositions. 

tl x E frep y E- nuon v roh"\ 
· · (x y ) E- nal · 

beneath the hatchet 

ot these experimente 

over the whole envelope 

on coated tabrics 

for bous1ng radar stations 

1n the U .s. 
under (the direction ot Byrd) 

above the atmospherio pressure 

with seven heads 

While we are at 1t we may as wall construct a similar 

set ot predicats modifiera, val, by us1ng the set .n:!J2• 

Vrep is not identical with trep; ne1ther, unfortunately, 

1s their intersection null. 

f2 x E-vrep y E-nuon vrotn toward the mountain 
(x y )6- val 

to a true ar1thmetical formula 
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by liquidating their ottioers 

as (an invitation to despair) 

on (!1nd1ng the beat materials) 

to Thompson 

!rom Pierce 

in a competitive postwar world 

for a few months. 

along the highway 

thru space 

about its day's business 

with an electronie machine 

There are other words and phrases which seem to l:elong 
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to type val. 11Seaward", ":rorward", tt this Monday", 11 today 11 , u~owt, .. • 
~tl\ 

~ ~ ~ 

tt th en" , " tha t way tt • Being already overburdened we Shall 

not try to set up other productions to generate val phrases 

auch as 't.his Monday", "that wayu. 
~ 

Another defect Should be mentioned which is obscured 

by the tact that val and nal have a large intersection. 

Altho the val phrases are essentially predicate modifiera 

they do modif) aome fag elements, namely those fag elements 

whoae base 1s essentially a predicate form. For instance 

we can mod1ty the v1lp element "trans fer the material" wi th 

the val element 11 t0 any foreign country". 
1 

.lnd tho i t is 
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not grammatical* !to state " ((the man) to any foreign country)" 
1 ~ 

we can make the grammatical cons tru ct " (the transter (of the 

materia.l) (to any foreign country))". Consider a.lso 11his 
-

return to Washington". This defect can be erased èy the 

introduction of a subset of our substantives composed of the 

predioate based substantives auch as "transfer" "return", 
. 

or s1mply èy the marger of type nal and val. The latter 

is not a desirable solution s1nce it 1ntroduoes a large 

number of assertions 1nto our system which are patently 

non-grammatical. We will ignore the defect. 

f3 x E fag{ y e nal 

(x y) E- fag6 
. t'"<l " 1es;;- o ver 

J • set of endings o, S• 

Let fag~ be a sul:set of nuon{. Then, given a set 

ot right nuon modifiera, we will have constructed about as 

complex a nuon element as any writer ever da.red use. The se 

are the -p1ng, -en, infinitive, wh1ch, and when type modifiera. 

el to love 
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x € vilp V valp V volp Vvelp 

( to x) 6 1nvil to have been driven ._ 

* that is, not grammatical outaide of the Vermont hills 

where it la acceptable to say, "The storekeeper to East 

Black ford la a good friand to them." 



e2 xE nuon 6 y E: 1nvil V varen V vilping v valping 

(x -y )E nuon6 

the man of the manor to see 

regions ot the corona giving 
torth powerful emissions 

the decision to leave a lost 
girl walking the street 

the decision procedure for 
the predicate calculus 
disoovered èy Gent~en 

e3 x~ nuons .J (: who oh 
z. {:vi led '1 dviled v vilp" dvilp V volpV auxvil V waril 

(x y z ) E- nuons 

e4 x<irnuono y~ whooh 
~ ~ viled v dviled v vilps v dvilps"' auxv11 v wasil "1 isil 

(x y ~>e nuono 

a tandard 1 tems which can be 
mass-produced by batteries 
of machines 

unite of his writ1ng which 
are the objecta of the 
teacher's consideration 

non-human creatures who 
were really allen 

the men who enjoyed these 
gargantuan decorations 
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We have ... similar productions 1nvolv1ng the set 

whomch (which contains an empty element), however, to 

construct this modifier we need the elements of a set 

named nuvar. Nuvar elements require for their generation 

more than f'ifteen productions which shall not be listed 

here. The construction of these productions is routine 

and shall te lef't as an exercise for the reader. They 

are essentially sen frames with an ogject-like element 

knocked off at the end. 

