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I. INTRODUCTION

This thesis describes the research conducted towards the development of a means of isolating and identi-
fying certain word structures, called word blocks, by means of a general purpose digital computer., The method
of isolating and identifying these word blocks 18 called block analysia. It was devised in such a way that epec-
ialized equipment for its accomplishment could be constructed using s minimum of logical computer elements, The
block analysis described in this thesis iz intended for uase as an integral part of future sophisticated mechan-
lcal translators,

A astudy of the literature on Machine Translation shows that an automatic word-for-word translation 1is gen—
erally considered feasible, The output of such a translation process will appear in source-language word order
and will contain multiple translations for asource-language words which, in fasolation, require a plurality of
target-language alternatives, In other words, in aituations where English is the target language, such an ocutput
18 pot in conventional English and requires considerable editing before it can compare with the output of a com-
petent Luman tranalator.

In view of the above conclusions, elforts were concentrated on the investigation of methods to improve the
output. Early in these atudies it was recognized that improved translation could be provided if the translating
process was based on larger units than single words, Such unite have to be linguietic constructs, f,e,, con-
structs of linguistic forms that can be established on the bagis of what iz known about the structure of lan-
guage in present-day linguistic science, A particular type of linguistic construct will be defined and utilized
in this thesis and will be termed '‘word block," Some method for the automatic recognition of these word blocks
is required before actual sophisticated translation procedures are begun.,

Initial work was done on the automatic analysis of English noun blocks to investigate the feasibility of
block recognition. The promising results of this early study were published in "The Trend in Engineering at the
Univergity of Washington,” in April, 1957.1 8ince block analysis proved to be feasible, at leaat, attention was
turned to the elaboration of a method for the block analysis of Greek sentences. Greek was chosen primarily be-
cauge it i{s the author's native langusge and secondarily hecauee, as & relatively highly inflected Indo-Europe-
an language, it exhibits many of the syntactic problems inherent in the ultimate goal, the Russian languege.
This study on the Greek language makes no pretenke of completeness, It ie limited to a falr-sized sample of
Greek journalistic prose, and the present method of block analysis has an efficiency of about 90 per cent in
this stylistic area, '

Chapters II through IV are devoted to the definition of the word block and ite relationship to the word re-
arrangement problem of machine translation, The block analysis method is presented in Chapter V¥, Chapter VI de-
scribes the adaptation of this method to & general-purpose digital computer, The results, limitations and pos-
#ible applications of the method are diacussed in chapters VII through IX.

II. CONCEPT OF THE WORD BLOCK

Since word-for-word translation ia inasdequate it can be concluded that translation should he baged on
larger units than words. An easily recognized end almost ideal unit is the sentence, It can be isolated easily
by the very fact that it is included within certain punctuation marks, Sophisticated transletion, on the other
hend, is absolutely dependent in the ability of a sachine translation program to determine the gyntactic links
existing among the various subunits within each sentence. These linkages are semantic and grammatical in nature,

The =emantic linkages cannot be exploited at the present because they must be converted to gramwatical
linkages,

The grammatical linkages can be exploited, They include form clasmes, inflections of various typea and word
order, Qf these, the easiest to exploit are form classes and word order,

These two elements, form classea and word order, are the criteria used to isclate word groups that function
as a unit. These word groups are called word blocks,

The majority of word blocks funetion ez simple units with one essential element; the head word of the block.
For instance, the noun block functions as the noun alone, As such, the noun block can be replaced by itz head
word with no change in the basic structure of a sentence. In some cages the head word is the only conatituent
of the block,

J'Stathacopoulos, A. P,, "Noun Phrase Analysis Using the IBM 650 Computer,” The Trend in Engineering at the
University of Washington, April, 1937, p., 20
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The prepositicnal block, however, functions s a complex unit with two e¢ssential elements, These elements
are the preposition and the noun,

III, USE OF WORD BLOCKS IN WORD ORDER REARRANGEMENT

Most bilingual persons recoghize that there are significant differences in the phrase, clause, and sen-
tence structure of any two different languages. These differences in some cases are so pronounced that if no
provision 1s made for structural tranasformations during the translating process, considerable ambiguity will
often exist in the translated material, The problem can be best defined by the presentation of a serles of ex-
amples of French, German, Greek and Russian sentences with their yord-for-word translations as well as their
translations into conventional Bnglish,

French example:

Je lul ai donné le livre bleu.
I him gave the book blue,
I gave him the blue book.

Germen example;

Wir haben gestern ﬁpfel gegessen.
We have yesterday apples eaten.
We have eaten apples yesterday,

Greek exawple:

Té kol dmépxov pvnuetov eiwel 30 Etav.
The here existing monument is 30 of years,
The monument existing here 1s 30 years (old),

Russian example:

W3 npMBeAeHHOrOD BHile NpUMepa BUAHO, 4TO TOAKES YCJAOEHHA HeHODMAaJLHHE,
From cited above example, it is evident that such conditions are abnormal,
From the example cited above it isa evident that such conditiona are abnormal,

Although the above examples were selected to emphasize the problem, the faect remains that word rearrange-
ment is a significant part of the translating process, If one adds to the word-for-word translation of the
above examples the ambigulties of multiple grammatical and nongrammatical meaning, the resulting translation
will be nearly unreadable. Om the other hand, if the translated sentences appear in the target-language word
order, they c¢an be more readily understood in spite of the presence of multiple altermatives,

Study of the problem indicates that, in mechanical transiation, word-order rearrangement can be accom-
plirhed more eagily by first rearranging the words within uniquely defined word blocks, then rearranging the
word blocks in the light of the environment of a clause or sentence.

For example, the French sentence above can be divided into word blocks as follows:

I / him / gave / the hook blue / .
1 2 3 4

In word block 4 the adjective {blue) should in English be placed in front of the noun (book) and then
block 2 should be placed after block 2, The sentence willl then appear in the following form:

1 /  mgave /  him / the hlue book,
1 3 2 4

The German example can be segmented into word blocks as follows:

We / have / yesterday / apples / eaten /S .,
4 2 3

1
Here there is a case of a split verbal block which is unusuwal in English word order and should therefore
bhe eliminated, The two parts of the verbal block should be placed together and the sentence will be:

We / have eaten / yesterday / apples / .,
4 i 2 3

By rearranging blocks 2 and 3 the final output is:
We / have eaten / apples /  yesterday /.

4 1 3 2
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The same process of rearrangement can be applied to the remaining two examples,
From the above examples it is evident that three main steps are regquired for the word rearrangement:

1, Block analysis of the source-langtage sentence
2, Word rearrangement within eech block
3. Block rearrangement within a clanse or a sentence

Steps 2 and 3 require considerable linguistic research and are directly dependent upon step 1. The block
analysis of sentences is then the most basic step in the solution of the entire problem of word rearrangement.

IV, WORD BLOCKS ISOLATEP IN THE GREEK SENTENCE

gince the structures of various languages differ, a single language must be selected as the pilot source
language in the development of a block analysis process. Although some of the structural rules of the pllot
language may 2pply to other languages, a specific block snalysis process will be required for each particular
source language at least to the extent of its details., The general principles of analysis will be common to a
number of languages, but the detalls may differ.

Greek has been selected as the pilot source langusge for the development of the block analysis process
because the writer is more familiar with it and as a rather highly inflected language it presents several in-
teregting problems comson to many Evropean languages including Russian.

The word blocks for the particular pileot language must be defined unigquely by their possible constituents
and specifically by their initial constituents.

The word blocks for this process were defined in cooperation with the linguists of the University of
Washington Mechanical Translation research group as follows:

1, Noun Block: The noun blocks are introduced by articles, adjectives or nouns and their constituents are
articles, adjectives, adverbs, nomns and coordinating conjunctions.
NHoun blocks may appear before or after verbs as subjects or objects, after nouns, and as parenthetical
expressions.

