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The string structure of sentences

The program described in this paper takes a partlicular theory of
angusage structure | substring theatyz) and recogrizes a sentence as an
insrance of that structure, This constitutes grammatical asalysis of the

ntence. Preliminary to the analysis, the sequence of woxds of a given

sentence 1s represented by a sequence of sentence sgggcis indicating the

srammatical c¢lass and subclass memberships of the sentence words, such as

N for noun. V for verb. - The classification symbols ave listed on p. 35,
Appendix Al). Srme words have more than one classification, e.go., incress:
‘W/V), and certain sequences of werds called word complexes) have a
classification for the whole sequencey #.foy becausé of {P)aE

The sequence of sentence symbels which represent the successive words
f a sentence will be called a ggggéqggquggggﬁy €o8o, TNWV for The growil
may begin, If the iR yord or word complex) in the sentence has m classific,

the formula will have im its jth position a cheice of m symbols, e.g., TNW N/

for The growth may increase. Such a formula will be treated as a family of

m formalas which are identical except for having different cholces in the
igh position: THNWN and TNWV. A formula or any other sequence of ssutence
symbols ‘one which represenis z proper part of & sentence), which contains

o multiple chodice of sentence symbels at any position will be called

N TR




ol s one oF move rouplings of e sencence symbols, expresasibic
ny gekets with various identificarions at cectaln poinrs among the

|

we se points are the beandacies of grouplogs which will be identiil
cucrepces of strings. Each way of placing the hrackers wiilie
seonrding te sowe geuveral rules will be called an gnslysis of thaw
P r e St

wuls . and eof the sentences which that formula represents, Formulas with sod

aivsis are recopnized as beilung grawmaticai., Ta the example above, the

oo THW NJVY wave rise to two definite formulas, of which THWV was
tveuble, hence gramuatical, whiile TN was not.
ia tie subsiring theory, grammatical sentence formalas are described

Follows:

o
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1, fhe cheory, lists axiomatically certain definite sequences
af gepitace symbols called Laniomatic) ckrings. There ave ons or
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wote distioguished axiomatic styings called cente
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crammatical sentence formelas. [ in the present program only the
ma jor center string of Znglish,iNV , ie considered; the othexs are

clzsely related to it.)

u. “hz theory lisrs rules of replacement of the follewing, iLofrnm

e

The teseit of replacing the occurrence of a cextain symbel in a3
prampatical seatence forxoula by one of a specified list of axiomat.c
steings L6 & grawmatical sentence formula. 1t iz understood that a
replacing string is gyouped with the vest of the seutence formuls
sxacrly as the veplaced symbsl was.)

The wheoxy lists rules of gﬁjanntiag of the following forw
The result aof adjoining one of a specified list of axiowatic SEXings

o mc occutrence af @ cerbain sysbel in a grammatical seatenes




formiia is a grammatical senience formula. Note: 4djunction could
be defined as replacement where the veplacing strying contalns the
replaced symbol, eog. /% Vo)

L, In addition to this recursive chéxacterization, there are
certain dependences, i.e.; cases in which the océurrenca of a
particular symbol in & grammatical sentence formula restricts the.
occurrence nf a specified symbol at a distance stateable in terms
of cowbinations of string mewbership. {Ezample: subject-verb
agreement in number ).

5. English and many other languages have the propeviy (giver by

Rules 1+-3) that if a string is included in another string, it is wholly

included, including its adjuncts [adjoined strings). E.g., in: We

saw a book in the library entitled "Ghosts" on 42nd St., the interventicn of

entitled Ghosts as an adjunct of book between jibrary and

its adjunct on 42nd St. would be ungrammatical 5

A distinctioﬁ should be made between a string and the occurrence of
a string in a sentence formula, 1In a sentence formula; certain sequences
of symbol occurrences are not strings, zven if the covresponding sequence
of symbols is a étriugo Eefop in the sehtence:

{1) Light from Mars was analyzed.
N P N VvVt 8

the sequence N VS {Mars was analyzed) would not be an occurrence of a

string, although N V' § is an awiomatic string in a substring grammar
of English,
The ccecurrence of a string in & sentence formula is determined by

application of Rulen 14 abave, 2
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A syammaticsl sentence formalse is then coamposec oL 8y

R

afying the above zules., Let the occurvense of & stvisg in & sentence
be enclosed inm a pailr of brackess.” Fach bracketed string occurrenca in &
ion scsociated with it which

santence formula has a

is given by the excess of left brackets {including its owm left bracke:)
over vight brackets ¢o the left of the lst symbol of the string, up to
but net imcluding the opening bracket of the center string, In the course
of computation frem left to vight, a depth is assigned to each encounteved
string, In some cases, the depth is relstive, and the sctusl values ia
determined later in the enalysis,

2, Lefe-to-vight zecoenitien

A substring gramnay ié conveniently arvanged for left-to-vight
vecognition in the following way.

1) We list the axiomatic strings, each identified by its string head
(1.0, its leftmost symbol), If more than ome stwing begins with the
same string head, the heads of the different strings ave diffeventiated
by lower-left subscripes: e€.g., H N V' is written ,H N V' with head ,H,
vhile H N V™ 1s written oH N V™ with head H, (See the strings in
Appendiz A-2, pp. 37~M1).

2) For each symbol of the alphsbet of sentence symbols, we 1list the
strings which geplace or adjoin that symbol in some sentence of the langusge,
.80y fox B we list replacexrs of N, left adjuncts of R, vight adjuncts of N;
for V, we list left adjuncts of V, right adjuncts of V. The lists for some

syshols may be empty. (See the liste in Appeundix A-3, p. 42, )6

% The types of brackets used are described on p. 10,
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symbol either im all its occurrence e {1.80, as 3 sentence gymbol) or as & member
of a particular strimg; thess instructions operate on some other symbol which
does not precede the given symbol in the string in which it occurs.

On this basts, it is possible te construct fox the rth:member of every

or list which consists of the r#1™ member (if there is one)

of the same string, and every string head which occurs immediately following
the :th member in scme sentence of the languageo
E.g., the successor list of N of #iN V" consists of:
Lo V, the next ﬁamber of the #ﬁ V+ string.
5, 1lgv, the 1ist of heads of left adjunct strings of V
R CaR Lt B e sentencé ad junct strings which
'~may\fdllow the subject of a sentence.
L ity " " right sdjumct strings of N
For example, in the following foux senten&es the successors of N (EEEEE) of M ¥
are from 1 = & above (in thé same order).

(1) Light travels with velecity c.
successor: V (gravels)

{(2) Light always travels with velocity o
successor: D {glwax 8)

{3) The light, morecver, is monochromatic,
guccessor: & \moreover)

(k) Light from Mars was analysed,

successor: P {from)

The successor list of the tflth member of a string will be called the

tion list at the ¢th position in that string.

Ir analyzing 2 sentence formula from left to right, when we encounter a
particular string head, we open a bracket for that string, thus assigning a

particular depth to that atring {see the end of Il.; po L), Until all the
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formula we can say that we axe-é@hggééwgggégﬂo ie follows fyom Rules 1-3 in
1.1 that at every peint in the analysis of a formuls from left to right we
sre in at least ome string; in paxtgculatg we are in all the strings for which
opening brackets have been placed and closing brackets have not yet been placed;
and we ave at the position in each string {call this the active position)
fallowing that of the string member which was most vecently recognized in
the fermulao

We now have a basis for amslyzing each successive sentence symbol in
terme of the analysis to the left of that symbol, Knowing the strings which
aze in progress at a givem point in the sentence formula, and knowing where
we are in each of these strings, we can state that the sentence symbol at
the given point must be either the string member or a atring heed in the

position list at the active pofiltion of one of the strings im progress.

So we set up a gombived 1ia¢ fof the # _symbol which consists

of all the active position lists which apply at this point in the analysis of the
sentence formula, and compare the atR gentrence symbol with this list. The
symbol{s) in the combined list which have the seme form (i.e.; N, ¥, P, etc.)

as the sentence symbol are szid to gggggg the sentence symbol, The symbols

in the coumbined list are specified as to whether they are string members ox
heads of particular stxings and also as to depth., For each match, then,

we have en analysis of the sentence symbol, f.e., it is the head of such

and such a string at & particular depth of parenthesization, oxr it is the

next string member of a string at a particular depth, etc.,; which is the desired

output,
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This program anslyses English seniences within the Izamevork of a gymbole

e

yesymbol; left-to-right process, & symboleby-symbol recoguition process can
be applied to language oniy‘on the basis of e zecursive theory of semtence
composition. The use of a left-to-right process is invited by certain
features of English (amd of various other languages), chileflys

1, In the list of strings, the number of stwings which adjoin to the
wight 48 grester than the pumber of strings which adjoin to the left.

2. Most right adjunct strings have on their left, as a string head,
an intreducer which indicézea any special dependences that the string may
have; L.e., the string head 1s a convenient identifier of the string.
Furthermore, most adjuncte ean be identified by theiv lefimost element
(sering head) more conveniently than by their righimost elementg.(eugog 21
strings have as their leftwmost element, N oxr its left aéjuness or its replacers,
but as chelr rightmost elament, whatever ends the reduced object of the
particuler V).

The feaszures of Baglish which are not maturelly described by a lefi-to-
wvight process s¥e vestricked in such a way as to mske it reasonably easy te
£iz them into such & process.

3. Left sdjunct strings ave short; im slmost all cases consisting of
one syxbol.

b, Beplacement strings sccur only in the place of the symbol chey
replace,

5, Wherses all adjunctions and replacements of strings can be treated
as veatvictions on (ox permissions of) symbol occurrence in the uext or same

position in the string, the other dependences (Rule b in I, 1) pperate
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begween symbole at a disctance, These dependences ave velations between two
or more string members and their iists. We adjust the recognition of the
dependences to a lefi-to-vight process by identifying the leftmost particl-
pant in the relation, and Lf it is matchsd, sending an Iinstzuction te the later
participants, which will be cexried out if the laver participant is metched.
The addressing of the instruction is a relatively siﬁple mattsr becguss
the latex pavticlipant is always a later membey of the same string or a
member of an adjunct of thatAstzingu |

&, Consider z left adjunct or replacement string ¥ wﬁose fizst symbel
iz identical with the symbol it adjoins oz veplaces, €.8., D as left adjunct
of D, N ¢* as replacement of N, Vhen we meez D 4in a positien vhere D 48 in
the list, we do not know Lf thie is the D of the 1list or a left adjunct of
that D, with the D of the 1ist still to come. For such strings ¥, we camnot
gpecify the finsl depth eﬁ p@xénthésizatien éneil we reach, latexr 2o the
right, the sdjoined string meﬁheé or the m&mbeé which follows the weplacaed
gymbol, We assign to sueh strings Y, the least éeyth required by the computation
up to that point and increase this depth if we £ind, latexr to the wight, symbols
which show that the atwing Y had been a left adjunct or replecement stving.
The contiguity of adjunction and the uan-ineercalatian of strings (Rules 1-3
Ppo 2-3) ensbles us to ssy that after we heve wmatched the string member adjoined
by ¥ or the string member which follows the member ®cplaced by ¥, wa will no
longer meet suy gwaunda for increasing the depth of Y. Hemce, from
this point on in the cémputatién the depth of Y ie sbuclute,

Thie pregram enalyzes not some simple pave éf &hé aet of English

sentences, but sll sentences of Bnglish which are described by a substring




grammar, if the substeing grewmar is wore detalled, the program will be
able to analyze additional sentences; and if changes or cozrections are
made in the grammar, the progrem will reflect them, as socon as the changes
are put in the form of revised strings; lists, and dependence instxuctiens.
The program is thus a direct method of sentence structure recognition
for a substring grammar, Its basic method would apply for substring
grammars of other languages, though additional operations may have to be
developed for more complex left adjuncts ox for other types of dependence

than those met within English,




11, Hain Procedure

1. ¥orm of the subput

The osutput displays s substiing analysis of the sentence; &.8.
Sentence: What follows now 1s a histowy of the evelution of living creatured.

ougpu:® (V5 5 [K,V'jwhat f@llwwsﬁmgngnaw)ﬁiag:Ngguéfza)histaxy

A
AdﬁiﬁwgmfﬂhgT;the)avalutiemnw$PN;a§&M§G;living)cxeature%)}~§ Yo

Four types of brackets are used:

{ ) center string

{ )} adjumect string

{ 1 replacement string

% } ob ject string

The subscript x epecifles the type of string and the symbol replaced or adjoined

{where applicable):

R type of stvwing

Aan left adjunct of N
lay left adjunci of V
Liag left adjunct of A
Egn, tight adjuncet of N
b \'4 cight adjunce of V
Zaa eight adjunct of A

I replacement string of N
an gentence ad junet

These are wlso the names of the lists of string heads given im Appendix A%,
(Lowsr case letiers are used to distinguish names ol lists from sentencs
symbole). Sentence adjunces adjoin the string in the next inclusive bracket
palr: adjmces of the gsyomboel X adiofn the word whose sywbol iz X; or the

R ereplacement stoing (whichever sceurs) in the next inclusive bracket pair,

P e

*In the output, cwnter string ¥V is woitten WV,




Iinside any bracket p&isfﬁ? the first element, up to semicolon, is the
name of the string and comsists of s sequence of symbols which are the class
names of the members of the string. These syﬁ&ols are in one to one
correspondence with the words aend replacement strings after the semicolon
(disregavding included adjuncts) inside the bracket pair. There are seversl
exzceptions to the one to one correspondence, &g Lollows:

1) In the case of the verbs BE, HAVE, DO, in such constructicns s
axe zolng, have gang, 4id po, the verb following BE, HAVE, or DO is net
separately bracketed; e.g., not are §going§’ 10, M Hence in these cases there

is more then one word corresponding to the V in the string name. Since V

always occurs as the rightmost string member, if the output is read from

left to right, the word(s) corresponding to V can be identified.

