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ABSTRACT

Biblical Hebrew clauses can be and have been studied from many different angles.
Over the past forty years much of this knowledge has been captured in various
computer software systems and databases. Having all these electronic aids for the
study of the Hebrew Bible is wonderful, but also overwhelming and even frustrating,
because various tools have to be used to study different layers and to get various
perspectives. Therefore, systems have been suggested or are being developed to
display multi-layer analvses of Hebrew clauses, integrating the various dimensions of
clausal analysis in an interlinear table format on one screen. This type of interlinear
table is in fuct a two-dimensional subset of three- (or multi-)dimensional linguistic
data structures. The kmowledge that is represented by a collection of interlinear
lables can be conceptualised three-dimensionally as an information cube consisting
of a cluster of clauses and analyses. Such a clause cube can be implemented on a
computer using a three-dimensional array, which can be called a cyber cube.
Processing arrays with nested loops makes it possible to view and manipulate the
stored information in an efficient way.

i. INTRODUCTION

Biblical Hebrew clauses can be and have been studied from many
different perspectives. These perspectives or layers mirror the "modules™
of the human mental language machine (cf. Van der Merwe 2002:39).
Over the past forty years much of this knowledge has been captured 1n
various computer software systems and databases.? Van der Merwe
(2002:96-97) refers to some of these products. The most basic layer is the
digital representation of the Hebrew text, which can be called the
transliteration layer. The second layer is the phonological layer, followed

1 This article is a revised and extended version of a paper read at the AIBI VII
conference, Leuven, July 2004 ("Processing Hebrew clauses using three-
dimensional arrays™).

2 Cf. Talstra {1989:4), In 1987 ten machine-readable versions of the Masoretic
Text and various Bible concordance programs already existed (Hughes
1987:343-384; 498-545).
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by the morphological, morpho-syntactic and syntactic layers.® More
advanced layers such as the semantic and pragmatic layers have received
less attention, but it is very probable that knowledge bases and expert
systems that deal with these layers will, increasingly, become available.
Compare Link (1995) who proposes an algebraic perspective on the
semantic analysis of human language and the computerised version of
Dik's fumetional grammar for English, French and Dutch (Dik 1992). Van
der Merwe (2002:94) suggests the use of the notions fopic and focus to
mark-up pragmatic functions in Biblical Hebrew.

From these suggestions it is already clear that there are two main
approaches In creating computerised biblical information systems.
According to Talstra (1989:2), the ideal linguistic database should be
created by programs applying imitated rules, “otherwise a database of
biblical texts will consist only of an echo of a personal, subjective
knowledge and contain linguistic information not being produced by rules
but by arbitrary personal choice."+ Ultimately, however, this is an
unattainable goal, because subjectivity will also influence the formulation
of the linguistic rules that are to be imitated. Even Talstra & Postma
(1989:20) had to admit that it is impossible to formulate and refine rules
that will attain a correct analysis in all cases. Therefore, there should also
be a place for systems that capture the tacit knowledge that exists m
experienced exegetes' heads. Database solutions that capture existing
linguistic data can fill this gap. Chiaramella (1986:129) also refers to the
"strong discussion about the best way to store knowledge" (either data
structures or procedural objects) and says that "successful experiments
have been made for both.” This article follows the second route by
proposing a database that integrates multi-modular ¢lausal analyses.

3 Sowa (2000:182) refers to morphological, syntactic and semantic parsing as
stages in analysing a natural language sentence, saying: "Each of the three
stages in sentence processing depends on a repository of linguistic
knowledge." The proposed multidimensional linguistic database of’ Hebrew
clauses can be regarded as such a repository, which integrates various layers of
analysis. Also cf, Hughes (1987:497).