2. Prepositional Block: The prepositional blocks are always introduced by prepositions and their constit-
uents are prepositions, articles, adjectives, adverbs, nouns and coordinating conjunctions, &.g., prep-
osition preceding a noun block, Prepositional blocks may occur as parenthetical phrases, after verbs
as objects or afier nouns.

3. Verbal Block: Verbal blocks consist of uny verbal form.

4, Adverbial blocks consist of single free forms which either introduce an adverbial phrase {i.e, éﬂ&u@
etc To mibve , up on the pisno) or qualify a verb which they then follow {i.e. §i ouifATnoLg npoyopel
uuuquan, the conversation is8 continuing normally). Adverbs appearing within noun or prepositional
blocks are nnat considered adverbial blocks but constituents of the noun or prepositional block
{1,e. 7o £& Ynépyov pvnuetov , the monument here),

5. Coordinating Conjunction Block: The coordinating conjunction block consists of a single coordinating
conjunction and can occur between words, clauses or phrases.

V. DESCRIPTION OF THE BLOCK-ANALYSIS METHOD

1, Prepositional and Noun Block Analysis

The operational principle of the prepositional and noun block analysis is the determination of the word-
order classes of the block constituents from which certain logical products (intersection and union sums) can
be formed,

Iin order to define adequately word-order classes the general concept of word-order class will be dis-
cussged.

The principal problem of Machine Translation is the solution of the problem of multiple grammatical and
pon~grammatical meaning. The solution demands first the elaboration of gross categories ol words. These en-
tities usually correspond to the parts of speech, The basis for the determination of these word categories is
their distributional patterns or their occurrences, i.e., all words occurring in the same syntactic situations
are members of the same gross category. The syntactic occurences shared by the members of a category may be re-
garded as the elements of a set, and the category itself becomes the set,

Form classes and word-order are two grammatical features common to all the word blocks considered in this
study, and thus they become the criteris for the determination of the elements of every set, The gross cate-
gories or sets whose elements are determined on the basis of both form classes and word-oxder are called word-
order classes for word-order is the variable criterion and as such it becomes the principal means for the iso-
lation of word blocks., The elements of a word-order class represent the occurrence of the word-order class in
question plus its possible cooccurrences with other word-order classes,

For example, a preposition (from) can occur in a sentence and it can occur in conjunction with an arti-
cle {the) in a given word sequence (from the); it can occur in conjunction with an adjective (from big); or it
can occur in conjunction with a noun (from observatiom). All these are accepted word sequences according to
the word-order rules of the English and Greek languages, Thus the word-order class of a preposition, cless FR,
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has four members a, b, ¢ and d; or a ~, its own occurrence; and the possibilities of its occurrence in conjunc-
tion with:

b -~ an article
¢ = an adjective
d ~ a poun

The word-order clags of the article, class AR, has three members b, c, and d. That is, b ~, its own occur—-
rence; and the possibilities of ite oceurrence in conjunction with:

¢ - an adjective
d ~ a pnoun

Additional possibilities of the occurrence of u preposition or an article in conjunction with words which be-
long to different grammatical classes will be discussed later,

The logical products (intersection and unioh sums) are defined as follows:

Intersection Sum: The intersection sum (XAY) of the classes X and Y is a new class which 15 the set of all
common elements in both X and Y. For example, if the elements of a class X are a, b, ¢ and d, and the elements
of a class Y are a and b, then the intersection sum (XOY) is a new clase with elements a and b,

Union Sum: The union sum (XU ¥) of the classes X and ¥ 1z a new cless which 18 the get of the elements in
either X, or Y, or both, For example, if the elements of a class X are a, b, ¢ and d and the elemenis of a
class Y are g and b, then the union sum (X{ Y) is a new class with elements a2, b, c and d.

In coneideration of the word-order clasees of the preposition and the article as they have been defined
previously, a new word-order class can be formed by the intersection sum of the classes PR and AR, or the word-
order class PRNAR, The elements of this new class are uniquely determined by the definition of the intersec-
tion sum and are the common elements of both classes, PR and AR, b, c and d. This means, therefore, that the
sequence, FR - AR, is a permissible one within the prepositional block structure and that it can occur in con-
junction with an adjective or a noun, This can be ohserved from the following examples:

P - § § the big . o e
i
Prep. Art, Adj,
« s s+ s« of the TUniversmity ., . ., .
Prep. Art, Noun

Consideration of this simple case demonstrates that the new word-order classes formed by the intersection
sum have at least a nonincreasing membership. Thiz leads to consideration of the poszsibility that after a sui-
ficient number of intersection sumg a word-order class can be formed which will have only a single member, The
formation of such a word-order class could facilitate the &olution of our main problem, the recognition of the
word segquence of & noun or prepositional block,

To demonstrate the process of forming a single-member word-order c¢lass let us consider a prepositional
block:

He appeared / at the new large entrance/ , .,
Prepositional Block

A schematic description of the word-order classes of the constitwents of the prepositional block under
consideration is shown in Fig., 1, From the schematic description it ¢an be seen that the word-order clags of
the preposition (at) has a membership congisting of the elements a, b, ¢ and d. The word-order class of the ar-
ticle (the) consists of the elements b, ¢, and d.

We designate the preposzition cless as PR, the artiele class as AR, the adjective class of the word (new)
as AN}, the adjective class of the word (large) as ADJ, and the noun class as N.

Wow the cless PR AR will have the mombers b, ¢ and d. After the formation of the class (PROAR) ADJ,,
the members will be c and d. The clase (PRNAR/ADJ))N) ADJy will have a5 members the elements ¢ and d, Fi-
nally, the word-order class (PR/TARMADJ](}ADJ}IN will have the single member d, Thus, upoh reaching & sin-
gle-member class, the processing of the constituents of the prepositional bleck has been completed, Under cer-
tain unique conditions, however, it 1s possible to obtaln a single-member class without having completely an-
alyzed the prepositional or noun block, These conditions will be discussed later,

The example of a prepositional block just discussed is used only to demonstrate the basic function of the
block analysis. It does not represent the general form of a Greek prepositional block.

To establish the more general form of a Greek prepositional block, possible variations of the example al-
ready discussed should be examined,

The fact that a noun has buen encountered during the procesgs of analysis does not uniquely indicate that
this noun is the last constituent of the prepesitional or noun block under comsideration, It is possible in
Greck word-order structure that a nouah may be followed by a word which can he a constituent of the preposition—

al or noun block being processed, The word-order classes that follow & noun and belong to its prepositional or
noun block are!
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1. A coordipating conjunction which ayntectically links the preceding noun with another noun.
2, An article, adjective or noun in the genitive case actually governed by the preceding noun.

Note that Greek articles can be conjugated,

To include the two foregoing cases in the process of analysis, the union sum of logical algebra must be
included in the method, The new word-order class, formed by the wnion sum of the noun with the next word c¢lass,
containe as its elements all the information about both classes, Examination of this information facilitates the
determination of the posaibility that the word class which follows the noun is a constituent of the preposi~
tional or noun block,

At ths new large entrance

PR AR ADJ. ADJ, N

1 2 L

d - nowmn occurrence

L »

¢ = adjective occurrence
d - occurrence with a noun

W
b -~ artiecle geccurrence

¢ ~ occurrence with an adjective
d - occurrence with a noun

¥

preposition occurrence
occurrence with an article

« occurrence with an adjective
occurrence with a noun

ansp
]

FIG, 1

In order to demonstrate the use of the union sum as a part of the block analysis method let us examine the
following Greek prepositional block:

/Ble 18 Navemiothprov THe Oﬁ&oLyutunyfcﬁotcuaTaL e
- -

Prepositional block

the translation of which into English iz:
/ At the Univeraity of Weghington / there is , , , .

In the above Greek sentence the notion of ppasession is not expressed by a prepogition as it is frequent-
ly in the English translation but by the use of the genitive case of the article,

A schematic description of the word-order c¢lasses of the constituents of the prepositicnal block under con-
sideration appears in Fig, 2.