2) Left adjuncts of N which begin with N exe, for the moment, grouped
into cne N or NA bracket €.g., (M;vacoum tube) diodes.

3) The words (or replacement strings) which follew the comjunction C
repeat s seguent of the string and hence correspond to a vepetidion of a
segment of the string name, (See III 5.)

Further examples of cutput are:

Cur present physical knowledge leaves us even more uncextein
ebout the equivalence or non-equivalence of positive and negative
electricity.

Ougpue: (Wv¥;  (A;our) MA;‘PR“‘“) MA;physlcal) knowledge leaves gﬂA;us
,&A@; '&M@;evon) more) nncertainm(m;abwt &wg'l';tha) equivalence
or non-equivalence /mg

electricity)) } yF

PN;of , (A;positive) and , (A;negative)

%Hbere the program produces more than one analysis of a given sentence only
one of the possible outputs is showvm in the exemple. E.g., another analysis of
the last bracket 18! ... (PN;of , (A;positive and negative) ..o o (501
OUTPUT 3a). Cf. IV, sl Lo




Mexve vecent achiew

wnts in neurophysiology have been the
development of hypotheses relating f:,a the events necurring
during the propagation of an impulseiﬁve: the surface of

the nexve cell and its branches, and to the events occurring
at exeitatery and inhibitory synapses.

& +, . (D PN ’
Qutput: {NV a&ufﬁzﬁib,mnre)xecent}achievementgmwéPN,in neurophysiology)

have been {N;jhﬁT;the)developmengumﬁPN;of hypothesegmugc+;

relating {PhoN;tolmiT;the)eventsﬂm£c+; occurringhﬁgPN;during

( f {4 f’ s ( @
LAT tha)prcpagatxon (PM; oﬁﬂ Tgan)impulsezyu?PN,overﬁdeﬁthe)

surface QPN o LMQT the} (Njnerve)cell anq&MQA;its)bxanches)))!}

pore
and {PN N;CQIL»T th@)events (G+ occurying ’PH aﬁj kA,exc1tatnry)
Jra

anéﬂu{A,inhibztory)synapses))B)})

2s PosxtiQB lisks of a2 string
2,1 With eagh string is associated a sequence of lists which has s format
composed as follows:

1, The members of thé strLug’(ohtained by looking up the string head in a
table of styvings) are placed in the top sections of successive pasitimnsy
with one emplty pasitlan provxded to the right of the last membero

2, Llsrs of string heads \obtained by lookimg up string members in the
appropriate string head tables) are added in sections at each position,
in tﬁe following order: |

Left adjunct heads —aposition : of the calling member”

Replacement string heads -» ' i s & x

Sentence adjunct heads - " . to.the right " " 7 .

Right adjunct heads o G R i i 2

*Eog., Eox the left adjuncts of N, W is the calling mewber,
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Each position but the last now contains an ordered list consisting of

string member and zero or more sections of string headg; the last position

contains only a list of zero or more sections of string bzads. For a

particular string, the sequence of 1ists at positions, as defined by 1. and 2,

above, are the position lists of the string

202

@

E.go.; the position lists of the string # N V' are:

# N i
lan lav sa
0 sa rav
sa ran

In assembling position lists of a string, if Y is in a list and Y has
left adjuncts and/ov replacement strings, we call the lists of left

ad junct and/or replacement string heads sublists of Y and we add these
stying hgads to the list containing ¥, with (¥) added to each symbol
in the sublist, The same holds for string heads in the sublist which
have left adjuncts and/or teplacemént strings,‘so that we may get
entries in a list of the form Y3 (Y2(Y300a)).where Y, is in a sublist
of Yy, which is in a sublist of Y3y etc. The OUTPUT and SIP pracedures tvsar

i

the parenthesized string heads to give e.g., the output ‘NV“;ﬂuéﬁ;

non' (D;

Naa.
for the list entry D/A{,N)). (See II b3, Srep 3d; II 4.4, Step 3f,

and the example, pp. 49-50.) To prevent endless

sublisting; symbols arc not allowed to appear on adjunct or replacement

lists of themselves. In particular

2) N in zn cannot be in a sublist of another N in ¥n; ecg., not

TN(TN}, %7N is the head of replacement string 7NG i
b) A cannot be 11sted under A, i.e., not A(A)

C_) D i i " " D, 1.8:, not DI.‘\.D)




These cases, if.e,, constructed like a), b), and c) above; are handled

by special “push down'" instructions., (See III k)

$. Strings in progress

The information required at any point in the anslysis is stored in a

stack of registers, called 8trings in Progress, SiPik), where each SIP

contains the position lists of a string for which a bracket pair at depth k
has been opened but not yet closed. SIP{o) is reserved for the center
string; thereafter, when a string head in a position list in SIP(k) is
matched, the position lists of the string whose head was matched are
copied into SIPik+l). If the stying héad is in a sublist, there are
additional instructions /described in 4.3, below),

When the string wewber in a position list is matched; the list is

s Mik); to be the

e e

marked with a star, We define the active list of SIPik)
leftmost unstarred position list in SIP(k),

L, The computation of the nth

The computation of the nth gentence sngol {N>0) consists of proceduras b,1-k,

¥irst, certain of the active lists from the curreat S$TP'k) are assembled

sentence symbol

inte z combined list for the n'!' sentence symbols ihql, below)o Then,

the sentence symbol is compared with this list and some symbol in the list ic
matched |otherwise this particular analysis of the sentence fails) (1.2, below;
¥nowing the depth of the position list containing the matched symbol and
whether the symbol was a string membex or string head, the OQUTPUT procedure
closes and opens various brackets (4,3) and the SIP procedure erases oc

makes changes in existing SIPs and/or brings in the gosicion lists for new

g1Ps ‘b,Lk), Forn Y= 0, U3 = I are used with the stated initial conditions {bo5)




o
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LiSTe

ko1 /Given that the n-1%R gentence symbol (n > o) was analyzed and assigned

the depth k, the eon

migntence symbol contains:

1, M{k), the current active list in SIP(k), and

2, 41f the string mewmber section of M(k) is empty, then 1. and 2,
with k-1- k,

3. C and CC (See III 5.)
MATCH:?

4.2 {The nf® gentence synbol is compared with the combined list,

If no symbol in the list iz matched, thls particular analysis is dropped.
If more than one symbol in the list is matched, the following procedures
apply separately for each match, (This case iz discussed in Pazt V).

For each match, the matched symbol is in some M{k)., Let this k = k.

4.3 OUTPUT Procedure: carried out after L.l

Brackets determined by the match of the nth sentence symbol are placed

in the sentence to the left of the sentence word (or word complex) corvespond-

th

ing to the n~ sentence symbel.

SIEP 1, For k > k! brackets are closed,

These strings are complete; no more sdjuncts are possible
since the sentence has returned to thelr including string.

STEPR 2, If the matched symbol 1s a string membexr: no opening bracket
ie placed,

STEP 3, If the matched sjmbol is a string head:

a) the appropriate bracket is opened,

b) the "name" of the string (i.e,, the aymbols of the string
obtained by locking up the string head in the table of strings), followed
by a semicolon; is written te the right of the opening bracket,

c.) the name of the list in which the matched string head sppeared
is specified on the outside lower left of the opening bracket,

d) 4in addition, if the matched string head is in a sublist, i.eq,

the symbol Y;, in a list entry of the foxm Ylt\(YzﬁYsouo))z
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Step 3 is repeated for each parenthesized symbol resding from lefi
to right; for each parenthesized sysmbel the opening bracket {(with name 9
ete.) is placed to the left of all other openlng brackets due to the
previcus application of 2d for this metch.

(The application of OUTPUT step 3d is shown in the computation
of fully, Note 3 on p. !9 and note 1 on p. 50.)

bl SIP Procedure
STEP 1, For k> & SIP(k) are dropped.
SIEP 2. If the matched symbol is a string mewber: M{k), the
position list containing the matched string ﬁember, is marked
with a star,
Ag far as the maimn procedure is concerned, this
is equivalent ¢o erasing the list, Starred lists
are used in computing strings feollowing C.
STEP 3, If the matched symbol is a string head:
a) a new SIP(k = k+l) is set up, containing the positiom
lists of the string;
b) the zero position of the new SIP is starrved;
c) the name of the list in which the matched string head
appeared is noted in the zerc position of the new SIP (See III 5,1 CONJ, LIST 2
In addition:
d) 4if the matched string head is the head of a xeplacement string,
the list at the position of the replaced syrbol, M(k), is starred;
This is similexr to the action for a string member in
STEP 2, since the cccurrence of & replacement string

satisfies the requirement for the string member it
veplaces,




) 1f the matched string head is the head of an ebject string:

i)

the list of object strings is blocked in M{k).*
Object strings are not repeatable,

£) 1f the matched string head is iIn a sublist, i.e., ¥, in a list
entry of the form YI(YQ(Y3000)):

STEF 3 (except b) is repeated for each parenthesized symbol,
reading from left to xight; at each application, the SIPs set up for
parenthesized symbols to the left in the emtry, are "pushed down,”
1,60, SIP(ktl) - SIP(k32) — SIP{k+3), etco

E,g.; 1f the matched symbol is D(K(hn)) in the active list of

SiP{o), after applying 3f we have:

sIP(1) N v
lan 1lav sa
[ 1) sa xrav

ran

s1P(2) A (;;)G :

laa Al raa
D(ALN)
s12(3) BARLNY N

At the beginning of the analysis (n = o) we set up the requiriment
for a center string and open the centex string bracket-pair in the
output, It is possible to do this with the usual OUTPUT and SIP
Procedures (4.3 and b.k) since #, the sentence initial mark, has
been defined to be the head of the center string, #NV+O If we set
k = =1, # will set up SIP (k + L = o). The conditions at n = o,
therefore, ave:

1) k= -1
2) # is a string head

3) SKIP hol and h‘o2 ’(f@f n = @)0

#Riocking”" is defined on the top of page 19.



1iX. Dependence Instructions

in addition to the basic apparatus for inserting a string next €o
particular symbols of another strimg, languages commonly have dependences,
i.e., the computation of a symbol at one point of a string is affected by
the occurrence of & particular symbol at another point in a string {ecgoy
Life i85 .., end The 1ife 18 ,.., but only The book is .., and not Book is ... ).
Since these dependences occur (in English) only between a member of a string
and other members or adjuncts of the same string, a dependence-instruction
carried by a symbol in SIP(k) will make a suitable change in some position
1ist of that same SIP(k) or a SIP set up by a string head in a position list
in SIP(k).

The dependence instructions are executed after the SIP Procedure and
before the OUTPUT Procedure. Their point of application is referred to Mik),
the position list which contsins the matched symbol., However, when an
instruction is carried by a symbol X in & sublist of Y", the point of
application of the instruction is referred to the position list which
contains Y as a string member in the SIP set up for ¥, instead of te Mik).

Instructions may be carried by a symbol either in its occurrence as a
sentence symbol or as a symbol in the list, When the sentence symbol aund
the symbol in the list which matches it both cavr; instructions, the

instructions carried by the sentence symbel are executed first, Where

#X being in s sublist of Y indicates that X and Y open brackets at the
same point in the sentence forwula, and that the string headed by X is included
in the string headed by ¥, Step 3f of SIP Proc. (II, b.k) will set up SIPs
for X and Y at the appropriate depth, with the depth of X being one grester than
the depth of Y,
18




several instructions are carried by a symbol, they are executed in the order of
listing (from left to right),

An important operation in many instructions is blocking. When a symbol
in a position 1ist in a SIP is blocked, it is ignored in further computa-
tions invelving this list in this SIP,

1. Partial ordering

Sections of a position list and subsections of a section are arvanged
in "blocking ordex,” i.e., when a sentence symbol matches a symbol in &
position list; all the subsections and sections below the matched symbol
in the list are blocked. d

The blocking relation of sections and subsections handles the partial

ordering of adjuncts with respect to the relation: oxder of occurrence in

the sentence formula, @.g., sSome fine lines but not fine g@ lines, people

The examples in Appendix B illustrate how sectional blocking works. (See
Po h5ﬁ boto‘p No l.; Po hs, top, Nol; Po ,4'6’ bota, No].; Po b&’ Halo)

2, Verb Object®

Instructions: OBJ +
OBJ .
OBJ P
OBJ 8
OBJ B
OBJ E
TENS
Associated with each particular verb is a sct of object strings and

each time the verb occurs, it occurs with one or another of its assoclated
object strings. One of the object strings may be a zero (8080, for exists).

