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INTRODUCTION

Since Hebrew is a highly inflected language, it

presents special problems with reference to utilization

of electronic machines for the construction of reference

works such as large scale indices and concordances. Such

literary references and sources as an index and concord-

ance must be arranged according to alphabetical order of

verb roots and nouns stripped of all auxiliary appendages.

Any attempt to make an alphabetical listing in Hebrew re-

quires a thorough knowledge of Hebrew grammar and the abil-

ity to recognize the various additive elements and so dis-

tinguish them from the root. This is the basic condition

which must preface such intended use of an electronic com-

puter. This constitutes the motivation for our study.

In reality, the problem confronting our research, the

problem the solution of which would constitute the contrib-

ution made by our study and justifying our study, is not a

further classification and another variety of systematiza-



tion of elements and units of the Hebrew language, which

in bulk are familiar matters, but in the ferreting out,

so to speak. of hidden unsuspected relationships invol-

ving radical elements and the introduction of an original,

effecient and wide-ranging computer technique of broad

application in the wake thereof.

In general, the course of the project consisted of

first preparing correlation tables of required Hebrew

elements, adapted to the programming process, and then

the construction of the special reference dictionary.

Irregulars

This study took no account of rare irregulars which

characterize Scripture, such as the scriptio defectiva,

e.g. QM QLT ( IA7 up), QuM, QoLoT (11117W C101 or

an additional Nun ( 3) for the third person plural, as

in YaD'uN (111717 ) for YAD'u ( ilm), 2 or plural for

singular, e.g. TiQR'Na (n3N-pri) for Ti ga ( N1470,3

1. QM, Joshua 7:13, QLT, Exodus 9:23.

2. Deuteronomy 8:16.

3. Exodus 1:10. The same example illustrates another
peculiarity of Scriptural Hebrew: namely, the change
of He ( MO to an Alef ( 10.



or the rare variant for third person, feminine, singular

of the perfect, represented by YZ'T ( ) and BiT

4( TKO, found in the Misna. 4 This was found necessary,

for otherwise there would not be the underlying assump-

tion of the complete superiority of grammatical rule

within our sphere of study. For those interested in

that phase of Scripture concerned with the irregulars,

many specialized works are available to aid in the

study.

This study is moreover premised on the existence

of the standard construction BiNYaNiM ( 31 3D) only.

The certain grammatical authorities5 list many addition-

al forms, vestiges of archaic constructions, but the

accepted view is that these represent exceptional verb

roots and were thus so treated in this study. Examples

of these additional forms are Taf'el ('7trul), raftel

( TMAU), etc.

4. gabat, 57a.

5. Z. Har Z4hav, Diqducl HallaXon Ha'Ivrit, Vol. 3, part
f, pp. 408-476.

VII.



Method of Transliteration

The technique of the study necessitated adoption of a satis-

factory system of transliteration. In fact, two such systems

were utilized. In actual composition of this draft of the thesis,

the Precise Meduyaq (pi-1m ) system established by the Academy

of the Hebrew Language6 was used. This system is characterized

by a one to one correspondence of Hebrew and Latin alphabet. I

modified this by personal choice of ' to represent Alef (x) and

to represent lAyin ( Y) for reasons of convenience. More urgent

reasons, however, determined more radical modifications. This

study, vis-a-vis the computer, was premised exclusively on the

basis of the consonants of the Hebrew language. The consonantal

vowels, however, posed a problem. By adopting the rule of exclu-

sive and indiscriminate concern with the script, the consonantal

vowel could be treated as a regular consonant when related to

orthographical changes and retain the regular consonantal translit-

eration, e.g. QogTOT ( nitxulp) would be transliterated WgTWT.

For the convenience of the reader, at times both forms have been

used, e.g. WLHQSYT (UIRaQg1T).

For the actual input fed to the computer, the IBM system was

employed. The latter consists of a one-to-one correspondence in

order of the English and Hebrew alphabets starting with Bet ( p)

6. Kill6 Hatta'aik Miktav !vri Liktav Latini, (Principles of Trans-
literation from Hebrew Script to Latin Script), The Academy of
the Hebrew Language, Jerusalem, 1956-57.
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which corresponds with A. For Alef ( N), the symbol (I) was used.

(See below.)

The radical QgT was adopted as a model in place of the tra-

ditional P!L (Pa!al) (1v5)) in order to avoid the complications

introduced by the semi-vowel ( 1D/:=1) as well as the change in

sound of the Pe (E)) from p to f by elimination of the dagg in

conjugation. The conventional radical QTL has been rejected be-

cause of its connotation.

In designating verb classes the conventional Hebrew symbol-

ization is employed, based on the one-to-one correspondence of

the consonants of Patal ( ,YD), Pe, Ayin, Lamed, with the re-

spective letters of the given radical.

The consonants M, N, z, P, K ( 1.D173) present no confusion
0.0 OM*

because of their variation in form as final letters since the com-

puter has been so programmed as to identify these in either form,

final or not. A similar computer technique established reversal

in reading from left to right.

IX.



Transliteration System Fed to Computer

Letter or
Symbol Used

Hebrew
Character

Name of
Hebrew Letter

O X Alef

A M Bet

B a Gimel

C 1 Dalet

D n 114

E 1 Waw

F 1' Zayin

G n Het

H 0 Tet

I ., Yud

J 1 Kaf (final)

K D Kaf

L '7 Lamed

,

M D Mem (final)

N n Mea

0 1 Nun (final)

P : Nun

Q 0 Sameh

R Y Lkyin

S 9 Fe (final)



es*

Transliteration System Fed to Ldembutel (continued)
IIMONOMM

Letter or Hebrew
Sy.zbol Used 011araeter

5.?

U

V

w.

Y

Name of
Hebrew Letter

Pc

7 Zadi (final)

Zadi

7 Qof

'V
Res

w sin
I Taw

. .



Definition of Terms

This study employs a terminology which represents

a usage both conventional and somewhat subjective.

VERB - has its regular significance

NOUN - includes all substantives and all other elements

apart from verbs

CONSTRUCTION - one of the seven Binyanim (0' 3/ 3D)

aTJUGATION - the forms of verb inflection
4.0

ROOT - the normal radical origin

STEM - the nucleus remaining after removal of all affixes

EYTaN - the prefixes ( 111/N) Y, T, N of the imperfect

List of Abbreviations

The following abbreviations have been used in the

various tables and lists presented in the text:

Perf. - r,:.rfect Pa. - Pa!al

Part. - participle Hof. - Hoflal

Imp. - imperfect Pu. - Putal

Imper. - imperative Nif. - Nif!al

Inf. - infinitive Hit. - Hitpalel

Inf. Con. - infinitive construct P. - person

Inf. Abs. - infinitive abstract Fem. - feminine

Hif. Hif!il Masc. - masculine

Pi. - Pi:el P1. - plural



List of Abbreviations (continued)

Sing.- singular

- passive participle

P.P.Pr. - passive participle with pronouns

In. - index number

G. - gender

P.A.- pronominal affix

A.E. - Auxilary element

Constr. - construction ( p) :2)

Conj. - conjugation

L. - list

Suf. - suffix(es)

Gov. - governing, that govern

Pron. - pronouns



CHAPTER I

PROBLEM AND OBJECTIVE OF STUDY

Only recently have researchers achieved some success

in attempts to use electronic data-processing techniques in

the study of the Hebrew language.1 The morphology of the

Hebrew language appears to militate against such an under-

taking. In the preparation of a concordance to work in the

English language, it is possible to instruct an electronic

computer to classify words mechanically in alphabetical or-

der, for example. Such a classification would be of little

value in Hebrew. Semitic verbs as well as verbal nouns are

based on bi-, 2 tri-, or quadri-literal roots to which pre-

fixes and suffixes may be appended. Such prefixes and suf-

fixes may be prepositions or conjuctions; they may indicate

tense, person, number or mood. If we take, for example, the

verbal form WLHaYT (Ul*hatigit) (trUljnit21 ) (and to adorn),

we could not classify it alphabetically under W--which is

essentially the conjuction 'and,' nor under L--which is the

1. Vide References 1,2,3, 5,6

2. Theoretically speaking only. In this study, however,
for the sake of simplicity, no verbs have been consid-
ered as derived from bi-literal roots. See chapter on
verb classification.
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preposition 'to,' not under H--which together with the Y

simply indicates that the verb is causitive. The mtaniful

unit of the verb begins with the first root letter Q, and

only a classification, by such a root letter would be of sig-

nificant value. Samples taken from various types of litera-

ture show that more than 90% of the words would require an in-

dication of the root. A computer could be instructed to con-

sider W -L -H as prefix letters but they as well as more than

half of the twenty-two letters in the Hebrew alphabet maybe

used both as root letters and as prefixes and suffixes.

It would, of course, be possible to indicate the roots

manually and punch the data along with the input text. Such

a process, however, is impractical for Hebrew because root

identification requires a thorough mastery of Hebrew grammar.

Only an expert in Hebrew grammar would be capable of punching

cards in this manner. All of this makes the use of the compu-

ter for data processing in Hebrew impractical, and may account

for the fact that until today nothing has been done for the

creatiaCof a literary index or concordance to any Hebrew work

by means of electronic devices. The need for concordances to

major literary works is felt by every scholar, researcher, and

educator in the field, but the time and expense involved in pro-

ducing them manually has been a major obstacle. Library cata-

loguing is another field where electronic techniques cannot be

utilized well in the Hebrew language because of the same problem.
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In order to render the mechanical processing of Hebrew

materials feasible, it would be necessary to devise an411-

gorithm for a stem recognition program designed to search

for the root of any Hebrew word regardless of any suffixes

and prefixes, as well as to detect inner changes of the

given root.

The objective of this project is to devise such an al-

gorithm to be used for library cataloguing and for the crea-

tion of indices and concordances of texts in the Hebrew

language.

4D-



CHAPTER II

MORPHOLOGY OF HEBREW

Auxiliary Elements

Any primary research into the nature of the language

requires a thorough understanding of its morphological as-

pects. It is therefore first necessary to review the laws

of morphological change affecting the Hebrew language. Con-

sider the realm of the auxiliary elements: the preposition-

al particals B, K, L, M, the conjuctive W, the definite

article H, the interrogative H, the conjuctive g, and the

conjuctive Aramaic D naturalized into Hebrew. These present

no special problem when used distinctly in conjuction with

nouns or verbs, inflected or uninflected, with or without pro-

nominals. The definite article H provides the only albeit

uncomplicated exception, conspicuously illegitimate with re-

spect to verbs and to possessive inflected forms. Combina-

tion of these elements, however, present very special diffi-

culties in usage.

No criteria, however, have ever been established for

the usage of combined prefixed articles, prepoAicals, and con-

juctions which are used so commonly in Hebrew. For example,

1. Termed in Hebrew "Otiyot kmug."



in regard to the usage of the prefixed element, WLKg ( W--

the conjunction and; L--the preposition at, to, for; K--the

preposition like, about, as; g--the relative pronoun that,

which), common in medieval Talmudic commentaries, but never

found in Scripture, there is no fixed rule as to preferable

usage; thus W, L, K, S or W, K, S, either affixed to Ya!aSe
MOM OWN OEM ONNO

(Yatase) ( MO") (he will do), are interchangeable ren-

derings of "and when he will do." Again, HaLeK6SeYa!aSe

(Halkegeyatse) (i i` DPUT.D771) (and when he will do...?) form-

ed by the addition of the interrogative H, harmonizes with

the aesthetics of the language, yet, its occurrences in the

literature is rare. Its usage is completely ignored in

modern Hebrew. Lexicons and grammars in general disregard

the problem of criteria for combination - formations.

Understandably, since this is a matter of empirical

judgment, divergencies of opinion are to be expected. A

listing of affixes for modern Hebrew has already been pro-

posed
2
but, a major change has been inserted in their treat-

ment3 as will be explained each in its place. I have fur-

ther followed the course of rigor and included in my list-

ings all possible combinations. My project has sought to

M. Sapiro, Y. k;heouka, "Nituah Nekanografi",
LefFonenu, Vol. 27-28, P. 360, appendix

3. Certain affixes have been ignored while new ones have
been added. The compound auxilaries LK ( 2'7)0 LM (73'7)
and KM ( ,7m,D) have been dropped.
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embrace the Hebrew drawn from all epochs and from all lit-

eratures. Obviously, specimens found in one type of liter-

ature do not necessarily occur in other types. Combinations

found, for example, in medieval literature, are not found in

Biblical and modern literature. The example already cited,

HaLeKeleYataSe, is in point here. Strict limitations where-

by to set off the various literatures, of course, are not

scientifically possible. The individual researcher will,

however, be able to judge the approximate :haracter of the

literature he is studying. Because of the exhaustive
4
nature

of my listing it will be possible to adapt it to any study

purpose in this field whatsoever. The additional, extraneous

information fed into the computer will not prejudice the ac-

curacy of the analysis as long as the input of relevant data

has been complete. Table A exhibits all possible functions

of the indicated auxilaries.

Prefixes (Table B)5

The prefixes are distinguished from the auxilary elements

by their greater grammatical inflexibility. They include:

10 Y, T, N (EYTaN) ( 1nvx), occuring in the imperfect;

14. Auxilary elements only. Certain other types of affixes
were omitted, perhaps arbitrarily from the study. This
will be touched upon later.

