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Multiply classified wordss

The alternatives program is conserned with those words whioh have
more than one possible syntsctie clesaification, e.g. words like study
(noun or verb ), total (noun, verb, or adjective ), these (pronoun or
pronominal adjective ), little (noun or sdjestive ); also words whose
suffix determines their olassification in more than one way, esg. words
ending in ed like compared (past tense verb or presive adjective ) These
words are reseived from the dictionary with special markings which call
out deoision procedurss for resoclving the alternative classification.

The dicticnary entries, of course, mue% indicete all possible syn-
taotic claseifications of words, sinoe at the level of dictiomary look-
up each word is considered independently and hence without referencs.
to the restrictions derived from its occurrense in the sentemvs in a
particular oonstrustion. It is impertant to decide as many of these
cases of multiple claseification as possible, as early in the program
a8 possgible, since #ach unresclved alternative gives rise to an ambi-
gulty which complicates and multipll;a the work of later siages, e.go
identifying locel stringa and higher level bracketing. On the other
hand, the descisions emong alternatives rest on features of the syn-
taotio enviromment whioh in gome coses is cumbersome to state in terms

of strings of class symbols enly, i.e. before some of the local bracketing
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has been performed, and simple to state efterwardm. Thus lingulastie
considerations up to & certaln level c;f complexity only éro inoluded
in the decision precedures, and it is expected that some cases of
multiple oclassification will mot be solved, but will be garried as
ambiguities to be sclved at a later stage in the progmpo

Code Numbergs

The input to the slternatives program (aaide from the tape con=
teining the program itself ) is & tape containing the sentences of the
text (s ) with the dictienary and other inromation for every sentence
word occupying eet positions within a block of six machine words, As
with other sections of the program, operations are performed with re-
speot to this fixed format. A description of the relsvent parts of
the entry and two exemples are shown in Fig. 1. In this program, only
the second and third entry words are invelwved.

If an alternative exists in the sentense word, digits 1-3 of the
gscond UNIVAC word of the entry will be ccocupied by a code number indi-
oating the choice to be made, e.g. 130s V/W, 360s N/A, 153: V/A/N, 650,
R/B, 140: W/5* in »lace of the usual alphabetic olass merk, N; V, eto.
The oclase mark and  aubolass information for each of the alternatives
is then found in the locetions shown in Fig. l. In the case of success
in deoiding among the alternative class marks, the code number is erased
and the appropriate blook of class symbols iz moved into the initial

digit positions of the second UNIVAC word. Subsequent programs will

#Some of the main class marks arez V {verb), N (moun), A (adjeotive), R
(pronoun ), B (pronominal adjeotive, e.g. this), W (verb with tense mark, ecge
studied ), S (passive sdjective, e.g. etudied )o
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to0k for the syntactic olassification in this positiome

1t will be noticed that the individual digits of code numb ers
1ike 130, 163 bear a simple relation to the alternative classifioca~
tions making up the choloes 13V, 33N, 524, 63R, 43S, Thus 130 stands
for the V/N ohoisce, 163 for V/A/N, oto. There were several reasons
for shoosing this non-compact representation aside from the convenience
of immediate interpretabilltye At various points in this and subge=
quent programs, it is of use to know the possible outecomes of a deci~
gion even if the decision could net be mads. For exémpl% the situa=
tion may arise where in gsoenning the sentence for & partioular class
mark which will help us decide one altcrnative, ws encounter anothers
Here we should like to know if the desired symbol ie emong %the possi-
ble outcomes of deciding the seoond alternative, since in that cass we
would want to repeat the operation at a laber time when the sscond
alternative may be solved. Eog. one of the tests to distinguish be-
tween N and V calls for e check that there are no preceding verb forme
3n the sentence, i.%. mo W, S, V¥, G Suppose in socamning beck we en~
counter a 130, This ocould be a V, but so far was not decided. It may
be thet in a future run through the sentonce, it will have been de-
cided, and this will enable us to complete the present test. An eco=
nomical rerun prosedure would repeat omly those tests which have s
chanos for sucoess as a result of further changes. In this exemple,
we would ask whether the code number of the slternative encountered
sontains the digit 1, and if so, record the test for rerumnning.