When a verb in the sentence is matched, its cbject strings are placed in
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some vegister, hemceforth called the gbiect repister. The first symbol of

each string io the object reglister iz an gbiec

verb influence, the stored object stringe are N and M_,Yﬁ and the list
of the corvesponding string heads im:
A =
lan
™n
NH
lan
n

{See for example the contents of the object register om p. k9, and note 3
on po 49),

Instruction OBJ+ bringe the object strings for the particular verb into
the computation., OBJ- causes an N to be omitted from certain object strings
when they are included in particular strings, e.g., certain k and H strings,
OBJP covers omission in PK strings and OBJS omission due to the passive.
OBJB and OBJE adjust the output for be, have, do TENS covers temse agreement.

2.1 Insgruction OBJ+

{OBJ+ is carried by certain V or G or S, In the lists (ppo 37-39) and
exsmples {pp. 45-60), a V or G or S which carries OBJ+ is written V’°, G'l*‘7 s*
respo)

1, If the list of object strings heads, o8, contains no @ (zexe object),
the list is placed in the string member section of the position list to the
right of M(k).

With the string member section not empty, the

list for the next sentence symbol will be this

position 1dst. (II ki, po 15)
2. If os contains ¢, the @ is removed and the 1list is placed just below

the string member sectiom of the position list to the right of M(k).




I the object string is zere, the string con-
taloning ' or G¢* or $' is completed by the

Vor G or S itself and the correct list for the

next sentenae symbol is obtained by considering
that there is no string member in the position
to the right of M{k), i.e., the asseubly of

the cowmbined 1ist will not stop at this p@slrxea
1ist, but continue with k = 1 -k, (1T k.i)

{A @ object string occurs in the computation of
st o peges 55-56., (See note 5 on p. 56.)

2.2 JIanstruction OBJ-
(OBJ- is carxied by certain V or C o S, In the exawples, V™ = V
carrying OBJ- ; G° = G carrying OBJ- ; S~ = § carrylng 0BJ-?)
1. For each N occurring in each object string, the object string is
revritten in the object register without that N,
€ogoy N to V¥ - go V¥
N-¢
NPN->NPand PN
2, If a V' or 6" or 8* occurs within an object string (in its original
state, not the resultant of 1.), the string is rewritten with - in place
of v,
e.goy N to V' <N eo V™ by 2
N to V¥ = o V¥ by 1
3. 1f me N or V' occure the string is dropped from the register,

L. Perform OBJ+ ,

Instruction OBJ- therefore comsists of a) modifying
the object strings and b) performing instruction
OBJ+, Ne-adjunct strings containing a verb are
similar in most cases to the JNV' center string
except that one N 18 omitted -~ etzher the subjectg
or an N of the object~ Ve I : : S@W .
The monke: ich BEW o Omimsion of the subject
is txeated by Listing different strings, sometimes
two for the ssme string head; e.g., for K3{which):
K \'id 2K3NV o Omission in the object string is
hundled by OBJ- , (See notes L and 5 in the
computation of started on p, 56.)
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1f the verb object string contains a vexb, the
N may be omitted from the obgect string of the
contained verbd (step 2). Eogoy, in The children

: i34 o tell te go Qameﬁ the N is omitted
frem the object string N to % i,
of wvant.

contained in the object string to

2.3 Instruction OBJP
{OBJP is caxzied by V or G oxr S in strings which begin with PK; in
. ¢ 4 P 2
the strings {p. 37-39) and example (p. 59), V' or € or S stand for
V or G or S with OBJP,)
% ‘g‘ ‘Q" + + P

1. For each object string which contains V' or G or 5§, V' -V,
¢t _»G?a s* - 8 in the object register.

2, For each sbject string which contains a specified (sentence word)
P, compare this P with the P (sentence word) which heads the string
centaining V¥, (The latter is obtained frem the output or will be
stored in the SIP when a o ;P 18 matched, )

Match: Perform step 1 and 3 of OBJ-, with PN —+ N in steps l. and 3o
of GBI~ ,
No Match: go immediately to step 3 of OBJ?
3, Perform 0BJ+

Bogos in Fhe peonle of a1 spoke, the P{sentence word),
of, specified in the object £ring of B of the verb‘gg_gg,
matches the P{szentence word), of, which heads the PE NV
string in the sentence formsla, Hence, by step 2, using
the wodified 0BJ-, gbject stxing gf N — @ and we accept
spoke, instead of, e.g., gpoke of him. (OBJP is used on

po 59, top, No 3=k,)
2.4 Instruction OBJS

12

(OBJS is carzied by sentemce symbol S and is executed when S is mstched. )
1. If S occurred in the list lan, erase the object register smd skip 2=b #

2, Object strings which do not begin with N or PN (excepz HNVY) axe
deopped from the c¢bjsct xeglster.

3, The ist N is dropped from the remaining strings {except im HNV'),

L, Then perform UBJ+, 0BJ-, or OBJP whichever is the case.

*is a left adjunct of N (eogo, privileged), S is not treated as a verb.

——————————




Bop in This was atiributed to him, the ob jeot
hiw) came from the object Nreo N of

(See the computation of imterrunt ed
Y

o4

2.5 oBi-0s11

Q&TB iz csrried by V(b)g the verbe be and have and do. When the
sentence symbol representation of one of these verbs is matched, OBJB
is executed,)

1, Whatever instruction was attached to the matched V or G or S
in the list is transferved to each Vo™ ox G*% or S5 in the
object register in place of + (OBJ+),
2, Perform OBJ+ (for the matched V or G or S),
(OBJB 1s used in the computation of wyere and was

in the example in Appendix B2, See p. 58, bot,,
Mo 3=k and p. 59, bot., N, 3=k

:ml,ogu 12

e
<
()

Instruction OB
(0BJE is carried by V or G or 5 or to when one of these symbols

is the first symbol of an object string of V(b); OBJE 1is indicated

by writing V& or GE or % or tof,)

1. Step 3 of the OUTPUT and SIP procedures are blocked Eot' this mateh,

2, M{k) is starred and the lists sg and gav are moved (added) to the
position list te the right of M(k), If the matched symbol is tob
(of tob VE"‘"") vhsooo is placed in the string member section of
the position list to the right of M{k).

The operation of OBJE in conjunction with OBJB
removes the brackets which would have made;, e.g.,

G(building)g the object of V(is), in He i3 building
BOTAR (OBJE is used in the computation of

- and intevrupted, po 595 top, No 1-2; p. 60,

m:.m
top, N, 1-2,)

2,7 Instruction TENS'!
{'TENS ix carried by sentence symbel W and i8 executed when W is metched.)
W blocke Ve and Vp in M(k)

TENS insutes thet we will not have, e.g., he may Boes or he will
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3. Heun ngendemaﬁgﬁ
Instructlons: HMBR
CNTIN
CPDN
CPDR
LFTE
PRON
PRDN
SUBJ
GEFN
Instruction NMBER ¢xeats subject-verb number agrxeement, CNIN applies
the restriction that cextain nouns (called count nouns) require a preceding
article, CPDN and CPNR adjust the bracketing of compound nouns., LFIE
handies the left elemente which sre non-repeatable, PRON and PRDN block
(or release a block on) cemtain adjuncts following pronouns and certain
nouns (called predicate neuns), SUBJ insuves that certain replacement
strings occur enly in the subject position. GOFN(G of M) sets up the
object string in replécemnt stxings of the form: N'e G of N or N's €

of HEN, e.go, . yizing of

3.1 Imstructlion NMBR

1, I£ N or a symbol in xn is matched, and 1f the string member section
of the position 1ist to the right of M(k) (of M{k +1) 1£ N was a
string hesd) contains V,or V s, then

a) N or Ny oF @ symbol in gn (not Ryy op T,) blocks ¥,

1

or Rpl blocks Vs

b) Npl




2, The makch of W releases the block on V, (4f there 18 one),

Tims we can obtein The wmsn pozs, The °

he man will go, but not The men po and not
The men goes, (See po U, bot., No 2; po 5i,
top, No3; po 55, No L)

3.2 Instruction CNIN
(CNIN is carried by sentence symbols T, B, and is emecuted when T

or B is matched, String member M. is normally blocked.)

1
The match of T or B releases the block on string member Nj in M(k).

This permits Life ig ..., The 1ife i8 000,

%E_M.}_E_mo but not M_L._L_z
CRIN 48 uged inm computing the e -fment, pp. 53=L;
3ee Po 53, Ko 50)

3.3 ZInstzuction CPDN
(CPDN is carried by IN and aﬂ in the list of left edjuncts of N.)
1. The OUTPUT procedure of the pext match i{s blocked,

2, Instruction CPDR is attached to string member N in M(k).
3.4 Instruction CPDR |
(CPDN associlates CPDR with string membex N)
The block on the OUTPUT procedure due to CPFDN is released,

As g result of 3.3 end 3.1, the left adjunct
section of & compound noun is placed mto a
eingle parenthesie: (book) burnings,

begm focussing) system. Related :Lnstructtons
have to be stated for compound adjectives; ..y
(yworry)fres. (CPDN and CPDR are used in the
Somputation of Lad momy stations, po 46,
bot., K 5; po h’h toPa Nn 3 Po h?a bot., N, 3:)
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3.6

3.7

3.8

Instruction IEKE}'S

{LFTE is carried by sentence symbols T and B and qu)

The match of T or B blocks T and B in M(k)

ie " (14 T i T &9 11 131 27

q q
Thus we can have AAN(bright industrious students)
but not TIN(The the sgudengsso ELFTE is used in
computing the, po 53, bot., No3o
Instruction PRON
(PRON 18 carried by R in the list of replacement string heads of N.)
All the right adjuncts of N except those which begin with H, X,

3, 51‘1 are blocked in the position list to the right of M(k).

Thus we can have Ihe mgn who thinks, ....m._c._._ﬂﬂe hinks,
e street, but not He on the strest.
computation of we on the top

f po55; see note 6,)

Instruction PRDN
(PRON is carried by sentence symbol NQO) The right adjuncts of
N vhich begin with ;For; ;H, or (N are normally blocked, )

PRDN releases the blocks on these string heads in M(k).

E.g., we can have The reason (Nﬂ)' it i8 necessary
& : but not The book it
» AL 4

A fon,

Instruction SUBF®
(SUBJ is carried by ;For, jto, ;H in the list of replacement strings of N,
If the string member sectien in the positien list to the right of

(k) (of M(k¥1) ££ N is a string head) io not filled by V, then drep

this particular snalysis,

B.goy we can have }
but net It followe from that we sald it; i.e.
The replacement string .HNV" (gthat we sa
i scceptable only in ﬂ‘i@ sub ject positien, whereas
K NV- (what we sald) has no such restrictiem.




3.9

e
-

Instruction GOFN
H
QN Ba)

1, All object strings except N and NPN are dropped from the object

(GOFN 18 carried by G in the string headed by

register.
2, The particular P, 9f, 1s inserted as the head of esch remaining
chiject string,
3. Perforxm instruction 0BJ+,
GOFN sets up the computation of the string

which zepresents e€.g8., John's wiring of radios;
given the object strings of wire.

L, Push-down Igs;gucggg 8

b1

Instzructions: FDN+

PDND

PDN&

PDNR

PDNG

PDN instructions cover the cases discussed in I, 3.6.5 po 8, and

II, 2.2, a; b, ¢, in which the first symbol of & left adjunct or
replacement string is identical with the symbol it adjoins or replaces.
PDN+ gssociates the appropriate PDN instruction with particular symbols,
PDND and PDNZ cover the left adjunct cases, and PDNR and PDNG cover
the replacement string cases.
Instruction PDN¢

Certain sentemce symbols caxrry instzuctions to associate FDN

instructions with pacticular symbols: (See, for example, po 50, No k.)




4.2

28

The match of D causes PDID to be associated with D dn M(k)

b1} 121 11 z it E‘Dmg 3] 99 114 11 3 8% L]
9 111 133 N! 8 Lid 1® It 2 i 1£] H) 8 11 14
134 e 11 A or s or G " " " 11 11 " g Bnd NI s [ 2] 111

There s an "A counter' snd a "D counter” which are set to zero when
M(k) is starred.