5. See Table B for all possible forms of prefixes in combin-
ation with the element governing varying grammatical
functions.
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H of Hoftal and Niflal;

(D) .H of Hitpa!el with transposition of Taw (n ) in verbs

whose first radical is S (0) or g (W ),'

e.g. HiSTaD4R ( 7rulan), HigTaMeR (7111U1);

(D) H of Hitpa:el with the coalesced Taw (11) in verbs whose.

first radical is: D (Dalet) (1),

e.g. EBQ (7D1 );

I (21) (
e.g. TEE (into );

or T (Taw) (0),

e.g. TMM (Drill);

and the exceptions of other verbs whose Taw of Hitpatel coa-

lesces with the first letter of the radical;

e.g. HiNaBe °aro r.(HiTNaBe--ND3r171);

(D) H of Hitpatel when the first radical is Z (Zadi ) (Y)

or Z (Zayin) (7 ) and the Taw (11) is mutated to a Tet ( t,"/)

or Dalet (1)and transposed;

e.g. HiZTaDeQ (j2-10Xn )1 HiZDaMeU (Invi );

(N) M (Mem) (73) of the participle of Pitell Pu!al, Hif:il

and Hof:al;

(N) M (Men) ( n) of Hitpalel with transpoition of Taw ( n

6. The characters in parentheses represent the original let-
ter of the affixes according to the computer translitera-
tion. Vide Introduction.

7. Those exceptions haVe been categorized as such in the
verb classification.
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in verbs whose first radical is S (o) or S ),

e.g. MiSTaDR (ninon ), mikamgR );

(N) M (Mem) U.)) of the participle Hitpa:el with the coalesced

Taw (c) in verbs whose first radical is D (Dalet) (1), (met)

( .0) or T (Taw) ( n),

e.g. MiDaBeR (naln ) = (MiTDa.B6R----1D1r173 );

MiTaHgR (m) ) (MiTtruall6R"""171Unn );

MiTaMgM (CIOM ) = (mimvam--unonn );

and the exceptions of other verbs whose Taw ( r) of Hitpa:el

coalesces with the first letter of the radical,

e.g. MiNaBe (N:230) (MiTnaBe-4C=3);

(N) M (Mem) (n) of Hitpa:el when the first radical is Z

(Zadi.) ) or Z (Zayin) ( T) and the Taw (n) is mutated to

a 2.1 OD ) or Dalet (1) and transposed;

e.g. MiZTaD6K (711.7V3);

MiZDaMeM ( eivim)

(P) N (Nun) ( 2) of Nif:a1;

(ZD) HT (He Taw) (r'iI) of Hitpa:el in the perfect;

(ZN) MT (Mem Taw) (f73) of the participle of Hitpa:e1;.

(PIG) 'YTN (EYTaN) (11114 of the imperfect of Hitpalel together

with the Taw (11) of Hitpatel;

(ZP) NT (Nun Taw) (112) of Nitpa:e1--the Aramaic equivalent8 of

Hitpatel of the perfect adapted in Hebrew.

8. The semantic differences of opinion to which certain gram-
marians subscribe are of no importance here.
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Suffixes--Verbs (Table C)9

In treating the suffixes I have been guided in a pre-

liminary fashion by the classification adopted by Meir

pre-

,

and Yatakov Chouekal° which logically embraces suffixes which

govern adjuncts and that of suffixes which do not. However,

I have rejected the phonetic criterion the authoxis have employ-

ed in their zlassification.

The coalescence of the third radical with the suffix poses

a problem of classification. The resultant disappearance in

this case of a letter introduces the problem of whether to clas-

sify the compensatory dageg forte as the final radical or as a

suffix letter. The authors* view considers the dageg'as replac-

ing rather the first letters of the suffix. This has merit for

it conserves the integrity of the radical and hence effects an

economy in arrangement of stems. However, the number of radi-

cals involved in this type of change is very little, and since

this project is not oriented in stem dictionaries, the economy

spoken of is of no value.

On the other hand it increases the number of suffixes un-

necessarily. To illustrate--considering a Lamed Taw (/11) verb,

e.g. KaRaT (r7o), in the analysis of the 2nd person, plural,

perfect, the authors, because of the coalescence of the Taw ( n )

9. Vide Table C.

10. LeSoNeNu, op. cit. p. 358.



-10-

of Tem (ca ) and Ten ( in) into the final Taw ( of KaRaT

( in KaRaTeM ( CrinD), would find it necessary to add

two additional listings in the table of pronominal suffixes,

namely M (Mem) (c) and N (Nun) ( 1). This is obviated in

case of my system since I consider the dagenorte as com-

pensatory for the final Taw ( 11) and therefore in virtue re-

taining the original Taw (fl) of the suffixes.

The classification of the suffixes which I employ repre-

sents a further virtue of my system of analysis in that it

imposes a consistency which excludes exceptions and effects

greater order and clarity, all of which benefit the treatment

of the material.

In sum, I found it advisable to consider the dager as

replacement for the final radical in keeping with the tradi-

tional grammarians (so it seems to me). There is thus not

only conserved the economy of the suffixes, but there is also

introduced a consistency of form which tends to enhance the

validity of conclusions.

The following is a discussion of suffixes which do not

govern adjuncts: The null entry of Table C indicates absence

of a suffixal attachment to the verb stem. A positive mark-

ing in the null row (/) therefore indicates the possibility

of independent existence of verbs and nouns or legitimacy of

direct attachment of the pronominal suffix to the verb stem.

A negative marking (0) would, of course, indicate the con-



trary.

Listing of Suffixes in Table C

(D) 21141 of the perfect, secon person, feminine, singular;

e.g. QakaH (rri:/"117);

(D2) 2H of the active participle, first, second and third per-

son, feminine, singular;

e.g. QoSTaH (7=112);

(D) H-cohortative (the lengthened form) of the first person

of the imperfect, singular and plural;

12
e.g. iTaSuRa (n110x), rrowN) NiC4Tall (up 2 );

same in the imperative, second person, masculine, singular;

e.E. QeSaTaH (rItY.UP);

W (Suruk) of the perfect, third person, plural, masculine,

and feminine;

e.g. QagTu (W);

(E) W (Suruk) of the imperfect, second and third person, mas-

culine, plural;

e.g. Tic4Tu (11 :7i ), YiOTu (WI);

same for the imperative, second person, masculine, plural;

e.g. QiSTu (Tap);

(I) Y (Yud) of the imperfect, second person, feminine, singular;

,

e.g. Ti UTi OLW1-;

same as in the imperative, second person, feminine, singular;

e g. QiSTi (71.7:if2);

11. This h is marked 2H
hortative H.

12. Exodus 3:3: "I will

to differentiate between it and the co-

turn aside now."
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(Z) T (Ta) of the perfect. second person, masculine and fem-

inine, singular;

e.g. QaSaTTa (=up) , QaSaTT ( raup);
(Z) T (Taw) of the active participle, first, second and third

person, feminine, singular;

e.g. QoSeTeT

(Z) T (Taw) of the infinitive construct of the Pe Yud ( 1- D)

verbs;

e.g. (Y5V -Dv ) geVeT (T

(ZE) WT (Waw Taw) (111) of the active participle, first, second

and third person, feminine, plural;

e.g. QWgTWT (QogToT) ( rilL74710;

(ZE) WT (Waw Taw) (Ill) of the infinitive of Lamed He (n- 12)

verbs;

e.g. the infinitive of the radical QNH, LQWT (LiQN0T)

(r11:121.2

(MI) YM (Yud Merl) (a') of the active participle, first and

second person, masculine, plural;

e.g. QATYM (Qo5TiM)( 011yinp);

(01) YN (Yud Nun) ( /1) the Aramaic counterpart of YM adapted

in Hebrew;

(DP) NH (Nun He) (n2) of the imperfect, second and third per-

son, feminine, plural;

e.g. TQgTNH (TiQgoTNaH) (rnaupn);

(DP) NH (Nun He) (M2) of the imperative, second person, fem-
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inine, plural;

e.g. Q$TNE (QegOTNaH) (71:MiP );

(EP) NU (Nun Suruq) (11 ) of the perfect first person, mascu-

line and feminine, plural;

e.g. QgTNW (Qa6aTNu) (1:txup );

(IP) NY (Nun Yud) of the present participle, first person, sing-

ular;

e.g. DWMNY (DoMaNi) ( 'nen), SBWRNY (SVuRaNi) (/271ZO);

(IZ) TY (Taw Yud) ( '11) of the perfect first person, masculine

and feminine, singular;

e.g. QgTTY (Qag'aTTi)( uriltY142);

(MZ) TM (Taw Mem) ( ur) of the perfect, second person, mascu-

line, plural;

e.g. oo5prm (QpgaTTem)( CrILIWO;

(OZ) TN (Taw Nun) ( lfl) of the perfect, second person, feminine,

plural;

e.g. aTTN (OgaTTeN) (Iraup).

Suffixes Which Govern Pronominal Affixes
13 (Table Cl)

Since not all suffixes govern pronominal affixes, it was

necessary to prepare an additional table listing those suffixes

which do so. In the course of the affix-splitting14 process,

13. All possible pronominal affixes adjoined to each of these
suffixes maybe found in Table D.

14. See Chapter
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the computer must determine whether a given pronominal affix

may be attached to a given suffix. This purpose as well is

one which is served by this table. This is immediately appar-

ent by the strikingly large vacant area (0) in the proper

place of Table C in contrast with the equally large marked

area (/) for its counterpart in Table Cl. Table Cl neces-

sarily would be limited to the active voice since the verbs

tested govern accusatives. For example, in Table C the T

(Taw) (11) of the perfect and the participle is indicated (/)

in all seven constructions and in Table Cl the same T (Taw)

(n) is indicated (/) only in the active constructions. This

is because a pronominal suffix may appear only in those con-

structions. The numerous positive (/) markings for the null

row of Table Cl, as well as in Table C, of course, indicate

the generality of the independent occurrence without affixed

suffixes of all the grammatical categories there listed. It

is apparent then, that a pronominal affix may also be attached

directly to the verb or noun, without necessary intermediation

of a suffixal adjunct.

The interpretation of the null row under the listings of

person, number, and gender, in the pronominal columns of Table

Cl is readily made. (/) indicates that the pronominal affix

may occur independently attached to the verb stem, e.g. odTW

(QggaTo) (imp) which is equivalent to QagaT toTo ( lrrIN tw).
0
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Listing of Suffixes in Table Cl

(E) W (guruq) ( ) of the perfect, third person, plural;

QgTWHW (Qi6TuHu) ( insraup);

(E) W (gurucl) ( 1 ) same as above, of the imperfect, third

person, masculine, plural;

e . g . YaTWHW (YiQ6eTuHu) ( inityllr );

(E) W (guruq) (1 ) of the imperative, second person, mascu-

line, plural;

e . g . Q;S#TWIDT (QigTuHu) ( in );

(I) Y (Yud) ( ') of the imperfect, second person, feminine,

singular;

e.g. TQ.511TYHW (TialTiliu)(17PIN.Pri );

(Z) T (Taw) ( ii) of the perfect, 'second person, feminine,

singular;

e.g. Q:STT (Qag.aTT)( ilt.72117);

(Z) T (Taw) ( r1) of the perfect, third person, singular, fem-

inine, replacing the normal suffixal He ( m) when governing

a pronominal;

e.g. Q:4TH (QagTaH) OW), Qp5TTNY NegaTaTNIX

QS= (O&TaTKa) ( iray;vp ), etc. in all persons;

(Z) T (Taw) ( 11) of the participle, first, second and third

third person, feminine, plural;

(ZE) WT (Waw Taw) (n1 of the participle, first, second and

person, feminine, singular;

uwe.g. QI4TT (QogeTeT)( nv);



e.g. QSTWT (QoSToT) (riem-Nup );

(EP) NW (Nun guruq) (12) of the perfect, first person, plural;

e.g. QgTNW (QagaTNu) ( 12t0;

(IZ) TY (Taw Yud) ( 1r) of the perfect, first person, singu-

lar;

e.g. QiITTY (QaLTTi) ( raw) .

TW (Taw gUruq) ( 10 as in QgTTWNY (QegaTTMi) ( vrimp)

was not entered as a suffix in our classification. Rather WNI

( 13') was entered as a pronominal affix. The affix-splitting

in this case would then be QgT-T-WNY, not QgT-TW-NY, contrary

to the suggestion made in LegoNku.15 This again is a result

of the above mentioned decision to keep the suffixes constant.

Pronominal Affixes (Table D)

The pronominal affixes consist of objective pronouns af-

fixed to verbs, and the possessive pronouns attached to nouns.

The listings of person, number and gender in the verbal col-

umns (15 through 21) refer to the subject of the verb; person,

number and gender in the pronominal columns (28 through 34)

refer to the object of the verb. It may seem somewhat paradox-

ical that in those cases where the verbal categories are con-

sistently null (i.e. the null row is marked /) the pronominal

columns should as consistently take a contrary grading (i.e.

15. op. cit.



the null row is marked 0). The (/) grading in the null row

for the verbal categories presents no difficulty since the

meaning is clear, i.e. these categories can exist independent-

ly without the need to govern an affix. The matter of grad-

ings for the pronominal columns is not so obvious. The ex-

planation lies in the fact that the pronominal columns rep-

resent essentially particularizations of the generalizations

indicated by the affixes listed. The grading in effect re-

sponds to the question: "Does the particularization exist or

not?" Therefore it is meaningless to speak of particulars

when the general is absent (null). The mark is thus (0).