e5 

e6 

x 6nuon( y 6 whomch z ~ nuvar 

The woman I loved 

the 1: wh1ch we pronounce 
tut do not write (in colonel) 

a pip1ng noise which the 
queen bee can make èy forcing 
air thru her abdominal spiracles 

w E nuon6' xE whomch y E-sen z E vrep 

( w x y z) E nuonf 

e7 wE- nuoni x E-vrep yf: owhomch z E-sen 

( w x y z ) E nuo ni 

let owhomch be whomch minus the empty element 
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computera for which it does 
not yet have a suitable list 
of componen ta 

one of the most important 
agencies èy which the bees 
communicate 

a suèatance which 1nitially 
would not be either attractive 
or repellen t to salmon to 
which they would be conditioned 

(its pages provide) a hundred 
hours of the most exasperating 
reading which a man could ask 
for 

the auèject of partial 
differentia~ion which we 
devote this chapter to 

There are other modifiera of this kind auch as 

when varen which we see 1n phrases like 11 this relation 

when analy~ed''. A special class of nuon is modified by 

when sen and where sen as 1n "tha t time when we kil led the 
- - . -
bottle" or "the university where lunkhead got his degree". 

~ 

For these, productions could easily be generated. 

uWhatu is an 1nterest1ng word. Such phrases as 
-

what nuyar or what auxvil or what vilps serve as nuon 

elements. Consider: "You know what wçuld haye happened 
-

to them." "We are safe on that acore for what it is worth " 
-

(it is worth what) "Wha t people looked for mo at was 

extravagance and huge dimension.'' (people looked for most what) 

"We can validly deduoe no set of statements of what actually 

exista f'rom any proposition about what ousht to be done or 

what ought to axiat. tt 
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That sen also serves 1n t.he same way as a nuon element, 

and frequently appears as auch 1n sc1ent1f1c papers. "We 

proved tha.t our matr1x 1s bounded 1n the tundamental domain F1' 

"That the triple tangents of the curve of intersection of (36) 

and S at 0 co1nc1de w1th (37) can easily be demonstrated." 
-

Words like "whose" have the1r own peculiar properties. 
. . 

"Whose" attaches itself to a sentence l:y gobèling up the 

tiret article, if one exista, and 1n this form acte as a 

nuon modifier. 11 There 1s no question of importance whoae 
' 

decision 1s not compr1sed 1n the science of man." "It 

loses the collar and becomes a carrier whose funct1on 1s 

to trans fer the sperma to:loon to an egg. tt 

can be made to handle these. 

Pro duc t1ons 

Except for one o ther type of nuon modifier, which we 

will mention when we construct our bekal elements, this 

completes our study of the nuon class. It 1s very nearly 

an exhaustive treatment, but not entirely as the following 

illustrations Show. "Thoae near the poles c1rcle 1n a 

shorter time than those traveling around the equator, and 

one band may drift as much as 200 knots raster than the next." 

"I remember the story of how he came to the college." 
~ 

"The waters are made of clay, talc, and bar1um carbonate 

called steatite... (call is a pred1cate of frame (4)) 

"Sawdust laced w1 th oatmeal makes a much better soil for 

mushroom farm1ng than the usual mixture of compost and straw." 
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11 At 28 Lavoisier married Marie inne Pierrette Paulze, the 
. 
14 year old daughter of a lead1ng member of the Ferme." 

Modification of pron and rom elements is a subject 

which has been ignored due to lack of data. Engliah sentence 

structure seems to discourage their modification 1n the 

usual nuon sense, provid1ng alternate outlets. We never 

see, 11Beautiful I went to town," but rather something like, 

"I was beautiful as I went to town." Such modification 
~ 

does ocour, tho, as in, 11You don' t love poor little ole me 

a.nymore. 11 

-We shall now turn to a discussion of bekal elements. 