The word-order class PROAR, which has the.elements b, ¢ and d, can be formed by the previously discusged
process, The class (PROAR)I N has the single member d which might indicate the end of the block., Since lin-
guistically this is not mecessarily so, the next word-order class must be examined to determine whether it is a
conjunction, a genitive article, a genitive adjective or a genitive noun, To consider these possibilities the
union gum of the last single-member word-order class with the next word-order class ghould be formed, or the
class (PROAROIN) ¢J GAR (GAR means article occurring in the genitive case), The membership of this new class
will be b, ¢, d and e, showing that the next word is a genitive article and consequently that the previous noun
is not the last constituent of the prepasitional block. At this point the informetion that the article (tn¢) is
in the genitive case may be eliminated because it is no longer needed and the members of this last cluss GAR
(GAR means genitive article sfter the genitive case information has been eliminated) will be b, c and d. Next it
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15 observed that the word-order class (PR(]&R{}NLJQ&R)Q GY (GN means genitive noun) will have the single member
d. This means that another noun has been encountered, but still does not indicate uniquely that the noun under
consideration is the last comstituent of the prepositicnal block. To determine whether the last noun is the
final constituent of the prepositional block, the wmion sum with the next word-order c¢lass, (PR{JAR(IN{/GAR N
N} V mest be formed, Since the elements of this new class are d and £, the last word is neither a conjuﬁction
nor a word in the genitive case; thus the last genitive noun iz the final constituent of the prepositiomal
block under consideration,

In the previous example it iz demonstrated that the extended prepositional block can be isolated by the
block-analysis procesa,

Eig Th MoavenLoThpLov g UG oLywtwy soploneTal ...
At the University of Washington there is . . . .
PR AR N GAR GN v

b - article occurrence
¢ = gecurrence with an

adjective
d = occurrence with a noun
e - ocourrence in gen, case v
f - verb occurrence
L 4
v d = nourn occurrence
d - noun occurrence e - og¢currence in gen, case

l

b - article occurrence
¢ - occurrence with an adjective
d - occurrence with a noun

w

preposition occurrence
occurrence with an article

- occurrence with an adjective
= occurrence with a noun

=0 e =
]

FIG, 2

In order that the process of the prepositional and noun-block analysis be mechanized, it 1s necessary
that each word-order class be represented by some kind of symbol or tag, which must have the following two
properties: (1) it must contain all the structural information about each word-order class and (2) it must be
applicable to the logical operations required by the method, The method proposed is the use of intersection
and union sum. of binary numbers.

The follc -ing tag-forim has been arblitrarily selected for the mechanization of ocur process:

N AV AIJ AR PR GC PV v P N
(i7eTx/eT1/0Ji/0J1/of1/0f1/0 [1/0 [1/0]1/0]

d ¢ b a e £ d
where:

N: Noun GC: Genitive Case
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ADV: Adverb P! principal Verh
erb

ADJ: Adjective V: W
AR: Article P: Participle
PR: Preposition N: Koun

In the tag—form for the mechanization of the block-analysis process, nine digits will suffice to describe
all the information required by the method. The tenth digit is redundant information, The diglt order of the
tag-form is arbitrary.

If a word has a given syntaectical property, the tag will have a one In the respective digit position,
Otherwise it will have a zero, For example, a noun in the genitive case will have ones in digit positions 1, &
and 10, with zercs in the remaining digit positions.

All verbs will have a one in the 8th digit position of the tag; however, if the specific verb is used
only as a principal verb (not in an auxiliary sense), the tag will have a one also in position 7.

The selected tags have the property that the intersection sum of any two permissible word classes is the
word-class tag of the final wember, e.g., ANB = B. This logically indicates B as a subclass of A,

In order to demonstrate the use of binary tags as an integral part of the analysis let us consider the
following moun hlock:

The blue sky iz . . .

A A

AR ADJ N Vv (Auxiliary wverh).

The membership of the word-order class of the article has heen discussed previously and consists of the
following members:

~ Artiecle occurrence
Occurrence with an adjective
= Ocenrrence with a noun
Ocecurrence with an adverb

[* I
1

a”
1

The occurrence of an article in conjunction with an adverb is a special isgolated case which will be dis-
cussed later,
The binary tag representing the word-order class of the article will have the form:

N ADV ADJ AR PR GC PV V_P N
Ll i1J1J1fojfjojo]ojol]i]

The adjective (blue) will he represented by the following tag-form:

1110000001

The word-order class of the noun will be represented hy the tag:

1000000001
By definition, the intersection sum of two binary numbers will result in a ONE whenever we add two ONES
in the same column, while it will yield ZEROS in any other case, The intersection sum of the first two word-
order classes of the block ylelds:
111100000] §=———8+—AR word-order class

1113000001 ¢——ADJ word-order class

1110000001 é——New word-order class,
AROADS = ADJ

Next, the intersection sum of the new class with the following word-order class {(sky) is:
11100000] 4———w AR ADJ

1000000001 ————eme §

1000000001 4= {AROADJS)IN = N

By the presence of ONES only in the first and last digit positions, this tag indicates that a noun has
been encountered by the process. Following the identification of a noun, the union sum with the next word-
order class is always used to determine whether this noun is the final constituent of the noun block or not,
For this purpose the tag of the word-order class of the auxiliary verb must be defined as having the follow-
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ing form:

0000000100

The union sum of two binary numbers 1s defined to yileld a ONE whepever two ONES or a ONE and a ZERD are

added in the same c¢olumn, while a ZERO will result only when two ZEROS are added, By taking the union sum with
the next word tag, the result is:

100000000 Y4m——o0— AR NADJ N

0000000100 ———— ¥

100000010 14— (ARCTADJ) B} U V

This new word=-order class indicates that the next word {is) is not in the genitive case since there iz a
0" in the sixth digit pesition. It is not a conjumection, either. The conjunction tag has been selected to be:

1010000001

because in the emviromment of the prepositional or noun block it can appear with a noun or an adjective,
Therefore, the new word-order class 1s not a conjunction,

In the above axample, the word following the noun is neither in the genitive case nor a conjunction; the
word (sky) is therefore the final constituent of the noun block under consideration, By this process the noun
block,

/7 The blue sky S ow e e
is isolated and can be uniquely identified since it is introduced by an article.
The tags representing the word-order classes which are required by the block-analysis method herein de-

seribed are listed in Table I.

Z. Special Cases of Prepositional and Noun-Block Structures

There are two speclal word-order variations in the structure of the prepositional and the noun blocks of
the Greek language which have not been discussed, A presentation of the analysis of the prepositional and noun
block would be incomplete without some discussion of these variations. They occur infregquently, but a complete
apalysis requires that provision be made that the following two cases be recognized and analyzed correctly.

A. Oceurrence of a Coordinating Conjunction Following an Adjective

A coordinating conjunction may appear after an adjective and link it with another adjective which follows
the conjunction., In this case, after the conjunction has been recognized, the union sum of the conjunction
word-order class and the next word-order class must be formed. The process then continues as previously dis-
cussed. To demonstrate this consider the following example:

Big and black hears ., . .

| |

AiJl jﬁ ﬁiﬁz f

1116000001 1010000001 1110000001 1000000001

First the word-order class ADJlflCC is formed:

10106000001

The union sum of this class with the anext word-order c¢lass is then made, The resulting class in its bi-
nary representation will be:

1110000001

Finally, by the general method of block analysis the last word=-order class (ADJlf}CCL!ADJz)r)N in fts bi-
nary form is:

1000000001
indicating that a noun has been encountered.