Affixes of Nouns

The assimilation of auxilary elements with nouns is a

relatively simple matter. The combinations and usages here-
9

in pertaining, however, vary as much with the type of liter-

ature as in the case of verbs.

Prefixes are irrelevant to nouns. This fact was of con-

siderable utility in the various operations connected with

this study, as illustrated in Chapter III.
16

The possessives are naturally included in the pronominal

affixes. In the column of the pronominal affixes (28 through

34) the person, gender and number of the given pronoun are in-

dicated.

16. See p.33 "Checking Validity of Combinations."



The nature of the gender and number listing in the noun

columns is immaterial with respect to the pronominal affix

tested. A possessive such as the Waw ( 1) of gLW (geLo)( 11n)

may be indifferently attached either to a masculine noun, e.g.

DWD, DWDW (DoD, DoDo) "11-0 or to a feminine noun, e.g.

'VN, 'VNW (EVeN, AVNo) ,1 D? ) . The column of nouns in

the absolute state, Table D, column 27, is consistently marked

(0). The reason is obvious. A noun in the absolute state can-

not be adjoined to an affix.

The following are taken as the substantive suffixes:

(D) H (u) (71) Locale--(locative accusative);

e.g. 'Mil (ARZaH) ( QDYMH (QADiMaH) ( rin"Ii7);

(2D) 2H (2 HO ) tone bearing (Qamaz) 116 (71);

e.g. YLD, YLDH (YeLeD, YaLDaH) 'IP);

(I) Y (Yud) ( ') of construct state;

e.g. BNY (BeNeY) (/::), 'VNY, (AVNeY) (":DN );

(z) T (Taw) (n) of construct state;

e.g. TWRT (ToRaT) 4-1`11n );

(TE) WT (Waw Taw) (11 1) plural, masculine and feminine;

e.g. 'VWT (AV0T) ( BNWT (BaNdT) (i11::));

(MI) YM (Yud Mem) (O.)), plural, masculine;

e.g. BNYM (BaNiM)( Ern);

(NI) YN (Yud Nun) ( 1/) Aramaic plural adopted in Hebrew;

e.g. BNYN (BNiN) ( pan )3 DKRYN (DiKRiN) ( /17a1);



(ZI) YT (Yud Taw) ( II') singular feminine, characterized by

final YT (fl' );

e.g. QPDNYT (QaPDaNiT) ( 11/11DP);

(ZEO) 'WT (Alef Waw Taw) 0110 Mishnaic plural, especially

for nouns of Greek and Latin etymology;

e.g. T'TR'WT (TeaTRa'oT) (rrninoxii );

(MN) 'YM (Alef Yud Mem) (D' N) masculine plural formed by

final 'YM ( 0/X);

e.g. HG'YM (llaGaiM) (CPX1'11).

The Passive Participle

In all five tables the passive participle ('nSID ) columns

35 through 36 have been checked against affix entries and

marked accordingly, both for absolute and construct forms; e.g.

aWT (QaguT) ( 01U47), QgWTYNW, (QguTeNu) (12Micli17).
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CHAPTER III

THE COMPUTER AND HEBREW MORPHOLOGY

Assembly and Rejection Process

Understandably, in order to identify the root or

basic form of a given verb or noun we must draw on what-

ever related lexicographical and grammatical knowledge

we may have. To endow the computer with capacity for stem

recognition presupposes its preliminary endowment with our

own knowledge in this respect.

For example, the initial step in examining the word

WYNK (Bg:NeKa ) ( "Pry:), is to determine the combina-

tion of its various, possible components. The Y and K (Yud

and Kaf) maybe the possessive pronoun (yours), but they

may also be part of a noun, as in BZYK (BaZiK) (177:2).

We know, however, that no noun WYNK (Bi!gkeKa) ( 1/3757D)

exists. Similarly, !YNK (:gNeKa) (1737y ) is eliminated,

recognizing B (3) as a preposition. Also for WYNY (B;:eneY)

( 37y), recognizing the possessive K (1 ), and for !yNY.

(teYN4) (73717 ) discounting the affixes, B and K. Thus the

YK is affixed to the noun !aYiN ( PI) as the plural pos-
11111,

sessive.pronoun, and the B ( :1) as a preposition.

This is the process of human reasoning. The computer



must function in an analogous manner. It must respond to

the purely morphological aspect of the word analyzed by

evoking all the possible, grammatical implications of this

morphology.

This process was first used for mechanical analyzation

of Russian inflected forms. It was described as "affix-

splitting' and consists of matching the end of a referred

word against a list of recognized affixes having grammatical

significance."1 In the case of the Hebrew language, affixes

are attached both at the beginning and the end of a word.

An exhaustive
2
compilation of auxilary elements, prefixes,

suffixes, and pronominal affixes is presented together with

their functional roles.3 The computer's initial task having

been completed, there arises the problem of the methodical

elimination of the irrelevant, mechanical fractionations pro-

duced by the instrument. The continuing process must follow

the path taken by the human agent, assembly and rejection on

the basis of grammar, and then assembly and rejection on the

bas!:.1.of lexicography.

1. J. McDaniel and S. Whelan, "The Grammatical Interpretation
of Russian Inflected Forms Using A Stem Dictionary," Na-
tional Physical Laboratory, Teddington, England, Proceed-
ings of the 1961 International Conference on Machine Trans-
lation Applied Language Analysis, 1961, pp. 364:3787

2. Not precisely. Yid. footnote 5, Chapter II.

3. viq. Tables.
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Fractionation of the Tested Word

The illustration which follows should demonstrate clear-

ly the underlying functions of the computer; namely the

mechanical affix-splitting of the material studied, and se-

lection of meaningful combinations of the various fraction-

ations. The word MiTLuNoT, vowel-less MTLWNWT, transliter-

ated ZEPELZN
4

was fed into the computer. Besides the word

itself as an intact unit, fourteen combinations were produced.

Although the illustration given involves minimally a

triliteral stem, it must be cautioned at this point that the

computer is not restricted thereby, but in its functioning

will in general produce biliteral and even monoliteral stems.

1,6.onenu's5 suggestion that monoliteral stems be omitted was

not accepted. The authors maintain that "exceptions are only

Pi-Nun-Lamed-g ( F1°7- 3"5) verbs in constructions Hif!ill

Huftall and the imperfect of Pa:al. But there are only five

such verbs: NZH, NTH, NZH, NKH, NSH (rm, riD3, 1n,M3 t MT)

and each such verb possesses only seven diverse forms of a

monoliteral stem; HKW6 HKY, TKY, TKW, YKW, MKYM, MKWT (-al,6

n7 Dn Dv Dn, 1 DI, ix, Dn Dm) . That is to say: In total

there are 35 forms: and with these it is possible to deal in-

dividually." 5

lia.11.MMMEMINM104,

4. The machine has done the reversing of characters left to

right; see introduction.

5. Y. Cheouka and M. Sapiro, Lesonenu, op. cit. p. 361.

6. EKW has been omitted from the article, apparently through

aYi oversight.
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We know, however, that more of this type exist. For

example, the Pa!al of verbs whose radicals end in YT ( ro)

e.g. HYT (ro), HTY (Hari) ('r gin) or in WT (iii ) e.g. NWT
ON.W.M.M MI

0 0 0

MTY (MaTi) ( etc., and the perfect (except

for the first and third person) plural of verbs, the radi-

cals of which end in TT (IT), e.g. KTT (r1nD ), in Hif!ill

HKTY (HiKiTi) ( Iron ), etc.

True that LegOngnu is self-consistent. The number of

verb stems in accordance with their view, remains constant

since the final radical is retained in tie correct fraction-

ation. My system, however, demands the shifting of the

final radical for the purpose of retaining the integrity and

constancy of the suffixes, therefore adding to the number of

monoliteral stems. Thus while the first person, singular,

perfect of MT,TT (;in), MTY (MaTi) (' rao) would be fractioned

by Legongnu into MT-Y, the system here employed would give

M-TY retaining the full suffix. Nevertheless, it seems to

be superfluous to make the suggested omissions. The com-

puter which functions on the basis of the listed'affixes nec-

essarily is limited in its choice of stem fractionation. As

the illustration demonstrates, the minimal number of letters

in the stem are three. The number of verbs that would per-

force be reduced to a single lettered stem are thus kept to

a minimum. Consideration of devising a table for monoliteral

verbs was therefore dismissed.
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Computer Affix-Splitting Based on Tables of Affixes

P.A. Suffix Stem Prefix A.E.

ZEPELZ N ZEPELZN 1.

ZEPELZ N ZEPELZN 2.

ZEPEL ZN ZEPELZN 3.

ZEPEL Z N ZEPELZN 4.

ZE PELZN 7RPELZN 5.

ZE PELZ ZEPELZN 6.

ZE PELZ N ZEPELZN 7.

ZE PEL ZN ZEPELZN 8.

ZE PEL Z N ZEPELZN 9.

Z EPELZN ZEPELZN 10.

Z EPELZ N ZEPELZN 11.

Z EPELZ N ZEPELZN 12.

Z EPEL al ZEPELZN 13.

Z EPEL Z N ZEPELZN 14.

The application of a pertinent, operational rule was

to lead to the subsequent rejection of three of these com-

binations by. the computer, namely numbers 4, 9 and 14. The

eleven remaining combinations could not be disqualified at

this stage by grammatical criteria, since they are grammati-

cally legitimate combinations. Each represents a recognized

linguistic form either as a Verb and/or noun.
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The Legitimate Combinations

P.A. Suffix Stem Prefix A.E.

1. ZEPELZ

2. ZEPELZ N

3. ZEPEL ZN

5. ZE PELZN

6. ZE PELZ N

7. ZE PELZ N

8. ZE PEL ZN

10. Z EPELZN

11. Z EPELZ N

12. z EPELZ N

13. Z EPEL ZN

Grammatically Illegitimate Combinations

P.A.

4.

9.

14.

Suffix Stem Prefix A.E.

ZEPEL Z N

ZE PEL Z N

Z EPEL Z N

Sample of Corresponding
Recognized Form

)7NTBRT M ( 17.27173 j

TWNTQ M ( n lop?) )

TI,IBR TM ( niyirz )8

:wcm ( niyi 1'7:3)

Tw SNRFM ( 11103-FL?.))

TW M ( )

TW TA TM ( n aity.uprin

T ( noun w )

T Q,BD M nin-in)

T SNRFM M ( no rlDnn)

T SNRP TM ( n o ri.prin)

Checking Validity of Combinations

Specially designed tables
9 served as the basis which per-

mitted the computer to determine the rejection of the disqual-

7. 14TaRBeT (. mnaBgR)

8. RBH (verb) - MITRaBoT

9. See pages 20-27
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ified combinations. Their rationale expressed itself in cor-

relating the various affixes with grammatical categories.

Legitimate correlations are designated X; those not so, are

marked 0.
10

In addition, an independent null row is indica-

ted. Any verb or noun, whether inflected or not, may of

course, occur without any auxilary element, but it is impos-

sible for the infinitive, perfect, or participle of tha con-

structions of the Niflal, Hif!il and Hitpatgl to olcur with-

out a prefix; nor may the imperfect of a verb occur without

the prefixes EYTAN. The null row, therefore, indicates

whether a given category may exist independently of affix

elements.

One hundred thirty-two affixes which are correlated a-

gainst thirty-six categories were listed. The computer

checked each fractionation of a given tested word which has

been identified as one of the affixes liE.ted, against the

columns of categories; legitimacy was then marked (/). If it

was not legitimate, the mark was then (0). There must al-

ways be four elements that participate in the combination,

namely: auxilary element, prefix, suffix and pronominal

affix. This participation may be of a positive or negative

10. In the tables presented in this paper, a diagnal line

(/) indicates a positive marking, and a blank, a nega-
tive.
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nature. The task of the computer is then to decide on the

legitimacy of the specific element whether in positive or

negative phase. This it does on the basis of the information

supplied in the table belonging to the given element. For

legitimacy of the positive phase; it consults the row desig-

nating the specific affix; for legitimacy of the negative

phase, it consults the associated null row.

A final recording was then drawn by the computer conse-

quent upon defining the status of the four classes of the given

combinations resulting from testing the grammatical coherence

of the two kinds of prefixes and the two kinds of suffixes.

The final recording is represented by that point of the given

column corresponding to a particular fractionation-combination,

which is now checked by the computer. If an (/) appears at this

point, the combination is allowable. If even so much as one

component of the tested combination has been graded (0), the

,

relevant point in the column was marked (0).
11

Such a result

which does not subscribe to permissability is illustrated above

in the case of categories 4, 9 and 14. These were disqualified

in the first seven categories of a common verbal nature.
12

V

Matched against the verbal categories, the T of EYTAN, charac-

teriwcic of the perfect, is incompatible with the prepositional

11. See further illustration below of recording by the compu-
ter.

12. See listing of categories in the Tables.
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M. The combinations therefore, had no relevancy for the

verbal categories in general. They were hence lacking in

minimal properties necessary for their inclusion as accept-

able combinations. Thus there is exemplified a contribution

made by the computer in establishing a basic rule--that

which is not relevant to tense and mode cannot be considered

a verb.

When matched against the substantive categories, T as

a prefix cannot pertain. The entire combination was there-

fore canceled since neither verb nor noun could be included.