We have constructed most of these already 1n our ajekal 

set but not all of them. Once the modifier which lies 

between the article and the substantive has reached a 

certain aize it tends to be ahoved out toward the right. 

We ne ver say , "The bride innocent walked to the al tar, 11 

but we do say, 11The bride innocent 1n white gown and 

virginal smile walked to the altar." Theretore let us 

construct a subset of bekal which we shall call yekal. 

hl xE ajekalV vekal y e-valvit'lvi l 

(x y >ê vekal 

h2 x e nuon ~ y E: vekal 
(x y )E: nuon 6 
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the dependent passive patient 
eager to rely on authority 
figures 

1000 B-17s high in the sky 
over Germany 

an active agent dis t1ngui shaè le 
from adrenalin 

the parts essential tor intense 
physical effort 

a grow1ng technical culture 
hard pressed for pred1cates 

The intersection of ajekal and vekal elements 1s our 

bekal set, the study of which we now consider complete. 

We do not pretend that we have constructed all posaitle 

bekal elements, however. 

that sœall. tt 

Con eider, "I t really can 1 t be 

Predicate modification is an obacene aubject wh1ch 

must be approached with fear and trepidation. Let' s a tart 

w1th some of the more exotic forma. "Jake could lip read 
~ 

at forty feet." ''He hand tooled the few parts (which) he 
-

couldn 1 t tuy • 11 "General Mo tors maas produced ano ther 
- - "' 

batch of monster barges 1n 1959.'1 These forma seem to 

have èeen impreased 1n to use by a grow1ng technical cul ture 

hard preased for predicates. Predicates left-modified 

èy nugo elements, auch as maas or hand or left, is a form 

with no flexièility 1n English and as auch 1s essentially 

1d1omat1c. As idiome they require separate productions. 
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There are a fair number of vil and var elements 

which behave auperficially like vum and frame (6) elements 

reapec ti vely. By auperficially we mean that only a very 

limited claaa of bekal elements can appear 1n the alot 2 

or 3 position. A fair number of auch examplea are given 

by Friea (6) page 135. If we wiah only to paraeJ no 

trouble arises by treating them as membera of vum and 

frame (6), but conatructively this 1a a poor solution. 

Here ia one of the many areaa where there ia no clear eut 

division between grammar and aemantics. It 1a perhaps here 

that the reader ahould note that any exception, no matter 

how wild, can always be handled by some special production. 

Conaider the examples: ttThe shutter always bangs shut.n 

nA student of mine by the name of Darling blu8hed red when 

I called her name." uThe baby broke loose from his playpen.u 
. ~ -· 
"Your wash oomes clean olean clean with new blue Crud." 
... 
"The burglers foroed their door open." "I have just the 

~ .• 
talent to make good as a èum.n nTh1s theorem don 1 t 1:.1ns 

~ nohow.•t "She turned l:lack and blue af'ter I showed 
- ~ 

her wha t 1 a what." Etc. 

An important set of post predicate modifiera, we 1ll 

call it s!Y2, resembles the vrep set but is by no means 

identical with it. It ia this set whioh keeps English 
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teachers wh1mper1ng èecauae 1ts memèers keep tur.ning up at 

the end of sentences where prepositions are not supposed to 

tur.n up. The structural difference between the glup and 

vrep sets is well illustrated èy the sentences, 11She tur.ned 

in the co vers," and "They buil t up the slope." 
' -

and 11buil t•• a vil elemen ta modified by the val elemen ta 
.~ ~ 

"1n the oovers", "up the slope", or are they avar elements 
' 

mod1fied èy 11 in11 and "up" with "the covers'' and "the sltpe" 
.... ~ - .... ... .flllro 

in slot 1? That is, do we have a woman making a èed or sleeping 

1n it, do we have a group of people building a house on a 

slope or building a slope? 