Another festure of the 3-digit cods is the possibility of changing
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the order of the digits to control the c=der of application of parts
of the desision procedure. The tests (more fully degoribed below)
eliminate one alternative when successful, and the order of the digits
gtands for the order of attempted elimingtion of alternstives, e-go
130 calls first for tests elimimating V and then for tests elimimating
N. Often we know in advance which alternative ig likely to be the
oase, ®.go value is more likely to be & noun, and show is more likely
to be a verb. In the preferred-order system, value would be listed
as 130 and show as 510 with the corresponding differsnce in order of
spplication of tests. This featurs hes not been utilized in the pre~
sent program, but oould besome important when the decision procedures
become long with many parts.

ILinguistic tests:

As indic':atad sbove, linguistic considerations whioh distingulsh
smong alternative syntactic olassificabions are applied in the form of
tests. (Flow charts for the tests used in the UNIVAC program are
appended. In addition, some of the tests are desoribed below. ) The
tests ask whether certain other class marks ocour in the sentence en=
viromment of the word in questioz} with the hope of uncovering & oon-
struotion which makes one of the alternative readings impossible, i.e.
rejects one clagsification beoause it glves rise to an unascceptable
string. An exemple is Test 02 whioh asks if the preceding class mark
is T1 (a, an) or T2 (the) If so, the word in guestion eannot be a

verb es oongbtructions like the scquire or & value (value teken as &

verb ) do not ossuro
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Sucowss in resolving an alternative depende on having the right
question to ask for the given comstruction. In this it differs from
the tree-following activity of, eo.ge, the looal bracketing program
and resembles the trouble-shooting progrem for non-well=formed sen=
tences in which pointed questlons are asked about the results of pre=
vious snalysis, The number of tests is arbitrary, bub the number of
simple tests is jimited. In addition to Test 02 sbove, other simple
teets are:

Tegt Ol: asks if P09 (of ) follows. If so, the word in guestion
cannot be @ verb, except for & special class of verbas
which take of as part of their objest, e.g. consist of.
Thege verbs have the subset 29 (20 plus the P subset
number 09 ). The tests aske,; then, that if a PO? wes
found, the verb subgets be ohecked to see thet the num=
ber 29 does not cosur. If mo 29 cosurs, the test is suo~
censful, and the verb possibility is eliminsted.

Test 035 asks if B (this, as adjective ) precedes. If so, the verb
possibility is eliminated.

Test Ob; asks if a sent-nce bresker presedes, i.e. certain con~
junctione or a $ (sentence beginning or end o If so,
it aske if the word in question has the plural present
tenge mark, "S,® s.g. studles, If this ie the case, the
verb possibility is eliminabed, since worde llke goes,
studies (as verb ) do not ocour inm the sentence initial

position.
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Test 09A (for N/A)s asks if the following class mark is N; if
80, ‘;:he nc;un poesibility is eliminated.
Test 11 (for W/S): asks if the preceding is a verb with one of
the following subset markes e (the verb have ), b {the verb

be ), 03 (verbs like sesm, mppear whiech teke predicate ob-=

jeots )» If go, the tense~marked verb possibility (W) ie
eliminated.

In connection with Test 11, it is worthwhile pointing out that
the alternstives tests are restricted to cases which can be declded
definitely, because the rejected information is erased, The bracket-
ing progrem, on the other hand, when it encounters an alternative, may
meke e temporary deoision to class the word as one or another of the
possibilities on the basis of the most probable reading of the entire
sbtring, but a mark is left indicating another reading is possible.
Test 11 is an sxocepbion im that it mey give rise to o wrong result;

@ g- in the sentense All he had appeared wérthless, sppeared would be

decided in favor of § because of the preceding hed, whereas it is W,
the main verb of the szentence. The loss of information is only ap-=
parent, however, egince the trouble=shooting program will have to exa-=
mine the f w s} vorb string in order to fit it into the sentence as a
whols. So many W/S occurrences are solved by Test 11 that it was de~
clded to retain it with the provision for error as dessribed.