Similarly, if the given combination tests (0) against the

list of construction categories, or against the categories

of person, number and gender, it is outlawed as a verb or

noun.

Also the entire combination is invalid if the result

of checking a pronominal suffix against the categories of

person, number or gender is (0), since a pronominal suffix

is necessarily distinguished by person, number and gender.

Application of Empirical Rui

Further rules were applicable at any phase of the com-

puter's functioning inclusive of the correlation of the

fractionations against grammatical categories.
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Though formal grammar is silent on the matter, it is

a linguistic fact that a verb radical cannot excede six let-

ters. A stem in a fractionation which consists evenly of

six or greater than six characters therefore has no possibil-

ity of being a verb. The first item in the above illustration

that was ruled out through the application of this rule ex-

emplifies this case.

A maximum of five obtainable in the quadriliteral roots

of the sibilants Z, S, Z, S ( 1,0 , N,T) holds only for the

Hitpa!el. The first pair of characters right to left must

then be one of the following: TS (11w), TZ (In), TS (m),

DZ (IT). Otherwise, this combination must also be excluded

as a verb. Combinations 3 and 11 of the above illustration

,lere canceled out through the application of this rule.

As we went along, it was possible to introduce empirical

rules established on the basis of our observations. For ex-

ample, the words I- STD' (HoDa'oT) WI LW' (VeHaLVa'oT)

111N -m) presented an ambiguity to the computer,

so that the computer analyzed these as pertaining to verbal

categories. It mistook the H ( 71) of HUNT and HIN'WT

(HoDa'oT and HaLVa'oT) T11 L"11 as being the pre-

fix of Nif!al or Hiftil; the final WT (111) in both ,words as

belonging to the infinitive of the Lamed He (71" ';') verbs.

An empirical rule was therefore devised at this point for

guidance of the computer. Since final WT (ill) is applicable
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in the infinitive only, in the case of verbs of which the

final, third letter of the radical is H (n), the WT ( rn)

can thus be considered as pertaining to the verbal cate-

gory only if the preceding stem fractionation consists of

two charaters characteristic for Lamed-He ( rv".2 ) verbs

only. A combination which included more than two charac-

ters in the stem was ruled out as an infinitive form of

and Niftal, and therefore as a verb.

In brief, a description has been given of the function-

ing of the computer. The operation followed four phases.

The tested word was first analyzed into legitimate fractions.

The number of resulting combinations was further reduced by

the application of certain empirical rules derived from

grammatical observations. The remaining fractionations

were then correlated with the grammatical categories. Fin-

ally the valid combinations were then indicated.
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AFFIX SPLITTING
1

BY GIVEN TABLES OF

ZE*ELD
ZE*EL

AFFIXES

E

CE
ZE*E'LDF
ZE+ELLE

ZE*EL D E 7E+ELDE
ZE* ELDE ZE+ELDE
ZE* ELD E ZE+ELDE
ZE* FL LE ZE+ELDF
ZE* EL D E ZE+ELDE
ZE *ELCE ZE+ELDE
ZE *EtC E ZE+ELDE
ZE *EL DE ZE+ELDE
ZE *EL 0 E ZE+ELDE
Z E*ELDE ZE+ELDE
Z E*ELD E ZE+ELD
Z E*EL DE ZE+ELDE
Z E*EL D E ZE+ELDE



AFFIX SPLITTING

-.40
1

BY GIVEN TABLES GF

ZE*CE

AFFIXES

ZE+CED
ZE*CE C ZE+CEC
ZE*CE L2 7E+CEI)

ZE* CED Z E +CEC
ZE* CE ZE+CED
ZE* CE ZECF.Il
ZE* CE D2 7E+CED
ZE *CED ZE+CED
ZE *CE ZE+CED
ZE *CE ZE+CED
ZE *CB D2 ZE+CED
Z E*CED ZE+CED
Z EsCE ZE+CED
Z E*CE D ZE+CED
Z E*CE 02 ZE+CED
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4
LAZ EWN IK P FA SE 2 OUUBLE S TREA TED AUG.29 '1967

Z EPELLN
SUFFIX 3

PREFIX 2

PRf..'F IX 1

SUFFIX 1

SUFFIX 1

PRFF IX 2

PREFIX 1

I EPELZN
SUFF IX 3

Z EPELZN
SUFFIX .3

SUFFIX 1

PREFIX 2
ZN
PREFIX 1

Z EPELZN
SUFFIX 3

SUFFIX 1

PREF IX 2

,PREFIX I
N

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

C 1 C C 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

C 1 CCC CO

C I C 1 1

1 1 1 1 1 1

1 1 1 1 1 1

C 1 C 0 0

1 1 1 1 1 1

C 1 C C 0 0

1 1 1 1 1 1

1 1 1 1 1.1

C 1 . C 0 1 1

Record

Samp le

Z EPELZ

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

tEPELZ
The 36 c

N S

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C1CCC0011011011111111CC
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 0 1 1 0 1 1 1 1 1 1 I 1 0 0

1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1

Z EPEL ZN

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 1 1 1 1 1 1. 1 1 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0

ZEPEL

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1

1

C

oo111111111p11110
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 0 1 1 1 1 0 CsCCC COCCI
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tEPELZ

Recordings by the computer

Sample Illustration of Grammatical VilidationliClaingukr

The 36 columns corresnond to the 36 grammatical categories.
N Some changes in the data have been entered later.

1 1 1 1 1 1 1

111111CCC
1 1 1 1 1 1 1

11111100C
ZEPELZ

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

ZEPEL IN

1 1 1 1 A 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 0

1 1 1 1 1

1 1 1 1 1 1 0

ZEPEL

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 0 1 1 1 1 0

1 0 1 1 1 1 0

11111111111CCCCCC0001
1 1 1 1 1

OCC1
1 1 1 1 1

OCC

1 1 1 1 C

1 1 1 1 1

1 0 1 1 1

1 1 1 1 1

1 C 1 1 C

1 1 1 1 C

1 1 1 1 1

0 0 0 C C

1 1 1 1 1

C C O C C

1 1 1 1 C

1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 0 0

1 1 1 1 1 '.1 1 1 1

CCCCC0000

C C C C C 0 0 0 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

C C C C C 0 0 0 1

C C C 0 0 0 0 0 1

1 1 1 1 1 1 1 1 1

C 400 0 0 0 0 0

1 1 1. 1 1 1. 1 1 1

C O 0 0 0 0 0 0 0

C C C 0 C 0 0 0 1

1 1 1 1 1 1 1 1 1

ccocc11111110
C C CCCO

1 1

0

1111111111111111
C C C C C
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L AZ EWNIK PEASE 2 DOUBLES TREATED AUG.29,1967

Z EPELZN ZE PELZh
SUFFIX 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1

Z E C 1 C C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

PREF IX 2
1 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1

PREFIX 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C 1 C C 1 1 1 C 1 1 0 1 1 0 1 1 1 1 0 1

Z EPEL 7.N ZE PELZ
SUFFIX 3

1 1 1 1 1 1 1 1 1 1 19 1 I. 1 L 1. 1 1 1 1

SUFFIX 1

Z F C 1 C C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

PREFIX 2
CC CC Cl 1 0 1 1 0 1 1 1 1 1 1 1

PREF IX 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C1CCO CC1 1 0 1 1 0 1 1 1 1 1 0 1

EPELZN ZE PELZ
SUFFIX 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SUFFIX 1

ZE C 1 0 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

PREFIX 2
1 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1

PREFIX 1

N C 1 C C 1 1 1 1 1 1 .1 1 1 1 1 1 1 1 1 1

C 1 C C 1 1 1 0 1 1 0 1 1 0 1 1 1 1 0 1

Z EPEL IN ZE PEL
SUFFIX 3

1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1

ZE C 1 C C 1 1 I. 1 1 1 1 1 1 1 1 1 1 1 0 1

PREFIX 2
ZN C 1 C C C C 0 0 0 0 0 0 0 1 1 1 1 1 1 1

PREFIX 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C 1 C C 0 C 0 0 0 0 0 0 0 1 1 1 1 1 0 1

1 1

0 1

1 1

1 1

0 1

1 1

0 1

1 0

1 1

0 0

1 1

0 1

1 0 04

1 1 1

0 0



'Sample lliustratIon of Grammatical Validation by Computer

PELLN

11 111 1 1 1 1 1 1 1 C C C C C C 0 C 0 1

1 111010111C11CCCCC001 1

1111111110111111111111
1111111111111111111111
111101011CCICCCCCC r 0

PELZ

111111111111CCCCCC0001
1111010111CI1CCCCCOC
11111110CCOCC111111100
1111111111111111111111
111101000CCC C C CCCC0000

PELZ

11111111111 1 CCCCCC0001
1111010111011CCCCC0011
111111111C111111111111
1111111111111111111111
111101011C01CCCOCC0001

PEL LN

111111111111CCCC000001
1111010111 0 11CC0CC0011
11111110000CCCCCCC0000
1 1 11111111111111111111
111101000-00 CCCCC0 00000
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6
LAZEWN IK PHASE 2 DOUBLES TREA TED AliG29 '1967

Z EPELZN
SUFFIX 3

SUFFIX 1

ZE
PREFIX 2

PREF IX 1

N

EPELIN
SUFFIX 3

SUFFIX 1

PREFIX 2

PREFIX 1

Z EPELZN
SUFFIX 3

SUFFIX 1

PREF IX 2
N

PREF IX 1

Z EPELZN
SUFFIX 3

SUFFIX 1

PREF IX 2

PREFIX 1

N

LE

1 1 1 1 1 1 1 1 1 1 1 1 1

C 1 C C 1 1 1 1 1 1 1 1 1 1

C C 1 C C C C 1 1 1 1 1 1 1

C 1 C C 1 1 1 1 1 1 1 1 1 1

C C CC CO

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 C C 1 1 1 1 1 .1 1 1 1 1

1 1 1 1 1 1 1 0 1 1 0 1 1 0

1 1 1 1 1 1 1 1 1. 1 1 .1 1 1

1 1 C C 1 1 1 0 1 1 0 1 1 0

Z

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 C C 1 1 1 1 1 1 1 1 1 1

C 1 C C 0 0 0 1 1 0 1 1 0 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1

C 1 C C C C 0 1 1 0 1 1 0 1

1

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 C C 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 C 1 1 0 1 1 0

C 1 C C 1 1 1. 1 1 1 1 1 1 1

C1CC1110110110111.11011

1

1

1

1

PEL

1 1 1 1 1 1 1

1 1 1 0 1 0 1 1'

1 0 1 1 1 1 0 01

1 1 1 1 1 1 1 1

EPELZN

1 1 1 1 1 1 1

1 1 1 1 0 1 1

1 1 1 1 1 1 1

1 1 1. 1 1 1 1

1 1 1 1 0 1 1

EPELZ

1 1 1 1 1 1 1

1 1 1 1 0 1 1

1 1. 1 1 1 1 C

1 1 1 1 1 1 1

1 1 1 1 0 1 0

EPELZ

1 1 1 1 1 1 1

1 1 1 1 0 1 1

1 1 1. 1 1 1 1 L

1 1 1 1 1 1 1

01111111110101000
1

1

1

1

1

1

1

1

1

1
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1
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1

1

Sample illustration of Grammatical Validation by Copput-r

PEL

1 1 1 1 1 1 1 1 1 1 1 C C C C C C 0 0

I 1 1 0 i 0 I i i 0 1 1C C c 0 COO
1 0 1 i 1 i oo COCCI I 1 1 1 1 1

E PELZ

1 0 1 0 1 0 0 0 C O C C C C C C C0000
EP ELZ N

111111111111C CC0CC0 0
1 1 1 1 0 1 1 C C 1 11C C C CC 0 0

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 I 1 1

I 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1

N

11110110011C CC C C C 0 0

EP ELZ

I 1 I 1 1 1 1 1 1 1 1 C C C C 0 C 0 C

1111101100111CCCCC000
1 1 1 1 1 1 C C C 0 C CI 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1

1 1' 110 1 0 C C C C C C C C C C 0

1 1 1 1 1 1 1 1 1 1 IC C C C C. C 0 C

1111101100111CCCC C000
1 1 1 1 1 1 1 1 C 1 1 1 1 I 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1. 1 1 0 1 1 C C 1 1 C C C C C C 0 C

0 1

1 1

0 0

(3 1

0 0

0 1

0

0 0

1 I

0 1

0

1 1

C 0
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EPEL
SUFFIX 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1
Z 1 1 C C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
PREFIX 2
ZN C 1 C C 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

PREFIX 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C 1 C C C C C 0 0 0 0 0 0 1 1 1 1 1 1 0

Z EPELZN EPEL
SUFFIX 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1
1 1100111111111111111011
PREFIX 2
Z CC1C000111111111011110
PREFIX I
N 01CC11 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C C C C 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0

IPA ' P
SUFFIX 3

1 i 1 i 11. L 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PREF IX 2
1 1 I 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1

PREFIX 1

A CCCC111111001100000001
C C 0 C 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0

IPA I PA
SUFF IX 3
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SUFFIX 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1

PREF IX 2
1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1

PREF IX 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 I 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1

ZN

1. 1

1 1

1 0

1 1

1 0

1 1

1 1

1

1 1

1 1

1 1

0 1

1 1

1 1

1 1

1 I.

1 1



Sample Illustration of Grammatical Validation by Computer

EPEL ZN

111111.1
1111011 C
1111 1

EPEL

1 1 1 0 1 1 0 C

11 1 1

0 1 1 0 1 C C C

IP

1111111111
1111111111

1

00.0 0 0 0 1 1

00000011011CCCC000
PA

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 C

11 1 1 1 11C

...0000

1 1111

CC00060

111CCCCC"C0001
C111CCCr!

