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The fractal structure of Biblical Books 

A mathematical model explaining and formalizing
the «chaotic» structures of books of the Bible

through the concepts of Biblical and Semitic Rhetoric 

1. BIBLICAL AND SEMITIC RHETORIC

DEFINITION AND ORIGINS

 Biblical and Semitic rhetoric can be summarized as following: the literary 
interpretation of the Bible (and other Semitic books) is based on its composition. 
The Biblical and Semitic rhetoric can be viewed as the study of multiple forms 
of parallelism and other Semitic methods of composition, its aim being to better 
discern the structure of literary texts and lead to a better understanding of their 
message.1

 The origins of the knowledge of biblical and Semitic rhetoric go back 
formally to the mid-18th century with the Reverend Robert Lowth, future bishop 
of Oxford and London, with the publication of his thirty-four Lectures on the 
Sacred Poetry of the Hebrews, as he gave them at Oxford between 1741 and 
1751, came to be recognized as the father of the ‘poetical’ analysis of the Bible.2

He considered himself as the heir of a Jewish tradition of biblical analysis dating 
back to the first century BC. A few years earlier, a German exegete, Johann-
Albrecht Bengel, had discovered the existence of concentric constructions and 
had noted their importance.3 Considered as the founders of the biblical and 
Semitic rhetoric, John Jebb4 and Thomas Boys5 discovered this kind of 
concentric construction and proposed a first system of description used by the 
Hebrew writers. And unlike Lowth who has only analysed the texts of the Old 
Testament (Hebrew Bible), they show that this type of construction is found in 
both the old and new testaments. So they are the first to describe a rhetoric that 

1 R. MEYNET, Traité de rhétorique biblique, RhSem 4, Paris 2007; Italian transl., Trattato di 
retorica biblica, ReBib 10, Bologna 2008; English ed., Treatise on Biblical Rhetoric, International 
Studies in the History of Rhetoric 3, Leyden 2012. 

2 R. LOWTH, De sacra poesi Hebraeorum praelectiones academicae Oxonii habitae, Oxford, 
1753.

3 J.-A. BENGEL, Gnomon Novi Testamenti, Tubingen 1742. 
4 J. JEBB, Sacred Literature comprising a review of the principles of composition laid down by 

the late Robert Lowth, Lord Bishop of London in his Praelectiones and Isaiah: and an application 
of the principles so reviewed, to the illustration of the New Testament in a series of critical 
observations on the style and structure of that sacred volume, London 1820. 

5 T. BOYS, Tactica sacra, London 1820; ID., A Key to the Book of Psalms, London 1825. 
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is not only Hebrew but biblical, as present in the old as much as in the New 
Testament. Forbes had also contributed to the development of this method.6

 Gradually overshadowed by the historical-critical analysis, biblical and 
Semitic rhetoric re-emerged in the twentieth century with the work of Lund7 and
then that of Galbiati8 and Vanhoye.9 In particular, Galbiati and Vanhoye were 
the first to study the composition of an entire book. More recently, R. Meynet10

contributed to a better formalization of the biblical rhetoric by offering a 
rigorous theoretical framework and a clear distinction of different levels of 
organization of texts. Today, several other authors11 work use the biblical and 
Semitic rhetoric to analyse biblical books. We give below a presentation of the 
levels now used in the biblical and Semitic rhetoric and the various kinds of 
symmetries. 

LEVELS OF COMPOSITION12

The «inferior» (non-autonomous) levels  

Apart from the first and second (Term and Member), the units of inferior 
levels are formed of one, two or three units of the preceding level. 

TERM  he term usually corresponds to a lexeme, or word that belongs 
to the lexicon – noun, adjective, verb, adverb. 

MEMBER the member is a syntagma, or group of «terms» linked closely 
together syntactically. The «member» is the minimal rhetorical 
unit. Sometimes the member can include only one term (the 
original Greek term is «stich»).  

SEGMENT the segment counts one, two or three members, and there are 
unimember segments (the Greek terms is «monostich»), 
bimember segments (or «distichs») and trimember segments (or 
«tristichs»). 

PIECE the piece counts one, two or three segments. 

PART the part counts one, two or three pieces. 

6 J. FORBES, Symmetrical Structure of Scripture: or the principles of Scripture parallelism 
exemplified, in an analysis of the Decalogue, the Sermon on the Mount, and other passages of the 
sacred volume, Edinburgh 1854. 

7 N.W. LUND, Chiasmus in the New Testament. A Study in Formgeschichte, Chapel Hill, 1942. 
8 E. GALBIATI, La struttura letteraria dell’Esodo, Rome 1956. 
9 A. VANHOYE, La structure littéraire de l’Épître aux Hébreux, Tournai 1963. 
10 R. MEYNET, L’Analyse rhétorique, Initiations, Paris 1989; Italian transl., L’analisi retorica,

BiBi(B) 8, Brescia 1992; English ed., Rhetorical Analysis. An Introduction to Biblical Rhetoric,
JSOT.S 256, Sheffield 1998; Treatise on Biblical Rhetoric (see n. 1). 

11 See the volumes published in the series «Rhétorique biblique», «Rhétorique sémitique», 
«Retorica biblica» and «Rhetorica Semitica»: www.retoricabiblicaesemitica.org > Our publica-
tions > Specialized series. 

12 See www.retoricabiblicaesemitica.org > Terminology. 
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The «superior» (or autonomous) levels  

They are all formed of either one or several units from the previous level. 

PASSAGE the passage – the equivalent of the exegetes’ «pericope» – is 
formed of one or several parts.

SEQUENCE the sequence is formed of one or more passages. 

SECTION the section is formed of one or more sequences. 

BOOK finally, the book is formed of one or more sections. 

 Sometimes it is necessary to use intermediary levels such as the «sub-part», 
«sub-sequence» and «sub-section»; these intermediary units have the same 
definition as the part, sequence and section. 

SIDE the side is the part of text which precedes and/or follows the 
center of a construction; if the center is composed of two parts 
the side corresponds to each of the two halves of the 
construction. 