The match of A or § or G steps the A counter,

) m 1 DPDND ) " op " - (See, for example, p. 5L, top,.

PDND and PDNZ (FDND and PDNZ are identical except that PDND uses the D counter
and PDNZ uses the A counter),

Let q = the contents of the appropriate counter and g = the current value

of qo § + 1 different anelyses sre vrecorded for this match, one for each
value of q from o through . (Eoga, note &wo outputs for ¢ = 1, p. 5k, mpo))

OUTRPUT: as usual, except that in each meadiﬁg, the opening bracket
{with name, etc,) is placed to the left of a q psiré of brackets, ”

SIP: gas usual, but if the count of k is kepty the k of esch bracket
palx included in the bracket opened by PDND ovr FDNE is zaised by 1. {Here,
the depth of the new SIP does not correépond t§ the depth of the steing
in the output; advantage is being taken of the fact that all the strings
involved in PDN instructions are only one symbol long, so that there
are no wnfinished PDN stringe to carry. If this were not the cass;
the new SIP would have to be inserted at the depth corzxesponding to the

placing of the opening bracket,)
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Thess instructions yield such cutputs as {{completely)unashamedly)
(angrily),{completely ){ {unashamedly Jangrily); ({dark )red )and{dark ){zed);
{{definite)(young Jman's)ideas,{definite ){{voung Jman's)ideas;etc,

{PDND iz used in computing full

see the example in Appendix Bl; see p.5l, top, Nol=k.)
Instruction PDMR

N in the list ef

(PDNR 1is normally associated with 7“ and 13

replacement strings of N.)
A symbol c¥( string head), with the instruction PDNG attached to
it, is added at the bottom of the position list te the right of M(k).
Instruction PDNG
1, The opening bracket for GFONG jg placed 4n the output to the
left of the bracketed string to the left. The string name is 86*,
2, Perform PDNR
PDNR gnd PDNG enable us to enter a replacement
steing walch can centain a case of itself as
its own begioning, i.e., where the X in XY is
replaceable by XY, and te decide the depth of

the first X only when we reach the second (or thitdﬁ
etco) Y. 'l'hus we ebtain ((Children was :

Conjunctions
Instructiona: CONJ
CC Instructions
NOTC
ENDG

Another type of depend&nce is found in these substringe whose ferm

depends on what precedeal In [é‘:(x;:l:::gs censidered up to now,

we could say that each atring head intreduces one or mere substrings

of fixed form, e.g., HNW”, HV', Most of the conjuntions (those in class

¢3) are string heads of this type, However, the string headed by C (and,

or, but, 1.e; -er than, 88...88) has no fixed form; instead it zepeats a
preceding st.ringle from{almost) any peint up to the point at which C occurred,
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snd then ceompletes the preceding string. If the preceding string
was finished at the point at which C wae mstched, this process can

slse apply te strings which include that string. E.g., Ih exr

can be followed by ggsin today

all followed by the required V¥, When C occurs at the end of a string,
the repetition mey also consist of initfal segments of a preceding

Sl;tingg €o8oy

Instruction CONJ (5.1) sets up for computation the string headed
by C, The CC Imstructions (5.2) treat the occurrence of C with a dis-
continuous prier pert, e.g., elther .., or. C and CC appear in every
combined 1ist (1T 4.1),7 except where Instruction NOIC causes € or
particular members of € (such as CA (and), CB (but), CD (or)) to be
blocked.
Instruction CONJ

The transfer to CONJ (in place of the ususl SIP and OUTPUT procedures)
takes place when € {8 matched, by having a jump instructiem in place
of a string as the entry for string-head € in the table of strings,
Since C operates differently depending on whether it occuxs at the end
of a string or befowe the end, we define, for convenience, an END-SIRING
{ndicator for each SIP(k) which is 4+ when the string member section of
M(k) is empty and 48 — otherwise, f.e, "END-STRING(k) is +" means that
all the members of the string in SIP(k) have been recognized in the
gentence formula, Instruction CONJ im stated im twe parts, corresponding
to the two main types of strings hesded by C: repeti;ions of a preceding
string which reach up to C (Part I), and repetitions of initial segments

of a preceding string which may not reech up teo C (Part IL). Pictorially,



if X¥% is a stxing preceding ¢, we have:
Part I 3 C© at interior or end of a string
IYC XY Q ZYzC | X
¥ a ¥
&
Part IX ¢ C at end ef a string

Y
X z

XY ZC i X
Pare 1 Let C be the symbol in the nth position of the sentence formula.
When C ig matched there is ne cutput until after the match at nil,
The LIST, MATCH, OUTPUT, snd SIP procedures described below aze
vged instead of II L.l-k at ntl.
LiIST: Starting with the velue of k of the deepest SIP:

1. The list at ntl contains all the starred positien lists of
SIP(k) with previous blocks relessed and with right adjuncts and
sentence adjuncts blockedola After all C except CS and CT, if SIP{k)
containg a2 CC tag, the position lists to the left of the tagged list
sre cmitted and LIST steps 2-3 are skipped.

The list st ntl is composed of previously matched
string members (with their left adjuncts and replace-
ment strings), When the n+1th gentence symbol matches
ene of the symbols in the list, it thereby decides
from which point in the preceding string the string
headed by C begins its repetition,

2, If END-STRING(k) is +, then,

@) dinstead of the string heed in positien zero of
SIP(k), we place en the list at ntl the list of
string heads frem which the string head in positien

zero had come; (4f replecement-string heads, then

ﬁ.
The €CC tag is described in 5.2,



also the replaced-string member),

When C oeccurs at the end of a string, more
types of C-strings sre permitted than otherwise.
LIST 2a allows the string headed by C ko be a
different string in the same list as the
preceding string, e.g., differenmt vight

ad juncts of N, as in the exveriment which we

b) LIST 1 and 2, sbove, are repeated with ilz-l-vk

This allows the string headed by C to begin
the repetition from a point in any one of the
st;rings preceding c (see footnote 16), eago 4

3. A list of string heads, D, with depth equal teo that of the

deepest SIP is added to the list at n¥l,

D 1ists sdjuncts of a string which can occur
directly after C following that string. (The
repetition, in this case, begins at the end of
the string end cemsists of a final adjunct.)

oscw._...Le.ﬁs_sn_s!_.f.a.,s Be solved the puzzle

o ile d

4, CC is added to the list at n+l, CA, CB, CO add CT and CS also.

After any C we may have CC, e.g., I like blue
better then either red or green; after CT oxr CS
we do not have any C; e.g.;, not than and, g8 o%;
aftex Ca, CB, CO,, hcwever, we may have CT or CS,
He h better then Brahms or thas

L

MATCH: If the matched symbol at nt+l is in & position list from
S8IP(k), let this k = k., Sepsrate anslyses sxre mede for
each match, as described in IX k.2,

OUTPUT: Closing brackets are placed immediately to the left of C

end opening brackets immediately to the right of C.




1.

2o

3o

For k > k: brackets are closed
1f the matched symbol was a string member in SIP(k)
(1.0, was a string member copied from SIP(k) by LIST),
2o opening bracket is placed, If the matched symbol
is the head of a left adjunct or replacement string
of a string member from SIP(k), an opening bracket
18 placed according to XX L.3, |
If the matched S}.vmbol was a string head in SIP(k) or is
in the class B:
a) 1f END-STRING(k) is +, there avre two outputs:

1) the bracket for k is closed, then step 3 of

II L,3 is performed;

2) no brackets are placed

2 arted

, the two out

puts are:

Eego. for The e3

1) ,Qam(Tgthe)experimntMAK NV"; which we started)
and (KBNV‘; which they fzn:lshed iG;analyzing%)o

2) / (T; the Jexperiment (K3NV ;which we started

and which they f£inished {G;analyzing% Ve




b)

SIP:

1.

ach

In the second anslysis; apalyzing is the object siving
of both started and finished. When and which cccurred
we did not know whether the folluwing material would
concern only the striang headed by C or both it end the
preceding steing, i.e., whether or not to close the
bracket.

if END~-STRING(k) is- ; mo brxackets are placed.

Here, since C occuxs before the end of the

string, we know that what follows must be

1nc1uded in the an-going stringg e.g., Lhere
hi b th

For k > k: SIP(k) are dropped

If the matched symbol was a string member in SIP(k),

a)

b)

position liste are placed in SIP(k) immediately
following the rightmost starred list; replacing

any unstarred lists, The inserted lists are copies

of the original {totally unblocked) position lists

of the string in SIP(k), starting with the one
containing the matched symbol; this list is starredoao
If the matched symbol is the head of a left adjunct
or replacement string of a string member from SIP(k),
then in addition to the above a new SIP is set up
according to XI L.k,

{After CA only) If the matched string member from SIP(k)
is N and 1f there is a blocked Vg in the string member
section of the position list to the right of N in SIP(k),
the block is released; step la of NMBR is blocked from

further use in SIP{k).




When CA (gud) occuxs in the subject pesition,
it is necessary to Lift the (singular) apgree-
ment restrictien, since a singular subject
wgy have become plural, e.g., Ihe man gnd
bis dog seem ... but The msn seems oq9 o
3, If the metched symbol was & string head in SIP(k)
a) if END-STRING(k) is ¢, then
1) {(cosrespending to GUTPUT 3al) SIP{k) is erased
end a new SIP(k) is set up according to step 3 of II L,
2) (corresponding te GUTPUT 382) do 2a,b sbove.
b) 4if END-STRING{k) 18 - , do 2 a,b abeve.
In the cases coxresponding te OUTPUT 382, 3b,
the string headed by € is treated as part of
the preceding stxing and the position lists
are placed in SIP(k), as they were for the
match of a string member,
Paxt 11  {Caeried out after MATCH of Part I, in addition to the rest of Part I;
epplies only if KND-STRING(k) ie +)
1. If the metched symbol is N in SIP(k) (or head of a left adjunct er
replacement-string of N), and if the position list to the right of N
in SIP(k) contains string-member V or G or S {i.e., N is in the subject
positians)g then three additional enalyses, Al, A2, A3, are possible,
For each analysis, 1 and 2 of OUTPUT end SIP {(above) are performed, with
the following additions to SIP 2a, respectively:
Al, Erase V {(or G or S) end lgv in the positien list to the
right of N, and evase all pesitien lists further to the right.
A2, Sams as for Al, but instead of erasing Jlav, add a top section

to lgv which censiste of V(b)o The members of V(b) are also to be in blecking

oxdexr: do, be, have.
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A3, Erxase the positiop list to the vight of N; and erase iagv
from the list te the right of that one. Add gzap ae the last section
of the latter list.

Al, A2, A3 give rise, vespectively, to strings of the
type X, X¥, X2 (ghown at the begim‘zing of 5°1), eogq,,
Als Shﬁ: likes gaxmim %1_.: t She has bee
ﬂmgng but I haven't, A3. ind Ay

fhey theire. In all thres smings& N cmresp@nds t;a the
element X, In A2, W (may, can, will, icg (b (do,

be, have) correspond to the element Y, The blm&

M‘dm&' al.l-nwag as ¥ elmnt in XY@ sequences like ﬂgn Mve been

mtmch mqumnces as dm be hax_% or ki

In A3 we gre counting om the fact that the object stzrings

of the verb in the preceding stxing have been preparad

(oBY instructions performed and resulting strings stored),

end that the list of the heads of these strings, os, now
appears in the position list followiang V in SIP(k) (JIX 2.1 ).
Thus when V 1is smitted (correspending to the omission of ¥ from
X Y2) it is still possible to obtain the correct object {(as the
2 element of the vesulting X Z scring).22

2, (After CT and CS only) Add to 1, (ebove):
AL, Erage all OBJ instructions carried by V(iox € or S) and erase
the list, og, from the positien list to right of V.23

I thought (but not, e.g., She is pre

€L Inpeructions

The CC instructiens epply to Cecemjuncticns which eccur with a dis-
camtinmsﬁii;zl, ic@o, with sn extra sentence symbol which may appesr &t s
preceding peint in the sentence formula (e.g., either ... gr). The extra
element may (or may not) require the vccurrence of its associated C, and

in most cases it serves a8 @ scape marker fer the repetition initiated by C.