11111-10CCCCCCCCCC0000
11111111111

1111010CCOCCCCCCC0000
11111111111CCCCCC0001
1 1 1 1 C C C

1011110CCO.CC1111111
1111111111111111

1

1

0 0

0 0

1 1

01

0 1

C C C C C C C C 0 0

A

1 C C C C C C 0 0

111111C1111111111
111 1 111111111

0

111111111111CCCCCC0001
1 1 1111111111
1 1 1 111111111

1111111111111111111111
1 ICC CCC C 0 0



CHAPTER IV

THE CONSTRUCTION OF A REFERENCE DICTIONARY

The introductory chapters dealt with the purposes and

'technique of the computer study. The final results of this

study were embodied in combinations of fractionations of

test words processed by the computer. Before determining

the validity of the various combinations, their stems in

turn must first be examined for valid status To do this,

it is necessary to consult a specialized work, a specialized

reference dictionary. This dictionary should contain system-

atized information touching upon all pertinent relationships

of the given stem; grammatical, etymological and comparative

philological aspects. That is, pertinent relationships

apart from particular denotations. Therefore, it is to be

expected that after the computer operations there may remain

cases of semantic ambiguity.

Such a dictionary has been compiled. There are two

main sections; verbs and nouns. The noun section is subdi-

vided into nouns derived from verb roots and those not so.

Though present participles serve as nominals, they have

-46-



not been listed with the nouns. Information regarding them

was incorporated into the verb programming. The same is

true for the infinitive construct. This was advisable in

order to avoid duplication.

Organization of the Dictionary

In regard to each entry, the following features were

noted:

1. Class index

2. Occurrence in idiomatic expression, or lack of occurrence

3. Part of speech

4. Declinability

5. Occurrence with prefixes B, K, L, M (73,171 D1:2), or not

6. Occurrence with definite article He ( n) or not

7. Occurrence with conjunction Waw ( 1) or not

8. Occurrence with conjunction in ( j) or not

9. Occurrence with Aramaic conjunction D ( 70 or not

10. Literary or epochal source: Scripture (N); Talmud (z);

literature of the Middle Ages (A); literature of Modern

Times (G)

11. Philological origin: Aramaic (4)); Arabic (R): Greek (I);

Latin (L)

12. Nouns of verbal origin (such nouns as PiQaDoN-- 1141PD)

were entered in a special section and their roots indica-

ted at the same point. The unknown origin of such ele-



mentary nouns as MaYiM ( trn ) 2 LeHeM (Mt"? ), LLHaN

( Iftu ), were not investigated.

13. In a separate column, a notation was made of the con-

struction origin of the entry.

14. The scriptio plena was indicated at the corresponding

point of a special column. The symbolization employed

consisted of a plus (+), a number and the letter, usu-

ally E (Waw--1) or I (Yud-/ ). The interpretation is

as follows: Insert the required E or I in the position

indicated by the number.

Each item listed above was indexed by an appropriate

symbol indicated "yes" or "no" at the position of entry in

the dictionary.

Comments

For the sake of clarification some further remarks have

been thought to be of value. It is to be noted once more

that the emphasis in this treatise has been almost completely

on morphology. It should therefote not be a matter of sur-

prise that entries in the dictionary have \,)een ordered, often

with striking disparity in semantic character, on the basis

of form only.

Thus the three words KFR (11r.I.D) denoting ransom, KFR

( tip) denoting pitch,KFR (152) denoting village, though so

divergent in denotation, are equal morphologically with the
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exception that KFR (KFaR) (1DD) meaning village, falls

into a more distinguished morphologic class for the reason

that it takes a plural form, a fact which is not true of

the other two. Therefore, according to the rule that has

been accepted for the organization of the dictionary, the

first two belong to one class while the third belongs to a

different clasi.

Item 2

The recording of idiomatics and compounds associated

with a given entry will prove to be useful in enabling the

computer to select such elements with preceding and/or fol-

lowing words from tested text material. A valuable tool

will thus be furnished for characterizing literary features

of the text.

Item 4

Though morphologically, every noun entry belongs to

an appropriate declension, in practice, specific entries

must obviously be exclUded from these declension forms. For

this reason, it was necessary to add a special column indi-

cating declinability of the entry. In this regard it is

impossible to apply a consistent rule. Even Wan, in gen-

eral, indicates declension forms for his entries. These were

bodily included as declinable in our dictionary. In case of
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those nominals for which no declension forms are recorded

in Even Sosan, the question became a matter of choice for

the compiler. The judgement in this case depended upon

the frequency of occurrence of the entry. A rare nominal the

sense of which contrindicated declension, e.g. GYHNgM

(GgHiNom) (Diurpa) was listed as undeclinable. This was

also done for abbreviations and acrostics.

Item 5

Although in general the various nominals may occur with

the auxilaries B, K, L, M (C6 "2: , :) D, H, W, S 1,

), nevertheless, it was necessary to specify the occurence

in each case separately. Besides the obvious necessity in

the case of abbreviations and acrostics; certain entries rep-

resent a new word unit resulting from fusion of auxilaries

and original nominals. Illustration of the latter are BtRK
MOM

(B teReK) ( TV:), LRGL (L'eReGeL) (In:117). These also ex-

emplify certain traditional abbreviations employed in con-

junction with auxilary elements which have_become so natural-

ized into the language that Even gotan in the 1967 edition

of his dictionary, accepted them as fully matured terms. An

extreme illustration of the conjuctive Waw (1) is afforded

by W'M T' MR ( W'iM T0MaR) (aul ON1), abbreviated W' T, and

by WYL (Wye5 LoMaR) ( 1731/7 771). When Even Sosan employed

two legends for the identical designation, as in the above

77M.777777T,77



-51-

examples, the reference dictionary made similar entries for

the abbreviation.

Item 10

The literary period was judged by the morphology pecul-

iar to the period rather than by the philologic origin of

the entry. For example, KBWD (KiBuD) (11= ), peculiar to

the Migna period though the radical KBD ( "MD) is frequent

in scripture; 1DY5 (ADit6) (cir izi) was marked as a modern tent

even though the radical 'DS (ADS) ( w-ix) is Aramaic.

Item 12o
The original intention in reference tOitem 12 was to

assemble a sufficiently large collection of detail which

could lead to the formulation of principles for the forma-

tion of nominals of verbal origin. However, this was found

to constitute a study not as yet undertaken, and too over-

ambitious a study from the point of view of the presentpur-

pose.

Item 13

This feature, since its importance for the study of stem

recognition was not high, was excluded at first when planning

the construction of the dictionary. However, for the sake of

completeness, it was finally decided to include this addition-

al feature on the possibility that appertaining considerations

e n'ie 1;gZ
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would prove of measurable importance in the further study

of the subject. The column indicating the construction

from which the entry is derived is therefore lacking in

some of the alphabetical listings.



CHAPTER V

CLASSIFICATION OF NOUNS

The dictionary Milon Hahadatl was thoroughly scrutin-

ized for the purpose of drawing up the listing of the noun

section of our reference dictionary. Those nouns which are,

the more specialized technical terms, or international

terms of foreign origin, or generic nouns which occur very

infrequently, were not included in the compilation, accord-

ing to the discretion of the compiler. A record was kept,

however, of those words which were omitted.

Forty-three2 noun models were prepared indicating the

basic noun, feminized form if existent, plural masculine or

feminine if relevant. Each model is based on a special

1. Even Sosan, Nilon Hahada51 Jerusalem, 1967. (The first
three volumes only; iTITT.est of the dictionary was based
on the 1962 edition.)

2. The preparation of these models was influenced by the set
of twenty-two models contained in Lgonenul op. cit.,
appendix 3. I thank Mr. Cheuoka for sending me a correct-
ed and revised list of twenty-eight models. This study,
however, has established a higher number (43) of distinct
classes.

- 53-



-54-

characteristic which represents regularities governed by

rules which determine the formation of the feminine, when

existent, the construct state, and the plural with its

special morphology.

Certain anamalous noun specimens, singular and plural,

were entered individually in the dictionary. The entire

list of noun classes with explanation follows.

,v,D4
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Description of Classes in Table of Nouns

In. Model Form

1. YLD - 1171 Feminine form characterized by

addition of a final He (n) to

masculine form.

2. GBR - 7321 Feminine form characterized by

addition of a final Taw ( n) to

masculine form.

3. CIN'Y -7N3i7 Masculine plural characterized

by addition of a final Mem ( 0) .

4. :ZLN - itnY Feminine form characterized by

addition to masculine form of

Yud Taw ( IV) for singular and

Yud Waw Taw (ill') for plural.

5. MWRIT-rni0 Masculine form, singular, char-

acterized by final (segol) a
(n); plural forms, masculine

and feminine, characterized by

dropping of final He (71).

6. DGL - "11 Masculine form only; plural

formed by addition of Yud Mem

( Er).

i.aii;iCiichWi474,tai,:,+-.V.-Ciolk-Th'isil,..42,1'igT1444,,,;-IiiM4.-Z.4;.2.V, o,
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In. Model Form

7. HEWN - 1112n Masculine form only; plural

formed by addition of Waw Taw

8. MQRH - niPn Same as number 5, but mascu-

line form only plural formed

by final Yud Mem ( D/).

9. MliBH - 7170 Same as number 8, but plural

formed by final Waw Taw (n1).

10. graz - nInv

11. HTH- .nun

Regular feminine form character-

ized by final (Kometz) He (n);

plural formed by dropping final

H4 (r1) and adding Waw Taw ( il1).

Regular feminine form character-

ized by, final He (n); plural

formed by dropping final He (n)

and adding Yud Mem ( CP).

12. TNWQT - ;91211 Feminine form characterized by

final Taw (11); plural formed by

dropping final Taw (11) and sub-

stituting Waw Taw ( ITO



In. Model Form

Feminine form characterized by

final Waw Taw ( nl); plural

formed by dropping final Waw

Taw and substituting Yud Waw

Taw (ill" ).

14. MTLYT - rot= Feminine form characterized by

final Yud Taw ( il")); plural

formed by dropping final Taw

(fl) and substituting Waw Taw

(ill ).

15. RGL - Feminine without special char-

acteristics; plural formed by

final Yud Mem ( C17).

16. 'at -17=4 Same as number. 15; plural formed

by final Waw Taw (ill).

17. krxm - Dn3 Masculine, singular form only.

18. TBL - Feminine, singular form only.

19. - minx Feminine with final He ( )0

singular form only.

20. gMYM - wall Masculine, plural form only.
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In. Model Form

21. QAT - tni Regular present participles

serving as nominals.

22. 'YS UPN Masculine with special plural

form.

23. 'm - CIN Feminine with special plural

form.

24. '5H - nWig Feminine characterized by final

He ( n), with special plural

form.

25. 'B (the month)- :ni Unique forms and "loan-words"
and LK' - NV2

of foreign origin which have no

plural.

26. 'BL - Parts of speech exclusive of

27. RFIM -

28. Rs! -

nouns and verbs

Feminine form characterized by

final Yud He ( 71/ ) or Yud Taw

(n7); plural formed by final

Yud Waw Taw ( )

Feminine form characterized by

either final He ( 70 or Yud Taw
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In. Model Form

29. Q,45:- tDWP Infinitive construct serving as

a noun (verbal noun).

30. HWY - non

31. HGH i11 i1

32. mgm - 711W0

33. HWMH

Same as number 31 but masculine'

plural formed by final Yud Mem

( Dv )

Same as number 5, but plural

forms either .drop the final lig

ro and Substitute Alef Yud

Mem ( Crq0 or Yud Mem (Cr).

s

Same as number 9, but plural

formed by dropping final He (n)

and substituting Alef Waw Taw

(111 K).

Same as number 5, but feminine

occurs also in final Yud Hg ( n1),
ALSO

plural formed? with Yud Waw Taw

( nly).

311. HMO' - Nvynn Noun ending in Alef (2i), plural

formed by dropping the final Alef

(N) and substituting Waw Taw

(rn).
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In. Model Form

35. 'YQWNYN 1/2 WIN Noun ending in Nun ( ), plural

formed by dropping final Nun

( 7) and substituting Yud Waw Taw

nr)
36. 'AYWT - rimpurx Noun ending in Yud Waw Taw (111/),

plural formed by substituting Yud

Waw Taw (YoT) for Yud Waw Taw

(YuT) ( 111,); i.e. singular and

s._

plural consonantal form invariant.

38.
3

'YMH rinIN Feminine with final He ( 7); plural

either formed by dropping final H4

(n) and substituting Yud Mem ( 01)

or Waw Taw ( ni).

39. 'KSDRH 71110:X Feminine with final H4 ( 70;

plural formed by dropping final

He and substituting Alef Waw Taw

Number 37 is missing. The order of listing was determined
by the development of the process of study rather than in
accordance with strict logic.



