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AssTrACT: The visual language of the paintings has undergone a theoretical and prag-
matic process, which is different than that of textual linguistics. In this paper we
propose a method of analysis based on semiotics to elucidate and compare the visu-
al response of six paintings of the pre-Columbian Maya Dresden Codex. The Venus
table was chosen because it presents a calendrical-astronomical message through a
visual language that makes its interpretation complex. We consider that the visual
semiotics of the Quebec School represented by Saint-Martin and Shannon’s entropic
comparison of the Venus table paintings may be applied to both classical and con-
temporary pictorial works to support the work of art historians.

Keyworbs: Dresden Codex; Saint-Martin’s visual language; Shannon entropy; semiot-
ics of paintings; calendrical-astronomical meaning.

Resumen: El lenguaje visual de las pinturas ha experimentado un proceso teérico y
pragmatico que es diferente al de la lingiiistica textual. En este trabajo se propone
un modo de andlisis basado en el enfoque semidtico para dilucidar y comparar la
respuesta visual de seis pinturas del cédice maya prehispanico de Dresde. Se eligi6o
la Tabla de Venus porque ésta presenta un mensaje calendarico-astronémico a tra-
vés de un lenguaje visual que hace mas compleja su interpretacion. Consideramos
que la semiodtica visual de la escuela de Québec representada por Saint-Martin y la
comparacion entrépica de Shannon de las pinturas de la Tabla de Venus se pueden
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aplicar tanto a obras pictéricas cldsicas como contemporaneas para que apoyen el
trabajo de los historiadores de arte.
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Use of Visual Semiotics to Analyze Images

In 1969, a group of intellectuals (including Barthes, Benveniste, Greimas, Jako-
bson, Lévi-Strauss, and Sebeok) adopted semiotics as the general term for the
study of systems of verbal and non-verbal signs (N6th, 1995). In practice, accord-
ing to Peirce, semiotics was often limited to the theory of non-linguistic signs
and signals. By contrast, according to Saussure, semiology referred to the study
of textual elements used in the linguistic tradition (Sonesson, 2016, Lecture 1: 4).
Semiotics —which is used to describe materials that transmit a visual language,
such as paintings or sculptures— has undergone a different theoretical and prag-
matic process than that of verbal linguistics. That is, given the lack of a theory of
grammar of visual language or a visual semiotics that allows for a preliminary level
of description of a work of art (Greimas, 1994), semiotics schools in Paris, Lund,
Prague, and Quebec have proposed a variety of modes of analysis (Sonesson, 2016).

The present study considers the tradition of the Quebec school, represented
by Fernande Saint-Martin (1990), which distinguishes, defines, and classifies the
basic aspects of visual language with the aim of understanding the way in which
elements of an artistic work are linked to each other and form an integral work
of art, through their spatial relations. The aim of this paper is to elucidate and
compare the visual response of six paintings of the pre-Columbian Maya Dresden
Codex (1983), called the Venus Table. This is done using a method that combines
an understanding of the complexity of the calendrical-astronomical message of
the paintings, the mathematical theory of communication, and the visual semiot-
ics applied to the visual arts.

The article is organized in several sections. Firstly, a calendrical description of
the Venus Table of the Dresden Codex is provided in order to present an inter-
pretation of the pre-Columbian message. Secondly, visual semiotics for paintings
according to Fernande Saint-Martin is discussed. Next, the plastic description of
the codex and its Venus Table is provided. Subsequently, Saint-Martin’s visual
semiotic method is applied to six paintings of the Venus Table, and their entropy
is evaluated (Saint-Martin, 1990). Finally, the results are presented, followed by
a discussion and final comments.
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Use of Communication Theory to Measure the Content of a Message

In 1948, Claude E. Shannon first proposed a mathematical theory to define fun-
damental limits of communication processing in order to study quantification,
storage, and communication of information. Subsequently, Shannon and Weaver
(1998) expanded the scope of this theory to address how the amount of infor-
mation from a source may be determined. They attempted to address this issue
by defining Shannon’s entropy as a measurement of how much information a
message produces. Classical entropy refers to the tendency of physical systems
to become increasingly less organized. It is a criterion for deciding whether or
not a given process between two states may occur and under what conditions.
For example, we observe that heat flows from hot bodies to cold ones, but we
never observe that this process occurs spontaneously in the opposite direction
(Garcia-Colin, 1972: 58). Shannon’s entropy quantifies the uncertainty of informa-
tion contained in a source and is calculated as indicated in equation 1 (Shannon
and Weaver, 1998: 23):

H' = — 3 pilog pi... (1)

Although this appears complicated, let us suppose a simple example of the
six paintings in the Venus Table of the Dresden Codex. There are six possible
messages. The probability that the messages of the paintings are the same or
different will depend on the proportion of the individual characteristics that are
compared. If one calculates, in this case, the numerical value of H (in bits) of each
Venus paintings, H would have its greatest value when the proportion of individual
characteristics is unlikely to resemble the characteristics of the other paintings or
messages. When it is very likely that no difference occurs among the messages,
that is all Venus paintings are equal, the value of H will be smaller. The entropy
value H allows us to compare different degrees of variety or singularity contained
in an object.