Such ambiguities tend to be el1m1nated in English by 

var1ous availaèle methode. If the semant1c content is not 

clear we get, 11She turned the covers in," (a valid and common 
~ 

solution to a difficult problem in sp1te of what conventional 
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grammar1ans say) or 11She turned over 1n the covera." Differences 

1n the glup and vrep sets also el1m1nateï'; aome of the possible 

ambigui tiea. "Out" and 11 in" seem to be similar words but 

"out11 is not a member of vrep. When we say, 11 They rolled 
- -
out the barrel," there is no amèiguity. If we want to 

1ndicate what happened at the end of the party we say, 

"They rolled out of the barrel," "out of" serv1ng the same 

funct1on 1n vrep as "out" serves 1n glup. 



A glup never modifies an avum, it modifies an avil 

directly on the rignt, and may modify an avar directly on 

the right or directly after the nuon or rom has been added 

if the latter element is not too long. Left modification 

of avil ty glup in conjunction wi th an inversion somet1mes 

occurs in kiddies 1 books, as in, 11Up jumped Peter Rabtit," 

but accord1ng to Fries this inversion does not occur 1n 

modern spoken English. Glup elements somet1mes are used 

as prefixes as in, "overatay, overeat, upend, upchuck." 

il x (: avaro( y e glup atamp out, throw1ng up 
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(x y ) e l:varo( take down, work up c~ou~~:e) 

i2 xE avar-' y E nuon v rom z ~glup 

(x y.t)Ebvilo(, 

i3 x E av1lo( y E:- glup 

(x y) e bvilo(. 

pick the man up 

knock the man down 

living the story down 

get up, gets down, got out 

dying down, tell over 

The elements of tobe are alao modifiable by glup as 1n, 

uthe sun 1s up, 11 but our notation for tobe, whioh isn't the 

beat, makes this difficult. We ahall ignore 1t. 



The predicate modifier sets moda and jekly which we 

have seen tefore 1n conjunction with the construction of 

ajekal elements have versatile modification propert1ea. 

14 x Ea jekly vmoda y e E 
(xy)E-E 

E ranges over the set bva.z1" dviP,- auxv11, 
bv1~, valp, velp, volp, valping, amil, 
was11, 1s11, war11, 1nv11 

clearly could go 

somehow did not want it 

1mmed1ately went 

kindly get out of my houae 

always s1ng the same song 

shortly following 1ts t1rth 

15 x E. F YE not 
(x y )E. F 

F ranges over am, 1s, was, were, are, do 
does, d1d, aux,,have, has, had 1 

1"~v~ 

1s not', .m~t. not., dôea .. ZU,t 

was not, might not, will not 

16 x'- G y € jekly v moda V v~l 
(x y)E G 

Granges over am, 1slwas, were, are, do 
doe a, d1d, aux , ,have, ha a, had ,1 be , be en 

-r~ve. 
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Sets like val, vilping, varen, 1nfel seldom premodity 

predicates, and the only modifier which appears with any 

regularity between the var element and slot 2 is the glup 

group. Such sentences are understandable but usually 

don' t ring true, 1e, 11The man to the station wen t to ge t 

his wife, 11 and 11She remembered that eyening the man. 11 

. . . .. 
But the author has met: "Electrons have seen 1nside 

1t. 11 "It was believed that the young of a species 

possessed an 1nbor.n capacity for following 2nbi their 

own parents. 11 11Thi s machine has, as i te in sula tor, a 

tiny slab compo sed of high puri ty ti tana tes." 11 The 

mushroom~ is, in essence, a spore bearing and spore 

distributing structure.n 11 
• • • • whioh in turn migh t break 

- ' 

up spontaneously by the fission process." 

i7 

Some more common modification productions are: 

xt:H yE val V invilV modaV jekly 

H ranges over the set varen, vil«, 
volp, valp, varping, amil, wasil, 
isil, waril 

i8 x f: joan ye sen 

(x y) E val 

wherever they went 

(no matter where) they did it 
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i9 

whenever I came aèoard 

when the veg•tation is most 
active 

because she waited 

after my t1me was up 

before atoms can be studied 

xE vilping v varen v intel v val v mo da v jekly y -sen 

(~)()V( x y) E sen 

This completes our èy no means adequate analpsis of 

predicate modification. 