B, Occurrence of an Adverb Following an Article
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In this case, as in the previous case, after the adverb is identified, the union sum with the next word-
order c¢lass must be formed, at which point the process will continue according to the general method, To demon-
strate this consider the following Greek example:

0 Evrada vEoc VaBE 4 e
Tie h!re an church ---»
|
AR ALY
)
1111000001 1100000001 1110000001 1000000001

Forming the following loglecal products in the listed sequence the process of analysis ylelds the follow-
ing results:

AR () AD = 1100000001
{ARD AD) {J ADJ = 1110000001
(AR O AD © ADJY) OO N = 1000000001

By this process the noun block under consideration will be isolated and identified.
In cases in which the adverb follows the adjective, the original process will suffice,

TABLE I

WORD-QRDER-CLASS BINARY TAGS

N AD ABY AR PR e PV v P N
/o T30 [ 10 [0 1o ] 1/0 ] 10 [ 10§ 170 |_1/0]
d € c b a e f d
Word order ¢lass Binary tag

OL, Preposdtion o . v o ¢ ¢« o 4 o ¢ o o s 6 v o 5 s s 1 s 2 8 s o 4« o o o 1111100001

02, Article in the nom., dative and acc, CASE .+ . & + + 4+ 4« « « + « + « « o 1111000001

03. Article in the genitive 2ase . . . , . . . 4 . 4. 4 v v 4 v v 4 . . - . 1111010001
04, Adjective in the nom., dative and aCC. CA5& . . + + « » 4« o 4 - &+ » « » 1110000001
05, Adjective in the genitive €aS€, ., . + 4 + 4 + 4 + 4 o « » s o » + « « » 111001000%

06, Noun in the nom,, dative and acc, €A5€. . « .+ &+ 4 + 4 4 4 s v « « » + » LOOOOOODOL

07, Noun in the genltive case . . . . . & v 4 4 v 4 4 ¢ 2 v o ¢ s v & o = 1000010001

0B. Principal verb. . . & 4 4 4 4 4 4 4 e b et ot e e b e s e e s e s e . . DOOODOL100

09, Auxiliary verbs and certain principal verbs which

may be used as auxtliary verbds. . . 4 . 4 v 4 4 4 . v b v e e s s . . 0ODO00O0L00
10, A2verh, & v 4 4 4 v b e e e s d e h e e e e e s e e e s e e s . 1100000001
11, Coordinating conjunction. , + & 4 4 v & o 4 + « o o v o s « o o o o +» o 101000000X

12, Punctustion marks (except the commal. . . . « v « ¢ ¢« « 4 v & » « + « . 1000100001
13, Participles of verbs of category (B). . . . v v v ¢ 4 « v 4+ o s « s+ « « 1110001011
14, Participles of verbs of category (9)., . . . 4 v 4 4 4 o o v v +« + « + . 1116000011
15, Participles of category (8) in the genitive case, . . . . . . + » + . . 1110011011

16, Participles of verbs of category (9) in the genitive case , . . , . . . 1110010011
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3. Verhal Block Analysis

Since the verbal block consists of one or more verbal forms, identification of the werbal tag will suffice
for the isolation and identification of this block,

In some cases the auxiliary verb (to be) and principal verbs which sometimes may be used in an auxiliary
sense are complemented by an adjective or by twe adjectives separated by a comma, e,g.:

The sky is blue.
To consider this possibility the verb is further examined to determine whether it can be used in an aux-
iliary sense; and, if so, the following adjectives, when they occur, are isolated and identified as a special

form of a noun block,

4, Adverbial Block Analysis

The adverbial block consists only of a single free form introducing an adverbial phrase or following the
verb it qualifies {c¢f, IV/ )., Under these conditions the adverbial block can be isolated by an identification
of its adverbial hinary tag,

5. Coordinating Conjunction Block

Bince this block consists only of the coordinating conjunction, which occurs outside of the established
word blecks, it can be isolated and identified by an examination of the conjunction tag.

6, Processing of Participles

Partieciples are hybrid forms with the characteristics of both adjectives and verbs, Their tags, accord-
ingly, contain all adjectival and verbal information, They may occur either within prepositional or houn
blocks or outside of prepositional or noun blocks; in efither case their identification is simple., Participles
following nouns they gualify are in this study treated as verbal blocks (1.e. 5 Umovp¥hs douwvoluevos elc
t¢ depodpdusiov, ... the minister arriving at the airport....).

7. Processing of Punctuation Marks

All punctuation marks except the comma are represented by a special tag which is listed in Table I, The
cormma 1s not used in this process because it is used very lrregularly by Greek writers. When a punctuation
mark occurs, it is recognized by the process and treated as a geparate word block appearing between sentences
or clauses,

VI. BLOCK ANALYSIS PROGRAMMING

1, Program Description

The block-analysis method just described has been programmed for the I.B.M. 650 computer of the Universzity
of Washington Research Computer Laboratory. A program flow chart of the process is shown in Fig. 3. The list of
instructions of the program appears in Appendix I.

From the flow chart in Fig. 3 it can be seen that the program functions penerally as follows: the first
word tag of a sentence is introduced from the start block in the initial test row, which consists of blocks 1
through 9, in order to determine the kind of block this word tag introduces, For instance, if the word related
to the first word tag is a preposition, it will introduce a prepositional block, if it is an article, an adjec-
tive or a noun, it will introduce a nouh block; if a verb or a participle, it will introduce a verbal block,
ete, After the kind of block the word tag introduces has been established, the program stores this word tag as
the first constituent of the identified block, branchez off to the particular block analysis section of the
flow chart, and determines the remaining constituents of the block under consideration. Finally, after the
last constituent of the block has been recognized, the next word tag is introduced into the initial test row
{at start) and the process continues on to isolate and identify the next word block.

At this point it should be emphasized that & word tag is introduced into the initial test row only if it
is the first word tag of the test which is being analyzed or if it is the word tag which follows directly a
block just processed. In other words, the initial test row is used only in order to determine the beginning
and the mature of a new block, .

If an invalid word tag is introduced into the initial test row, it 1s recognized as such and is punched
out as a separate block with spectal identification which indicates that an invalid word tag has occurred. The
process then continues by introducing the following word tag into the inftial test row from START. This is
accomplished by block 10 of the flow chart,

Let us specifically consider the particular block-analysis sections of the program.

A, Prepositional and Noun Block Analysis Section

This section consists of blocks 11, 2, 3, 4 and 12-37. The function of this section is to determine the
constituents of the prepositional and noun blocks which are being analyzed,
Block 1l is used to form the intersection sum of the preposition with the next word-order class, while
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block 12 15 used in the major loop to form the intersection sum of consecutive word-order classes (except the
preposition word-order class), as required by the general process,

Blocks 13 through 17 are used to determine the nature of the new word-order class formed in block 12, The
function of blocks 22 and 29 is to process the adverb when it occurs after an article as discussed under the
apecial cases of prepositional and noun block structares on page459. Blocks 25 through 27 process the coordina-
ting conjunction when it occurs after an adjective as previously discussed on page 458, Block 30 is used to
punch out an invalid word group if it occurs, The genitive c¢ase information is eliwminated by any one of blocks
24, 27 or 28 when this information has been used and is of no further value to the process,

Blocks 18, 19, 20 and 31-39 are used to determine whether a noun word-order class that has occurred is
the final constituent of the block, These hlocks also determine whether a conjunction occurring after a noun
is actually a constituent of the word block under analysis or whether it ie a coordinating conjunction and
therefore ghould be treated as a separate word block, If a coordinating conjunction occurs after a noun 1t is
punched out as a separate block from hlock 36; and then the process through block 37 links back to START by
introducing the word that follows the coordinating conjumction in the initial test row to determine the next
word block,

The individual tags associated with the completed noun or prepositicnal block are punched out from blocks
21 and 35,

The function of this section of the program can be best described by the use of the following examples,

Example I

Consider the following Greek prepositional block with itz word-for-word translation and the binary tags
which correspond to the word-order classges of 1tg conatituents,

Big 16 vEaw utfipLov GyouTaL vau
Jn tle n!w bu!lding r!ses .
| | | | |
R AR ADJ N v
} | | l
1111100001 1111000001 1110000001 1000000001 0000000100