History of the Dresden Codex

The Dresden Codex —or Codex Dresdensis— is a manuscript on a 3.5 m long
foldout sheet of plant fiber paper of a species of Ficus, consisting of 39 pages that

! Where:
> is the sum of the terms,
pi is the proportion of characters or individuals that belong to the type of element i in the
sequence of interest in the database,
log is the logarithm of the number of options available,
(m* =y, it is said that x is the logarithm of y based on m).
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measure 20.4 cm high by 9.1 cm wide. Four pages are blank on one side and the
rest are painted on both sides. It is possible that the codex formed part of the
taxes that Hernan Cortes sent to Emperor Carlos V in 1519 (Coe, 1996: 90). The
book was first made known in Vienna, and Johann Christian Gotze —chaplain
to the king of Poland and director of the Royal Library of Dresden— purchased
it in 1740 (Coe, 1996: 92). In the early 1800s, Alexander Von Humboldt —upon
learning about it from a book published shortly before— made the first reprint of
pages 47-52. Between 1831 and 1848, the entire codex was copied by an Italian
artist and reproduced by Lord Kingsborough (Thompson, 1988).

The manuscript was revealed in its entire splendor with the chromolithograph-
ic reproduction of Forstemann in 1880 (Toscano, 1984; Spinden, 1975: 152). In
1892, the second edition by Forstemann (Thompson, 1988) was printed, with the
same images but with the page order corrected. In 1930, a black and white copy
of the Forstemann edition was published by Villacorta and Villacorta (Thompson,
1988). In 1932, the first foldout reproduction by Gates of the Maya Society was
published (Thompson, 1988: 45). Bricker and Bricker (2011) offer an exhaustive
explanation of the history as well as the structure and current interpretation of
the Dresdensis. Below we present pages 24 and 46 to 50 of this codex as they ap-
pear in color in the facsimile of the first Forstemann edition from 1880, ordered
according to the 1892 edition.?

Calendrical Message of the Venus Tables of Dresden Codex

We selected the Dresden Codex for analysis because its drawings are an inesti-
mable source for studying the pictorial art of one of the pre-Columbian cultures
of Mexico (Toscano, 1984: 136). Toscano (1984: 124, 125) mentions that the
figures are vigorously trim, without shadows or dark colors; they have a poly-
chrome liveliness given the absence of medium tones and presence of primary
colors; they show dazzlingly beautiful colors given the absence of dull colors or
shade; they express an ingenious perspective given their planographic nature and
displaced profiles; and the figures reveal disproportion and a lack of reality. All of
this contributes to the delicate freshness of the enigmatic glyphs.>

Within the Dresden Codex, we selected pages 24 and 46 to 50 of the Venus
Table, given that according to Aveni (1979: 275) the Maya Venus cycle combines
“long term precision with short term faults as a true ephemeris”, that is, it por-
trays important happenings that occurred on a single date but in different years
that generally coincide with certain domestic religious ceremonies. Furthermore,

2 This version is available at Foundation for the Advancement of Mesoamerican Studies: <http://www.
famsi.org/spanish/mayawriting/codices/dresden.html>.

3 A glyph is a sign that may appear alone or in a group of signs that occupies a defined space, or
block, in a hieroglyphic text. In the Mayan texts, the blocks are usually arranged in columns that are
read from left to right and then from top to bottom (Bricker and Bricker, 2011: 2).
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the morning star (Venus) was adored and attended to because it represented
natural forces that were understood to affect earthy activities. The appearance
of gods in the Venus cycle predicted the rainy season —and thus the most propi-
tious time to plant— as well as the quantity of the resulting harvest. The content
of the Dresden Codex undoubtedly belongs to the calendrical system and the
computation of time; consequently, its significance is not only plastic but also
mythological and calendrical-astronomical (Toscano, 1984: 136).