CCA  both ChA  and
CCO  eighex C3 ox
CCN peither CN pox
CCE as C8 as
CCT | more CT gthan
lese
rather

ET TN
s

5.21 Instruction CCol (o= A, 0, N)

When CCa is matched, action is delayed until the next non-sublisted
position ilist is st&rred025 Thent

2) This list is given a CC tag; the tag is specific to Qo

Ag 8 scope marker, the CC tag marks the leftmost point beyond
which the string headed by C may not repeat elemenms of the
preceding string, e.g. He will both plan and carxy out i
but not He will both glan gg henuil;‘c;‘;; fthe

tag works in conjunction with 5.1 LIST 1: After the match of
C, CONJ LiIST 1 sets up & 1ist of previocusly matched string
m@mbera for ze-match (repetition); this list mway include
string members only as far back as the CC tag.

b) Co is written in the string member section of the last position

list of the SIP which contains the tagged position listo26

A CC element may vequire the cccurrence of its assoclated €
before the closing bracket is placed on the string cont&ining
the CC teg. E.g. in the sentence The pegple 2R L1
piding the bus will sprive fggs;, the cc tag OCCUE & in the stting
begun after either; in The peopl 10 _elthes or ride the bus
will srxive first, the CC t&g cccurs in the on»going string; in
either case, of is required before will arrxive closes the bracket
on the tagged string. In placing the required ¢ in the string
member section in the last position list of the tagged SIP, we
use the fact that a closing bracket cannot be placed on a string
until the lest string member has coccurzed in the sentence formula.
If the xequired C occurs befere this position is reached, the C
is erased (CCa2),
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Instruction CCoZ
When Co is matched, action is delayed until k is determined
(5.1 MATCH). Then a CO is erased from the string member position

of the last position list of SIP(k) (if there is a Cu present).

NI A~ ) X
InstructionCCpl (B=S§, T)e?
When CCB is matched the block on CB is released
CT(than) and Cs(gg) are normally blocked, However,

e.g. after e occurs, we may have than (but it is
not requiredgn

Other conjunction instructionsee
Instruction NOIC
The match of T, or Ty or # blocks C from the combined list for

the next sentence symbol,

E.g. not the and or And at the beginning
ts_miég___@_ And

of a sentence.
Instruction ENDE

When END-String (k) is +, the block on ¢  is released,




V. Alternative dnalyses

4n analysis of a formula branches into two or more avalyses if the
sentence symbol at some position matches two or more entries im the list
at that pesition. This may happen either because the sentence symbol was
& multiple classificatien and twe or more of its cholces were matchable in
the list, or becsuse a single sentence symbol matched several list entries
which were identical in form although related to different strings (and
hence carrying different lower left subscripts). An analysis of a formula
is uncompleteable (and hence rejected) if the sentence symbol at seme
position does mot match sny symbol in the list at that position; or if the
end of the formula is weached with seme string in progresa still requiring the
occurrence of & string member in the formuls.

Some ml‘tiple classifications ave resolved immediately 1f enly ome
of the choices at the multiple choice position has 2 match in the list at
that poesition. E.go, T N/V W N/V for The rate may increase yields the definite
formulas TNUN, THWV, TVWN; and TVWV, But we can £ind no V in the list for
the sentence symbol following T, so that the formulas IV ... are eliminated.
{See po 46, botoy No33 po 51, botoy; No3; p.b0, top, N.5 for examples of
resolution,) Otherwise the multiple classificaticuns give rise to separate
formalas, each with its distinct analysis from this peint on, though some of the
analyses may be rejected at a later pesitiomn,

As an example of alternative analyses due te the match of several
entries in the list by & single sentence symbol; consider the two sentences:

33




J
Lo

Figure sculptors like teo cast,
Steel sculptors like to weld,
In the second sentence, two analyses are possible until we reach the
period, at which positien one of them is rejected, The second analysis would
have been successful 1f the sentence had centinued, for example:

Steel sculpters like to weld is
low in carbon content,

If more than one analysis remains unrejected after the periodg we have
more than one grammatical ansliysis of the formula and of the sentenmces it
represents, Iindicating in wmost c#sen; wore than one meaning of the seme
word sequence {ambiguity).

Various methods can be used to keep track of the several analyses (as
long as they last). One method, of course, is siuply to make copies at
each branch point, Or for less copying, the diverging segments could be
named, #o that a particulasr analysis ie given by a sequence of names of
segments, Altemtivelﬁp at each sentence positisn, the output(s) (and
the state{s) of the SIPs) fer each analysis could be numbered sc¢ that each
analysis would be identified as & sequence of nodes in the branching tree

structure of all analyses,
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Appendix A~L
STMBOLS IN SENTENCE FORMULAS

ad jective

ad jective which can follow N e.g., preseunt

A, 8, G, Z

promoun which = TA: this, his

sentence conjuncitlon which repeats part of the
preceding string (III 5): CA gnd, CB bug,

CI icess CW mex, CO oz, -CS gg, -CT ghan
discontinuous part of C-conjumction: CCA beth,

CCO either, CCN meither, CCS gg, CCT more, less,
ratheg, ~<-gr
adverb

Dy 1Fs 11Fs jt0s o3

adverd after is, e.g., hexe

verb with fnp

that [string head]

wheword: K, whe, K, wvhom, Ky which, K; what,
Ky sbose, Kg whoever, K, whomever,
cocco Ky, whosever, Ku. here,
1{12 whether

noun (eee footnote 8)

count noun; N which requizes an article in the

singular: ghe book

singular non count noun

plural noun

noun with 's

noun which can hewe}mvé adjunct: xeagsen

cbjects of be: 4, 6%, Dy, N, P, s*




Appendix 4-1 {continued)

P preposition

Q quantifier: mgnv, few, one, &WG, oco

R pronoun (=TN)

s verb with -en, —ed {passive)

¥ ) article: T;: a5 122: the; '1‘3: no, one;

T,: _some, either

Tq quantifier which can precede T: gll{the), many la)

TD adverb which can precede T, Tq: Just, only,
baxely, scaxcelv.

v verb (see footnote 8)

v, verb with no suffix

Vs verb with =8

VPP verb with ~ed or -en occurring after have

Vp verb with ~ed (past)

V(b) be, have, do

W auxiliary, e.go, will, can (but net have, be, do)

Z color name

¢ sentence conjunction of the non-C type

Gb Yet

€ __sm.!_..:b: s: yhere, wheress, se that, except that,
provided that, in order that

72 lLnless, until, 1f, when

¢3 while, since, once, though, sithough, as 1f, as,
Shether

i sentence initial mark, head of center string

% con junctional adverb: morevwmer, however, nevertheles

NOTE: Some of the above symbols may alse &z ar with superscript letters which
refer to dependence instructions: eogo, N states that this N carries
instruciion PRON: in the case of verb-object instructions, the letters OBJ

are omitted.




C

D

1For N to vt

JFor N o YV
o

G
G+
(N vt

oH N v

K. NV
2

4
lxh v
Ekh NV

=

LK. BV

K. NNV

i
K6 v

BNV
1K8 v
kg N v

¥+

3
‘o™

K. Ny

dppendix A-2
STRINGS

The folleoewing are the main axiomatic strimngs,

€c8oy grisly
his
DO CONJ instruction (III 5.1)
hopefully
For Brutus to stab Caesar
fof children to twist
skidding
scraping furniture
that the house is on fire
that I went through college with
that likes mothey
whobassassinated the Grand Duke
whom the Grand Duke saw
which came teo light
which he drank
what succeeds
what I think
whose goose is cooked
whose barn we painted
whoever steps forward
whomever I chide
whichever survives
whichever they chense
whatever turng green

whatever you 83y



E NNV
39

1¥10 ¥
oKy N NV

¥

.\-é-.
Kl lﬂ v

NPHN

N'g G
2
N's

PN

[

rxznvg

P
3PK NV

3o K3 N N v

B Ry NV

Appendix A-2 (continued)
whatever choice you make
whosever salary increases
whosever hand yeu squeeze
where maples grow
whether fish learm
silicon (diode)
book buying (spree)
fapposition]

{people) you may meet

K.jﬂ strings are K strings with NP preceding, for K = 1333

le,., 2K5]Ipages of which are torn
(the zeason) it is here
people wearing hats, other things beling equal
{sentence minus 4s] his presence assumed
= " " ] the room free

[
[ i " " } the painters out
{

" i L j the boat on its way

=9

s " " ] ¢the destination an island
elephant hunting

children's playing games

children's playing of games

children's

in the mountaine

to whom it may cencern

beyond which I can't see

at which position ome is relected

of what we dream
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Appendix A-2 (continued)

oF B NN VP into whose den he walked

72 K,r N vE on whemever one relies

8? KB NNV on whichever page 1t is

9? K9 NN v‘P o whatever heightes vou soax

1 OF KI,ON N VP om whosever word you take it

uP A in general

Q musch

B we

s prepared

Tq nany

T the, a '

1‘2 A the geod; the rewarding, the undecided, the grey

1To ol to tell them to wait

oo V- (the persen) to see

W will, can

Z vermilion, chartreuse
#nvh [center stringl we were first,
& however

1,¢0°=~3 Al [Note: l=Co is normally blocked (IIX 5.32)] We'will write when

it s £inished,
oz N W [ * 230 . " " i ] I wouldn't say seo
but you mav.

3¢0m3 N V() o 360 L " i = } He will go, since we

haven't,
(%.
h¢3 having VPP He changed our view once having seen them.

) 8)

Fa.3 % We changed sur plans while driving.



Appendiz 4-2 {continued)

OBIECT SIRIRGS

Following are the main object strings of English verbs, . (The listing
in twoe sectiens has ne meaning for the substring program; it is for trans-
formatienal reasons), P, indicates an individual preposition specified by

the verb,

Not all the noun replacement strimgs {App. 4-3) can replace N in

object strings; a slightly reduced yrp list would have to be stated for this

position (see Fn 6

%
i, N's

NP, B

NP’

£0 V*
AHENY

Ato V'

A for N go V¥

Ate V'~

Q

[zers object, e.g., for emists]

{seems) fine, (is)John's

(are) heze

{1ike) digging clams

{found) sea shells

v Né has no passive, e.g., he slept a long sleep]
{correlate) these facts

(correlated) this and that

{compare) alpha with beta

{give) him & book

{refer) him to me

[P* in a subslassification of prepositions, e.g.; brobe the game u
(broke) up

(breke) up the game [RB is blocked in the list of replacement
strings of this N, e.g., broke up the gome but not breke up it]
(zely) on their results

(refrain) frem going

is {gome)

vang (to swim)

{1t is) certein thet nose will follow

(1t is) possible to state the difference

(it 1s) possible for him te spesk

{ir i8) easy to do
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Appendix A-2 {continued)

gw vt (hoped) that it would work

N A { thought) him wise

¥ D, { " ) him there

N W {thought) him an Englishman
NPN { " ) " in Philadelphia
N as D, {comsider) him as here

N as G¥ { = ) " M being fair
N as N {0 ) " ¥ a candidate
5 ¢t ~ (start) peocple talking

NEN VS (teld) him that nothing would result
N Py g’ (restrain) him from going
Al (know) the thing was rigged
n* V:" (demand) they appear

[Agreement instructions are not applied to strings with V
when N° is matched, ]

PNHN Vo% (ask) of him that he not leave
N to V" (want) them to succeed
v * {1et) ge




. Appendix A=3
LISTS OF STRING HEADS

The following lists include the heads of the main adjuncts, replacement
strings, etc., for each symbel.* The strings referred to are iisted in

full, pp. 37-39

3 lgo ) Aay Egn xay
{left adjuncte of N) (left adjuncts of V) (right adjuncts of N) (right adjunces of V)
ll\! D Av D
P o D, =
AR W wlFot
Q {left adjuncts of A) et Swigtis “‘i:“““ of 4)
—lag b
¥ eln ote
B lay i
T {left adjuncts of Q) 2 En
q D 38 (replacement strings of N)
K For
b x; 1
G
{sentence adjuncts, called 13 H
by all symbols except P oK L
and heads ox members of 3 1k
left adjuncf;s of uo) 1K5 ‘ 2Kh
A 1P ofk
. P
D N BKL}
‘ 4 c
\For il g 3
o gt { centeaf# string) LN ke
Kg L0 5, i
&7 o {left adjuncts of P) m6§ | i
e L i@ &ad junces ©
okg gl 1%9
o 31-3 3F
S % 9
K K
29 y s 39
3% 2-3 1o 1¥10
110 te K
* 5 10
10 K
3R _ 11=12
7-128 T
13"
*The indication of dependence instructions is omitted frem the lists. 1“’8
Left subseripts are not included in the matching process. ,
%A stands for the symbols A, S, G, 2 =i,
“%#4 number of sentence ad juncts, depending on particular words or sub- Q
sets, have not been included in the list, e.g., the type of I think, B
in He went gway, I think., More zefined distinctions ef subsets wold T
show more sencence adjuncts after subject N than after other N, i.e., ‘,,.‘,{'
the particular list of sentence adjunces depends on position. i-q

(e PO gl
| ee Fo b} o)

g &
£



Appendin B
EXAMPIES
Each sentenca sysbel in the following ezsmples is analysad with
gespect to a particuler makeh at that point. Only on some aceaslons is
iz pointed out, s5 an exasmple, where other metches axs possible. {The
program itself conld be used o investigate how the number of alternative
ansiyess veries from left tav zight through the santence formula.) Alse,
the only ssctfen of the liet which is izemized is the one containing the
wateh which 1e being considexed for this snalysis.
Santences ware selected which would vequive meny dependence instzuetiens.
frher sengencas, whilch may be campucatad for English, sxa streightfovwand

for the msthod, @.g.; sontences with mmny nestings, such as the cne =

po 12, or with repeated gpplication of z single instruction, such as

eft (two uses of 0BJ-), Further detsiled exemples of the applicatiom

of dependence instyuctione to vericus complicated situations in Eanglish
will be given in a forthcoming peper of TDAPR,

Form of the exempless The cemputation of succeseive scntence symbols
18 shewn in svecessive frames., The combined 1ist appears under the ssntencs symbsl,
snd the natch (not necesserily the cnly match) is indicated by an axvow. (An
example of how the combined list was asseabled i3 given once,in freme 2, p. 26.)