4 "Experimental results in cognitive psychology suggest that humans apply
model-based reasoning for problem solving in a variety of domains.
Consequently, a formalism that captures the representations and processes
associated with model-based reasoning would facilitate the implementation of
computational reasoning systermns in such problem solving domains.” {Glasgow
& Malton, s.a.:31).
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2. THE NEED FOR INTEGRATION

Having all these electronic aids for the study of the Hebrew Bible 1s
wonderful, but also overwhelming and even frustrating, because various
tools have to be used to study different layers and to get various
perspectives. Therefore, systems have been suggested® or have been
developed to display multi-layer analyses of Hebrew clauses, integrating
the various dimensions of clausal analysis in an interlinear table format
on one screen, Van der Merwe (2002), for example, suggests the use of
hypertext as one possible solution to integrate various perspectives or
exegetical approaches. However, it could be very difficult or even
impossible to integrate all available analyses due to the huge differences
in the authors' assumptions and points of departure. Compare Anderson &
Forbes (2002), who demonstrate the various divergent approaches even
on elementary layers such as morphology or parts of speech. A possible
solution is to show the various analyses in a parallel manner, leaving the
final decision to the user. Also compare De Troyer's (2002) plea for
integrated biblical tools, which implies that such a semi-integrated tool
could be very useful to scholars.

Interlinear tables resemble the tables found in relational databases that
capture data about entities, and this gives birth to the wish to be able to do
ad hoc queries on the stored data. A database allows easy access to the
data and the possibility of adding new data easily (Tov 1989:90). This 18
not possible with flat filess or text files. RDBMSs' structural and data
independency feature facilitates these requirements. In order to work
dynamically with the stored data, it is important to use a proper database
management system, which facilitates the use of linked files and
complicated search and sorting functions (Nieuwoudt 1989:102).

3. ACLAUSE CUBE AS THE IDEAL DATA STRUCTURE

However, these interlinear tables cannot simply be transformed into
relational database tables, because there is a separate table for each record

5 Compare, for example, Kroeze (2002).

6  Although flat files may have rows and colummns and thus look llkc-: relational
database tables, they do not support relational operators such as joins, projects
and selecis (Hughes 1987:497),

7 Relational database management systems.
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(or clause) and the rows do not represent unique records.® A closer
inspection of an interlinear table reveals that the rows actually represent
various dimensions or layers of data-analysis that are strongly linked to
the elements in the upper row. This type of interlinear table 1s in fact a
two-dimensional subset of three- (or multi-)dimensional linguistic data
structures. According to Koutsoukis ef al. (1999:7), a stack of two-
dimensional spreadsheets (rows and columns) is a three-dimensional
cube.’ This can be conceptualised as a data structure that consists of a set
of cubes arranged according to rows, columns and depth layers (Figure

1).

Figure 1. A three-dimensional data structure that consists of a
set of 27 sub-cubes arranged according to three rows, three
columns and three depth layers.

8 Chiaramella (1986:122) identified the problem of representing text in
relational, hierarchical and nctwork database management systems: "Nothing
currently exist [sic] for efficient description of texts within database systems.”

9 Compare Pictersma's (2002:351) discussion of an interlinear Greek-Hebrew
text. According to Pietersma an interlinear text is two-dimensional because it
has a vertical and horizontal dimension.
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The linguistic knowledge that is represented by a collection of interlinear
tables can therefore be rendered three-dimensionally as a clause cube
consisting of a cluster of phrases and their analyses (see Figure 2). The
horizontal dimension is divided into rows representing the vanous clauses
— each row is a unique record or clause. The vertical dimension (columns)
represents the various word groups in the clauses. Having attributes in
this dimension called phrase 1, phrase 2, phrase 3, etc., at first does not
seem very informative, especially if one is used to the descriptive
attributes typical of relational databases. However, "it 1s crucial to
preserve the document structure (books, chapters, verses, half-verses,
words) of the data, to allow access in terms of traditional categories”
(Talstra 2002:4). And this method seems to be the most straightforward
way to preserve word order. Yet, the combination of these obvious
attributes on the horizontal and vertical dimensions with the layers on the
depth dimension is indeed very iliuminating. The depth dimension
represents the various layers of analysis, e.g. graphemes, syntactic
functions and semantic functions. These features can be called the
members of the layer dimension. The unique intersections of the
members of the various dimensions are the cells, and the contents of the
cells the measures (Chau et al. 2002:216). As in business data "the
dimensions provide a 'natural way' to capture the existing real-world
information structure” (Koutsoukis ef al. 1999;11).
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Figure 2. The knowledge that is represented by a collection of
interlinear tables can be rendered three-dimensionally as a data
cube consisting of layers of clauses and analyses stacked on top
of each other.