TERMS SIGNIFYING THE RELATIONS BETWEEN SYMMETRICAL UNITS

Total symmetries 

PARALLEL
CONSTRUCTION figure of composition where the elements in paired relations are 

arranged in a parallel manner: A B C D E | A’B’C’D’E’.  
  When two parallel units frame a unique element, we talk about 

parallelism to indicate the symmetry between these two units but 
the whole (the superior unit) will be considered as a concentric 
construction: A | x | A’.  

  «Parallel construction» can also be described as «parallelism» 
(which is the opposite of «concentrism»). 

CONCENTRIC
CONSTRUCTION figure of composition where the symmetric units are arranged in a 

concentric manner: A B C D E | x | E’D’C’B’A’, around a central 
element (which can be a unit of any level of textual organization).  

  «Concentric construction» can also be described as 
«concentrism» (which is opposite to «parallelism»). 

MIRROR
CONSTRUCTION figure of composition similar to concentric construction, but 

without the central element:  
  A B C D E | E’D’C’B’A’.  
 When the construction only has four units, we also speak about 

«chiasmus»: A B | B’A’. 
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Partial symmetries 

INITIAL TERMS identical or similar terms or syntagmas which mark the 
beginning of symmetrical textual units; anaphora in classical 
rhetoric.

FINAL TERMS identical or similar terms or syntagmas which mark the end 
of symmetrical textual units; epiphora in classical rhetoric. 

OUTER TERMS identical or similar terms or syntagmas which mark the outer 
parts of a textual unit; «inclusio» in traditional exegesis 

MEDIAN TERMS identical or similar terms or syntagmas which mark the end 
of a textual unit and the beginning of the unit which is 
symmetrical to it; «link word» in traditional exegesis. 

CENTRAL TERMS identical or similar terms which mark the centers of two 
symmetrical textual units. 

 Someone can ask the reason of such a use of symmetries and figures. The 
answer is quite simple. When they wrote the Scriptures, the writers hadn’t actual 
techniques to emphasize ideas: bold or italic characters, underlined or high-
lighted words, etc. So symmetries emphasis of ideas generally at the center of a 
symmetry. A beautiful image for concentric construction is the seven-branched 
candlestick (menorah), more precisely a candlestick with 6 branches and one 
«trunk» in the center. The key- idea (to emphasize) can be compared to the 
central trunk of the candlestick: if a branch breaks, the candelabra stands, but if 
the trunk breaks, then the candlestick falls. 

2. SCIENCE, BIBLE, SEMITIC AND BIBLICAL RHETORIC, AND FRACTAL

NUMERICAL ANALYSIS OF BIBLE

 Many mathematical studies of the Bible have been realized in the past and 
recently. Statistical and numerical analysis of biblical books is mainly based on 
the search of occurrences of particular words13 and/or sometimes on quantity of 
information. However, numerical analysis of occurrence of words is a 
controversial subject, because the searched word or group of words is most of 
the time inspired by preconceived ideas. Particularly, in the last decades, 
numerous books about existing secret numerical codes in the Bible have been 
proposed with some public success;14 but often these analyses contain technical 
failures and errors.15

13 See for example I. PANIN, The New Testament from the Greek Text as Established by Bible 
Numerics, New Haven CT 1914. 

14 See for example M. DROSNIN, The Bible Code, New York 1997. 
15 D. BAR-HILLEL – D. BAR-NATAN – G. KALAI – B. MCKAY, «Solving the Bible Code 

Puzzle», Statistical Sciences 14 (1999) 150-173.  
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 First of all, we have to assert that we do not search for any secret code or 
message in the biblical books. Without considering the inspired (or not) chara-
cter of the Bible, we do not think that there are any secret codes in the Bible. Our 
works have no mystical or secret meaning and are mainly based on simple 
statistical approach. 

WHAT IS FRACTAL?

 A fractal has been defined as «a rough or fragmented geometric shape that can 
be split into parts, each of which is (at least approximately) a reduced-size copy 
of the whole»,16 a property called self-similarity. Roots of the idea of fractals go 
back to the 17th century, while mathematically rigorous treatment of fractals can 
be traced back to functions studied by Karl Weierstrass, Georg Cantor and Felix 
Hausdorff17 a century later in studying functions that were continuous but not 
differentiable; however, the term fractal was coined by Benoît Mandelbrot in 
1975 and was derived from the Latin fr ctus meaning «broken» or «fractured». 
While fractals are a mathematical construct, they are found in nature, and human 
activities. They are present and useful in medicine, soil mechanics, seismology, 
technical analysis, architecture or biology. Natural objects that are approximated 
by fractals to a degree include clouds, mountain ranges, lightning bolts, coast-
lines, snowflakes, various vegetables (fern, cauliflower and broccoli for 
examples).18 The mathematical properties of a fractal (in the field of geometry) 
can be summarized as follows. A fractal often has the following features19:
– it has a fine structure at arbitrarily small scales. 
– it is too irregular to be easily described in traditional Euclidean geometric 
language.
– it has the property of self-similarity (at least approximately or stochastically) 
or self-affinity. 
– it has a Hausdorff dimension which is greater than its topological dimension 
– it has a simple and recursive definition. 
 So at whatever the level of precision (the scale) one can see a fractal, there are 
always the same structures. Two examples are given in the following figures. 
Figure 1 is a mathematical (and theoretical) fractal called the Mandelbrot set; on 
figure 2 with several zooms we can see the same structure at finest scales. Figure 
3 shows a fractal model of an object from nature (a fern). 

16 B. MANDELBROT, The Fractal Geometry of Nature, San Francisco 1982. 
17 see http://www.wikipedia.org/ 
18 see http://www.wikipedia.org/  
19 K. FALCONER, Fractal Geometry: Mathematical Foundations and Applications, New York

2003; B. MANDELBROT, «Fractal geometry: what is it, and what does it do?», Proc. R.. Soc. of 
London, A 423 (1989) 3-16. 
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Figure 1: The Mandelbrot Set (credits: Wikipedia, Wolfgang Beyer). 

Figure 2: successive zooms more and more fine from left to right (pinked 
squares) on the Mandelbrot set show that the same structure appears (credits: 
Wikipedia, Ishaan Gulrajani). 
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Figure 3: mathematical model of a fern leaf. Each part of the leaf has the same 
structure as the leaf it-self (credits: Wikipedia, António Miguel de Campos). 