The $IPs eve schown in the state they ave in before the mstch takesplace,
unless the notes indicate otheszwise., BE.g., new SiPs which ave added as a
gvaesult of & given match gwe shown in the sams frgme as the mstch, if they deo
not replace existing SIPs; and the placing of object strinmg heads in the SIP
by 0B3+ 46 shown im the sems frams a8 the match of the verb which carries (BJ¢,
In the first example, the notes covering dependence imstructions precede thesa
describing the OUTPUT snd SIP proceduwes. In the second exmample, the notes sze
in the oppesite ordez (and prebably easier to folleow). ‘




Appendix B {continued)

Index of Procedures and Instructions

Procedure or Instruction Pape Used Page Defined
Ausembly of combined 1ist b « 60 15
Hazch b " 15
GUTPUT Procedure " ” : 15
SIP Procedure e i ' i6
Partial Ordering 0ton 19
NOTC h5 32f
CPDN %9h7 25
CPDR b 25
RMRR by 25
OBJ+ ko 20
Symbols in a sublist ho - 13,15,17
PDIN+ 50 27
POND 51 , 28
NOTC 53 32
LFTE 53 26
CNIN - 53 : 25
NMBE : 55 - 25
PRON 55 26
OBJ= : 56 21
CONJ ' 56,57 30
OBJB 58 - 23
OBJ+ 58 20
OBJE 59 a3
OBJP 59 22
0BJS 60 22




#8everal di adio astronemy 20adio Ll make fully systemsiically plavnned measuvremenis.
g M, /V i \ W y n D v /S N
: g P » P pi
e e -
!
Senence : Ei]
Symbol # l@u&pnt:4<ﬁv+;
e = o o momom oo h oe oo @ o e e = IR TR T T SR
sir.0) . # N vt
EQ lan lav sg,
rn sa rav
84 ran
L Sentence symbol # opens the center strin%thvacket, and s
2 sets up SIP{0) <(imizial conditions) II 4.,5), "C" for center string is noted{SIP 3b).
& blocks C from occurring on the next combined list {NOTC), See next frame.
s =
]
}
Sentence ) L FX
Symbnl Q {several) , Output: <NV 3 ,Quw(Q": several
o] :
SIP.0) Fsg v
pl
lan lav sa
N
N sa rav
i _ ran
Ba)
N's
Q_ T
DiQ) ,
s Example of LIST Assenbly (%.1,p.15): Since the previocus
[ ' symbol; #, was assigned the depth 0, the combined list
’ . for Q contains: .
| T 1. The position list following # in SIP(0). (This is
: T the active list in SIP{Q) according to the definicion
d on Polh)o
n 2. Since the list in 1. contains a string membey (¥),
sa condition 2. doesn’'t apply.
< | cC & 3. €C (C 1is blocked.)
SIP 1)t @

1 Q blocks the sections and subsections below Q in the liss

Q opens an adjunct bracket, and }
sevs up SIP/1); the position list vo the right of Q in SIP 1) is empry.

2
3

‘parcial ordering i, II1 1)



M g
C‘.’#

48
%8

& (different)

i L
N ’ yt

pl

lan lav sa

IN

LeroN

e o

LADH

58 rav

ran

C
co
4 blocks the subsection below it in the list \partial ocdering).
symbols A,5,G,%)

The match of & in the list frem SIP'Q) closes the bracker on Q depih 1),
{Qutput procedure, step 1) and erases SiP{1), (SIP procedure, step 1).

A opens an ad junct bracket ‘Dutput procedure, step 3) and setSup 2

new SIP:1), shewm in the next frame 'SIP procedure, step 3).

T
Lo srands fo

Sentence
Svmbol

818 0

StP 1) len A

1]
o
3

(3

]
Uy N, {xadio) )

e “ +a » I ‘ P “ent
Cutput: NV ?zuﬁQ,several)QM%A,dLife;‘nm

." 9
: 4 (N;radio
3 G
o me b e M e v e e m e e e M wm wm an M m e s an o e e ¥ e m M e o o e o

o EaE -

law
sa

88

- ey

ltw
¢ ,CC
N blocks vhe subsection below ir in the list ipartial gzdnring)c
1 andpN are both matched: the reading for 4N is followed in the
“Mote that the vesvriction on N. count noun) prevents a third mstch
N and the fact that there is no V ip the list decides the classification
of radin’N/V} ia faver of N
The match of1N ‘deprh 0) closea the bracker on A deptu 1) ana crases
SIF . 1). N! 5pﬁﬂ$ an adjunct bracket and sSets up a nvw SIP i & shown
in he next frame).
Ce¥D attaches CPDR wo
! hlock on the Jutput

g L v s
&L east

Fhis will .

‘e the oext maten

string wember N in the list. (See next frome i

Procedure which CPDN ilaposes

3
|

e



1 }!.}Hf u :lN"u‘ s Qrsevers at j, Nira 10 &
3 K 7% 8 3
T .v’ | 2 ! 4 “:QDQ. ! >
S5ir. o) cf ’qsgr g 2 V?‘
pi Lav sa
lan . sa rav
CPDN 1
N L
CPDN
.
£
%
Sl?ii)biﬂ
= b
3
& ; |
1 Of the 3 matches in the list; the gnalysisfor the match of

N is followea
. 1
in the example,

2 The placing of all brackets is blocked by the previous CPDN instvuction
3 The matech of ;N .depth 0) erases SIP{1) and sets up a new SIP 1)} [SIP
procedure); in this case the new string is the same as the previous one
T
i
| ) ; . \
Sentence 1 Output:*(HV+;ﬂh;Q;several);hLA;ditferﬁnt)
Symbol Np1 (stations) : o, Niradio astronomy) stations
S G *M w’%-vlﬁﬁﬁ ; R E@W RS SN il Il - 2Ly ST . sz N N
il = ©
SIP.0) (:# Ns"C?D,Alij v-a'
S QPP B
1 lav sa
lan
NCP‘DN S8 rav
1
KCPDN rav
2
SfPﬁi)LHN
0 &
&

! Of the three matches in the list, the ysclvels is the example is tor the
maith of the string mewber N,

2 Npl blocks V, ‘NMBR) Accordingly

4 CPDR xeleases the block on the Quiput procedure, Athe match of N ar oo ou

0 closes the bracket om N {depth 1)} (OUTPUT, step 1)

The match of N at depth &‘erases SIP(1) (SIP procedure, step 1),

5 The list at N is starred SIP procedure, step 2),

&



Sentence
Symbol

I T . T T
¥

spl0) # N

SIP 1) fur W

i3]

Ul Wi~

W {will)

O+
V-8
B

Lav
D

lP

W et

83
ran

C

- om

e

sets up SIPtl), !
W blocks v (TENS, p.23)

Had V, been blocked, W would have released the block (NMBR, p. 25).

rav

@

f&rv Qﬁ_ Q Seye '-?"ﬁ‘i ); 31} i3t }
(N radio dsrrauamy\ static rfi ’N will

L*iﬁu

S N e = > wm

W blocks sections below it in the list {partial ordering, p. 19).
W opens an adjunct bracket

. Qutput procedure, step 2) and

{8IP procedure, step 3).

(See next frame).,



Senteac

Symboi

sip.0)

5iP 1)

w NS

- /st -1 s
OQutputr { BV : 4 Q; several ) g ' Ardifferent Yo, N

Vo (make ) fddlﬂ a%isunnmy}SS¢'t*v‘ TW »1\‘\ b

e p o am A% am we W e e 4m A I e

- i \ ‘!
. , =& m,+4§»~zj- : A
# N Vea Object Register
i = N &c8.; Make megsuremsnts
lav rav
& NN €.g8o, make him chaivman
III—‘U" W &
c nv* €80y Mmake it work
cC ceo

The match of V_ (depth 0) closes the bracket on W .depth 1), [Output
procedure, step 1), and erases SIP 1), (SIP procedure, step 1).

The list at V is starred (SIP procedure, step 2).

OB+ posts the list of object string heads in the string member sectiocu
of the next position {condition 1 of OBJ+ ). The sublists lan avd rp
are written under each N, E. Boy WE maxkf%irstg second and third obgec~
string heads which are N with 1, 2, and 3 pXImPSgIPSpeCtiVEch The

list os will then appear:

m!

lan! u )
n/N')
Nl‘
lanfN'")
néN'")
Nl (K]
lﬂn'{N' (] )
rn’N' 1] l)
Q

i

The list expanded in the manner of Section II; 2.2 becomes:

N
lan.N*')

TNR N') 2
lan' JHT N} )
R.“?'. . e 3
Kn.~*~.& J Note. 5 ‘~11L
okl i e

i)
o

L)
L

N‘.i!



! e
Putputs (NV'3 4 ¢ ver ULB,) San & sdtffere :
p {fully) ! xadin astl Jstat wn%ﬂ {(Wyv make
{N; (A; (Djfully

ar e 6w @0 W B0 U3 R ¥R A3 @0 e GM W8 BF Gam oX ar @ es o F

® % | -ps (3] {
N’
lan(N')

Q

| SERSEep,

o cm o me o WB @ WA G0 B R Bm e I w40 S Ou o

L+]

A!N )
iaal 5) N"))

D(A{N" ) ‘*f%-—

l‘"s{ﬁ’)

Q(N’)
laq{Q{N’))
TN )
BN')

e

. awve Mo e t-."

s1p{1) N?
lan sa
) ran

¢

SIP(2) fun & (N' o UL - . S
1aa(d N'L} raa
pENDIZINT))

SIP(3) L b'([%ﬂ");)

1 D opens an adjunct bracket; then, since D is in the sublist laaiA), an
ad;qct bracket for A is opemed to the left of the bracket for D; theny
since A& is in the sublist 1an@N‘), where N' is in o8, au object string
bracket gor N' is opened to the lﬂft of the brecket for X /Output procedure,
step 3d).

2 Correspondingly, D brings in the position lists for the D strimg as SIP!1);
then, since D is in the sublist laa{i), the SIP for D is pushed down to
SIP{2) and A brings in the position lists for the A string as the new
SIP{1); then, since A is in the sublist lan{N'} the stack of mew SIPs
is pushed down (D-» SIP(3) &-» SIP{2) and N' brings in the position
lists for the object string N* as SIP{1) {SIP procedure, step 39

3 The list of object strings is blocked {SIP Procedure, Step 3e). {Next frame)

&L D is one of the symbc&ﬁ which carries PDN+, which associates POND with the
occurrence of D in the list. Since D is in a sublist, the list in question

is the one containing string member A, in the SIP set up for i, i.e.
8IP(2). (see . if)




’**fkach?}s AN

sw }IL ’“‘1‘7{‘14.‘}
radio %Ct?ﬁlumy\éfaifﬁﬂwjm># wﬂlé)waxv

i .
\ﬁ &'
t 2
{
§ 1N; A‘E iDsBulliv; Disyste u’*wi‘%-
= ve o o o = or 3 o = A,I
G 3 a i [‘53 ’_5'-1
# N V o8 !
SIPL0) 3 . . e ’ .
& ! oos Ny (A3 (D: {D;fully) sytematically.
§ S fag :
sa ’—-~ > = E [g ' e e e e
rav ‘ )
e g n
SIP(l) 4o N D COUNTER = 1
len sa ’
¥ wan

S1P2) g | A(NY)) rav

pFOND
k3
SIP.3) fae D o
C
cC
1  The match of DPDN‘D increments the D counter,
2 Brackets are closed as usual: the match of D [depth 2) cleses the
bracket on D {depth 3) and SIP{3) is erased.
3 Executing PDND for gzo, the bracket for D is opened as usual
L For qzl, another reading is recorded in which the bracket for D

is opened to the left of 1 pair of brackets.
5 A new SIP'3) for D is set up.