Initially the PR tag is fed into the initial test row to determine the kind of block this word tag in-
troduces, Since it is a preposition it is recognized as such in block ], The program establishes that a prep-
ositional block exists and branches on ye¢s to block 11, This word tag is then stored as the first constituent
of the prepositional bleck., The intersection sum:

FR AR = 1111000001

is then formed in block 11 of the flow chart and the result is identified as an article in block 2, This word
tag is then stored as a constituent of the prepositional block under ananlysis and after the adjective tag is
introduced into the loop the intersection sum:

(PR (3 AR) ) ADJ = 1110000001

is formed in block 12, The result is subjected to the tests of blocks 13 through 16 to determine its nature,
It 15 identified as an adjective in block 16 and stored as a constituent of the prepositional block; and the
process links back to block 12, Here the intersection sun:

(PRN AR ADF) N N = 1000000001
iz formed, and it in turn is subjected to the tests of blocks 13 through 17, It is identified as a noun in
block 17 and stored., Next the test is made to determine whether this noun is the final constituent of the
prepositional block, For this purpose the program branches to block 18 where the union sum:

(PROARM ADJ ) N) U ¥V = 1000000101
{158 formed, This result is examined in blocks 19 and 20 to determine whether the word which follows the noun iz
in the genitive case or whether it is a conjunction. Since this word i= a verb, the program branches to block
21 indicating that the prepositional block:

/0n  the new  building / , ., , .

has been processed and identified, The tags of the constituents of the analyzed prepositional block are then
punched out in block 21, and the process continues by introducing the tag of the word {verb in this case)
which follows the prepositional block intc the initial test row to determine the next block and so on.
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Example II

Consider the general noun block:

‘0 vEog Buwg ‘Tmovpybs Taubetag nwat  Spnoveuphtov  The ‘EAMiboc  bulinocev
1 | | | | | | |

The-new-however-Minister-of Education-and-Religion- of-~Greece-~ spoke~
Af ADJ AD N GN 1 cc GN2 Gin GNS v
1111000001 1000000001 1111610001
L
1110000001 1000010001 1000010001,
1100000001 1410000001 0QO0000 100
-
1000010001

Initially the tag of the AR ia fed into the initial test row to determine the kind of block it introduces.
It is identified in block 2 as an article and thus eas the first constituent of the following noun block. The
AR is stored and the program branches to block 12 where it forms the intersection sum:
AR Y ADJ = 1110000001

which is processed through blocks 13 to 16 and finally identified as an adjective in block 16, It is stored
and the program links back to block 12 to form the logical product:

(AR M ADY) ) AD = 1100000001

which 13 processed through the tests of blocks 13 to 15, identified as an adverb in block 15 snd stored, The
program then continues on to block 22 to examine the tag of the previous word (new) to determine whether 1t is
an article, Since the previous word 1s an adjective, the program branchea to block 12 where it forms the in-
tersection sum:

(ARNADI N AD) O N = 1000000001

which is processed through the test of blocks 13 through 17, and the word is identified as a noun in block 17
and is stored, Next the program continues to block 18 where it forms the union stum:

(AR ADFN AD N N) U OGN = 1000010001
which in block 19 is recognlzed as referring to a form occurring in the genitive case, It is stored and is
jdentified as a genitive noun in block 23, The program extracts then the genitive case information from the
resultant tag in block 28 and proceeds to block 1B, Here the union sum,
(AR N ADF 11 AD NI N UQN)UOC = 1010000001
is formed, This new tag is subjected to the teats of blocks 19 and 20, identified asz 2 conjunction and stored
in temporary storage. The program then proceeds through blocks 31 to 35 and extablishes that the next word is
a genitive noun and in agreement with the previous noun, Thus it is established that the coordinating con-
Junction as well as the following genitive noun are constituents of the noun block, These word tags are stored
as constituents of the noun block, The program then proceeds through block 28 for the elimination of the gen-
itive case information to block 18 where it forms the logical product,
(AR 1 ADJOAD!"INUEN\JOC UGN U GAR = 1000010001

This is identified to be a constituent of the noun block and stored, The program then branches from block 24
to hlock 12 where it forms the intersection sum:

(AR NADTNADO N GN U CCUGN U GAR) 1 GN = 1000000001
which i1s identified as a moun in block 17 and stored, Next im block 18 the union sum:

(ARNADSNAD NN UGN UCC UGN U GAR N G t/ V = 1000000101
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is formed, Processing this new tag through blocks 19 and 20 establishes that the result 1s neither in the gen-
itive case nor a conjunction, Thiz means that the last noun iIs the final constituent of the noun block, Finally
the program punches out the noun block and proceeds te investigate the next block by introducing the verb tag
into the initial test row from START.

B. Verbal Block Analysis Section

The verbal bleck analysis section of the program consists of blocks 38 to 45 and has the following func~
tions, It punches out the verbal block which is identified either in block 5 or in block 7. The predicate rec-
ognized in block 5 consists of a verb, while the predicate recognized ip block 7 consists of a participle not
found within a noun block, If the verbal block consists of a principal verb, it is punched out from block 39;
while, if it is an auxiliary verb or a principal verb sometimes used in an auxiliary verb sense, it is punched
out from block 40,

In block 45 the program establishes that the participle under analysis occurs outside a noun or a prep-
ositional block and should be treated as a verb,

In block 38 the verb tag is examined to determine whether the predicate is a principal verb or an auxil-
iary form of o verb, If the predicate is a principal verb, the program continues to block 39 where the verbal
block 1s punched out; and the next word tag is introduced from START into the initial test row. If the predi-
cate is an auxiljary verh or a principal verb used in an auxiliary sense, however, the prograwm proceeds to
block 41 fo determine whether the auxiliary verb is followed by one or two adjectives complementing the verb
as discussed in section (V,3). This is accomplished in blocks 41 through 44. If the verb is followed by a sin-
gle adjective, the adjective is punched out as a special form of the noun block from block 43; and the process
then intreduces the next word tag into the initial test row from START. If two adjectives occur after the verb,
they are punched out as a special form of the noun block from block 44; and the program goes back to START by
introducing the next word tag inte the initial test row.

To demonstrate the functions of this sectlon let us consider the following example:

v e e . !/ being 7 new  / on the campus , . . .

P ADJ

!

1110000011 1110000001

After the word block preceding the participle "being” has been analyzed, the participle tag is intro-
duced from START into the initial test row. In block 7 the 9th digit position of this tag is examined to de-
termine whether it is a "1," 1.e,, whether the word is a participle. Since the word is a participle and does
not occur in a noun block, the program branches to block 45, which instryucts the process to treat the parti-
ciple as a verb, The program then proceeds to block 38, Here the 7th digit location is examined to determine
whether it is a "1" or a "0." Since there is a "0" in the 7th digit location, the verb is eilther an auxiliary
verkb or a principal verb sometimes used in an auxiliary sense; and the program branches to block 40. In block
40 the verbal block 1s punched out, and the program contimnes to block 41 to ascertain whether the next word
is an adjective. Since the next word (new) is an adjective, the program stores its word tag and continues to
block 42 to examine the following word tag. Since the following word (in) is not an adjective, the program
branches to block 43, where it punches out the special noun block (new), and proceeds to START by introducing
the unprocessed word tag into the initial test row to determine the next word block,

C. Adverblal Block Analysis Section

This section consists of the single block 46, The function of this section 1s to punch out the adverbial
block, which consists of the single adverb recognized in block 6, and then proceed by introducing the next
word tag into the initial test row to determine the following word block.

D. Coordinating Conjunction Block Analysis Section

In block 47, which is the only block of this section, the coordinating conjunction identified in hlack 8
is punched out as a word block; and the process continues by introducing the following word tag from START,

E. Punctuation Marks Processing Section

In this section, consisting of block 48, the punctuation mark tag is punched out as if it were a separate
block. The program then continues by introducing the tag of the first word of the next phrase or sentence from
START.