We have negleoted to mention the type joiners auch as 

nand11 and 11or11
, and 11 either-or11

, "neither-nor", "not-but", 

etc. The productions involved are trivial providing we are 

careful to take into account auch small points as the fact 

that "and11 jo1n1ng two singular substantives gives a plural 

substantive. 

A. whole suèject completely ignored 1nvolves productions 

which tranaform one sentence trame 1nto an equivalent frame, 

or 1ntegrates two sentence frames into one. A. simple 

example follows: 
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j 1 w x y and x z v~ a 

w x y and z v E: a 

j 2 w x y and z y v~ a 
w x and zy v 6 a 

I wondered and I waited ---­
I wondered and waited 

his clue coat and her wool coat 
---- his blue and her wool coat 

Ignoring auch productions as given èy (jl) and (j2) it 

can easily te demonstrated that our system has a decision 

procedure. Note first that avery production given 1nvolv1ng 

1\ or V can be rewritten as a finite numter of productions 

not 1nvolv1ng 1\ or V • Define the rank of the assertion 

x f:a as the numter of occurances of the space. For each 

given production, the rank of a datum is lesa than the rank 

ot the product, therefore 1n a finite numter of ways any 

assertion can be reduced to a set of assertions of rank 

zero. Eaoh of these assertions is either possible or 

impossible èy the application of (al) 1n a f1n1te mannar. 

Hence a decision procedure. 

To illustrate the method, let us parsa a few standard 

Engl18h sentences. 
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E>C 1 

th1 a E eth chap ter E nago 
(e7)------------------------

the f: eth purpo se E- nago 

· th1 a chap ter E tago 

of E- frep thi a chap ter E nu on 

0 f th:i a chap ter E- nal the purpo se E fago 

isE: is the purpose of this chaptere-nuon 

B [ Is the purpoae of this chapter E: iail ] 

types fnufs 

various E- aj ekal } 

the se~ ethe varioua types E- nafs 

utterances fonuon 

of Efrep l 
&hase various types 6fags of lit terance s e. nal; .~ 

these various types of utterances 'iofags 

signalE- avarp the se various types of utterances enuon 

D [signal the se various types of u tterances E vilp J 

the e ethe 

contrastive.: ajekal 
D [ vilp E- vilp J 

differences e·nufs 

contras ti ve differences ena fa 

the contrastive differences E fage that Ewhoch 

0 [the contrastive differences that vilp E-nuon J 

the~ ethe patterns (rnafs 
the patterns E-fags 

0 [nuon fr nu on J 
of E-frep 1 
of nu onE-nal 

the patterns of nuon etage 

de scribe E avarp the patterns of nuonf: nuon 

Describe the patterns ot nuon' vilp 

to describe the patterns of nuon E 1nvil 

A [ to describe the patterns of nuon E nuono] 
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A ( to describe the patterns o~ nuon W.nuono) 

B [ is the purpose of this chapter~ isil J 
to describe the patterns of the contrastive differences that 
signal these various types of utterances is the purpose of 
this chapter E: sen 

Let us oonsider the construction of a few more sentences 

in a lees forma! manner. 

Ex2 After the virus had been split 1nto its two components, 

these components oould recomèine under su1table 

conditions to form particles which looked like the origihal 

virus and displayed its properties. 

after the virus had be en split 1n to i ta two componen ta f:'val 

after E-jo en 

the virus E nuono 

had been split 1n to i ta two componen ta E: vi led 

had b een {: thab ed 

split 1n to 1 ts two componen ts e varen 

splitE varen 

1n to 1 ta two componen ta f: val 

1nto ~ vrep 

its two componentse-nuon (here our inadequate treatment 

ot articles comes out: 'its two" ought to be type eths, instead 
~ 

we ge t 1 ta e- po s f= eths , two E aj eka l , componen ta E nuts) 
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theae components could recombine under suitaèle conditions 

to form partiales which looked like the original virus and 

displayed i ts properties 6 sen 

partiales which looked 11ke the original virus and displayed 

i ta properties ~ nuon 

partie les E nuf's 

which E- who ch 

looked like the original virus~ viled 

looked E viled 

like the original virus E- val 

likeE vrep (like is a peculiar word like y and needs study) 