4. IMPLEMENTING THE CLAUSE CUBE IN CYBER SPACE

Such a clause cube can be implemented on a computer using a three-
dimensional array, which can be called a data cube or cyber cube. An
array can be used as a knowledge representation scheme, which models
entities and the relations between them in a certain problem domain, and
array functions are used to generate, inspect and transform these
representations (Glasgow & Malton s.a.:8). Arrays have probably already
been used in many biblical information systems, for example, to sort sets
of lemmatised language into sets of “identically parsed items" (Hughes

1987:502).
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A data cube can easily be created in many computer languages by
declaring a multi-dimensional array, e.g. in Visual Basic 6, a data cube
with 3 rows, 3 columns and 3 layers is declared by the following
statement: "Public Clause(3,3,3) As String."!!

The code to create such an example clause cube using a three-
dimensional array in Visual Basic 6 is shown below. It captures linguistic
data describing the first 14 clauses in the Hebrew Bible (Gen 1:1-3). Only
the first clause is shown here (see Addendum A for the complete code).
The first dimension represents the 14 rows of clauses, the second
dimension the phrases with a maximum of four per clause, and the third
dimension represents the layers of analysis, as follows:

Layer I: Clause number
Layer 2: Transcription
Layer 3: Translation

Layer 4: Phrase type

Layer 5: Syntactic function
Layer 6: Semantic function

Option Explicit

Public Clause{l To 14, 1 To 4, 1 To 6) As String
Sub Main()

Clause(1, 1, 1) = "Gen01v01a"
Clause(1, 1, 2) = "bre$it"

Clause(1, 1, 3) = "in the beginning”
Clause(l, 1, 4)="PP"

Clause(1, 1, 5) = "Adjunct”
Clause(], 1, 6) = "Time"

Clause(1, 2, 1) ="-"

Clause(1, 2, 2) = "bara”

Clause(1, 2, 3) = "he created”
Clause(l, 2, 4) ="VP"

Clause(1, 2, 5) = "Main verb”

10  Visual Basic was chosen as programming language for this experiment
because it allows for more than three dimensions in arrays, as well as for
extensive connectivity to database management systems (Anderson 2003:59,
116). These features will probably have to be used in more detailed and
compicx versions of the clause cube.

11 Such an array can be visualised as a "cube of side length m subdivided mnto m
unit cubes” (¢f. Banchoff 1996:13),
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Clause(1, 2, 6) = "Action”

Clause(1, 3, 1) ="-"

Clause(1, 3, 2) = "elohim"

Clause(1, 3, 3) ="God"

Clause(1, 3, 4) = "NP"

Clause(1, 3, 5) = "Subject”

Clause(1, 3, 6) ="Agent"

Clause(l1, 4, 1) ="-"

Clause(1, 4, 2} = "et haSamayim ve'et ha'arets"
Clause(1, 4, 3) = "the heaven and the earth”
Clause(l, 4, 4) = "NP"

Clause(1, 4, 5) = "Object”

Clause(1, 4, 6) = "Patient”

End Sub

Cyber cubes are usually used as "data cubes” to implement
multidimensional databases or data warchouses !2 to enable users to
"explore and analyse a collection of data from many different
perspectives, usually considering three factors (dimensions) at a time"
(Kay 2004). According to Kay (2004), "we can think of a 3-D data cube
as being a set of similarly structured 2-D tables stacked on top of one
another." In our case the data cube consists of the various interlinear
clause tables all linked together in one data structure in order to enhance
the analytical possibilities. Such a data warehouse is a database solution
that can capture and integrate linguistic data from various sources.

One of the benefits of multi-dimensional arrays is the use of indexes
referring to the specific position of a piece of data. These indexes can be
used to extract subsets of the data very efficiently and quickly {(cf. Kay
2004). Therefore, multidimensional arrays form the basis for multi-
dimensional online analytical processing tools (OLAP). The possibility to
do ad hoc queries is one of the essential characteristics of OLAP
(Karayannidis & Sellis 2003:157). In business data cubes are used for
multi-dimensional queries, ¢.g. how many of a certain product were sold

in a specific period in a specific place? (See, for example, Marchand
2004:3.)