2, Program Iaput

The input of the program is prepared by selecting a portion of source-language text, determining the
word-order class of every source word and asgigning to it a two-digit code number which represents its word-
order class, The two-digit code numbers are then punched on I.B.M, cards (40 two-digit code numbers per card)
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in the order thelr corresponding words appear in the original text, These I.B.M, cards constitute the input of
the computer Drogram.

Each two-digit tag represents one ten-digit tag of the form discussed. The two~digit input code, which
consists of the respective numhers shown in front of each word-order class in Table I, is used to simplify the
preparation of the input cards for testing purposes. The program internally converts, however, this two-digit
representation of each tag to its equivalent ten-digit binary tag in order that this tag may be used in the
process of analysis which has been described.

3. Program Output

In the output, the ten-digit binary tags of the comstituents of each word block appear in a format of one
word block per card. To simplify the ocutput it has been assumed that no word block will have more than seven
words. The word tags of the constituents of each word block appear in the first seven ten-digit portions of
each output card in the order of their contextual occurrence, The eighth ten-digit portion of the output card
is used for identiffcation purposes. It contains the sequential number of occurrence of the analyzed word
blocks. In the event a word block is developed which is invalid for the process--any one of the low-frequency
word seguences which the process does not provide for--it is punched out as a separate word block with a ten-
digit special fdentification (2222222222) in the seventh ten-digit portion of the output card, Also in case an
invalid word tag 1ls introduced from the input into START, it is punched out as a speclal single—word block
with the identification (2222222222) in the second ten-digit portion of the output card.

VII, TESTING AND RESULTS

The program was originally tested with selected sentences to cover all the possible variations of block
structures which have been discussed, Thiszs procedure of testing was used because it is possible that the apal-
ysis of sentences selected at random from actual texts may not provide all of the low-frequency special cases
for which the process was designed.

After all the loops of the program were tested by the use of the selected examples, actual texts from
Greek newspapers and periodicals were used for data to determine the performance of the block analysis method,
Several small articles having a total of approximately 1000 words were tested and the performance of the proc-
ess proved very satisfactory. In order to measure the quality of the analysis performed by the process, however,
it is desirable to establish some kind of criterion for process efficiency.

One method of defining the pracess effieciency is to note the number of the word blocks appearing in the
text which is being analyzed in comparison to the number of the word blocks which are correctly analyzed by the
process, A percent efficlency can then he defined as follows:

Number of blocks correctly analyzed {100)
Number of blocks in the analyzed text

EBff. (%)

From the sentences which have been analyzed it appears that the block-analysis methed has an efficiency
of the order of B0 per cent, The performance of this process would seem to be satisfactory, It should be noted
that no special effort has been made to include in the process any isolated exceptions to the more general
structures of word hlocks. The inclusion of these cases would increase the efficiency further. This could be
done 1f the process were to be used for production purposes by analyzing large guantities of sentences and then
examining the cases where the process had failed. These cases could be classified and studied. Small logical
sub-routines could then be inecluded in the general program to provide for the analysis of these special cases,

VIII. LIMITATIONS OF THE PROCESS

The general block analysis method discussed does not have any limitations. It has a satisfactory effi-
ciency which could be improved further without prohibitive difficulty by including most of the possible low-
frequency variations in block structure. This 15 concluded from the fact that in the study of an ever increas-
ing sample, the variation in the block structure of a language is generally of a negative exponential form;
and thus a saturation point can he reached by the analysis and study of a sufficiently large sample of sen-
tences,

The program presented herein would be of considerable use in separating the forms of more unigue varia-
tion from the general group of variations, which constitute %0 per cent of the total.

IX. POTENTIAL APPLICATION OF THE BLOCK ANALYSIS

It haz bheen shown that word-order rearrangement of the output of a translating device can be accomplished
by the following three-step procedure,

a, Block analysis of the source-language clause or sentence
b, Word rearrangement within each block
¢. Block rearrangement within a clause or sentence

The method of block analysis discussed accomplishes the first step of the word rearrangement process. The
next two steps might be programmed after linguistic research establishes the rules governing the equivalent
structures between the source language and the target language, The final problem deals with the ifncorporation

465



of these procedures into the word=-for-word translating process now under atudy,
A block diagram of a possible translating procedure by the use of logical processing is shown in Fig. 4,
The entries in the dictiomary of the word-for-word translator may have the following form:

/ Source Semantic Unit / Block Analysis - Binary Tag / Target Equivalent /
With such entries the aatometic translating procedure relating to this thesis will be as follows:
Step 1. The input device extracts from the source-language text the "semantic units,” counts them in the
order of their occurrence and adds an occurrence seguence number which will aid in the final

translation,

Step 2. The input device locates each gemantic unit in the machine memory and extracts the binary tag of
the semantic unit concérned.

Step 3, The binary tag is then sent to the logical processing equipment which processes and rearranges
the binary tags lnto the target-language word order,

Step 4, The target-language equivalent or equivalents are extracted from the machine memory and substi-
tuted for the binary tags in their new order.

SteB 5. The output device prints out all target eguivalents of the clausze or sentence concerned in the
word order required by the target language.

The loglcal processing equipment required for the operation of this and other translation processes re-
quires no hew design methods or components. Exisgtent basic logical devices can be intercombined to fulfill the
requirements of the process degeribed herein.

LOGICAL PROCESSING

EQUIPMENT

y

WORD- FOR-WORD

INPUT DEVICE OUTPUT DEVICE
TRANSLATOR

Fig. 4

X. CONCLUSIONS

This paper has been concerned with a method for block analysis of Greek word-order structures. Block amal-
ysis of word-order structures constitutes the most basic step in the solution of the problem of word rearrange-
ment of mechanfcally translated material to fit the word order required by the target language,

Further, "The great advantage of the nominal {prepositional and noun} word-block concept is that the posi-
tion of the noun or adjective will automatically provide syntactic information whjch otherwise could be ob=-
tained only by asking a great number of questions about such words in isolation,'

Algo, with regard to the translation process "after Russian words are translated, ome word at a time, in-
to English equivalents and codes, further translation is accomplished by either operating upon word blocks
{nominal or non-hominal) or entire sentences. Most of the syntactical analysis can be done by operating upon
word blocks, . . 3

2"Design Study for an Integrated USAF Intelligence Date Handling System," Appendix A, Ramo-Wooldridge

Corpo§ation, March 31, 1957, p.32
ibid., p.62
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To analyze the prepositional and the noun blocks, word-order classes are assighed to each one of the con-
stituents of the regpective word block., From these word-order classes, new classes are formed by the specified
use of the intersection and union sums of logical algebra, The new word=-order classes formed by the use of the
intersection sums have at least a non-increasing membership, and thus it is possible to foxm a single-member
word=-order class, This single member indicates the occurrence of a word sequence ending with a noun, The form~
ation of such a word-order class under certain unique conditions indicates the end of the analyzed word block.
The occurrence of these unique conditions is determined by the use of the union sum and the evaluation thereof.
By this process the prepositional and noun blocks can be isclated and identified according to the word-order
clags that introduces them.

S8ince the remaining word blocks consist of a single word, their analysis coincides with their identifica-
tion.

In order that the process be mechanized, binary tags are asszigned to represent each word=-order class. The
process has been programmed and teated on the I.B.M, 650 computer. i

The performsnce of the process is satisfactory with an efficiency of the order of 90 per cent with pos-
gibilities of further improvement.

The immediate application of this method is the use of its results for the two remaining steps of the
word rearrangement process., These steps are:

a, Word rearrangement within each block
b. Block rearrangement within each sentence or clause

The logical equipment required for the mechnization of this method does not require any new computer de-
sign methods or components, It can be designed by the intercombination of existent circultry and components,
The design and construction of such egquipment would be most advantageous for further development of this and
other processes, Most of all, it would allow the determination of time and component estimates which will lead
to the final application of these processes to the general Mechanical Translation process,
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APPENDIX I
COMPUTER PROGRAM
Appendix I includes a complete listing of the computer program used for the mechanization of the block
analysis of Greek sentences.
The program, as shown in Table II, is written in standard I.B.M. 630 sequential instruction form. The
block numbers refer to the individual blocke of the flow chart (Fig. 3), which the particular group of instruc-
tions represents.