Fractals are now widely used for the 
modelization of several phenomenon 
and are a powerful tool for objects 
called in mathematics «monsters» or 
«pathological».19 «Monster» or «patho-
logical» objects are objects which can’t 
be described from Euclidean geometry. 
 But how can the Bible be described 
as a mathematical «pathological» ob-
ject? The Bible can be considered as a 
fractal object by considering its internal 
structure through biblical and semitic 
rhetoric.

BIBLE LINKED TO FRACTAL (AND INVERSELY)

 Before talking about the link between Bible and fractals, let’s talk about 
fractal and literature with a global point of view. A first note is that comparing to 
other fields of application using fractal (biology, economy, computer sciences...) 
few works have been done in literature.20 As for the works on mathematical 
studies on Bible, most have been done on the search of occurrence of some 
particular words or on the position of these words in the text. The main works 
are based on the study of the Zipf’s law.21 Zipf established a mathematical law 
between the frequency of occurrence of a word and its rank of occurrence. More 
precisely, it is a power law, considered as a fractal power law. The law can be 
considered as fractal because if we consider the rank as a level and this law as 
the shape, whatever the chosen level, the shape is always the same. This 
approach is today the most used in the works on the link between fractals and 
literature. For example, Gonçalves and Gonçalves22 used the works of Zipf to 
compute a numerical ratio. This ratio characterizes the literature by discrimi-
nating works of different genres and writers. So this numerical value acts as a 
distinct signature fort each writer. Bhan et al23 gave several examples to show 

20 M. FRAME – B. MANDELBROT – N. NEGER, Fractal Geometry, Yale University; see 
http://classes.yale.edu/fractals/ 

21 G.K. ZIPF, Human Behavior and the Principle of Least Effort, Cambridge MA 1949. 
22 L.L. GONÇALVES – L.B. GONÇALVES, «Fractal power law in literary English», Physica A 

360 (2006) 557-575. 
23 J. BHAN – S. KIM – J. KIM B –Y. KWON – S-I YANG – K. LEE, «Long-range correlations in 

Korean literary corpora», Chaos, Solitons & Fractals 29 (2006) 69-81. 
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that, whatever the used language (in their examples, the same books both in 
English and Korean) this king of numerical estimation mainly based on Zipf’s 
law belongs to the same numerical interval. In order to compute the values, they 
considered (and transformed) the text as a numerical time series. More recently, 
two linguists24 proposed to use these kind of power laws to provides a quantita-
tive evaluation of literature (in their case, the so-called «writer’s creativity») in 
addition to qualitative critic’s taste, considered as subjective. They proposed to 
use these numerical evaluations because they are based on the text’s intrinsic 
characteristics.  
 These works are interesting for a better quantitative characterization of litera-
ture, but they only take account of the statistical frequency of the words; spatial 
organization of words, rhetorical figures, synonyms, antonyms, etymology, 
lexical field, images, intertextuality, etc., are not taken into account in this kind 
of approach (note in the literary field, rhetoric takes account and rely on of all 
these aspects). And even if this information is qualitative, they do influence the 
style of the writer and his aims, and they are well-known characteristics (we can 
say «parameters») in order to analyse texts. Last but not least, it is difficult to see 
the link between fractal and books only by using Zipf’s law. Zipf’s law is 
considered as fractal power law, formalizing frequencies of words in a text or a 
book, but it is difficult to see how books are fractal and thus, how books are 
«monster» or «pathological» objects without taking into account the spatial, 
structural, rhetorical organization. This can be due to the fact that the underlying 
idea of the use of Zipf’s law is that writers use a fractal power law almost 
unconsciously: they don’t realize by writing their text that they «obey» to this 
law. If they act unconsciously the «fractality» of literature is not clearly visible 
with naked eye. To put it in a nutshell, it is difficult to see how books are fractal 
without taking account of the rhetorical and/or literary structures of these books. 
 Thus no work (as far as we know) has been done on the literary structure of 
the books and the fractal structures, perhaps because it is difficult to find (or to 
create) links between research and works on literary structure of books and 
research and works on fractals (scientist of the two fields are not specially used 
to working together). 
 Now let us give two amazing notes about Mandelbrot, the fractals and the 
Bible (these two notes don’t give direct links between fractals and the Bible). 
First, Mandelbrot said that his preliminary works on linguistic (particularly the 
generalization of Zipf’s law)25 was for him like a precursor before the study of 

24 L. HAIYAN – Y. XIAOHU, «Quantifying the vicissitude of Fitzgerald’s creativity: a statistical 
analysis based on lexical measures», Information Technology and Artificial Intelligence Confe-
rence (ITAIC), 2011 6th IEEE Joint International, Chongqing 2011, 123-127. 

25 L. BRILLOUIN, Science and Information Theory, New York 1956; B. MANDELBROT, Logique,
Langage et théorie de l’information, Paris 1955, 1-80. 
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fractal geometry.26 Secondly, it is amazing to see that Mandelbrot quotes twice 
verses of the Bible in an article where he explained the fractals.27

 About the fractal organization of the Bible, one can find some articles on the 
web asserting that the Bible is fractal.28 They report that the Bible is fractal 
either in the developed concepts or in the literary organization (paragraph, deve-
loped themes). However most of these presentations do not have a scientific 
approach: the authors «feel» (often guided by their religious ideology) that there 
is a fractal structure, attempt to give an example more or less clear, and conclude 
from this example that the Bible is fractal. This is not really scientific because it 
does not rely on a scientific demonstration or on numerical results that support 
these claims. The main problem is that the authors of these articles do not rely 
on an organizational structure of the biblical texts (or the proposed organization 
is very partial). 
 How does the biblical and Semitic rhetoric show that biblical texts have a 
fractal structure? 
 The answer is quite natural, knowing both biblical and Semitic rhetoric and 
fractals. Biblical and Semitic rhetoric provides various levels of organization of 
the biblical texts from bigger (superior or autonomous levels) levels to smaller 
(inferior or non-autonomous levels) levels: book, section, sequence, passage, 
part, piece, segment, member, term (see section I). Except for some members 
and some terms, one can find the same structures (called in section I symme-
tries) in all of these levels from bigger to smaller. Obviously a «reduced-size 
copy of the whole» (that is to say the self-similarity or the self-affinity) is not 
here a reduced-size copy of the book itself, but a reduced-size copy of the 
symmetries presents at the bigger levels.  
 And the reduced size must be understood as a change to smaller levels. 
 The fractal model based on the biblical and Semitic rhetoric is presented in 
figure 4. 
 The approach to show that a real-world object is fractal29 is mainly composed 
of two steps: 
– finding a power law (also called fractal power law) between the internal 
structures (at various scales) of the object 
– showing a similarity (at least on one example) between the internal structures 
of the object. 