12 A data warehouse is a multidimensional analytic database that "links otherwise
disparate data items” and "allows for customised user views of the data"
{Koutsoukis et al. 1999:3).
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Some programming languages, such as Visual Basic 6, even allow for the
use of multi-dimensional arrays, which could represent a hypercube of
clauses.’?> Such a 4-D cube consists of a series of 3-D data cubes (Kay
2004). In our application a fourth to sixth dimension could be used to
break down clause constituents hierarchically into their smallest parts,14
e.g. the NP ef-hashamayim ve'et ha'arets (Gen 1:1) consisting of 2 NPs
and a conjunction, the 2 NPs each consisting of an object marker and NP,
which again consists of an article and a noun. The higher-level atinibutes,
which represent summarised values, are called aggregates, while the
lower-level attributes are called grouping attributes (Lee ef al. 2003:124).

Although it is very easy to add another dimension (e.g. "Public Clause
(3,3,3,3) As String") or even more dimensions in cyber space, it becomes
more difficult to visualise these types of data structures. Multi-
dimensional arrays have another downside. With every dimension added
the number of memory spaces needed increases exponentially, e.g. a 3x3
table needs 9 spaces, a 3x3x3 data cube needs 27, and a 3x3x3x3
hypercube needs 81.15 The more dimensions the hypercube has, the
sparser it becomes: more and more cells are empty and this wastes
memory and processing time. Although compression techniques do exist
to manage the problem of sparsity, they tend to destroy the multi-
dimensicnal data structure’s natural indexing (Kay 2004).16

Due to huge space implications in the computer's memory and the
difficulty of visualising four or more dimensions, I will here restrict

13 In geometry, a hypercube is a basic four-dimensional structure having 16
corners and "consisting” of (bounded by) 8 cubes. A cube is a basic three-
dimensional structure and has 8 corners and "consists” of 6 squares, A square
is a basic two-dimensional object and has 4 corners and "consists" of 4 lines or
segments, A line is the segment between two points, a basic one-dimensional
object with no comers. A point i3 a zero-dimensional object (Banchoff
1996:9).

14 Glasgow & Malton (s.a.:31) found that "an amray representation scheme
provides an effective and efficient means for spatial reasoning” and suggests
that more research should be done to test its applicability to other domains
including hierarchical worlds,

15 Cf. Banchof¥ (1996:15).

16  To solve this problem Karayannidis & Sellis (2003:156-157) proposed a
chunk-based storage manager for OLAP data cubes that i1s both space
conservative and uses a location-based data-addressing scheme. This system 15
also able t¢ capture hierarchical data,
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myself to three dimensions. Because it is possible to declare the exact
number of rows, columns and depth layers of a three-dimensional array,
enough members can be created on the depth dimension to store all
maodules of clausal analysis.\”

In order to save space, as an altemative to adding more dimensions for
hierarchical data, as suggested above, more members could be added on
the depth dimension and symbols allowed to occupy more than one cell in
each member of the array (c¢f. Glasgow & Malton s.a..7, 13). In our
problem space the typical hierarchical Chomskyan tree structure of the
syntactic structure of a clause could be represented by such an array
structure, as follows (see Figure 3):

NP ((1,1,1), (1,1,2), (1,1,3), (1,1.4), (1,1,5), (1,1,6), (1,1,7))

NP ((1,2,1),(1,2,2), (1,2,3)) | Particle NP ((1,2,5), (1,2,6), (1,2,7))
(1,2.4)

Particle | NP ((1,3,2, (1,3,3)) | Particle Particle | NP ((1,3,6),

(1,3,1) (1,3.4) (1,3,5 |[(1,3,7)

Ob;. Article | Noun Conjunction | Oby. Articie | Noun

marker |(1,4,2) |(1,4,3) (1,4,4) marker |(1,4,6) |(1,4,7)

(1,4.1) (1,4,5)

et ha- shamayim | ve-(1,5,4) | ‘et ha- ‘arets

(1,5,1) |(1,5,2) |(1,53) (1,5,5) |(1,5,6) |[(1,5,7)

Figure 3. A representation of a hierarchical syntactic structure
using various members of the same dimension and allowing
measures to occupy more than one cell of a member.