TABLE II

PROGRAM INSTRUCTIONS LIST

Flow Chart
Block
Remarks Humber Loc. oP, D.A, T.A,
Intersection sum conversion subroutine 11,12 0250 00 0000 0011

0251 00 0g00 0001

0200 24 0213 0201

0201 60 0250 0202

0202 20 0252 0203

0203 11 0251 0204

0204 44 0205 0213

0205 21 0252 0206

0208 65 0020 0207

0207 35 Q001 0208

0208 44 0209 0210

0209 11 0251 0210

0210 15 8003 0211

0211 20 00620 0212

0212 [:H] 0252 0203

Union sum conversion subroutine. 18,15,29 0220 24 0233 0221
0221 60 0250 Q222

0222 20 0252 0223

0223 11 0251 0224

0224 44 0225 0233

0225 21 0252 0226

0226 65 Q020 0227

0227 35 00401 0228

0228 44 0229 0230

0229 15 0251 0231

0230 15 8003 0231

0231 29 0020 0232

0232 60 0252 0223

Is it preposition? 1 0302 65 Q520 0303
0303 16 0001 0304

0304 45 0305 0389

Is it article? 2 0305 63 0320 0306
0306 16 Q002 0307

0307 45 0308 0410

Is it adjective? 3 0308 85 0520 0309
0309 16 0004 0310

0310 45 0311 0430

Is it noun? 4 0311 65 0520 4312
0312 16 0006 0316

Q316 45 0317 0622

Is it verb? 5 0317 85 0520 0318
Q318 35 0007 0319

0319 60 8002 {320

0320 30 0009 0321

0321 44 0359 0322

Is it adverb? 6 0322 65 0520 0323
0323 16 0410 G324

0324 45 0325 0404

Is it partieiple? 7 0325 65 0520 0326
0326 35 Q008 0327

0327 60 8002 0328

0328 30 Q009 0329

0328 44 0384 0330

468



Table II {continued)

Flow Chart
Block

Remarks Number Loc, OP, D.A. I.A.
Is it coor, conjunction? 8 0330 65 0520 0331
0331 16 0011 0332

0332 45 0333 0404

Is it punctuation mark? 9 0333 85 Q520 0334
0334 16 0012 0335

0335 45 0336 0404

Store invalid tag for punching out. 10 Q336 69 0520 0337
0337 24 0527 0338

0338 69 D017 0340

Punch out subroutine. 0340 24 0528 0402
0341 65 0018 0342

0342 15 0019 0343

0343 20 0534 0344

0344 20 0018 0345

0345 71 0527 0346

0346 373 0021 0347

0347 16 0019 0358

0348 45 0349 0355

0349 69 0022 0350

0350 24 0527 0351

0351 65 0023 0352

0352 15 0350 0353

0353 20 0350 0354

0354 85 0024 0347

0353 65 0330 0356

0356 16 0027 0357

0357 20 0350 0401

0358 20 0024 0348

Ia it principal verb? 38 0359 65 0520 0360
0360 is 0008 0361

0361 60 8002 0362

0362 30 0009 0363

0363 44 0404 0364

Punch out verbal block, 40 0364 69 0520 0365
0365 24 0527 0366

0366 &9 Q0367 0400

I next word an adjective? 41 0367 64 0369 0802
0369 &5 0520 0370

0370 16 0004 0371

0371 45 0372 0373

Store adjective tag and read in next word 0372 65 0520 0303
0373 69 0520 0374

0374 24 0527 0375

0375 69 0377 0802

Punch out invalid tag. 10 0403 o 0000 0801
0400 24 0401 0341

0402 69 0403 0400

Punch out processed word block. 39,46 0404 &9 0520 0405
47,48 0405 24 0527 0402

Iz next word an adjective? 432 0377 85 0520 0378
0378 16 0004 0379

0379 45 0380 0382

Punch out noun block 43 0380 89 0381 0400
0381 65 0520 0303

Punch out noun block 44 0382 69 0520 0383
0383 24 0528 0402

Is it principal verb (participle)? 38 0384 85 0520 Q385
Qa8s 35 0006 032886

0386 65 BOOZ 0387

0387 30 0009 0388

0388 45 0404 0364

Take inter. sum of PR and next word 1 0388 89 0520 0380
0390 24 0519 0391

0391 69 0394 0802

0384 85 0519 0395

0395 20 0527 0396
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Table II {continued)

Flow Chart
Block
Remarks Number Loc, op, D.A. I.A,
0396 15 0520 0397
0397 20 0020 0398
0398 69 3399 0200
Examine loecation 0020 to determine whether it is zero or not. 0410 B85 0020 0411
0411 45 0414 0412
0412 69 0520 0413
0413 24 0020 0414

Store word just processed. 0414 69 0409 0049
0409 &9 0520 0415
Take intersecticn sum with next word. 12 0415 24 0519 0416

0416 69 0418 0802
0418 65 0520 0419
0419 15 Q020 0420
0420 20 0020 0421
04421 69 4083 0200
Is 1t article? 13 DOB3 65 0020 0084
0084 16 0002 0085
0085 45 0422 0414
Is it coor., conjunction? 14 0422 63 0020 04423
0423 16 0011 0424
0424 45 0425 0484
Is it adverb? 15 0425 85 0020 0426
0426 16 0010 0427
0427 45 0428 4434
Is it adjective? 16 0428 65 0020 0429
0429 16 0004 0430
0430 45 0431 0450
Is it noun? 17 0431 B3 0020 0432
0432 16 Q006 0433
0433 45 0451 0456
Store processed adverb. 0434 69 0435 0049
12 previous word an article? 22 0435 65 0519 0436
0436 16 ooz 0437
0437 45 0438 0441
0438 65 0519 0439
0439 16 0003 0440
0440 43 04098 0441
Take union sum of adverb with next word. 29 0441 69 0520 0442
0442 24 0519 (443
0443 69 0445 4802
0445 65 0520 0446
0448 15 0020 0447
0447 20 0020 0448
0448 69 0449 0220
Store and punch invalid word group with special id. tag. 0449 Q0 QOG0 0422
0450 00 0000 0414
0451 69 0452 0049
0452 69 0017 0453
0453 24 0533 0454
0454 69 0453 Q400
0455 0D 0000 080
SBtore processed noun tag. 0456 69 0457 0049
Take union sum of noun with next word. 18 0457 69 0520 0458
0458 24 0519 0459
0459 69 0461 0802
0461 65 0520 0482
0462 15 0020 0463
0463 20 0020 0464
0464 69 0465 0220
Is 11 genftive? 19 0465 65 0020 0466
0486 35 0003 0467
0467 60 8002 0468
0468 30 06085 0469
Is it coor., conjunction? 20 0469 44 0477 0470
0470 85 0020 0471
0471 16 0011 o472
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Table 1Y {continued)