26 B. MANDELBROT, «Comment j’ai découvert les fractales», La recherche 175 (1986) 420-
424.

27 B. MANDELBROT, «Fractal geometry: what is it, and what does it do?». 
28 See for instance:  
 http://www.angelfire.com/sc3/fracttyp/docs/fractal.html;  
 http://israelseen.com/2010/04/26/the-fractal-pattern-of-the-torah-bible/ 
 http://librarytiwestport.wordpress.com/2011/09/11/my-fractals-theory-of-the-bible 
29 Actually, a theoretical fractal object has an infinite number of scales. A real-word fractal 

(having a finite number of scales) can be considered as an approximation of a mathematical fractal 
object.
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 Let us see the first step. To find a power law between the internal structures 
requires to quantify the internal structures of the object. In our case, the object is 
the Bible (more precisely the books of the Bible), the internal structures of the 
object are the symmetrical units, and the various scales are the levels. The 
quantifying of the units can be made using the size and the number of units. The 
power law will be established from the relationship between the size and the 
number of units. Concretely, finding a power law is to make a logarithmic 
graphic (in 2 dimension) between two values of the internal structures; if the 
points of this graphic are aligned (or the general tendency seems to be linear), 
then the power law is established. So we use the size and the number of units to 
make the logarithm/logarithm plot. 
 Let us take two examples taken from two different books of the Bible, one 
from the Old Testament, the Book of the Prophet Amos (section B), and one 
from the New Testament, the Gospel of Luke (section C).  
 For one section of each of the two books, a logarithmic/logarithmic plot of 
one section has been made with the mean size of the rhetorical structures and 
with the number of the rhetorical structures. The results are presented in figure 5 
and the fitting of the points shows that the points in the plots are clearly aligned. 
 The linear property of the two figures implies the presence of a power law and 
taking other sections of these books will provide the same results. If we call N
the number of a unit and S the size of this unit, according to the figure 4 and 5 
we can see the power law formalized by the following equation 1: 

N  A. S - (1)

where A is a constant amplitude and  an exponent which should be character-
ristics of a given biblical book (the symbol  means is proportional or is close 
to).
 Let us now see the second step: showing a similarity (at least on one example) 
between the internal structures of the object. 
 On the figure 6 and 8, the symmetrical structures are detailed with their topics 
and references (chapters and verses). For reason of size, only 4 levels are presen-
ted : 3 superior levels (section, sequence and passage) and 1 inferior level (part). 
In the figure 6, for the Gospel of Luke, we can see that a parallel structure with a 
central part is present in all the presented levels (note that the number of parallel 
parts varies in function of the level). Similarly, in the figure 7, for the Book of 
Amos, a concentric construction is present in all the presented (here again, the 
number of symmetrical parts varies in function of the level). 
 So we can conclude, according to the biblical and Semitic rhetoric, the Bible 
is fractal. Of course, as pointed above, fractals in the real world cover only finite 
ranges of sizes. The sizes (or level) of units of the Bible ranged between 0 and 8, 
which qualified the Bible as fractal in a practical sense, though not in a rigo-
rously mathematical sense. 
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Figure 4: Model of self-similar structures from the biblical and Semitic rhetoric. 

Figure 5: The logarithmic/logarithmic plot of the section C of the Book of Luke 
and the section B of the book of Amos. The X-axis is the log/log plot of the 
number of the rhetorical structures and Y-axis is the log/log plot of the mean 
size of the rhetorical structures. The points are clearly aligned. 
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3. NUMERICAL ESTIMATION OF FRACTAL DIMENSION OF THE SECTIONS 
OF THE BOOKS OF LUKE AND AMOS

THE USED BIBLICAL TEXTS

 The used texts of Luke and Amos are respectively the Greek text of Luke 
from Nestle-Aland, Novum Testamentum,1 and the Hebrew text of Amos from 
Biblia Hebraica Stuttgartensia.2 Sizes and numbers of every level were counted 
manually. The unit of measure of the size of all levels are the member; so sizes 
were computed for sections, sequenced, passages, parts, parts, pieces and 
segments. Examples of size of levels for the section A and section B of Luke are 
given in table 1 and show that each section has its own dimensions for its level. 

Table 1: Examples of size (the unit of size is the number of members) of levels 
for two sections (section A and section B) of Luke. The size is the averaged size 
for each level of each section. 

Section A Section B 

Sequence 61,875 133,75 

Passage 18,33 26,75 

Part 6,875 7,43 

Piece 3,64 3,81 

Segment 2,01 2,06 

 The same dimensions were computed for the Book of Amos and also show 
that size of each level varies in function of the section. 