Other kinds of technology exist to implement multi-dimensional
databases, such as relational online analytical processing systems
(ROLAP), which are collections of cuboids or two-dimensional relational
tables and do not suffer as much from the sparsity problem, but they do
not have implicit indexes (Kay 2004). Although this technology can be
researched to evaluate its suitability for solving our problem, I expect
that, due to the rigorous table structures that are inherent in relational
databases, this option does not lend itself as well as multi-dimensional
arrays to capture and extract clausal data. According to Koutsoukis et a/.

17 An altemative approach is followed by Koutsoukis et af. (1999:12) who
combines sparse dimensions (year and season) "to create a 'conjoint
dimension.™

.-Tﬂi
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(1999:6) "MDDBs'# are better suited for OLAP-type applications because
of their structure and embedded functionality."1s

One difference between a business data cube and a clausal data cube 1s
that the former contains data that have already been processed and
aggregated {(Kay 2004), while a clause cube contains the basic raw data.
However, Karayannidis & Sellis (2003:157) argue that, in order to
support ad hoc queries, users should be able to drill down "to the most
detailed data in order to compute a result from scratch."” It could,
therefore, contain hierarchical data consisting of both raw and aggregated
data. Compare Chau ef al. (2002:214): "The contents of a data warehouse
may be a replica of part of some source data or they may be the results of
preprocessed queries or both." A clause cube that contains herarchical
data, such as syntactic tree-structure information, will be similar to such a
business data cube. Another important similarity between a business data
cube and a clausal data cube is that both types of data are stable. They do
not get updated or changed like data in an online transaction processing
system. OLAP was developed to focus on powerful analysis of business
data, rather than on the fast and efficient capturing of transaction data.
These characteristics support the hunch that this technology is very
suitable for the storing and analysis of clausal data.

5. BUILDING AND USING A MULTI-DIMENSIONAL DATABASE
FOR BH

To build a clause cube one could integrate the results of various
computerised clausal analysis systems. The process that one should

follow is similar to the steps used for building a data warehouse, 1.€.
(Chau ef al. 2002:216):

Extraction of data from existing databases and flat files;

Cleaning and integration of data;

Loading of data in the data cube or hypercube;

Transformation of data into a format that is suitable for graphical
user interface.

18 Multidimensional databases.

19 Compare Cheung et al. (2001:2) for a summary of the advantages and
disadvantages of both ROLAP (relational online analytical processing) and
MOLAP (multidimensional online analytical processing) — they propose a
combination of the two approaches. For an alternative solution compare Chun

et al. (2004).
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Once a proper multi-dimensional data warehouse has been designed and
created, it can be populated using data from existing marked-up products:
hypertext into hypercube! Products using the mark-up language XML
are especially suitable for this purpose, because the XML tags can be
used to convert free text into a database. "Unlike HTML, XML is meant
for storing data, not displaying it" (Holzner 2004:40). Using XML to
convert existing texts into data sources for a Biblical Hebrew linguistic
data warehouse will necessitate co-operation, even more than when using
HTML to tag hypertext (see Bulkeley, 2002: 649), especially if the
various sources are to be integrated properly.

Combining nested loops with three-dimensional arrays makes it
possible to process the stored information in an efficient way. For
example, it becomes possible to slice-and-dice the cyber cube of clauses
to reveal various dimensions. Slicing the cube from the front reveals the
Hebrew text, syntactic frameworks, semantic frameworks, ete. Slicing the
cube from the top reveals subsequent clauses' multi-layer analyses. One
can also drill down into the cube to reveal other information that is linked
to a spectfic cell