The more complex tests usually inveolve cheoking the sentence fow

higher level sonsbrusticns, but in terms of clazs marks enly. The
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tegts could be stated more efficiently in terms of bracketed seg=

ments, but these are not availeble yst, the purpose of the alterna=

tives program being to assist the bracketing pregrem in advance by

sliminating as many multiple readings es poasible

Teat 05:

Test 07:

asks if the word im question is preseded by A. If so,
the verb possibility is eliminated unless the A is the
final symbol (i.e. the grammatioal center ) of a pre=
ceding noun phrase. An A cannot be the senter of a
noun phrese, however, if the noun phrase begins with
B, T1, or R/B; e.g. study can be a verb in the wise

sbudy, but not in thie wise study or a wise study. Am

A algo cannot be the center of s noun phrase whish fol-
lows a sentense bresker (C5 or $ ) or & prepositien (P)

without beginning with the, e.g. because wise study,

frem wise study. Thus the test asks that we skip back

as long es the symbole encountersd are those permitted
in a noun phrase until we come to a T1, B, 650, $ , ©§,
or Po Any one of these means successg the A oennot be &
noun phrase head, hence the word in question camot be a
verb. If instead we come to a symbol other than those
gtated, we sanuot tell the functien of the A, hence the
test falleo

asks if there are any other poseible main verbs between

the nearest left and right sentence breakers. K (which,
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eto. ) and C5 (beomuse, etoo ) are permitted bounderies on
the left, but not on the right, becauss of the nesting

properiy of clauses, €.g. which of the conditions whish

were impossdooss

Test 083 asks if the word in question is poseibly an N1 and gingular

besause these nouns (house, chair ) require that the noun

phrase begin with an article or quantifier (I, Q, or L)
Otherwige the noun possibility is eliminated.

Strusture of the program

There ere & mubsr of ways the various tests oould be arranged
and called upon to resolve alternative classifications. The struc-
ture of the UNIVAC progrem was influensed by the small amount of
active sotrage availsble, too small to accommodate all ths tests
simultsneouslys Therefore, some form of tape look-up was indicated,
for which the most efficlent unit seemed to be the complete subpro=
gram for handling alternatives of & given type, e.ge 130, 183, eto.,
despite the faot that this entailed duplicate coding where a test
epplied to more then ene type of slternative. Each program then oen~
sists of a series of parts (the tests) interspersed with instrustions
88 to what to do in case of success or feilure. It is possible that
with a larger mechine and a larger number of tests, a program based
or & test library, with the subprograme (e.g. 130, 153) acting as
cempilers would be more economical. A program of this type wasz flow

charted, but proved impractical fer UNIVAC Io
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The operastion of the present program oan be fellowed with the
aid of the appended flow charts. The main program (Fig. 2 ) contains
two loops, a sentense loop (upper half ) and a word-processing loop
(lower right o Its operstion is as followso At the start of the pro=
gram, we input the first sentense of the test by means of the general
input routine (¢ I R) common to all the programse If we are not et
the end of the tape, we set the initlal conditions for running the
sentence snd enter the word leop. The initial settings are 1) the
first semtense (1—> 1) and 2) olear the rerun-indisstor (0 —7 N)
The function of the rerun-indisator will be disoussed later. In the
word loop, if we are not at the end of the sentence, we examine eash
sentencs word in turn to see if its olasa mark is s decimal digit,
indiosting the presense of an alternative to be decided., If it is,
the subprogram corresponding to the 3-diglt code (esgs 130) is located
on tape and copied into the memory end control is tyansferred to the
subprogrem (all the subprogrems return to the same point in the main
progrnm); If no code number was found, the next sentence word is
examined, and so on until the end of the sentense. At the end of
the sentence, e decision is made whether or not to rerun . the sentence
(ses below ). If yes, we do so; if not, we output the sentence by
means of the general output routine (G O R) and begin with ancther
gsntence.

The general form of a S-digit subprogram is shown in the flow
ohart of Pigo 3 o Tests are taken up one at a time. If a test falls,

the next one is tried, and so en. If all tesgts fail, control is returned
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to the main progrem. If any one test sucoseds, the appropriete
changes in the olass mark are made, and centrel is returned to the
main program without referense to the other tests (now obvioualy
unnecessary ) unless it is & 3 alternative ohoice. Before exiting
from a success path, the sentence is marked for rerumning. This
ig a deviee for comtrolling the iteraticn of the sentense loop,
since as long as some change has been made in the class marks of
the sentence, it is possible that a test which previously could not
be completed because of a second interforing alternative oould now
be solved. Other weys of handling the incomplete teste could obviously
heve been used. In the test=-library version of the program previously
mentioned, individual tests were marked for rerumning instead of the
entire progrem, thus saving the repetition of tests which already
failed and the handling of entries for which no incomplete tests were
recorded.