In. Model Form

40. 'MRH - r1-17.)N

41. riC11

Same as number 39; plural formed

by dropping final Xe ( and

substituting either Waw Taw (

or Yud Waw Taw ( 1-11')

Noun with final (segol) 116 ( n);

either masculine or feminine;

plural formed by dropping final

He ( 71) and substituting Yud

Yud Mem (D ") (masculine) or

Yud Waw Taw (n11) (feminine).

42. .'610,4:YT - TrYln Feminine noun ending in Yud Taw

( n'); plural formed by dropping

the final Taw ( n) and substitut-

ing Mem (i: )
43 . NKPH - riDD Feminine form characterized by

dropping final ( segol) il)

and substituting Yud Taw (117 ),

plural regular.

44. ZWGDWS - 0113.1T Same as number 43, but masculine

form is not final (segol) 14 ( 71).

3NUILL;-.
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CHAPTER VI

CLASSIFICATION OF VERBS

The list of verbs was selected from the verb

tables of Dr. S. Barkoli.
1

It was notable to what

extent the respective verb collection of Dr. Barkoli

and Even Sosan did not coincide.
2

Though I followed

Barkoli's list, I nevertheless found it necessary to

add some very common verbs that apparently had been

omitted through oversight: QNH (712P),3 a92, 7r11)

In general I was able to set up an indexical

correspondence between my listing and that of Dr. Bar-

koli. Much condensing of Dr. Barkoli's list was in-

volved in the process since necessarily Dr. Barkoli's,

preoccupation with such elements as vocals and semi-

1. Dr. S. Barkoli, Luah EadallE Hagalgm (Complete
Verb Tables), Jerusalem, fourteenth edition 1966.

2. We have recorded separately the distinctive verbs
from Lamed ('2) to Taw ( n) of each collection.

3. Although QNH ( is omitted from Barkoli's list-
ing, it is employed by him as a model in the Patal
construction C(i31).
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vocals was extraneous to this research which is based

on consonants. In certain cases it was necessary to

depart radically from Dr. Barkoli's premises for the

sake of systematization. To illustrate, Dr. Barkoli

treats the radicals ZWG, KWN (11D )3.111) in the con-

ventional manner applicable to Ayin-Waw ( 1"31) verbs.

However, in the Pi:el ('?y' E) construction, for ex-

ample, while the Nun ( /) of KWN may coalesce with an

appropriate suffix, the Giiuel (a) of ZWG (.i T) will

not be so affected. This disappearance of a radical

in one case and its retention in the other will pose

a problem for the computer. I therefore considered

ZWG (avr ) in the Pitel construction as an instance

of the &;mta ( UntXD), disregarding the standard

Ayin-Waw ( gry ) form.

A further illustration: Barkoli considers the

radicals YZ' (ICI) and 0" ( N-w) identical in kind.

The complication introduced by the Yud ( ') in YZ'

( Kyl) is discussed in a seperate footnote. However,

for the purpose and method of our study the presence

of an initial Yud (I ) in the radical emphasizes an im-

portant distinction between both classes of radicals

which we cannot afford to overlook. In contrast, be-

4. Barkoli, op. cit. p. 72.

e



cause of the consonantal emphasis given to our method

of operation, the radical distinction in vocalization

in such forms as the infinitive, e.g. Lath (Me7),

LaSeVeT ( r10rit7) is of no concern.

Similarly, Dr. Barkoli does not differentiate be-

tween such radicals as A' (KU2) and SM' (N730).

These are placed into an identical class despite the

regular Hitpatel ( In11;DrIn) conjugation of N5' (N,73)

on one hand, and the transposition of the Taw ( 11) in

the Hitpa:el of SM' (Nno) on the other. The same is

strikingly illustrated in the case of Barkoli's clas-

sification of SLH ( num). Although it is correct to

assign this radical equally to the Lamed Het ( n", )

class of YKH (1], ), the marked morphological change

(the change of the Yud- to Wax- ) in the Hitpa:el

of the latter is, nevertheless, thereby entirely ob-

scured.

Thus while on the one hand, it was possible in

general to condense much of Dr. Barkoli's listing, on

the other hand, there also had to be considerable am-

plification of his list, since many of the aspects of

Dr. Barkoli's systematization brought about the dis-

appearance of relevant consonantal structure, as here-

in shown.



14

In brief, while basing the study solidly on Barkoli's

system; the special circumstances of the problem necessita-

ted a departure in. three ways generally: the equating of

different, distinct classes defined by Barkoli; reclassifi-

cation based on Barkoli's footnotes; analysis of individual

classes defined by Barkoli into multiple classes and into

the unclassified.

This threefold procedure induced the organization of

the verb lists:

L 1. Indexical correspondence of Source (Barkoli)

and Project

L 2. Reclassifications

L 3. Special classes and unclassified

The Present Participle

In case of present participles which are traditionally

written plena, I have considered as legitimate the defective

spelling as well, since this would embrace the characteris-

tics of certain types of literature This type of present

participle, therefore, has been placed into one class, while

those so vocalized as not to permit a Waw are placed into

another. This too, is a departure from Barkoli's system.

Orthography of Verbs

In the matter of orthography of verbs, the scriptia

1, Pe' ; tp5,11,4 V4.
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plena and defectiva were given equal consideration in

planning the programming, e.g. the imperfect of Pa :al

('VD); PR5T (Yia0T) (t.mp ") and ug1T (yaco) ( ultpl);

in pi:el ( '717/E), OA (Qi&T) (up) and QYIT (QiieT)

)CPp); and in Pu :al (12171), QT (Qt&.T) MO and

QWST (QusaT) )e

The Passive Participle

With reference to the mechanics of the computer;

consideration of the distinction between transitive and

intransitive verbs was a factor of great importance. The

passive participle form was functionally automatically

included with each transitive verb. This is justified by

the grammatical significance of the transitive, namely;

that the recipient of an action is the potential subject of

the intransitive form of the verb designating the action.

The same could not be said for intransitive verbs, in which

case, special adjustments were required.

The above considerations permitted considerable economy

in the matter of devising of necessary listings touching

upon the passive participles. The mere indication of the

transitive, suffices, as respects the computer, for en-

joining computations relevant to inclusion of the passive

participle form.
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Intransitives that Govern an Accusative
5

1. 'DM 'CIg

2. 'RK - TX
3. HGN lan

4. HLS -

5. HMR -

6. HgK - 117

7. KBH - rEID

8. MTN - I no

9. MTQ - prin

10. :GM - DIY

11. !DS - vu
12. :ZM - Day

13. ZFF - rag

14. ZRD Tig

15. RDM D

16. - 1 71-1

17. RQB Dcri

18. TSS uicon

5. This list is based exclusively on Barkoli's Luah
Happe!olim.



(L1) Indexical Correspondence of Source and Project

Construction Alef--Pa!al 12:V5 (N)

Source Project

1 1

2 1

3 1

4 1

5 2

6 1

7' 1

8 1

9 3

10 2

11 2

12 4

13 1

14 2

15 1

16 1

17 1

18 2

19 5

20 5

21 6

Source Project

22 7

23 6

24 8

25 9

26 1

27 1

28 2

29 1

30 9

31 10

32 10

33 10

34 10

35. lo

36 10

37 11

38 12

39 13

40 12

41 12

42 12
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(Li) Indexical Correspondence of Source and Project

Construction Alef (continued)--Patal-- 1217D ( N)

Source Project Source Project

43 14 55 20

44 14 56 20

45 14 57 13

46 15 58 23

47 15 59 24

48 16 6o 9

49 17 61 21

50 17 62 10

51 18 63 10

52 19 64 15

53 19 65 15

54 20 66 22
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(L1) Indexical Correspondence of Source and Project

Construction Bet Nif :al-- wit MI"n 3

SourceSource Project

1 1 20

2 1 21

3 1 22

4 1 23

5 1 24

6 1 25

7 1 26

8 1 27

9 1 28

10 29

11 1 30

12 2 31

13 2 32

14 2 33

15 3 34

16 3 35

17 1 36

18 1 37

19 3

Project

4

4

5

6

6

7

7

8

9

10

10

11

11

12

13



-75-

L1) Indexical Correspondence of Source and Project

Construction Gimel Pitel--

Source

1

2

3

4

5

6

7

8 -

9

10

11

12

13

14

Project Source

1 15

1 16

1 17

1 18'

19

1 20

1 21

1 22

1 23

1 24

1 25

1 26

2 27

2 28

, .

Project

3

3

If

4.

5

5

6

3

7

1

8

8

8

9
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(L1) Indexical Correspondence of Source and Project

Construction Dalet 1231115

Source Project Source

1 1 16

2 1 17

3 1 18

4 1 19

3 1 20

6 1 21

7 1 22

8 1 23

9 1 24

10 1 25

11 1 26

12 1 27

13 1 28

14 1 29

15 1 30

Project

2

2

3

3

4

5

3

6

7

1

8

8

8

9
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(Ll) Indexical Correspondence of Source and Project

Construction He--Hitpa!el-- 7nnri --( n )

Source

1

2

3

4

5

6

7

8

9

lo

11

12

13

14

15

16

17

18

19

20

21

22

Project Source Project

3. 23 1

1 24 7

3. 25 7

1 26 8

1 27 9

3. 28 3.0

1 29 3.1

1 30 3.2

2 33. 8

1 32 13

3 33 1

3 34 3.4

4 35 3.4

4 36 15

5 37 16

5 38 17

5 39 17

5 40 18

5 41 14

6 42 14

6 43 19

1

ti a1 .4a. a,
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Li) Indexical Correspondence of Source and Project

Construction Waw--Hiftil-- /nP.Dri --(1 )

SourceSource Project

1 1 21

2 1 22

3 1 23

4 3. 24

5 1 25

6 1 26

7 1. 27

8 1 28

9 2 29

10 2 30

11 1 31

12 3 32

3.3 4 33

14 4 34

15 1 35

16 1 36

17 1 37

18 5 38

19 5 39

20 5 40

Project

6

7

8

8

9

9

10

11

10

11

11

3.2

13

11

14

14

15

14

14

1
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(L1) Indexical Correspondence of Source and Project

Construction Zayin--Hof!al--

Source Project Source Project

1

5

1 1 15

2 1 16

3 1 17

4 1 18

5 1 19

6 1 20

7 1 23.

8 2 22

9 2 23

10 3 24

11 4 25

12 4 26

13 1 27

14 1 28

5

6

7

a

9

1.0

9

10

11

12

12

1
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Description of Classes (L1) --Project Classification

Construction Alef Pa:al-- IVD --(A)

In. Conj. Model

1. SMR - E Y4,7

riBK - pnl

(Regular)

v ,

Slemim (

(Regular)

v ,
Slemim ( ununi) but participle

has no Waw (1 ).

3. tic - ye' i (Regular)

v ,
Slemim ( onY7 0 but participle

has no Yud ( 11) .

4. - 17DX Pe Alef ( D)

5. YB n7,1), Pe Yud ( )

6. YZQ - in")

The Yud ( 7) is dropped in the

perfect and imperative; infinitive

may retain Yud (70'7 ) or occur

in the !LeT form (SBT-- -ay ).

Same as number 5 but the imperative

may drop or retain the Yud ( v).

7. NPL - 17D: Pe Nun ( 3" .D)

Nun ( 3) is dropped only in the

imperfect.



Description of Classes (L1)--Project Classification

Construction Alef --Pa:al-- '?yam -0E( N) continued

In. Conj. Model

8. NSQ. - j7W 1 Same as number 7, but the Nun (

is also dropped in the imperative.

9. iVi H - nE): Same as number 8, but the infini-

tive is in the :LT and :L forms;

Pahat ( riri.-.)) and Pah (1%.217 )

10. QNH - nap

11. NTH -

12. paI -

13. ZQN

14. KRT - 'MD

15. QWM Cllj?

16. LWN 1'1'7

17. SYM - WU)

18.

Lamed He ( 1.2)

Pe Nun-Lamed He (n" :"

Lamed-Nun ( 1 " 12)

Lamed-Nun ( 1 " 17))

The participle has

Lamed-Taw ( n" %.2)

:Ayin-Waw y)

Ayin -Waw Lamed-Nun ( 1" '7---1"

:Ayin-Yud 71 y)

no Waw

DYN 1/1 :Ayin-Yud Lamed-Nun ( 1"17-- "SI )

19. I.IGG - 11r1 :Ayin4Ayin ( y"y )



Description of Classes L1)--Project Classification

Construction Alef--Pa :al--- 171,7D ( N )continued

In. Conj. Model

20. QBB - :Ayin4Ayin (1,7" y )

But the participle assumes the

!Ayin-Waw ( y) form.

21. NTN - Pe-Nun Lamed-Nun ( in 12

22. NolT OM MO:Agin -Waw Lamed Taw ( n " )

23. YGR - "111 14-Yud ( 1"

Has tAyin-Yud (1 1t y ) character-

istics.

Anomalous Pe-Yud ( " )
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Description of Classes (Li) -- Project Classification

Construction Bet--Niftal--

In. Conj. Model

1. SMR `zyu

tn/D3 (

(Regular)

Slemim (u172,,cu )

y,

.

2. YSD - 101 Pe-Yud ( 1" )

3. NGF - 92,2 Pe-Nun ( 2" )

1.. GUI - rta Lamed-He ( r? t7)

5. NTH MO: 'pe-Nun Lamed-Hee ( n", -- 2" ;-.) )

o . 11T M\I - in l.) Lamed-Nun ( 1"17 )p

7. KEIT -

8. SWG - 110

9. BYN -

Lamed-Taw ( nn 12)

!Ayin-War ( "y )

Ayin -Yud ( 1" y)

10. WD - 111 Ayin-Waw 1"y )
v

But perfect assumes Slemim form.