6. CONCLUSION

This experiment with a three-dimensional data structure indicated that a
three-dimensional array could be used to represent inherently multi-
dimensional linguistic data regarding Biblical Hebrew clauses. The
various layers of linguistic knowledge that have been captured in various
computer software systems can be integrated and used in an efficient way
using a three-dimensional database. The captured data can be viewed and
manipulated in various ways, for example, to create stacks of two-
dimensional interlinear tables showing required aspects of clauses' data.
In this way the three-dimensional array facilitates actions that are typical
of online analytical data processing and data warehousing.
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ADDENDUM A: Linguistic Data Regarding Gen 1:1-5 Represented by a
Three-Dimensional Array in Visual Basic 6

Option Explicit
Public Clause(l To i4, 1 To 4, 1 To 6) As String
Sub Main{}

Clause(l, 1, 1) = "Gen0lv01a"
Clause(l, 1, 2) = "bre$it"

Clause(1, 1, 3)= "in the beginning"
Clause(1, 1, 4) = "PP"

Clause(l, 1, 5) = "Adjunct”
Clause(l, I, 6} = "Time"

Clause(l, 2, 1}="-"

Clause(1, 2, 2) = "bara"

Clause(1, 2, 3) = "he created”
Clause(l, 2, 4) ="VP"

Clause{1, 2, 5) = "Main verb"
Clause(l, 2, 6) = "Action"
Clause(1, 3, H="-"

Clause(l, 3, 2) = "elohim"
Clause(1, 3, 3)="God"

Clause(l, 3, 4) = "NP"

Clause(1, 3, 5) = "Subject”
Clause(1, 3, 6) = "Agent"

Clause(1, 4, 1)="-"

Clause(1, 4, 2) = "et ha$amayim ve'et ha'arets”
Clause(1, 4, 3) = "the heaven and the earth”
Clausc(l, 4, 4) = "NP"

Clause(1, 4, 5) = "Object”
Clause(l, 4, 6) = "Patiemt”

Clause(2, 1, 1) = "Gen01v(02a"
Clause(2, 1, 2) = "veha'arets"
Clause{2, 1, 3) = "and the carth"
Clause(2, 1, 4)="NP"
Clause(2, 1, 5) = "Subject”
Clause(2, 1, 6) = "Zero"
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Clause(2, 2, 1) ="-"

Ciause(2, 2, 2) = "hayta"

Clause(2, 2, 3) = "wag"

Clause(2, 2, 4) ="VP"

Clause(2, 2, 5) = "Copulative verb"
Clause(2, 2, 6) = "State"
Clause(2,3, 1) ="-"

Clause(2, 3, 2} = "tohu vavohu"
Ciause(2, 3, 3) = "an emptiness and void"
Clause(2, 3, 4) = "NP"

Clause(2, 3, 5) = "Copula-predicate”
Clause(2, 3, 6) = "Classification”

Clause(3, 1, 1N = "Gen1v(2b"
Clause(3, 1, 2) = "wexofex"
Clause(3, 1, 3) = "and darkness"
Clause(3, 1, 4) = "NP"

Clause(3, 1, 5) = "Subject”
Clause(3, 1, 6) = "Zero"

Clause(3, 2, 1} ="-"

Clause(3, 2, 2) = "al pney tehom"
Clause(3, 2, 3) = "on the surface of primeval ocean”
Clause(3, 2, 4) = "PP"

Clause(3, 2, 5) = "Copula-predicate”
Clause(3, 2, 6) = "Location"

Clause(4, 1, 1) ="Gen01v02c"
Clause(4, 1, 2) = "veruach e¢lohim"
Clause(4, 1, 3) = "and the spirit of God"
Clause(4, 1, 4) = "NP"

Clause(4, 1, 5) = "Subject”
Clause{4, 1, 6) = "Positioner”
Clausci{4, 2, ) ="-"

Clause(4, 2, 2} = "meraxefet"
Clause(4, 2, 3) = "hovering"
Clause(4, 2, 4) = "AP"

Clause{4, 2, 5) = "Copula-predicate”
Clause(4, 2, 6) = "Position”
Clause{4, 3, 1} ="-"

Clause(4, 3, 2) = "al pney hamayim"



116

Clause(4, 3, 3) = "on the surface of the water™
Clause(4, 3, 4)="PP"

Clause(4, 3, 5) = "Complement"

Clause(4, 3, 6) = "Location”