METHOD FOR THE CALCULUS OF FRACTAL DIMENSION

 Until now, we talk about fractal object but this notion remains quite «qualita-
tive». We have computed logarithm plots in order to show the fractality but it is 
obvious that all fractals have not the same properties. In order to quantify this 
fractality and then, make comparison, we need numerical estimation of the 
notion of fractal. Fractal dimension provides a numerical value in order to 
characterise fractal objects. 
 Fractal dimension can be defined as a numerical value which «attempts to 
quantify a subjective feeling we have about how densely the fractal occupies 
themetric space in which it lies».3 This definition is very interesting because it 
outlines two opposite elements. Besides fractal dimension, try to translate into 
numerical estimation (i.e., an objective value) a feeling (i.e., a subjective value) 

1 NESTLE-ALAND, Novum Testamentum graece, Stuttgart 199327.
2 Biblia Hebraica Stuttgartensia, Stuttgart 1984. 
3 M. BARNSLEY, Fractals Everywhere, Boston 19932.
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about fractal object. This paradoxical situation can explain the various mathema-
tical sub-definitions and numerical estimations of the fractal dimension. 
 A completely rigorous definition of dimension was given in 1919 by 
Hausdorff,4 but it is a definition that does not lend itself to numerical estima-
tion.5 «Much interest in the past decade has focused on numerical estimates of 
dimension, and it is natural to consider more operational definitions of dimen-
sion, i.e., those that can be more readily translated into algorithms for estimating 
dimension from a finite sample of points»6. We will not linger about the 
definition but we will only give two used definitions. 
 The first definition is given in equation 2: 

Dh
1
= ln(N)/ln(1/h) (2)

where N is the number of structures for a given level, and h is the homothety. 
The homothety is the quotient of the size of a structure on the size of the similar 
structure at the previous (bigger) level. This definition is only usable if the 
number N and the homothety h are constant. It is not suitable in our case because 
the number of units (structures) and their sizes usually vary. 
 A second definition is given in this statement: the fractal dimension is the 
solution d of the following equation 3: 

k=1,...,M hk

d =1 (3) 

where hk is the homothety at the level k (hk = (size of unit of level k ) / (size of 
unit of level k-1) ) and M is the total number of levels. This definition is suitable 
for our case because we can easily have each homothety of each level and we 
know the number of level. This equation 3 is also called the Moran equation.7

We will just note that there are other fractal definitions and numerical methods, 
for instance, the box-counting, but we will no longer develop this notion because 
the definition from equation 3 is suitable for our application. 

EXPERIMENTAL RESULTS

 Tests were made on all the sequence of each section of Luke and Amos, 
respectively. 5 levels are taken into account for the calculation of the fractal 
dimension: the section, the sequence, the passage, the part and the piece and the 
segment. All the structures at every level are measured in number of members. 
More precisely, for a given section, a dimension 1 is computed using Section 

4 F. HAUSDORFF, «Dimension und ausseres Mass», Math. Annalen 79 (1919) 157. 
5 J. THEILER, «Estimating fractal dimension», J. of Optical Society of America, A, 7 n°6 (June 

1990) 1055-1073 
6 J. THEILER, «Estimating fractal dimension». 
7 M. BARNSLEY, Fractals Everywhere, San Diego 1993; M. FRAME – B. MANDELBROT – 

N. NEGER, Fractal Geometry.
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homothety Sequence 1  homothety Passage of the sequence 1  homothety 
Part f the sequence 1 ... homothety Segment of the sequence 1; a dimension 2 
is computed using Section  homothety Sequence 2  homothety Passage of 
the sequence 2  ... homothety Segment of the Sequence 2 ; a dimension j is 
computed using Section  homothety Sequence j  ... homothety segment of 
the sequence j, etc.
 If there are Nb sequences in a section, we compute Nb fractal dimensions and 
then compute the mean of the fractal dimensions.  
The Moran equation becomes the equation 4: 

(size of sequence/size of section)d + (size of passage/size of sequence)d

+ (size of of part/ size of passage)d + (size of piece/ size of part)d

 + (size of segment/size of piece)d = 1 (4) 

 Where d is the fractal dimension. Then, for each section, the mean of fractal 
dimensions of this section is computed and is considered as a fractal dimension 
(see table 2 and 3). Last but not least, for each of the two books, the mean of 
fractal dimensions of sections is computed and is considered as the fractal 
dimension of the book (see table 4). The results are given in table 2 for Luke and 
table 3 for Amos and table 4 provides the mean of fractal dimensions of sections 
for each book. 

Table 2: Fractal dimensions of each sequence of each section of the book of 
Luke. Fractal dimension of the section is the mean of fractal dimensions of 
sequences. Standard deviation is also computed for each section. 

 Section A Section B Section D Section D 
Sequence 1 1,0828 1,0921 1,4479 1,5476 
Sequence 2 1,6722 1,8307 1,2837 1,5663 
Sequence 3 1,3804 1,7402 1,4071 1,7813 
Sequence 4 1,9960 1,5467 1,3930 1,7521 
Sequence 5 1,9715 1,5130 1,3471  
Sequence 6 1,6001 1,5540 1,5106 
Sequence 7 1,6962 1,3353 1,3686 
Sequence 8 2,1604 1,5684 1,5073 
     
Mean of sequences 1,6949 1,5225 1,4082 1,6618 
Standard deviation 0,3292 0,2140 0,0732 0,1056 
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Table 3: Fractal dimensions of each sequence of each section of the Book of 
Amos. Fractal dimension of the section is the mean of fractal dimensions of 
sequences. Standard deviation is also computed for each section. 

 Section A Section B Section C 
Sequence 1 1,9331 1,5253 1,3646 
Sequence 2 2,1042 1,9564 1,7260 
Sequence 3 1,8511 1,7766 1,8215 
Sequence 4  1,8388 1,8417 
Sequence 5 1,4500 1,3028 
Sequence 6 2,9832  
Sequence 7 2,5535 
    

Mean of sequences 1,9628 2,0120 1,6113 
Standard deviation 0,1054 0,5179 0,2309 

Table 4: Mean of fractal dimensions of all sections for the Books of Luke and 
Amos. Mean of standard deviation is also given. 