Sentence lOutpuLf (NV ; (Q;several) |A;different) N:
Symbol p/-’ {planned) | rvadio %stronmy)stations (W;will Jmake
e e ] e R e -{ iN: (4A; {D;fully){D; syst:ematwal‘y)ﬁf-
' ; 24
SIP.O N v ~08 | , ,
0) a:# g (WV ; iQ:several) [A:different) 'N;
ok radio astronomy)stations (Wiwill)make :
SIP.1) N : IN;y (A3 {D;(D:fully)systematically)qianscl
1&’7} S b @ @ % mem B % M o m s o o M m omm e e e e we m m s
~rn rea =
raa

’ s A (A AwSer & o J’j

cC
I The match of A ‘depth 2) closes the bracket om D{depth 3) and erases SIP 3).
2 The 1ist at & is starred [SIP Procedure, step 2)
3  HNex: that V /5 is decided in faver of § because there is no VP in the list,
i1

The replacoment skxings zn of N' in SIP{1l) are blocked, so that we el iminate,

eog., ful 8y scmticaxlx planped what to wegsure. This comes about as

follows: 1 ce Aiin a sublis of N', instructions carried by & apply

to the posi*‘ion 1ist which has N' as string member ip. 18); 2) Associated
with the match of A in lan is the instruction to block sections of the
position list below lan ipartial erdering).




o I Salaney
Jubpats (NV'5 , (U3severaly

fip\a(_ ‘measurements ) radio iz‘;ﬂf&!“i}zl,{,‘bﬂ‘q’ Jstations '_,w{_z.:; swil L Jmals
* 1N3, (A5, (D;fully) LD jsystematically
: planned Jesasurements
= s = = = =3 s - =y e D oo s ‘»«Jy - = = o = o =3 £ = - == Lol = = - =o = ] o (==} o=
¥ # ® (I
SIMQO) .# N V| =o8
88
rav
-y EZ:P N e
SIP(1) NO s <
P 4
lan sa
ran
%
SIP{2) A
raa
¢
cC

1 The match of N* {depth 1) closes the bracket on A (depth 2) and erases SIP(2),
{Only one analysis will be km carried further in this example.)

2 The list at N is starred, since in SIP(1), N' is a string member,SIP Procedure,

Step 2).
:
O Oubput: NV 3 (Qjseveral) (Ajdifferent) (N;
Symbol ) | radio astronomy)stations (W3will)make
' I N; (A3 (D3fully) (Djsystematically
: plamed)msasuremnts}
S g Y] D i
SIP(0) # N V| -os
sa
rav
*
SIP(1) He
sa
ran
C
cC

1  The intervention of the period, the end-sentence mark; terminates the
computation. Since there is no string member remaining in the SIPs,
the analysis is accepted ard a closing center bracket is placed{p. 33}.




b The seperiment wnich we started vl for whoch yamellby you wepe waliing was inberupted.

i T, By By Ry Vo/s C P B By Vp G- Vp Wy
| D
Tt e
R
SI0)  # N v
Jan lJav ss
B

Imn 82 rawvw

sa ran

[7] Sentence initial mark, #, (given as a "match® by initial conditions) opens the
center string bracket in the output, and Z] brings in the string #NV' with its position
lists, as SIP(0). ‘1L, 5.1, po 17, and OUTPUT and SIP Procedures, Step 3, ppo 16, 17). )

i3] Position O is starred, = for center siving is noted {SIP Proc., Steps 3b-c; p. 16)

! @
iOut.put s {NV* s {(Tsthe

Bl o s o T8 el

Sentence Ty { the)

SIP(0) o #

| @
o3
g

wrmEmma oT O

Ta
m
| 8a
@ 3 lCﬁ _
SIP(1) fan T
TN ,
{1i T, opens a left adjunct bracket in the output, and sets up SIP(1) with position
zero starred, The pgqiitjion list following T is empty.
[3] T blocks itselff(ﬁi‘I‘E)» and @ the sections below it in the list/partial ordering)
7] T releases the block on Ny (CNTH).
[E}# blecked € from occurring on this combined 1ist and Tp blocks C from occurcing
oo ihe next combined list (NOTC).,



{ experiment )

# L -0
SIP(Q) i Nag ¥ s
8 P
lan lavw aa
8a Ay
4 ran
SIP1) f2uT
€t

SIP(1).
[Ny blocks ¥, (NMBR).

71
! e I (B

S Sy S R £m 2 : e )
OQutput: (W 3, {T;the) experiment

@ ne mateh of Wy at depth O closes the bracket on T at depth 1, and erasss
@ the 1ist at N is starred because of the match of a string member,

@) Note that cms added to the list but mor € (NOTIC).

Sentence {which)

+#
SIP(0) o#

-

rav

+*
SIM1) \unKy K

lan lav 88

m Sa

Sa ran

{

Ao

|

2
| outputs (W';, (Tsthe)experinent, (KW jwhich
L

—— g - et i g e St A e . ALOM. oS e

zl

[l oK5 opens an adjunct bracket for the string K;NV~ and Sets up a new SIP(1) .

s which heads the string K3V+ (e.g. the experiment which started) is also
but only one reading is followed in this example.




|
|

Sentence ; | Mo
Symbol Rpl el Out;put \!W 55 Tsthe )experlment {KBW WthhME{ Jwe
¥ #
SIP(0) # N ¥
lav sa
sa rav e
ran
#* 13 3 #o
SXP( l) nar KB N v—-s
lan P
m lav 8sa
lFor
G sa rav
b4 ran
PRON
R <«
gy ~|eat
' g
#
SIP(2 )34
P(2)nn ”

(AR opens a replacement string bracket and’2! sets up SIP(2).

B)The list at the position of the replaced symbol is starred (SIP Picc. 3d)
since the string member requirement is satisfied by the replacement string.

E‘Bﬁpl blocks Vg (NMBR), e.z. not we starts, and blocks sections below it JE)

[C1R blocks various right adjuncts of N (FRON).

Sentence - | Output <NV 5 1., T3bhe ) exporiment, b K3NV swhich
Symbol # o | i
______ e L weYReme
SIP(0) # N ¥V
lgv sa
sa rav
ran
¥ ou =
o, = )
SIP(1)menky N | Ves Oﬁgﬁicr REGISTER (befor: ;e:ec@ng 0BJ-)
P et e.g. start going
- o N start the experiment
B o Wt start_them working
S8y %Jo to ¥ gtart to write
ran S
e i rav U4 OBJECT REGISTER (after executing OBJ-)
SIP(2)rn R e ;,;
[§4 Gﬂ' P
Gé» ) to ¥V

BG™




56

{i) The mateh of Vp at depth 1 closes the bracket on R {depth 2) and erases SIP(2).
[Z] There is al«> a matech of S in the list of sentence adjuncts {another reading

would be started,.
3 There would have been another match of S in mxa the list yan, but S was blocked
by Instruction MRON carried by R.
(%] OBJ~ operates on the object strings of the verb start as follows:
R

—> {step 1)
NG‘* A G'i’ ]
to Vv to V° (step 2)
NG+ — NGT (. » )
G* ¥ dropped (step 3)

EloBd+ (step 4 of OBJ-) causes the object string heads (leftmost symbols in
the Object Register) to be posted, Since kkm one of the string heads is @, this
symbol is not copied, but causes the list to be placed below the string member
section of the next position so that the list for the next sentence symbol will
include the active list of SIP(0), (OBJ+, condition 2).

n
i

gﬁggce v (and) : Output: [4)
....... S g mmmm e e e e e
SIP(0) o# N ¥t

lan lam sa

I Sa rav

g8 ran

% ¥* *
SIP(1)nen By H ¥V @
lan lav] o8

i 2a 8a
8a ran rav

C& o S
(] Associated with € is Instruction CONJ which delays the output at C until

after the next match and controls the assembly of the list for the next sentence
symbol, {III 5.1)

Blsince the string member section in the active position-list of SIP(1) is
empty, END-STRING(1) s +, i.e. we are at the end of the depth 1 string when C
occurs, The list set up by CONJ will then contain more entyies then if €
occurred in the middle of a string. (See notes 1 and 2 at the top of the
next page.)




by CONJ depth O ¥
l}‘;} n
depth 1 | ran [T}
Bf: e
N
lan
rn
vm
lav
# % D
SIP(C)# H ¥ e
lav sa
sa rav
ran

x i 38 rav

[Zlwe have ran in the list instead of just Kq (LIST, Za), ard B and €€ (LIST 3.,b);
[Z)both s;tpfoi and SIP(1) are represented in the list, (LIST 2b), '

(3] The match of3P (depth 1) places, o the left of C, the closing biacket on the
K3 string {  of the OUTPUT procedure of CONJ ). Nete: OQUIPUT 332 is not shown here.

4P opens a bracket Bal of the OUTPUT procedure of GONJ, which is the same a& 3 of
the usual OUTPUT procedurs), correspondingly 31’ sets up & new SIP(1) (CONJ SIP 3alj.

Serntence Out put : (W3, { T3 the)experiment , (K.NV™ swhich |Rgwe
Symbol K3 (which) <star{aé§i) amﬁM(PK3NVP; o;wgni‘c'h i [ :}
4 £ B . ) )
SIP(Q)# N V
lav sa
sa rav
T
* @* o
ST L)mP |E | 8 ¥F
3 lay 83
] 8z ray
CcC ran

[d)The list at KB is starred, since in this case K5 is a string member and nob
a string head,




s
/ooy

Santence Ot puk 2 SNV 73 g, { T3the Jexperiment, of KEall¥™ swhich,, JR; we|
S}*ﬂi}fﬂ. iﬁép&"ag QYM) % fansy
- om we o om G WY M Wy @n OB OB on o @ wn b em sm ws e oo @ =
SIF(O) # N ¥

lav sa

58 ray

ran

2 = Bx He ,p
SIF(1)mrP Ky

c a0 W ooco
A
] .
b |
B

! ]
0
F g

W
SIP{(2)a R
(E3} .
(LR opens a replacement string brecket, and (2] sets up SIA(2).
[Z) The list at N is starred (SIP Procedure, 3e).

(TR blocks ¥ (M@R), and 15]% sections below R in the list (pavelsl ovderisg),
B8 and (O wie right edjuncee of W (FRON).

Serderns S ﬁ: 1,42 ;the)w:perimgntm(K W“;whiehM[nge}
- [} ] ° ®
s gl SRS e
L v
SIP(0) # ¥ ¥
Jav sa -
sa rav ' OBJECT REGISTER (before executing OBJB)
ran = 5
. ] % 3 o 9P E ?’E
SIP{(1)nanP 3.3 B ¥ -0 o8 :
p <=1 : &
gl R 3 Gg’:
sa g =3
+
. ran | o ?E’
ke Rl A QBJECT REGISTER (after executing OBJB)
& s
PN
ithe matc? of ¥V {gepthl ) cleses_th : .
bracket on B (depth2 ) and erases SIF( 2). g EsF
[Z)'The mateh of a string member stars the ] B,B,P
list at this pesition, Sg E.P
[3)0BJB transfers Instruction OBJP %o G to V°

and S ard V in the Object Registexr; OBJP

replaces OBJ+ ,{shewn by replacing + with PJ. :
@] (BJ+ (Step 2 of 0BJB) posts os, the list of the object string heads, in the string

menmber Sedtism of the position list to the right { OBJ+, condibion 1).




lay sa OBJECT REGISTER {(before the execubion of UHJF)
28 raw .. ok
ran o V
PO T - [‘ﬂ me!’ 2
SI(1) pef B ¥ es ,
s KB o @m (BJECT REGISTER (after the execution of OBJI)
i to ¥
E P =2 sa @ 3
GE w22 B g Ky
588
ravy

[Z}0BJE blocks the opening of an cbject bracket and blocks the setting up of a
new S1P (Step 1),

[lAlsoc, the list at this position is starred and 2. and ray are added to the next
position (St-e;n 2). :

{3) 0BJP operates on the o%ject strings in the cbject register as follows:

to ¥*-» 40 ¥* (Step 1) : ‘

P (for) is compared with P (for), the head of the string containing
the verh waiting, and the two are found to match. Therefore
the adjusted instruction OBJ- is executed (Step 2), giving:

Poep § — # : :

@] 0BJ+ (Step 3 of OBJP) poste the list of cbject string heads below the string
member section of the next position list since there is a % in the list (0BJI+,2.) 3
this allows the assambly procadure to include a position 1ist from SIKO) in the
1ist for the next sentence symbol, i{.e. for zero object the sentence returns to the
ineluding string.