the original virus E nuon 

displayed i ts properties E- viled 

displayed E avared 

i ta properties ~ nuon 

its6 eths 

properties e nufs 

(no te: vi led and vi led E: viled) 

the se componen ta E- nuons 

theseE- eths components f: nafs 

could recombine under sui table conditions to form nuon of auxvil 

could~ aux 

recombine under sui table conditions to form nuon Evilp 

to f'orm nuon E invil form nuon ~ vilp form e-avarp 

recombine under suitable oonditions€valp recomb1neE-v1lp 

under sui ta.èle oondi tions €;-val 
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Ex 3 We have a universal pudding composed of certain 

lmown ingre di an ts mixed 1n certain proportions 

veE prone 

certain known ingrediants mixed 1n certain proportions E nuon 

certain lmown 1ngredian ts E nuon 

certain -- this word is multi-ordinal; I believe in this 

context i t should be 1n the article class. As an ajekal it 

means "sure". Its s1ngular equivalent would be "a certain", 
.... ..... . .. 

just as 11 another" is the s1ngular equivalent of "otheru. 
~ ~ 

known'- avaren ~ ajekal 1ngrediants E nufs 

mixed 1n certain proportions f: varen 

mixed 6 varen 
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1n certain proportions E; val 1n E: vrep certain proportions~nuon 

have a uni versal pudding compo sed of nuon E- vilp 

haveE avarp 

a uni versal pudding compo sed o t nuon E- nuon 

a uni versal pudding E: nuon 

pudding~ nug 

composed ot nuonE varen 

a E:-eth universalE: ajekal 

compo sed e varen o t nuon E; val 



Ex 4 Little study has been given to identifying the 

characteristics 

little a tudy E. nuono li tt lee ajekal studyt': tugo 

has been given to identif'ying the characteristics evilps 

has be en E thaltps 

given to identif'ying the characteristicse varen 

given E-varen to identitying the characteristics €:val 

to ~ vrep iden ti t'y ing the char ac te ris tics E vilping E-nuono 

iden ti t'y ing '. avarping the characteristicsE-nuon 

E5 He has had considerable experience designing printed 

circuits. 

Here the grammatical structure is ambiguous and without 

recourse to semantics there is no help for us. If we add a 

structural detail, an article, one or the other meantng is 

selec ted tor us, ie, "He has had mmt experience designing 

printed circuits," or "He has had experience designing maœ 

printed oirouits." âs isJ 11des1gn1ng" can modify either 
- - -"experience" or 11 circuits11 and our moronioal procedure cannot 

- -
tell us which. Assume the intended meaning. 

designing printed circuits evilping de signing E- avarping 

printedE avarenE: ajekal circui tee nufs 

considerable experience vilping E- nuon 
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has had nuon Ci: vilps heEoprono hasE- taveps ha.d nuon,vilen 

had€ avaren considerable experience E-nuon 



With this brief demonstration of our method we close 

our discussion of Engliah as a canonical language. The 

methode uaed are open to great 1mprovemen t but 1 t is 

encourag1ng to note that they can be so 1mproved, that 

we have not reached an impasse. A ref1n1ng ot types 

and a complex cataloging operation, but no barrier to 

the solution of the many outstanding grammar problema, 

is 1n sight. We Should be able to achieve a conatrqctively 

rigorous set of gra.mmar productions which will carry ua 

to, or past, the boundry line between grammar and semantics. 