Clause(s, 1, 1} ="Gen01v03a"
Clause(5, 1, 2} = "vayomer"
Clansc(5, 1, 3) = "And He said"
Clause(5, 1, 4) ="VP"

Clause(s, 1, 5) = "Main verb”
Clause(5, 1, 6) = "Acton"
Clause(5, 2, 1}="-"

Clause(5, 2, 2) = "elohim"
Clause(5, 2, 3) = "God"

Clause(5, 2, 4) = "NP"

Clause(5, 2, 5) = "Subject”
Clause(5s, 2, 6) = "Agent”
Clause(s, 3, 1) ="-"

Clause(3, 3, 2) = "[yehi or]"
Clause(5, 3, 3} = "[Let there be light]"
Clause(5, 3, 4) ="[EC]"

Clause(5, 3, 5) = "[Object clause]"
Clause(3, 3, 6) = "{Patient]"

Clause{(6, 1, 13 ="Gen01v03b"
Clause(6, 1, 2) = "yeh1"
Clause(6, 1, 3) = "Let there be"
Clause(6, 1, 4}y ="VP"
Clause(6, 1, 5) = "Copulative verb”
Clause(6, 1, 6) = "State”
Clause{6,2, ) ="-"

Clause(6, 2, 2) = "or"
Clause(6, 2, 3) = "light"
Clause(6, 2, 4)="NP"
Clause(6, 2, 3) = "Subject”
Clausc{6, 2, 6) = "Zero"

Clause(7, 1, 1) ="Gen1v03c"
Clause(7, 1, 2) = "vayel"
Clause{7, 1, 3) = "And there was"
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Clause(7, 1, 4)="VP"

Clause(7, 1, 5) = "Copulative verb"
Clause(7, 1, 6) = "State”

Clause(7, 2, 1} ="-"

Clause(?7, 2, 2) = "or"

Clause(7, 2, 3) = "light"

Clause(7, 2, 4) = "NP"

Clause(7, 2, 5) = "Subject”
Clause(7, 2, 6) = "Zero"

Clause(8, 1, 1) ="Gen01v04a"
Clause(38, 1, 2) = "vayar"
Clause(8, 1, 3) = "And he saw"
Clause(8, 1, 4) = "VP"

Clause(8, 1, 5) = "Main verb"
Clause(8, 1, 6) = "Process”
Clause(8, 2, ) ="."

Clause(8, 2, 2) = "elohim”
Clause(8, 2, 3) ="God"

Clause(8, 2, 4)="NP"

Clause(8, 2, 3) = "Subject"
Clause(8, 2, 6) = "Processed"
Clause(8, 3, 1) = "Paticnt"
Clausc(®, 3, 2) = "[et ha'or ki tov]"
Clause(8, 3, 3) = "[that the light was good]”
Clause(R, 3, 4)="[EC]"

Clause(8, 3, 5) = "[Object clause]”
Clause(8, 3, 6) = "Patient™

Clause(9, 1, 1) = "Gen01v04h"
Clause(9, 1, 2)="et ha'or"
Clause(9, 1, 3) = "the light"
Clause(9, 1, 4) = "NP"
Clause(9, 1, 5) = "Subject"”
Clause(9, 1, 6) = "Zero"
Clause(9, 2, 1}="-"
Clause(9, 2, 2) = "ki"
Clause(9, 2, 3) = "that™
Clause(9, 2, 4) ="ConjP"
Clause(9, 2, 5) = "Conj"
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Clause(2, 2, 6)="-"

Clause(9,3, 1) ="-"

Clause(9, 3, 2} = "tov"

Clause(9, 3, 3)="good"

Clause(9, 3, 4)="AP"

Ctause(9, 3, 3) = "Copula-predicate”
Clause(9, 3, 6) = "Quality"

Clause(10, 1, 1) = "Gen0Iv4c"
Clause(10, 1, 2} = "vayavdel"
Clause(10, 1, 3) = "and he separated”
Clause(10, 1, 4)="VP"

Clause(10, 1, 5) = "Main verb”
Clause{10, 1, 6) = "Action”
Clause(10, 2, 1) ="-"

Clause(10, 2, 2} = "elohim"
Ciause(10, 2, 3)="God"