 Book of Luke Book of Amos 
Mean of fractal dimensions of sections 1,5883 1,8620 
Standard deviation 0,2467 0,4226 

 A preliminary observation (in table 2, 3 or 4) is to see that all the standard 
deviations of fractal dimensions are order of 10-1 whereas the values of fractal 
dimensions are order of 1, so the ratio (standard deviation of fractal dimension) / 
(value of fractal dimensions) is approximately 10-1, which implies that the data 
are very homogeneous within a book. 
 In table 4, a first observation shows that, as expected, the fractal dimension 
(mean of fractal dimensions more precisely) of each book seems to be 
characteristic. The Book of Amos has a fractal dimension (1.8620) quite diffe-
rent from the one of the Gospel of Luke (1.5883). Thus the fractal dimension 
characterizes each of the two books. 
 It is interesting to note that the fractal dimension of Luke is smaller than the 
one of Amos. All the sections of Luke are more developed than those of the 
Book of Amos. This can be viewed with the size of the two Books: 575 mem-
bers for the book of Amos, 3918 members for the Book of Luke. The Book of 
Luke is almost 7 times longer than the Book of Amos. Thus it seems that the 
more the section is developed, the smaller is the fractal dimension. This is 
confirmed by the observations within the Book of Luke. Besides, the fractal 
dimensions are different for the 4 sections. The section with the lower fractal 
dimension is the section C (1.4082). And this section C is the longest section of 
the four sections (1779 members) and the most developed of these sections. So 
the fractal dimension decreases when the size of the section increases. This fact 
can be explained by the method of computation of the fractal dimension: 
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besides, the resolution of the Moran equation (equations 3 and 4) and the fact 
that the homotheties are all smaller than 1 explain why the more the section is 
developed, the smaller the fractal dimension is. 
 In the table 2, we can also see that each section of the Book of Luke has its 
own fractal dimension from 1.4082 to 1.6949. Another observation is that the 
fractal dimensions of section A and section D are very close: 1.649 for the 
section A and 1.6618 for the section D. This similarity is very interesting 
because it concurs with a rhetorical fact: section A and section D are symme-
trical in the structure of the Book of Luke. Actually, the similarity of fractal 
dimension of the sections A and D implies that, in addition to the rhetorical 
similitude – similarity at the level of literary topics (see figure 6) –, there is also 
a similarity in the internal arrangement and the proportions of the units at 
various levels. This similarity of fractal dimension is remarkable because the 
two sections do not have the same numbers of sequences: 8 sequences for 
section A and 4 sequences for the section D. However, we ought to note that the 
8 sequences of the section A can be gathered together in 4 subsections, each 
composed of 2 sequences as we can see in table 5. And these 4 subsections of 
the section A have similar sizes as the 4 sequences of the section D. This can 
explain the similarity between the fractal dimensions of section A and section D. 

Table 5: Sizes of the subsections of the section A and sizes of the sequences of 
section D of the Book of Luke (the unit of size is the number of members) 
A1,.A8 design the sequences of section A grouping in subsection, and D1,.D4 
are the sequences of section D. 

Subsections of Section A Sequences of Section D 
A1–A2:  145 
A3–A4:  126 
A5–A6:  106 
A7–A8:  118 

D1:   175 
D2:   131 
D3:   100 
D4:   168 

Total:   495 Total:  574 

 This is an interesting observation from this study. It shows that the author of 
the Book of Luke has not only made similarities at the level of rhetoric (or rather 
at the literary level) but also at the level of the proportions of the structures. 
 On the other hand, in table 3, showing the values of fractal dimension of the 
Book of Amos, it is difficult to see the symmetry between section A and section 
C, according to the fractal dimensions of these two sections. We can only 
conclude that the values of the fractal dimensions of the 3 sections of the Book 
of Amos are quite close to 2, showing that this Book is more compact than the 
Book of Luke. 
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4. DISCUSSIONS AND PERSPECTIVES

 This study on the fractal dimension of the biblical Scriptures has been made in 
a way as rigorous and systematic as possible. However, we have to add that it is 
limited as it only concerns two of the seventy-three Books of the (Catholic) 
Bible: the Gospel of Luke and the Book of the prophet Amos. Apart from these 
two Books, literary analysis based on the rules of biblical rhetoric has been made 
on some of the other Books – the letter of James, the first letter of John, the letter 
to the Galatians – but they have not been taking into account in this study which 
is only a first step. 
 The study has clearly shown the fractal structure of the two Books. However, 
one can object that the fractal structures are not directly the ones of the Books, 
but the results of the biblical and semitic rhetoric which has been applied to 
these two Books. There is no doubt about this last note. The mathematical 
analysis of this study does not prove the validity and the relevance of the biblical 
and semitic rhetoric. Actually the mathematical (fractal) analyses totally rely on 
the results of the biblical rhetoric. This biblical and semitic rhetoric is not based 
on mathematical concepts but depends on literary and linguistic analysis. In 
order to validate this rhetoric analysis, it is necessary to apply other criteria.8

However, this fact concerning the structures of the biblical books provided by 
the biblical rhetoric and the fractal geometry is similar to all cases of real-life 
objects considered as fractal. For instance, the fractal structure of the fern is not 
the direct application of fractal geometry, but the result of observations and 
analysis of experts from botany. 
 The fractal structures have been discovered using biblical and semitic rheto-
ric, independently of the works from fractal geometry. We can say we didn’t try 
to «put the Bible in the fractal’s cake tin»: the main interest of this article is not 
the presentation of a new theoretical concept or a new analytic method, but the 
matching, the linking of research fields (biblical rhetoric and fractal geometry) 
which are totally different. As has been said above, most scientific studies 
linking literary works and fractals are based on Zipf’s law: words are considered 
as pattern and the main task is to search their frequencies of appearance in a text. 
It is interesting but this approach does not take account of the organisation of 
these words, of their senses, of their possible opposition, to put it in a nutshell, of 
the literary and rhetorical ingenuity and art of the author. Indeed, the studies 
based on Zipf’s law lead to the use of a power law, and not directly to a fractal 
structure. It is the first time, as far as we know, that a fractal structures are 
detected by relying on the biblical and semitic rhetoric which takes into account 
the organisation of the words, the clauses, the sentences, and the units which 
exceed the level of sentence. 