':Out put s W3, ( Psthe)experiment,,( KinWZ“ swhick [Rywe |

Sentence at-artadg and, {( PKaN§* s for w @z,»yo@ wers
Y ® 9
Sgmbol ‘/P (42 )2 walbing was 4
% @ ® i *= ) X
SIO) .# H V8 |os
, Pk CBJECT REGISTER
sy sa A
88 AR P
ran H
e 2 % B OB ‘;E,--}-
SIP{l;w&P 33 B ¥V o8 - sﬁﬁp
Ha %OE ?Eﬁ”
R
LEL0
T The mateh of ¥V, (depth 0) closes the bracket on the PEK3-string {depth 1) amd
exases SIP(1). :
Z)The list at ¥ , strinz member),

to ¥.G,5 in the object register

e string member section of the next




oL

Sentence v lQut pu };T th@)exp&wmﬁmm{@m ~swhich ,,{_ﬁ,w"
Symbol ‘a"p/a’:i B f r’é@d) and . { PE4WW Py for whieh Mﬁ,y&“\ Wez®
( mhzrm,af) : wa:s.t:mg) was mtex*mphea
e o e e e 55 e B i i, T e e o T 1 o i i, @u, s s A
s # = w2 ) |
SIP(O) ¢# N V [ 1 [4] ER (bsfore executing OBJS)
2
B st fo— TaV :
OBJECT REGISTER (after executing OBJS)
== =]
rav
&

@DBJE blocks the opening of an object string bracket and blocks the setting up
of a new SIP (Step 1).

(Z10BJE stars this list and adds ga and #8E rav to the list at the next position
(Step 2).
[(3]0BJS operates on the object string in the register:
H-»% (Step 3)
(40BJ+ posts the list of object string heads (which is empty in this case).
(F|Note that the double classification is decided because no V appears in the list,

,Out.mt <mt:r% (T; tha)exparﬁwntm,‘(lﬁ =swhich , [Rswe]

g;ggzice " .ed) and L PR P s for which @. ym‘;)mm
! waiting) was interruptad>
mcnnewmu-nm&smmwmmw!wma@ mmmmmm TR ey P G W A @ o D W o8 D T G SR aw
A}
% # # B
SINO) o# N V o8
s
rav

(1] The occurrence of the period (end-sentence mrk) when the list for the cenmbence
symbol contains no string membar ¢loses the center string bracket. This analysis
is accepbable (p.33).




sentence symbols

sentence fovmula

definite

analysis

string

center string

replacement

ad junction

dependences

string eccurrences

depth of parenthesization

string head

successor List

position 1ist

in that string

combined list for the
ath gentence symbol

match

lan

lav

laa

ran

rav

raa

rn

88

position lists of a string

sublists

string in progress

SIP{k)

active list of SIP{k)

M{k)

computation of the
ntlk gentence symbol

LIST

MATCH

k

OUTPUT Procedure
SIP "

Mik)

blocking

object strings
object register
object string head
o8

List of Terms and Symbols

i1 pi 0BJ4 ixiz2.1 p20
oo 0B.J- I1iz.2 p21
oo oBJIP 1112.3 p22
LB OB.JIS irie.k ™
W OBJIE 12,5 p23
wooow OBJE I112.6 "
T TENS IIxz2.7 "
woow NMBR I1I3.1 p2k
" p3 CHTR EXi3.2 p23
" ph CEDN I113.3 "
wooom CPDR I1I3.k
I " LFIE I1I3.5 p26
" p5 PRON i113.6 "
noo PRDN 1137 "

" pb SUBJ 1113.8 "

GOFN I¥d.9 p27

I2 %, Iik,1 pl5 PDN+ I11k,2 p28
n u PDND IIIk.2 p28
111 plo PDNZ Xigk,2 "

u " A counter " A

t " D counter " "

it " string headed by €

" L repeats preceding

] 1] string

te 1 CONg

nooom END-STRING( k)

112 pl3 CCal

1 " CC tag

i3 plk Cla2

1 1 CCﬁl

] " NOTC

" 1" END¢

Izh ¥

ITk.1 pld

I1h,2 "

1] p15

111 [}]

Lk *®

1k, : pl6, See M(k),k

IIX plo

112

N p20

18 "

ITI2.1

o
P—.-I

I1I5 p.6L,FN.16
" 1] i

I1I5,1 p30.1
11 p3002
115,21 p30.9
I115,21 p30.9
115,22 p30.10
1115.23 "
1X15,31 p.30.11
1115,32 "
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Footnotes

For helpful conversations and criticisms I wish to thank Robert
McNaughton, Aravind Joshi, Henry HiZ and Zellig Harris,

Harrisy, Z. 8., Computable Syntactic Analysis, National Science Foundation,
Transformations and Discourse Analysis Projects, paper 15,

Gleitman, Lila R., Word and Word-complex Dictionsries, National Science
Foundation, Transformations and Discouxse Analysis Projects, paper Lo

For languages with less restricted nesting, rules appropriately different
from Rules L-3 could be formulated; or Rules 1-3 could be retalned, and
dependence instructions written for the type of intercalition found im
the given language.

The occurrence of a beginning of a string is given according to Rules 1-3
as the beginning of a string which is either the center string or a string
which ad joins or replaces sn occurrence of a symbol in a string. The
occurvence of a string is continuous from its beginning except for
interruption by strings nested within it (Bules 2,3).

Differences in occurrence which correlate with position in a stxing could
be handled by an extension of I1,2,,2 (pol). E.g., instead of Imstruction
SUBJ, which adjusts the list rn for the subject position; we could call
the N in the subject position, N'; and define a modified xn list, called

n'. Strings which contain N in the subject position would be written

with N' in plece of N; e.g. BN'V” rather than HNV~; then zn' would be
called out {by N'} rather thsn rm, when the position lists for the string
are assembled,

The arrangement inside the bracket is based on a suggestion by John McCarthy.

String member and sentence symbol N, Vy; R, have subclassifications which
are used in the matching procese: N is either Nl or N__ ox Nplg R is

either R or B V i3 eithex V_or V, or V, or V :sg
8g PP

pl° @ 8 P
v (eoga gives) singular present 3rd person; also includes gm (Vs')lst per 6o

v (qua give) plural present 3vrd person; present lst and 2nd person
{except_amy are); tenseless verb,

v (eogo gave) singular and plural past; also includes gre (V ' Jplural

¥, (eogo given) follows hgve; is distinguished in its atring positions
{but not in its form) from the passive S,
An example of 8, i.e. a verb with omission due to passive § (see 2, h)ﬁ plus
omission due to the chazacter of the string (using OBJ-) is: The evidence
gaich Bis conclusio ce _based object of base: N ™ N; passive object
of,ggggs P Nﬁ passive object of base with omission due to OBJ-: P,
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Feotnotes (continued)

iu The following ave the object strings of be, have, do, with enamples of the
bracketing of the object string due to OBJB and OBJE, 6% in Oy does not
include having V© These forms could be referrved to by name with the
classification scheme in FN 13,
havg )
Vﬁ;‘f?' we have picked Niberries
tof V'E”# we have to stop G*;dreaming
N
N to V;
Ns*
be

( E,+

G? we are reading N;poetry

; gBo we were amazed

; ;; A

Og 4< N
PN
Dy
\

d
yEs* They dog,,{D,not) accept N;checks
N

11 Linguistically, W is not an adjunct, although it can be computed this way.

12

13

1k

Alternatively, W, together with do, does, did, and the tense suffixes, can
be considered a required paxrt of a center string N W ¥, Then have - en,
be - ing, and somewhat differently, be ~ en could be considered right
adjuncts of W, e.g. classification U, In the dictionary have and be
would be given alternative classifications, e.g. have = U/V.

Special provision is required to carry out OBJE before II b,k (SIP Procedure).
When V(b) is bracketed according to FN 11 {in a later version), OBJB and OBJE
will not be required,

Linguistically, the article is not an adjunct; but it cam be computed as one
by having instructions CNIN{3.2) and LFTE(3.5).

The pronoun we may occur followed by, e.g. {(on_the committee,) We has
certain properties of the moun not shared by other pronouns, e.g. alse

He geschers but not I teacher,

Additional provision is required for successive N'g, e.g. an "N's counter

( starting with the second N's) which causes the first PDN bracket [for q = O)
to be placed to the left of p paire of brackets, where p is the value of the
N's counter, E.g. we may have (young){bov's)methex and {{yo 2;&2 oy' s )mother
and {{boy's)friend'simother but not {boy Ix Jmother




LY
18

19

29

(02
=

By "repeat” we do not mean that the words of the sentence are repeated but
that structurally equivalent elements occur on both sides of the C, l.e.
the same styxing or segment of a string. The term "preceding stting in
this context refers to the string which is interrupted by C, if C occurs
in an unfinished string, or to any string we are in {as defined on po 6)
1f C occurs at the end of a string. In the term "string headed by C"

the word "head" appesxs not in the technical sense of the rvest of the
paper where "to head” means to open a bracket in the sentence formula,
set up a new SIP etc. (XX b 1-k), but in the sense of Instruction COMJ
which replaces IL L,1l=k for C, "The string headed by C" means the string
set up for computation by € (via CONJ) when C is matched.

Alternatively, A C and CC could be added to the lists on every level,

A sentemce ad junct may intervene between C and “the string headed by C"
as defined by the CONJ procedure (FN 16), i.e. when a sentence adjunct
occurs after ¢ there ave two cases: one covered by the existing CONJ
{this is the case where C repeats part of a preceding sentence adjunct,
, i nion ine); and one for
which additional mnchinery is required (this is the case where the sentence
adjunct intervenes, e.g. Ihe soldiers fought well but in my opinion needlessly).
To cover the latter case;, we would add to LIST:

L, A list of sentence adjunct heads, sa, having the depth of
the deepest SIP is added to the list at ntl., We can also
include here the right adjuncts of particular C: e.g. also
for CA, alse for CO,

We would then add to MATCH:

If the matched symbol is in the list sa added in 3. above we
save the list at ntl and vevert to II -olwh until the END-
STRING indicator of the sg string is 4+, Then the saved list
is substituted for € in the next use of II L,1., When a
symbol from the saved list is matched, the CONJ procedure

i8 resumed.

When C occurs at an interior point of a string, we do not provide for
a repetition which begins at an interior point {or beginning) of a
string of lesser depth, e.g. not We considered a plan which the
committee, and proposed a solution which the secretary, rejected.
This restriction can be relaxed by removing the condition END-STRING
(k) = +;, on LIST 2b.

1f one wishes to include checks of well formedness, one might want teo insure
that when two verbs share an object string, as in the example of OUTPUT 3a2,
the second verb will list for possible compunation only :hose object sgrings

SEEADE plaved on the giggoo The correct list of object strings
in this case 13 the 1nnetseccion of the object strings of the twe verbs.
One may add to CONJ SIP 2a: "If an inserted position list has V in the string
menber aection, Instruction OBJC {s attached to the V as the first OBJ
instruction.”" OBJC would be defined as follows:
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Instruction OBJC -~
1. Pexform the indicated OBJ instructions emcept 0BJ+
2, Retrieve or, if necessary, recompute the object strings
of the verb of SIP(k)
3, Take the intersection of the results of 1 and 2, and erase
the other object strings.
b, Perfoxm OBJ+

A subset of verbs {called “aspectual" in sther papers of this series),
e.go. Like to, are similar to V the main verb is the one which comes
afger V ) oF the aspectual vegg Thus like &o may be included in the
element g which is omitted in the XZ type string: She likes to plgy

tennis and he golf,

After © it is possible to repeat parts of two preceding strings, provided
that the later string is the object or adjunct of the sarlier. In such
cases the repetition from the earlier string is XZ and the repetition
from the later string is XY (zarely XZ ox X).
Exsmples of ¥Z - XY repetition after C:
Lo Whexe the later string is the object.
edm that f aited a

2,

The transformationsl character of strings headed by CT(ghan) and CS{gs)

is close to that of strings headed by CA, except thet the list of permitted
repetitions from the preceding string is greater after CT, CS, However,
the distinction emong the various kinds of permitted repetition is lost
when we consider only the word classes, as in the present procedure, and
not the actual words. Henece in terms of word classes, what can oeccur
after €T, CS is virtuslly every repetion fxom the preceding string as

well as many other strings provided they are lacking a symbol which is
present in the preceding string. Note alsc footnote 27,

In the dicticnary, both has two clasaifications° Tq and CCA; eithex and
neithex are T) and CCO, CCN; gs is ¢, and P and CCS and CS; adjectives
ending in =er ave A plus simultnneouély CCT; more, less, and‘gggh_g are D
and Tq, plus simulgtaneously CCT,

"Non-sublisted" is specified to allow e.g. : ‘ : 8x e
or well-read, Otherwise we would be requiring that or £ollow_y_gx

In some cases, a sentence adjunct 1ntervenea between CC and the string which
neople elt! for the n-S‘ S5 anproving or
PRl g ‘ o 7The machinery for this case hss not been included,
The more complete statement is: If the symbol following CC is a sentemce
ad junct head, there axe two analyses poasible.
1) he people W
gk or having €8

2)

has been computed; €.8. Ihe pi8y €LENEr Io:
r applauding... Compare footnote 180