The tests themselves have been desoribed briefly ia Sectienm Iil.
An idea of how the whole program worke may be galmed by fellowing an
example taken from a sample text. The desoription follows the test-
library program, which uses the same tests as the present UNIVAC pro-
gram but differs in that the subprograms initiate jumps to the tests
and store the muwbers of individual teste which are to be repeasted in
what 4s oalled the “"word spuce™ of the particular emtry (entry = 6
word format corresponding 4o esch sentenoce word o

MR the word tebal in the construstiong
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s higher total gmount of engyme 1is formedo
TL AA 1563 0 A 130 N1 P09 W W 140 §
v 02 Vel Vb031121 w 0102
200 300

On the first run through the sentence we arrive at the word total
and find digits 153 in the class mark position. We sesrch F.T. 1 for
153 and are directed to progrem 163 where we load initlal test numberss
01, 02, 03, 04, 05, 06, 07, 08, 09 into a register and make several
sucoess settings. The program initiates s jump to test 0 (test O1s
Is the following olass mark P09, 1.e. the word of?); test Ol feils and
we return te the progrem for a jump to test 02 (test 024 Is the preceding
olass mark T2, i.e. the word the?); test 02 fails and we return for a

jump to test 03, Tests O3 and 04 also fail and we Jump to test 08

TEST 06s
Is the pre~ yes Skip back Is the ne Is the yes Suocess
ceding class —% until the ~— olass mark — = ¢lass merk —>
mark A? olags mark & code nos one of the
is not one containing following:
l no of the fol- 57 T1, C5, Bl,
lowings A, l eso,g,g » P?
Failure Q D, #, * yes
L Ne
Record l
test no. Failure
for rerune

It osn be seen that test 05 succesds, l.e. the werb possibility is eli-
minated. Thig leaves the /A classifications still to be decided. The
guooess activity iz to change sode mumber 153 to 360 The progrem is
also set te rerun the senbence sinse a change was madec A Jump is made
to progrem 350 in accordanse with the new cede numbsr.

Program 550 includes testes O8 end 0% Test 08 falls and test 09
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asks if the following olsss mark is N, and if not, whether it is e
sode musber conteining 3 (noun possibility ), in which case the test
4g recorded sz incomplets, It osn be seen thet this is the case here.
No other test succesds, so the olass mark for tetal remains the code
number 350, the result of eliminating V from V/A/N, and the work spase
contsing the test mumber 0% |

The next word is amount, also an alternative, We junp to program
130 via FoTo 1 and there ﬁﬁ initial test numberss 01, 02, 03, 04, 05,
06, 07. Test Ol suocoeeds e¢inee the following class mark is P09 (see
above )» Success settings of progPam 130 and test 01 cause the code
x;umbor to be replaced with the class mark N. We now return to the
mein program and procesd to the next word of the sentense, etc.

When all the words of the sentence have been exsmined, we gel a
positive answer to the END-SENTENCE? query and a positve answer o
the RERUN? question, since at last one suscess was schieved. We be=
gin the program sgain, but this time we examine the work space of
each entry to zee if test numbers are stored instead of examining the
olass mark position. When we reach total we find test mumber 09
stored and again after transforring oontrol to the code number pro=
gram (now 350 ), we apply test 09. This time the test succeeds since
in the meantime emount was solved giving us the class mark N in the
position following the alternative, as oslled fore Sucsess settings
for progrem 350 snd test 09 direst the erasure of code number 380

and the writing of A in the claess mark position for total.
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Notational Conventions

(1, 3, k) = ¥B aigit of ¥R UNIVAC word of emtry i

entry i S entry being examined or teogted for alternative cless marks. NOTE:
i = 1 means Address of i - 6 UNIVAC words.

diglt 1 in (i, 2, 1) = olses mark beginning with digit 1; may be more than

1 digit (will be olear in tho_ context )

X,y & zory

"Skip backeoo” ¥ Examine 4 = 1, 4 = 2, 1 = Boeol =1

. EE sSB £o ath digits of (L, 2)

PN -

Y v = Omit intervening operations but leave yroom in code for adding later.

Xé,r S  member of olass X, but not subset ¥



Ad jective
Ceds Yoo oun Class Marks _Class Marks

Verb Clase and Subclass
m

eSS,

(Total)

1 5§ & =n Y
b 0 2

{Compared )

1 4 0 5 4

Figo 1 TDAP 1Y
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