66 



VIL 

WM 

VAR 

APPENDIX OF PRIMITIVE TYPES 

SUBSETS :AND SWLE ELEMENTS 

vilp vilps vi led vil en vilping 

work works worked worked work1ng 
die dies died died dy1ng 
go goes went gone. going 

( seemed pretty) (remembers the man) (had to go) 
( work in the mine wi th tools) 

the ~ prefix means the completely unmodified form 
the R prefix means the glup modified form 
the g prefix is the do, do es, did mo di fied rorm 
the~ prefix is the must work, might die, will go 

form -- see production b3 

avilping is a subset of jek and ajekal and bekal 
(a going concern, a work1ng man) 

vump vumps vumed vumen vwd1ng 

be come be come a bec ame 'te come becom1ng 
rem ain remailla remained rema1ned rema1ning 
reel reels relt relt feeling 

the ~ prefix is as ab ove 

v arp varps va red varen varping 

have has had had ha vins 
give glves gave givet\ giv1ng 
love loves loved loved lov1ng 
eut cuts eut eut cutting 

the â prefix means the completely unmodified form 
the R pref'ix is the glup modiried form 

avaren andavarping are sul:sets of jek, ajekal, be1tal 
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TOOO 

TOBE 

VALPING 

aM IL 
WABIL 
ISIL 
WMUL 

TAVE 

THAB 

might, must, oan1 oould, will, would, ahall, 
should, may, won t, shan 1 t, oannot. 

do, does, did, don 1 t, didn 1 t, doesn•t. 
(the auxiliary -- ~ot the do whioh appears under 
the var listings.) -

1s, am, was, are, were, ain 1 t, been, be 
(with -en or -ping a predicate structure, otherwise 
behaves like a vil, var, or vum.) 

be, be brutal, be a man, be the sugar in my coftee. 
(the pre-infinitive form ot toèe in its vil, var, 
vum usage.) 

be remembered, be swim1ng, be eut, èe cutting a rug. 
(the pre-infinitive fo:nn of t.obe in its auxiliary 
or predioate usage.) 

being remembered, being eut in the race, being good, 
being a man. (the -ping form of tobe in ei ther 
its vil, var, vum or its predicate usage.) 

any predioate-tail following, respectively, am, 
was, is, were or are. (see productions Bl3 to Bl6) 

the auxiliary have, has, bad. (forma a ~red1oate 
structure exclusively with vilen elements) 

"bas taken a watch from me: is the k1nd of structure 
it assumes before taking its place among the vil. 

the auxilia.ry have èeen, has been, had been. 
($his set is unnecessary and should be eliminated 
which can be done easily by making all be en forma, 
ie, been working on the railroad, been good, 
been taken, been stabbed 1n the back, elements of 
vilen.) 
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VOLP 

IN VIL 

NUGO 

FUGO 

NUFS 

have been go1ng, have seen the man, have failed. 
(the pre-infinitive form of the tave and thab 
auxiliariea. alway a begins wi th W,! unless 
premodified. separa ted from ~ in order to 
prevent the formation of assertions like, "We 
did have èeen rooking the boat.") 

the infinitive; vilp, valp, volp, velp premodified 
èy 11 to 11 as in, to have been drunk, to slowly ~ 
turn the look, to see certain smilea. 

invil is a subset ot nuono and is :rrequently used 
as a singular substantive, muoh more so than is 
oommonly though t. 

(the main use of this set is wi th whioh and whom 
or nothing at all,as a nuon moditier. the objeot 
or an objeot like element is missing, whioh is 
to be 11 filled inu èy the modified nuon.) 

~ -
I loved i.._ that moming when the rain came 
he wanted Charlie to see ____ 
Pappy did not wan t to leave ...;.__ where i t was 

(a singular bare substantive which takes an article, 
is subset of- nago, -) 

man, airplane, decision, reason, Canadian, latoh 
cat, bouse, formula, officer, use, step, connective, 
attempt, way, result, center, case, outside, diet, 
work, si~e, ability, structure, angle, transfer 

(a singular tare substantive wh1ch does not take 
an article, is a subset of 1111 tago, lia, nuono, 
nuon.) 

smog, time, mud, frie~ip, pride, Russ1an, mank1nd, 
freedom, money, s1ght, reality, activity, sunset, 
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nugo and fugo are èy no means mutually exclusive sets 

(a plural bare substantive, which may or may not 
take an article, is a subset of nafa,vnuono, nuon) 