8 See in these proceedings, R. MEYNET, «Sur les lois de la rhétorique biblique» («about the 
rules of biblical rhetoric»), particularly «Fréquence et prédictibilité» («Frequency and predicta-
bility»), p. 363, and note 49. 
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 The description of fractal properties of Luke and Amos can be interpreted as a 
formalisation, in a mathematical framework, of what the biblical rhetorical 
analysis has highlighted using its own procedures.  
 As far as we know, it is the first time in the literary that a rhetorical approach 
(biblical and semitic rhetoric) provides rules of structures which can be directly 
formalized by a mathematical approach (fractal geometry), particularly as these 
two methods belong to two fields (literature and mathematics) totally different 
and separate, and have been developed independently of one another. 
 Besides, it is interesting to note that the fractals are also present in other fields 
having no link with the biblical books. Thus the biblical fractal structure presen-
ted in this study is a particular case of a law of organisation already observed in 
botany, human biology, etc.  
 Fractal geometry has shown that phenomena which were considered as 
chaotic are not in reality, but they obey laws that classical geometry can’t take 
into account. More precisely, as Mandelbrot said, «Fractal geometry can be the 
study of geometric shapes that may seem chaotic, but are in fact perfectly 
orderly».9 The fuller name (given by Mandelbrot) for the «fractal geometry» is 
exactly the «fractal geometry of nature and chaos». Similarly, in the field of 
biblical exegesis, it was long thought, and some still believe, that most biblical 
books are «composites», written without a proper order, in other words, they are 
«chaotic». Indeed, this is what the Western reader feels in reading the synoptic 
Gospels and the Prophets. Rhetorical biblical analysis shows that, instead of that, 
if these books are analyzed according to the laws of the rhetoric in which they 
were composed, they are well organized: they are not composite, but rather 
composed. And the fractal structures discovered in the Bible, at the level of 
rhetoric, provide a framework that shows that biblical books seem composite but 
are really composed. 
 An open question remains, namely, were the biblical authors conscious of 
creating fractal structures when they were writing the Bible?
 The answer is not easy. In nature, trees, rivers have fractal structures but they 
are obviously not conscious of using this kind of law of organisation. In human 
creations and activities, fractals are also present. For example, in financial activi-
ties and in architecture (in various civilizations), one can easily find fractals. In 
financial activities, it is difficult to say that human beings are conscious of 
«making» fractals, for at least one reason: finances have several scales of analy-
sis, a lot of correlations, interactions and incidents, and fractals are the results of 
such correlations and interactions: no one can clearly know and lead all these 
actions at all the scales.  
 In architecture it is more subtle: can a pattern be repeated at several levels or 
at several scales without being the result of deliberate and voluntary intellectual 
actions of human beings? Moreover, architecture is the direct result of thoughts 

9 B. MANDELBROT, «Fractal geometry: what is it, and what does it do?».  
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and acts of human beings: a house, a building or a church is not the result of an 
accident or an earth-quake. 
 Concerning the biblical scriptures the question and the answer are trickier. 
First of all, unlike for classical (Greek and Latin) rhetoric (and also architecture), 
there is no treatise of Semitic rhetoric dating to the same age as the biblical 
Scriptures.
 Thus if, for texts of authors trained to classical rhetoric, it is possible to verify 
if and how they applied the rules of this rhetoric they have learned, it is not the 
case for biblical authors. 
 What is sure is that Semitic culture was also a culture based on orality and 
biblical writers were immersed and impregnated in this orality since their child-
hood. Poetry and songs influence children and adults and literary rules are 
integrated often unconsciously. 
 We can think that the biblical authors were mainly unconscious of the laws 
they applied, as we are mainly unconscious of the laws that we use when we 
talk: being children, we learned the phonology, morphology, syntax and vocabu-
lary of our mother tongue, without being conscious of that, and their use became 
as a «reflex». This is similar when we write: we obey rules that we have integra-
ted during learning, but these rules became reflexes and then are used uncons-
ciously. This is true especially for the inferior levels of our oral and written 
works. At superior levels, for instance for the plan or the organisation of an 
article, and more for the plan of a book, the degree of conscious is obviously 
much higher. We can imagine this is similar for the biblical writers, even if we 
have little information about the way they wrote. It seems that, before they put 
them in writing, their messages were orally worked at length. 
 Whatever the answer, the question is not essential. The modern hermeneutic 
has changed the point of view, from the author and his intention, to the text and 
its world. In addition, it is important to not confuse «intention» of the author and 
the «consciousness» that he can have. It is similar to a slip. When one notes to 
the author of his slip, he answers generally: «It is not what I wanted to say». 
And, it is exactly what he wanted to say, but he said it unconsciously. 
 The fractal dimensions are quite different in Luke and in Amos. But within 
each book, they are quite close from one section to another. So we can make the 
hypothesis that fractal dimension can provide a kind of signature (similarly to 
the works made with the Zipf’s law).10 According to the prologue of the book of 
Acts, its author is the same as of the Gospel of Luke. Once the rhetorical 
analysis of Acts will be made, the comparison of the fractal dimension of the 
two books will confirm, or deny, what the tradition says, that is to say the two 
books are assigned to the same author. Similarly, when the letters of Paul will be 
analysed with the procedures of the biblical and semitic rhetoric, it will be 

10 L.L GONÇALVES – L.B. GONÇALVES, «Fractal power law in literary English», Physica A 360
(2006) 557-575 
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interesting to compare the fractal dimension of the authentic letters of Paul and 
of the Deutero-Pauline ones, assigned to disciples and successors of Paul. 
 This fractal approach linked to the biblical and semitic rhetoric provides many 
promising prospects almost at the level of applications. Besides, it will be 
interesting to analyze all the books of the Bible. This is a very big work because 
it must be preceded by a systematic study of all these books using the biblical 
and semitic rhetoric. Other books will be analysed using fractal, as recent works 
and studies have shown that biblical and semitic rhetoric was used not only in 
the Bible, but also in the Coran,11 in ancient Egypt12 and even in Greek 
writings.13

 It seems that the French philosopher Pascal14 also used this rhetoric to write 
some of his books. All these studies form a colossal literary work made by 
humans and it may take decades. This leads us to another perspective: the auto-
matic detection of each symmetry and parallelism, at each level. This seems to 
be very ambitious and perhaps unrealistic (in terms of amount of data and know-
ledge) as biblical and semitic rhetorical uses human knowledge and literary 
approaches, as we said above. For the moment, software can analyze the finest 
level,15 but using latest techniques and concepts of computer sciences, as data 
mining, data warehouse, artificial intelligence, what seems tricky today can be 
easy in a few decades, maybe in a few years. 
 In 1825, almost two centuries ago, Thomas Boys, one of the two «disco-
verers» of the biblical rhetoric wrote, «I would not be understood as attempting 
to offer anything like a complete theory, or a perfect view: the subject is still in 

11 M. CUYPERS, «La rhétorique sémitique dans le Coran» («Semitic rhetoric in the Coran»),
XVIe Congress of the International Society for the History of Rhetoric (ISHR), Strasbourg 2007. 