11. SBB - !Ayin-Uyin ( Y"Y)

12. BZZ - Tip Ayin-tAyin ( 17"Y )

With Waw ) in the imperfect.

13. rrLL - 12,n tAyin-tAyin ( Y" Y )

Without Waw in perfect.



Description of Classes (L1)--Project Classification

Construction Gimel--Pi :c1-- 17y,D --( a)

In. Conj. Model
, ,

1. DBR - "MI (Regular) Slemira ( 1".]'n1723 )

2. ZWH - n i1 Lamed-116 ( n'"? )

3. MO - ID° Lamed-Nur. ( /1112 )

'MT - 'MN Lamed-Taw ( n", )

5 QrATM - Ayin -Waw (
(QIAM/1)-CID1?

Potalti form.

6. QWM - C117 !Ayin-Waw ( :1"y )
(QM)- D7' i7

Pi!alti form.

7- SBB - 'ZDO :Ayin-tAyin (y " y)

8. PRNS - (Regular) gl6mim ( D' 1n

('71n )

9. - /121)

Quadriliteral,

Quadri literal final radical Nun

( "I? LI/Ylgin
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Description of Classes (L1)--Project Classification

Construction Dalet - -Pu t al -- 17Y1D --( )

In. Conj. Model

1. KBD - 1:2D

2. ZWn -

3. SaT - 1D0

5. QYSM - r.: 17

CNN. nol :In 1?

0. Qtr 111

( um)- p

7. :LIL ,:ct2Y

8. GLGL - 'n.71

9. :N-YN - 1

(Regular) Sleraim ( 01*(3172))

Lamed-He (n.. 7)

Lamed-Nun ("I " 12)

LaTned-Taw (fl "

:Agin -I,Taw ( "

P olal form.

y)

:Agin -Maw (1 " y)

Pu!al form, the Way ( 1)

changes to Yud (' ).

Quadriliteral of the P ollaL

form.

Quadriliteral of the PuL

form.

Quadriliteral of Lamed-Nun

it
'2 CI7D"1-17.) )

yC
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Description of Classes (L1)--Project Classification

Construction He'--Hitpatel-- "17,Drirl )

In. Conj. Model

1. KSR - "Tzip (Regular) 51emira ( rjnyn

2. YE:11 101 P6-Yd ('"5)

3. ZQF - 917T Pe-Zayin ( TI'D )

4. zipc4, - P4-Zadi (s" D)

5. SDR - 110 P-Samah or in ( W or On )

6. DBQ - j7D1
.

Pe-Dalet ( 1"

7. GLH - n"). Lamed-He ( r1", )

8. 'MN - IMN Lamed-Nun ( 1", )

9. 'pril - rax Lamed-Taw ( ri"

10. Q,WM - 0 11? tAyin-Waw ( 1"17 )

(QWMM)-073117

11. BYN - I'D !Ayin-Yud ( "Y )

12. Qum - 121j7 lAyin-Waw ( 1"Y )

(caM)-

13. GLL - 17173. 1.Ayin-I.Ayin ( y" y )

14. PRNS 1. 031D

15. GLGL - "r2).

16. &EA - mznN

17. SLSL - 120,0

18. DLDL - 121171

19. INYN - 2Y

Regular Quadriliteral

tryDrz unIn )

Quadriliteral of. Pe-Zayin

( D rryDerm 1
Quadriliteral of Pe-Zadi

( N"D EPYD1775--- 27-)

Quadriliteral of P4-Samah or Sin
( W or "~D CIYD1173

Quadriliteral of Pe-Dalet

( 1" D 01YD1-in

Quadriliteral of Lamed-Nun

( 7" t 0/17D1--173--

fi



Description of Classes (L1)--Project Classification

In.

Construction WawHiftil-- iryDri ( 1)
Conj. Model

, /
1 QZR (Regular) Slemim ( on:ion )

2. YRD - 31' Pe-Yud (1) "

3. YZB - 3X/ Pe-Yud (' "

No transmutation of Waw (

Yud (') dropped.

;

4. NPL - Inl Pe-Nun ( 3" D)

5. Q,N11 ril p Lamed-Ha ( n" 17)

6. YRH - 711/
,

P6-Yud Lamed-He ( n"17 -- 1 " 5)

7. NKH - r1D2 Pie-Nun Lamed-Ha ( n"t2 3 " 5)

8. Z Q N - I p I Lamed-Nun ( 1", )
,.,

9. SkIT - nn Lamed-Taw ( l'n7 )

10. QWM - 01i7 tAyin-Waw ( 1"y )

But perfeCt may also assume H4'.iloti

form ( 1111t1/YDr1)

11. PWR - 11D :Ayin-Waw ( i"y )

H4f!alti form ( In,y5n).

12. BYN - 1/D :Ayin-Yud Lamed-Nun ( 1" 1" y

13. NTT tAyin-Waw Lamed-Taw (n ,n7 al" y )

14. SBB - DMO tAyin-tAyin ( y " y )

May also assume the Haftiloti

/11112/S771) form.

15. TLL - 1217n lAyin-!Ayin of Hegflalti ( yrittial) form.
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Description of Classes (L1)--Project Classification

Construction Zayin--Honal-- "11DM _-( T)

In. Conj. Model

1. QZR (Regular) glemim ( D'' ?'7w)

2. YRD - an/ Pe-Yud " D)

3. Y7J3 - 3X1 Pe-Yud s)

4. NGS - W12 Pe-Nun (3 " s)

5. GLH - nIn. Lamed-H; ( n" '2)

6.- LEH - nD2 Ps-Nun Lamed-H (1"'? - -3 " D)

7. ZMN -, 173T Lamed-Nun ( 1'112 )

8. gi p - nnui Lamed-Taw ( nn, )

9. CIWNI - D1P :Ayin-Waw ( 1"y )

10. BYN - I'D !Ayin-Yud ( 1 "y )

11. MWT - 11173 !Ayin-Waw Lamed-Taw (II" 17-- 1" 17 )

12. HLL - '717n Llyin-1.Ayin ( y "y )



(L2) Reclassification

Construction Alef--Patal-- InpD ( N)

1. DBQ - poi Also conjugation number 1.

2. HBR - "1:211 Withdrawn from conj. number 2.

3. HNB - D211 Withdrawn from conj. number 2.

4. DINE' 92n Withdrawn from conj. number 2.

5. ItRz yin Withdrawn from conj. number 2.

6. ASK - "NO1 Also conjugation number 1.

7. Y'B - :Nil Reclassified to conj. number 1.

8. YHR - 71' Also conjugation number 3.

9. YZ' - KC Reclassified to conj. number 5.

10. YZQ 7 pv Also conjugation number 5.

11. YZR - ATV Also conj. number 1

12. YQD Also conjugation number 1.

13. yQR- Also conjugation number 2.

14. YSM - Drill Also conjugation number 1.

15. Y5N - IV Reclassified to conj. number 13.

16. NDH - n-n Reclassified to conj. number 7.

17. NV Yt)2 Reclassified to conj. number 7 and 9.

18. :LZ - TI2Y Reclassified to conj. number 2 and 3.

19. !BB - :rly Reclassified to conj. number 1 and 2.

20. 6DD - 7av Reclassified to conj. number 1 and 19.

21. 5H4 rum Reclassified to conj. number 1.
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(L2) Reclassification

Construction He--Hitpatel--

(Reclassification based on changes governed by the

first radicals T, T, Z, Z, S, S: W, D, n )

1. DBQ*-

2. LQ4*-

3. mu!

ppT

5. 23! - yDN

6. ZWH nlY

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

pn%

Yin

noN

zNH n

y3Y

- rlYY

- iyy

KRB

TlY

niY

min

DDO

1.1c)

9no

ZR!

ZRH-
.

StB -

SBB

-

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

Reclassified to

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

conj.

number 1.

number 1.

number 3.

number 3.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 4.

number 5.

number 5.

number 5.

number 5.

* Asterisk indicates that the given class is an addition to
the corresponding regular conjugation noted in List 1 (L1).
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121122122fIgzabjzi

Construction He--Hitpatel-- (1) continued

21. SY:- YID Reclassified to conj. number 5.

22. SLH - nin Reclassified to conj. number 5.

23. SW - Reclassified to conj. number 5.

24. S:D - 75ND Reclassified to conj. number 5.

25. SIT' - two Reclassified to conj. number 5.

26. S:R '5ND Reclassified to conj. number 5.

27. SPH - rIDO Reclassified to conj. number 5.

28. SRH - nio Reclassified to conj. number 5.

29. S'B - DIICU Reclassified to conj. number 5.

30. VG- 1= Reclassified to conj. number 5.

31. S'F - rXIJ* Reclassified to conj. number 5.

32. S'R Reclassified to conj. number 5.

33. SBH - nmv Reclassified to conj. number 5.

34. (1) SB: Reclassified to conj. number 5.

35. (2) SB NMI Reclassified to conj. number 5.

36. SHQ - Reclassified to conj. number 5.

37. SW: Reclassified to conj. number 5.

38. SIM - Trui Reclassified to conj. number 5.

39. SHL Reclassified to conj. number 5.

40. SHM cricv Reclassified to conj. number 5.

41. SHE' - Reclassified to conj. number 5.

42. sirz - yro Reclassified to conj. number 5.

43. SHQ - privi Reclassified to conj. number 5.
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(L2) Reclassification

Construction He--Hitpeel-- 12ywn --( n) continued

44. SUB - incu Reclassified to conj. number 5.

45. SHD - -Inv Reclassified to conj. number 5.

46. STH - ntzu Reclassified to conj.'nutber 5.

47. SYK - l'ITI Reclassified to conj. number 5.

48. SYF - TT Reclassified to conj. number 5.

49. SYR - 1/UY Reclassified to conj. number 5.

50. SKH - MAU Reclassified to conj. number 5.

51. SLH - n'm Reclassified to conj. number 5.

52. . SN' - N3r27 Reclassified to conj. number 5.

53 smt WIT/ Reclassified to conj. number 5.

54. sst - YOU? Reclassified to conj. number 5.

55. S:L - IVO Reclassified to conj. number 5.

56. stR - 71Y11 Reclassified to conj. number 5.

57. spt - ntzi Reclassified to conj. number 5.

58. sql - 17 pcv Reclassified to conj. number 5.

59. TM' - NDU Reclassified to conj. number 6.

6o. DK' - N:Y1 Reclassified to conj. number 6.

61. TM: - mu Reclassified to conj. number 6.

62. TRF - rro Reclassified to conj. number 6.

63. KFR - "MD Reclassified to conj. number 6.

64. N'Z - yx3 Reclassified to conj. number 6.

65. NS' - NM Reclassified to conj. number 6.

66. TRZ - yin Reclassified to conj. number 6.

67. SFRD - "MO Reclassified to conj. number 17.

68. VT: - Yrin Reclassified to conj. number 18.
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(L2) Reclassification

Construction Waw-Hifti/-- "Inn

1. YLK - 1'7/

2. YZ' - za,

3. NW' - X13

t

Reclassified to conj. number 2.

Reclassified to conj. number 2.

Also as conj. number 10. ( vninvpn )
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(L2) Reclassification

Construction Dayin--Hof!al--

1. YZ' - KT'

NTt/ pri3

17YVI --( T

..Jetrar

Reclassified to conj. number 2.

Also as conj. number 1 (i.e.

retaining the Nun ( 3) ).

.1.
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113) Special Classes and Unclassified
lA

Construction Alef--Patal--

In. Conj. Model

25. Y'H ;DV

26. YLK - 1'71

27. YZT -

28. qn/

29. YET - Inv

NST -

31. HGN - Z an

%VD --(J S)

Same as number 10 (WH--;13p )

but participle lacks Waw ( 1).

Same as number 5 (YSB -- :nui) )

but has neither perfect nor parti-

ciple forms.

Same as number 6 (YZIa--in, )

but the perfect drops Taw ( as

in number 14 (KRT-- )

Same as number 1 (SIR ---av ), but

infinitive and imperative as in

number 5 (YSB-- DTI' ).

Same as number 1 (SMR---au), but

also number 5 ) except

for imperative.

Imperfect also
1 preserves the Nun

( 3) while dropping the Taw ( 1.)

as in number 14 (KRT-- 11D ).

Present and passive participles

only.

1. "Also," i.e. in addition to the corresponding regular con-
jugation noted in List 1 (L1).

1A. This list, is indexed as a continuation of list 1.

-,....46Vakre.t6tat

1?,
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(L3) Special Classes and Unclassified

Construction Alef--Pa !al-- 7-(E) continued

In. Conj. Model

32. HLK 71/X1 Same as number 1, but without

imperative.

33. ZQQ-- ppl Perfect also as in number 1.

'RR-- 11X

34. HYT - fl/fl

35. TIE- T1T10

Same as in rAyin-Yud (' " y) but

the Taw ( r) coalesces with the

suffix Taw (fl).

Same as number 19 (HGG-- ain )
but participle as in number 20

(Q,BB-- )
36. 1.WT - lily Infinitive construct only., Occurs

with prepositional Lamed (TAWT--n1171,7 )

37. NST - EED1 Participle only NWSS ( cg)13 ).

39.
1

tST - rwly Same as number 14, but participle

as in number 43.