F~s. 
positions, airplanes, modifiera, men, formulae 



N~ 
FilGO 
NAFS 

NUG'S 
FUG~S 
NUFS 1 

I 

IPRONS 

PRO NB 

PRO NO 

PRON 

ROM 

NUONO 
NUONS 
NUON 

POS 

RETHS 

(the ajekal moditied forma ot nugo, fago, nufs, 
respectively, tho also conta1n1ng the unmodified 
forma. 

negative tunction, air movement, bluish-gray smog, 
large group, white flattened bodies, hand drills 

(~e possessive forma of nugo, fugo, and nufs 
respectively.) 

wife's, wives', man's, men's, Lincoln's, doctor's 

(contains one element, I, is a subset of prons.) 

we, you, they; (is a subset of prons, pron) 

I, we, you, they; (is a subset of pron) 

he, she, it; (is a subset of pron) 

I, we, you, they, he, She, it. 

us, you, them, him, her, it.,me. 

(the generalized substantive of our gra.mmar; nuon 
the undifferentiated f'orm, nuono and nuons are 
the plural and singular suèsets respeotively. 
contains nufs, nafs, f'ugo, tago~as subseba, also 
1nvil, vilping, valping. ~JS 
God, the meaning of the modification structure 
with a class 3 word as head, the answer to the 
enigma of the spirale, one of the most challenging 
questions, this diff'erential rotation, this issue, 
the two f'eatures of' the steady state theory that 
seem to cause the greatest surpr~se, etc. 

my, your, her, his, its, our, their, John's. 

(is a subset of' eths) the, thoae, these• 

70 



ALE 

ETHS 

ETH 

UND 

!THOR 

JEK 

JEKER 

SEKER 

JEKEST 

JEKLiY 

MODEK 

MU CAL 

all, both (this both not to be mixed wi th both-and) 
(alb is a subset of ethe.) 

many, any, tew, two, some, no, most, other, 
various, more, auch, ten, four te en 

the, a, an, this, that, every, no, any, either, 
nei ther, one, aome, much, more, another 

and, 'but, or, not, rather than 

either-or, neither-nor, both-and, not-but 

(an article-tixed nata, subset of nuons) 

good, bright, cheap, hard, bitter, dirty, beastly 
bookish, brutal, ramous, angelic, spectacular, 
momentary, peaceful, faithless, lifelike, rortunate, 
woodan, ragged, confident, creative, readable, 
meddlesome, desolate. (a subset or ajekal, bekal) 

better, brighter, cheaPer, harder, worse, lesa 

too soft, too nice, too bookish, too gitter 
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beat, brightest, cheapest, d~iest, worst, most, least 

brigbtly, bitterly, momentar1ly, brutally, cheaply 
very brightly, terr1bly brutally, rather oheaply 

very, quite, fairly, terrièly, real, awfully, 
awful, pretty 

much, little, far, tt great deal 11 



MODA 

FREP 

NAL 

VAL 

WHO CH 

WHOMCH 

GWP 

JOEN 

rather, even, just, still, really, so, somehow 
surely , now, hardly , also , al ways , already , 
mostly, merely, actually 

(a left modifier of substantives, contains 
avilping, avarping, avaren, jek, Jeker, jekest, 
seker, is itself a suèset of bekal.) 

(is associated with vum predicates in slot 2, 
contains subsets ajekal and vekal, qualitatively 
modifies substantives.) 

(aee production hl) 

beneath, of, over, on, for, in, under, above, 
with. (as the grammar here1n stands with 
min±mal substantive differentiation, there is 
very little difference between this set and vrep) 

toward, to, èy, as, on, from, in, for, along, 
thru, aèout, with, out of, back ot, off 
( see no te ab ove for frep) 

(see production tl) 

(see production f2) 

who, that, which (1nsuff1cient different1at1on 
of our substantives prevents the breakdown of 
this set 1nto lf!!Q and that, wh1ch.) 

whom, wh1ch, and an empty element. (see note 
aèove. associated w1th set nuvar. owhomch 1s 
subset of whomch, minus the empty element.) 

up, down, out, back, ott, over 

wherever, whenever, when, where, no mat ter where, 
because, long after, after, betore 
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