12 M. CUYPERS, «Plainte de Ramsès II à Amon, et réponse d’Amon», («The complaint of 
Ramses II to Amon and the answer of Amon»), in R. MEYNET – J. ONISZCZUK, ed., Retorica 
Biblica e Semitica 2. Atti del secondo convegno RBS, ReBib 16, EDB, Bologna 2011, 215-231  

13 F. ROUSSEAU, «L’usage des constructions concentriques dans l’épopée archaïque grecque» 
(«The use of concentric constructions in the ancient Greek epic»), in R. MEYNET – J. ONISZCZUK,
ed., Retorica Biblica e Semitica 2. Atti del secondo convegno RBS, ReBib 16, EDB, Bologna 2011, 
233-254.

14 P. MAGNARD, Pascal. La clé du chiffre, Table ronde, Paris 2007; L. SUSINI, «Pour un Pascal 
juif. Ordre du cœur et rhétorique sémitique dans l’œuvre pascalienne» (see p. 317-345). 

15 There are some works in computer sciences for rhetorical analysis, but they are all designed 
for «classical» (western) rhetoric; see for instances: W. MANN – S. A. THOMPSON, «Rhetorical 
Structure Theory: A Theory of Text Organization», University of Southern California, Information 
Sciences Institute, 1987; M. HEARST, «TextTiling: Segmenting text into multiparagraph subtopic 
passages», Computational Linguistics, (1997) 33–64; J. REYNAR, Topic Segmentation: Algorithms 
and Applications. Ph.D thesis, University of Pennsylvania, 1998; A. LABADIE, Segmentation 
thématique de texte linéaire et non-supervisée: Détection active et passive des frontières théma-
tiques en Français, Ph.D. thesis, University of Montpellier II, 2008. 

As far as we know, the only automatic software designed for biblical and Semitic rhetoric 
works on occurrence of words and possible centers, at the level of terms and members (see 
http://lamia.univ-ag.fr/~sregis/Projet_Occurencesversion2beta/). 
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its infancy».16 This assertion of Thomas Boys can be exactly applied to what we 
wanted to do in this article about fractal structures and the biblical books. 

5 Conclusion 

 We have presented in this paper a first work showing that the biblical books 
of Luke and Amos have a fractal structure based on the biblical and semitic 
rhetoric. The main difference between the works on literature based on Zipf’s 
law and this study is that this study is not only based on the words in the texts 
but also on the literary works, made by humans to analyse the structure of the 
texts through biblical and semitic rhetoric. A scientific approach was used in 
order to show the fractal aspect of the sections of the Books of Luke and Amos. 
A numerical estimation of fractal dimension was made and has shown that 
fractal dimension helps to characterize each book and can be considered at least 
as a partial signature of authors. Finding fractal structure also helps to answer to 
the question of the organisation of the biblical books. Fractals show that biblical 
books are organised and why they seem to be chaotic. Further works will 
concern the fractal analysis of other books of the Bible already having an 
exhaustive rhetorical analysis (in the sense of biblical and semitic rhetoric), and 
in the long term, the fractal study of all the books of the Bible and other books 
with similar structures, which is a huge work.17
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ABSTRACT 

 A fractal is «a rough or fragmented geometric shape that can be split into parts, each 
of which is (at least approximately) a reduced-size copy of the whole» (see Mandelbrot, 
1992). These structures are characterized by the self-similarity: each part is similar to the 
whole object. Fractals are present everywhere in nature (ferns, trees, the human 
circulatory system, galaxies, etc.) and also in economy and culture. Scholarship and the 
concepts developed in biblical and semitic rhetoric offer some useful elements for 
quantifying the fractal dimension of biblical texts. Indeed, biblical texts are organized on 
various levels (from segments to sections) on which the same structural organization can 
be found, clearly reflecting the concept of fractal: parallel, specular or concentric 
structures. The systematic analysis presented in this paper focuses on the books of Luke 
and Amos, and demonstrates that these books are fractal, providing the fractal 
dimensions for these two books. 

Key-words: biblical and semitic rhetoric, fractal, fractal dimension, Amos and Luke 
(mathematical modelization of complex structures) 

16 T. BOYS, A Key to the Book of the Psalms, Seeley, London 1825, 4. 
17 The authors of this article would like to thank Prof. Jacques Laminie from French West 

Indies and Guyane University for his help and contributions to the numerical estimation of fractal 
dimension.
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RIASSUNTO 

 Un frattale è «una forma geometrica irregolare o frammentata che può essere divisa in 
parti, ognuna di queste essendo (almeno in modo approssimativo) una copia ridotta 
dell’insieme» (Mandelbrot). Queste strutture sono caratterizzate dall’autosimilarità: ai 
diversi livelli di organizzazione ogni parte è simile all’insieme. I frattali sono presenti 
dappertutto nella natura (felce, alberi, il sistema di circolazione sanguina, le galassie) ma 
anche in economia e altri campi della cultura. Le leggi della retorica biblica e semitica 
(RBS) offrono degli elementi utili per quantificare la dimensione frattale dei testi biblici. 
Questi, infatti, sono organizzati a diversi livelli (dal segmento alla sezione e al libro nel 
suo insieme) in cui le stesse figure di composizione si ritrovano, in un modo tipico dei 
frattali: costruzioni parallele, speculari o concentriche. L’analisi sistematica offerta in 
quest’articolo prende in esame il Vangelo di Luca e il libro di Amos; dimostra che questi 
due libri hanno una struttura frattale e calcola la loro dimensione frattale. 

Parole chiave: retorica biblica e semitica, frattale, dimensione frattale, Amos e Luke 
(modellizzazione matematica di strutture complesse) 