Flow Chart
Block

Remarks Numbexr Loc, P, DA, I.A.
. 0472 49 0473 0609

Punch out prep., or noun block, 21 0473 89 0474 0400
0474 69 0022 0473

0475 24 0020 0476

0476 65 0520 0303

Store word just processed, 0477 69 0478 0049
0478 a9 0520 478

Is it genitive noun? 0479 24 0519 0086
0086 65 0519 D087

0087 16 0007 0088

0088 45 0480 0089

Take genltive tag out of result 28 0089 635 0020 0090
6090 16 0023 0091

0091 20 0020 0459

Take genitive tag out of result 24 0480 65 0020 0481
0481 35 Q005 0482

0482 60 8002 0483

0483 30 0009 0625

0625 44 0626 0629

0626 65 0020 0627

0627 16 0023 0628

0628 20 0020 0629

0629 00 0000 0416

Btore word tag just processed. 0484 69 0483 0049
0485 a9 0520 04886

Take union sum with next word, 25 Q486 24 0519 0487
0487 69 0489 0802

0489 65 0520 0490

0490 15 0020 0491

0491 20 0020 0492

0492 69 0493 0220

Is 1t article? 26 0493 63 0020 0494
0494 16 {002 0495

0495 45 0496 0499

0498 85 0020 0497

0497 16 0003 0498

0498 45 3600 0499

0499 [21s] Q000 0477

Take genitive tag out of result, 27 0600 65 0020 0601
0601 35 0005 0602

Q602 80 8002 0603

0603 30 0009 0604

0604 44 0605 0608

0608 65 0020 0606

0606 16 0023 0607

607 20 0020 0608

0608 00 0000 0425

Store conj. tag for later reference. 0609 69 520 0810
0610 24 0519 0611

Is next word article or gen, article? 31 0611 3 0612 0802
0612 65 0520 0613

0613 16 Q002 0614

0614 45 06153 0044

0615 65 0520 0616

0616 16 0003 0617

0617 45 0818 0044

Is next word adj., or gen. adjective? 32 0618 65 0520 0619
0619 16 0004 0620

0620 45 0621 0044

D621 65 0520 0092

oogz 16 0005 00483

0093 45 0094 0044

Is next word noun? 33 0094 85 0520 0095
0095 16 0006 0096

0096 45 0097 0237

Iz next word gen. noun? 34 o097 [+ 0520 4098
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Table II (continued)

Flow Chart
EBlock
Remarks Number Loe. OP. DA, I.A.
0098 16 0007 0099
Q099 45 0036 0028
Read in next word and store gen. nouh. 0028 69 0520 0029
0029 24 0020 0030
0030 69 0519 0031
0031 24 0520 0032
0032 [:3:] 0033 0049
0033 89 0020 0034
0034 24 0520 0035
0035 69 0089 0049

Punch out prep. or noun hlock. 35 0036 &9 Q037 0400
Store word unprocessed word for later reference. 0037 89 0520 0o03s

0038 24 0020 0039
Punch out coor. conjunction block. ’ 36 0030 69 0519 0040

0040 24 0520 004}
0041 569 0042 0049

Read in next {unprocessed) word tag. 37 on42 89 0020 0043
0043 24 0520 0473
Store conjunction and processed word tag. 0044 69 Q320 0045

0045 24 0020 0046
0046 69 0519 0047
0047 24 0520 0048
0048 69 0234 0049
0234 69 0020 0235
0235 24 0520 0236
0236 69 0480 0049
Store noun tag. 0237 59 0520 0238
0238 24 0020 0239
0239 69 0319 0240
0240 24 0520 0241
0241 89 0242 0049
0242 89 0020 0243
0243 24 0520 0244
0244 69 0459 0049

Store noun processed in block 23 in loec, 0520. 0622 69 0520 0623
0623 24 Q020 0456
Constants, 0001 11 1110 0001

0002 11 1100 0001
0003 11 1101 0001
0004 11 1000 0001
0005 il 1001 0001
00086 10 0000 0001
0007 10 0001 0001
0008 4] 0000 1100
0009 00 0000 0100
0010 11 0000 0001
0011 10 1000 0001
0012 10 0010 0001
0013 11 1000 1011
0014 11 1000 0011
0015 11 1001 1011
0016 11 1001 0011
Q017 22 2222 2222
0018 00 0000 0000
0019 00 0000 0001
0020 00 0000 0000
0021 00 Q000 0009
0022 Q0 QG000 0000
0023 00 0001 0000
0024 00 Q000 0000
0025 00 0007 0000
0028 00 0000 00006
0027 00 Q008 0000
Word tag storing subroutine. 0049 24 o072 0a50

0050 60 0027 0051

0031 11 0023 0G32
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Table IT (continued)

Flow Chart
Block
Remarks Humbey Loc, oP, DA, XI.A,
0052 44 0053 0057
Q053 21 0026 0054
0054 60 0527 Q055
0055 44 0065 0073
0073 60 0520 0056
0056 21 0527 0057
0057 66 8002 0058
0058 20 0028 0059
0059 69 0060 0061
0060 60 0527 0035
0061 24 0054 0062
0062 69 0083 0064
0063 21 0527 0057
0064 24 0056 0072
0063 63 0054 0066
0066 15 0023 0067
0067 20 0054 0068
0068 65 0056 0069
0069 15 0023 0070
0070 20 0056 0071
0071 60 0026 0051
Read in subroutine, 0800 0 0501 0801
0801 69 0302 0802
0802 24 0837 0803
0803 80 0751 0804
0804 11 0019 0305
0805 44 0806 0811
0806 21 0751 0807
0807 85 0501 0808
0808 33 0002 0809
0809 20 0501 0810
0810 63 BOO3 0832
0811 50 0755 0812
0812 11 0019 0813
0813 44 0814 0822
0814 21 0755 0815
0815 60 0807 0816
0816 10 0023 0817
0817 21 0807 0818
0818 60 0809 0819
0819 10 0023 0820
0820 21 0809 0821
0821 60 0750 0804
0822 69 0754 0823
0823 24 0755 0824
0824 65 0807 0825
0825 18 0756 0826
0826 20 0807 o827
0827 [:1:] 0809 0828
oaz2se 16 0736 0829
0829 20 0809 0830
0830 70 0501 0831
0831 60 0780 0804
0832 33 0004 0833
0833 B89 0835 084
0834 22 0833 0835
0835 69 0000 0836
0836 24 0520 0837
0019 o0 0000 000,
0023 o0 0001 0000
0750 00 0000 0006
0751 oo QOH) 0006
0754 00 0000 0008
0755 00 0000 0008
0756 o0 0007 0000
Is it article? (after a preposition) 2 0389 65 0020 0075
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Table II (continued)

Flow Chart
Block
Remarks Number Loc, OF, D.A. I.A,
0075 16 0002 0076
0076 45 0077 0414
Is it adjective? (after a preposition) 3 0077 85 0020 78
0078 16 0004 0079
0079 45 GOBO 04414
Is it noun? {after a preposition) 4 0080 65 0020 0081
0081 16 0006 0082
0082 45 0317 0456
Traller card. 1952 0o 0000 0800

APPENDIX IT
COMPUTER INPUT AND OUTPUT SAMPLE

Appendix II includes the original text, coded input and computer output of a sample article analyzed by
the use of the block analysis program. The article is one selected from the Greek newspaper, "TIEACIIONNHIOZ"
of February 5, 1857,

The computer input card contalns the 40 two-digit numbers as shown in coded forms. The computer output
card format is as shown.

Sample Greek Passage

*Appodiwg dredelainoav a[ﬁulhoowopiat Epnpepléo Thg dvrumoriteboews, dtu el ThHY
tniteoniv AvuawwpdTuy ToUu Avplmou Ev EtpudBolpyy, Evlmiov e dnofag ouinTelta.
4 “Erxxnvud npogouny il TaS Bpetavvikdg dubtntag elg thy Kbnpov, Emnidev SHSev
aupfiBaopde, MeTeEd Thg 'ERknviwig wal tng Bpetavviung dvtinpodumefac.
Computer Input
10 08 02 06 07 03 O7 10 01 02 06 07 03 07 01 06 01 03 07 08 01 04 06 01 02 04 06 01 02 06 08
10 06 01 03 05 11 03 05 07

Computer Output

1100000001 1
0000001100 ' 2
1111000001 1000000001 1000010001 1111010001 1000010001 3
1100000001 4
1111100001 1111000001 1000000001 1000610001 1111010001 1000010001 5
1111100001 1000000001 6
1111100001 11119010001 1000010001 7
0000001100 8
1111100001 1110000001 100000000} 9
1111100001 1111000001 1110000001 1000600001 10
1111100001 1111000001 1000000001 11
0000061100 12
1100000001 13
1000900001 14
1111100001 1111010061 1110010001 1010000001 1111010001 1110010001 1000010001 15
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