40. HWH - fin Same as number 10, but infinitive

is HWH (min) and also HWY ( 11M).

41. P85 - 005 Also as number 35 (THH-- rinv)
42. ZRK Participle also ZRYK ( 11-Ty) etc.

43. The anomalous passive participles of the intransitives.

1. Number 38 is missing.

- -=,',. , - , c
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(L3) Special Classes and Unclassified

Construction BetNU:al-- --(D)

In. Conj. Model

14. HYH - nyn The perfect as in number 4 (GLH-

nun. ); the Yud ( ) mutated to Waw

( 1) in the present participle; no

imperfect nor imperative.

15. LNN - V? Same as number 12, but imperfect

only; Nun (7) coalesces with the

suffixal Nun ( 1).

16. YRH n19 Pe-Yud ( " ) Lamed-He ( n" 12),

which has no preceeding model.

17. NST - nV13 Same as number 7 but the first

radical drops.

18. SWT - n10 Same as number 10 but the Taw ( TO

coalesces with the prefixical Taw ( Ti).

19. YZB - :il Same as number 3, but occurs only in

perfect and in the present participle.

20. YZT - Same as number 19, but the Taw (

coalesces 'with the suffixical Taw

(n).



,

L3) Special Classes and Unclassified

Construction Gimel-Pitel--1VID

In. Conj. Model

10. !WN - 11Y Same as number 5, but Nun
LWN - 11'?

11. MUT - rrin
w2 -

12. SFT2 nnvu

( 3) coalesces with suffixical

Nun (3 ).

Same as number 5, but Taw (n

becomes coalesced with suffix-

ical Taw (r1).

Quadriliteral, final Taw (

coalesces with suffixical Taw ( ri).

o



:A

(L3) Special Classes and Unclassified

Construction Dalet--Putal-- '77 71)

In. Conj. Model

10. SFTT Quadriliteral, final Taw( r1)

becomes coalesced with suffix-

ical Taw (1).

1.
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(L3) Special Classes and Unclassified

2na_._(a)Construction He-Hitpa!el-- 2

(Special classification based on changes governed by

nature of first radical; namely Z, SI S, Z , D, T, T-

oil, 1.7, 1, X, W, U, T)

In. Conj. Model

20. DDH Same as number 7 (GLH- 1t2.1 )

but the Taw ( 0 of thu prefix

HT (IT) may also coalesce.

21. DYT 1111

22 . DSN 1Wi

23.

24.

25.

ZKH 71D T

7ABN 1DT
ZVI T

MEI - 10T

ZAN 1pT

ZWL trIT

Same as number 9 but the Taw

( n) of the prefix HT (

becomes coalesced.

Same as number 6, but the Nun

( 3) coalesces with the suffix-

ical Nun ( 3 ).

Same as number 7, but the Taw

(n) is mutated to a Dalet ( 1)

and transposed.

Same as number 8 but the TaW

(n) behaves as in number 23.

Same as number 10 but the Taw

(11) behaves as in number 23.



(L3) Special Classes and Unclassified

Construction He-Hitpa!el--

In. Conj. Model

26. SW301.- 110
SWF - 910
SWB - D1W
wx-

SWF -
gWQ -

27. UN - 7xi
TQN - cm

28. 4 ZDD
zFF c15

29. ZWT

thiT nn

30. Lfr
ZFH -

31. SWH
SMH

SDH -

;11H -

SWH -
gliff

-

gLH -

gSH -

g!H
gFH -

gra -

7110
rino
riNw
rricu
;MU;
711U1

rinw
TOW
Mtn
now

Same as in number 10, but

the Taw (n. ) is transposed.

Same as in number 8, but the

Taw ( n) coalesces.

Same as number 26, but

Taw (n) is mutated to a Tet
dr

( tD) and is transposed.

Same as in number 9 Cie )

but the Taw ( n) behaves as in

number 28.

Same as in number 7, but the

Taw (11) behaves as in number 4.

Same as in number 7, but the

Taw (n) behaves as in number 5.
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(L3) Special Classes and Unclassified

Construction He-Hitpa:e1-- 1;w:inn --( 71)

In. Conj. Model

32. sxx -

33. S'N -
SBN - 1 DD
SKN - 1 DO

SMN - imp
SNN = 120

- 1Dwi
SMN - In u.?
SNN - 1 NJ

5:N -

34. SNN -
6Env

-

35. SBB - Dpo
SKK -

SLL - 17'n
SFF - ADD
gHI1 - nn

LL - "In
6M11 -

5Q,R, -

36. zklzx - nYnY
ZMZM - 1:2X7)Y

ZlaiR - -117
- yxyy,

zpa -
ZRZR - 1-1X-1%

4.44:

Same as in number 31, except

with the addition of a Waw

(1 ) before the final radical

position.

Same as in number 8 ('MN - 1724)

but the Taw (in) behaves as in

number 5.

Same as in number 33, but also

as number 11.

Same as in number 10 ( qtArm -

tni7 ) but the Taw ( r) behaves

as in number 5.

Same as in number 1. (mQ PIX )

but the radical is quadriliteral.

" r
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(L3) Special Classes and Unclassified

Construction Ite-Hitpa!el-- "yr:gin --

In. Conj. Model

37. SQRN. -11170
SRTN -1L710
AINN -13xy
5RYN -1'72;

38. V.T:

Same as number 19 (tNyN -

( r 31/ but the radical

is quadriliteral.

Same as in number 6: but

the radical is quadriliteral.
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(L3) Special Classes and Unclassified

Construction Waw - 17/YD71 --( 1)

In. Con, . Model

16.. LNN - 1317 Same as in number 10 (QWM -

OW ) but the Nun (3 )

coalesces with the suffixal

Nun (3 ); also as number 11,

but the Nun coalesces as above.

17. YZT - nx,

18. rrir -

Same as in number 12, but the

Taw (1) coalesces with the

suffixal !law ( 11).

Same as in number 15 (TLL -

Y7in ) but also the Taw of

the second radical coalesces

with the suffixal Taw (1) leaving

only a monoliteral stem.
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(L3) Special Classes and Unclassified

Construction ZayinHoftal-- InDim --( T)

In. Conj. Model

13. YZT - Same as in number 3, but the

Taw (fl) becomes coalesced

with the suffixical Taw ( 11).

NTN 1n3 Same as in number 4, but in

imperfect only.

15. LQH - Same as in number 1, but the

'''''rri;ievr 1%

first radical coalesces.

,r1
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Comments

Because of shortcomings in the basic research material,

which we felt obliged to utilize, error was unavoidable. Never-

theless, because of greater efficiency for conducting the studies

which the scholar has been thus endowed as a result of our in-

vestigation, we are confident that these shortcomings and conse-

quent errors will be eliminated individually, as the case may

demand. Naturally,. with continued utilization of our studies,

Atierror will be completely faced for all practical purposes.

Lack of means has compelled postponement of continuation

of the research in respect to a number of important and highly

relevant problems. An example of this is afforded by certain om-

missions that have been made in matters that have bearing on verb

classification. In general, these matters are of the nature of

generalizations that are relatively of wider universal relationship

in the field of verb classification. For example, the jussive

(apocapated imperfect) has not been discussed here. ,We look forward

to the integration of these and similar matters into the future pro-

gramming of the computer.
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generalizations that are relatively of wider universal relationship
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to the integration of these and similar matters into the future pro-

gramming of the computer.
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VI Results and Discussion

Results:

The computer technique employed in the research consistently

identified stems of the test-words. These stems invariably were

validated by objective 'criteria. Though the research is at present

not entirely completed, optimism as to the character of further re-

sults is, therefore, justified.

Discussion:

The results of the research very evidently indicate that the

computer can take over the human function of identifying stems of

the language with equal and even greater accuracy, but with incalculably

greater speed. Semantic difficulties, however, remain in which the

machine cannot compete with the human operator. But the one gain

alone -- the tremendous speed with which the computer carries out its

assignment -- is a priceless one, and will now make feasible such

projects as compiling of concordances, indices, special dictionaries,

classified lists of data, and other scholarly and pedagogic works.

Nevertheless, there still remains a serious problem of in-

creasing the efficiency of the computer technique through reduction

and streamlining of the many sub-operations'involved in the technique.

There is also envisioned beneficial modification and expansion

of the correlation tables in keeping with the provenanced of additional

data characterized by special problems. For example, no distinction has
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been drawn between imperfect and imperative in the usage of cohor

tative 124.

Though the present tables are adequate and quite satisfac-

tory for our purpose, it may be advisable to broaden their appli-

cation for such projects as translation inquiries. In case of our

example, this would require a redivision of the data involved into

two separate rows, one corresponding to the imperfect, the other,

to the imperative.
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VII CONCLUSIONS

General Value:

It can be stated with confidence that the special method'of

research which we have undertaken, though as yet incomplete, already

represents a most valuable technique for future studies in this and

and related fields. Hitherto, application of computer techniques

to language research, in general, and to studies in Hebrew, in partic-

ular, have been of a rather routine or statistical character. The

research described in this report, it is to be hoped, can justifiably

be termed a pioneer step insofar as it has pointed out the way wherein

computer studies in this field may truly be invested with the ability

of scholarly progress. This has been done by translating the need for

encyclopedic consultation in analytic studies of Hebrew words into the

routine, mechanical technique afforded by dsign of an appropriate

rationale and scheme for computer operation, which effectively trans-

lates the need for encyclopedic consultation in this field to the rou-

tine, simpler way of the computer. In brief, our research should make

preparation and availability of technical works in the field of ling-

uistics a routine, relatively speedy task. This, in itself, will have

a double value. On the one hand, it will furnish the researcher with

sufficient and needy material to carry out research on his own special

problem; and on the other hand, it will provide the scholar much more

leisure so essential for the functioning of the creative imagination

basic, for advance.in all fields of learning.
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Specific A22112-42R.z.AItH.E0P42G12...UX.L92.SIU In addi-

tion, our special research already indicates valuable and awil imme-

diate application to the field of pedOgogics of language and new

insights in the understanding of the basic laws of the Hebrew tongue

itself.

We permit ourselves an additional passing comment at this

point in relation to an outstanding example of application of the

results of our research to the teaching of Hebrew. To reiterate,

our study has essentially emphasized to an unusual degree the mor-

phologic aspect of Hebrew grammar. The observations that have come

to light in the course of our research have pointed out and confirmed

that the role played by vocalization and the rules governing vocali-

zation are in reality of minimal importance from the point of view of

transmitting insight and broader understanding of the mechanics and

structure of the Hebrew language.

In truth, what has become apparent is that by basing studies

1
of the language on the experience gained through our research, an

overall perspective is afforded which will silhouette more clearly

the inter-relations and inter-connections of the Hebrew language. It

is very evident, therefore, that pioneering work in this direction is

definitely indicated, certainly, for institutions of higher learning.
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VIII. Summari:

The purpose of the study was the construction

of an algorithm for stem recognition in the Hebrew

ianguagg, The Hebrew word was conceived as a con-

sonantal, morphologic unit, and this concept govern-

ed the more detailed planning of the research. Thu ;,

vowel changes were not considered. Central to the

entire research were tables and listings organized

on a grammatical basis and so devised as to present

certain pertinent correlations"between verbals and

nominals and theaffixal elements.

36 grammatical categories were set up:

constructions, modes, tenses, person, number, gender,

accusative pronominals for verbs, construct state,

person, number gender for nouns. Four types of

affixes were correlated w,th these categories. The

four types were: auxiliary elements, prefixes, suf

fixes, accusative pronominals.

A seouence of programs was written for the

computer. First, it was enabled to fractionate a

test word on the basis of the prepared lists, thus

separating the verb or noun stem from the affixes.

Empirical rules were then formulated for the

purpose of assisting the computer in arriving
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more accurately at the grammatically correct combi-

nation. Utilizing the tables, the computer checked

further the various combinations of stern and affix

for grammatical legitimacy. Each fractionation of

a given tested word which has been identified as one

of the affixes listed was checked against the 36

columns of grammatical categories.

In order to further check the validity of the

residue combinations, the final products of the com-

puter operation, it became necessary to check the

associated stems. For this purpose, a special refer-

ence dictionary is now being compiled. The dictionary

is divided into two-sections-the verbal and nouns.

Each entry of the noun section is especially indexed.

The index number identifies for the computer the table

which indicates the different mutations of which the

entry is capable. In addition, the dictionary contains

12 more features.of other pertinent information as well.

The verbs have been compiled iin separate tables.

The entries are indexed and analogously, as in case of

the nouns, the computer is thus 'enabled to obtain full

information on the tested verb. At times the tested

residue will be reported as noun or verb; at times, as

noun and verb. The latter is morphologically possible.

44
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The research here summarized though incomplete,

has simplified the academic problems involved in the

field of investigation of Hebrew words, and has re-

duced their solution to routine, mechanical terms.

Perhaps most spectacular isthe application of the .

results of our investigation to the field of teaching.

Traditionally the magnitude of attention paid to the

aspect of vocalization of Hebrew grammar has been

very great. Our studies however indicate that this

measure of preoccupation with vocalization has been

unduly extensive. The system of Hebrew language

instructions oriented in morphology, as marked out in

this report, will not only ease the labor of the

students, but will also convey a much more significant

and valuable understanding of the 'structure and

dynamics of the language.

1116W.,*: ;f2v,
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