Clause(10, 2, 4) = "NP"

Clause(10, 2, 5) ="Subject”
Clause(10, 2, 6) ="Agent"
Clause{1¢, 3, 1)="-"

Clause{10, 3, 2)="ben ha'or"
Clause{10, 3, 3) = "between the light”
Clause(10, 3, 4) = "PP"

Clause(10, 3, 5) = "Complement”
Clause(10, 3, 6) = "Patient"”
Clause(10, 4, 1} ="-"

Clause(10, 4, 2) = "uven haxo$ex”

Clause(10, 4, 3) = "and between the darkness”

Clause(10, 4, 4) = "Pp"
Clause(10, 4, 5) = "Complement”
Clause{10, 4, &)= "Source"

Clause(11, 1, 1) = "Gen01v05a"
Clause(1t, 1, 2)="vayiqra"
Clause(11, 1, 3) = "and he called"
Clause{l1, 1, 4)="VP"
Clause(11, 1, 5) = "Main verb"
Clause(11, 1, 6) = "Achon"
Clause{11, 2, I)="-"
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Clause(11, 2, 2) = "elolum"
Clause(11, 2, 3)="God"
Clause(11, 2, 4)="NP"
Clause(11, 2, 5) = "Subject”
Clausc(11, 2, 6) = "Agent"
Clause(11, 3, 1) ="-"
Clause(11, 3, 2) = "la'or”
Clause{11, 3, 3} = "to the light"
Clause(11, 3, 4)="PP"
Clause(11, 3, 5) = "IndOb;"
Clause(11, 3, 6) = "Patient"
Clause(11,4, h)="-"
Clause(i1, 4, 2) = "yom"
Clause(11, 4, 3} ="day"
Clause(11, 4, 4) = "NP" |
Clause(11, 4, 5) = "Complement”
Clause(l1, 4, 6) = "Product”

Clause(12, 1, 1) ="Gen01v05b"
Clause(12, 1, 2) = "velaxodex”
Clause(12, 1, 3) = "and to the darkness”
Clause(12, 1, 4} = "PP"
Clause(12, 1, 5) = "IndObj"
Clause(12, 1, 6) = "Patient”
Clause(12,2, 1) ="-"

Clause{12, 2, 2) = "qara”
Clause{12, 2, 3) = "he called"
Clause(12, 2, 4) ="VP"
Ciause(12, 2, 5) = "Main verb”
Clause(12, 2, 6) = "Action"
Clause(12, 3, 1) ="-"

Clause(12, 3, 2) = "layla"
Clause(12, 3, 3) = "night"
Clause(12, 3, 4) = "NP"
Clause{12, 3, 5) = "Complement"
Clause(12, 3, 6) = "Product”

Clause(13, 1, 1) = "Gen01v05c"
Clause{13, 1, 2)="vayehi"
Clause(13, 1, 3) = "and it was"
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Clause(13, 1, 4)="VP"

Clause(13, 1, 5) = "Copulative verb”
Clause(13, 1, 6) = "State”
Clause{13,2, 1) ="-"

Clause(13, 2, 2) = "erev"

Clause(13, 2, 3)="evening"
Clause(13, 2, 4)="NP"

Clause{13, 2, 5) = "Subject”
Clause(13, 2, 6) ="Zero"

Clause(14, 1, 1) = "Gen01v05d"
Clause(14, 1, 2) = "“vayeh1"
Clause(14, 1, 3} = "and it was"
Clause(t4, 1, 4} ="VP"
Clause(14, 1, 5) = "Copulative verb"
Clause{14, 1, 6) = "State”
Clause{14, 2, 1) ="-"
Clause(14, 2, 2) = "voker"
Clause(14, 2, 3) = "moming"
Clause(14, 2, 4) = "NP"
Clause{14, 2, 5) = "Subject”
Clause{14, 2, 6} ="Zero"
Clause(14, 3, 1} ="-"
Clause(14, 3, 2) = "yom exad"
Clause(l4, 3, 3) = "day one”
Clause(14, 3, 4) = "NP"
Clause(14, 3, 5) = "Attribute"
Clause{14, 3, 6) = "Quality™

End Sub
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