No pre-Columbian culture has provoked such interest, posed so many enigmas
in deciphering its writing, or been so little understood regarding its obsession
and precision for counting time as the Maya culture (Coe, 1996; Freidel, Schele and
Parker, 2001; Le6n-Portilla, 1994; Martin and Grube, 2002; Pallan, 2011; Prosk-
ouriakoff, 2007; Rice, 2007, Schmidt, De la Garza and Nalda, 1999; Stuart, 2011;
Taladoire and Courau, 2005).

All civilizations have been interested in counting time (Aveni, 1991: 13). Mea-
suring time involves a social encounter (Van de Ven and Poole, 2005: 1391),
that responds to a need to carry out certain activities such as harvests, religious
rites, or hunting; through this encounter, objectives shared by the group are
harmonized. Time is measured; that is, changes that affect us through arbitrary
norms or rules are determined by convention, given that without common mea-
surements of time it would be impossible for social groups to function (Savater,
2003).

The Dresden Codex is the most studied codex of the three pre-Columbian
Maya codices existing in Europe (Sotelo, 2012). It contains calendrical, astro-
nomic, and esoteric information in the form of calendars and prophetic passages
(Kettunen and Helmke, 2011: 46). Thompson (1988) grouped the contents of the
codex into three categories: calendars and calculations of 354 days, including
indications for adoration as well as prophecies (which occupy the majority of the
book); an astronomic-astrological section (the eclipse tables and Venus Table);
and prophecies for the year and the K’atun (19.7 years of 365 days each).

Figures 1 and 2 show the Venus Table, which contain three paintings per
page and illustrate the general structure of the almanac of the planet Venus
(Bricker and Bricker, 2011). According to Aveni (1979; 1991), Bricker and Bricker
(2011), Fuls (2002), Milbrath (1999), Thompson (1988), and Wells (1991), Tables
1 and 2 show the organization of the calendrical message of the Venus Table. It
communicates mathematical operations using the Maya dot-bar numerical nota-
tion* and describes the functioning of the sacred 260-day calendar, the names of
the days, the glyph for the cardinal directions, as well as representations of the
moon, Venus, and other planets.

4 In dot-bar notation, a dot means 1, a bar 5, and an oval (stylized shell), zero. The system is vige-
simal (based on 20), and the value of the position increases in whole powers of twenty, from below
to above, with one exception: the value of the third position is 360 instead of 400 (20 x 20 or 202).
The Maya probably made this substitution because 360 is the manipulable number that approximates
the length of a solar year (Aveni, 1979: 276).
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The first page (24) serves as a user’s guide to the Venus Table; this guide
principally consists of approximate multiples of the length of the table of 2920
days (584 days x 5 periods), as well as dates of initial series corresponding to the
starting point in the table. The dot-bar numbers in the lower left corner in five
positions (columns B and C, lines 18-24, Table 1) represent the number of days
that passed from the moment of the final creation period® to the events of Venus
mentioned in the table. The 1,366,560 days since the mythic period are termed
“long count” (ic), mentioned in column B (Table 1). In column C, of Table 1, the
other Lc number, 1,364,360, begins 2200 days before the first; the number 2200
appears in the lower part of column A (lines 21, 22, and 24, Table 1) with a “ring”
around the zero; the ring date closely approximates the appearance of Venus
as the morning star (5 x 584 = 2910 days) and is approximately the difference
between the two long count numbers.

The Lc number (1,366,560) is divisible without a remainder by 260 (days of the
sacred calendar, Tzolk’in), 365 (days of the civil calendar, Haab), 584 (days of
the synodic® period of Venus), 2920 (days during which Venus appears on the ho-
rizon or ortho’), and 37,960 (length of the Venus table). The .c number probably
was invented for the simple reason that it was commensurable with a multitude
of cycles of Maya time.

The remaining pages (46-50) address the Venus ritual through a long series
of important dates of the 260-day calendar (Tzolk’in dates) related to the planet,
and —in the final four right-hand columns on Tables 1 and 2— drawings of the
Maya ruler god, the personification of the planet Venus, and the victims of the
rays of the planet Venus (from above to below). The five paintings are equivalent
to five cycles of Venus or 8 Earth years.

In the first four left-hand columns (A-D) on Tables 1 and 2, in line 26, four
numbers are shown (read from left to right) in dot-bar notation: 236, 90, 250,
and 8, which added together sum 584 —the closest whole number to the average
synodic cycle of Venus. The number 8 (column D, line 26, Table 1 and 2) is the
most significant number of the Venus cycle, representing the period when Venus
disappeared behind the sun; the other 3 numbers (236, 90, and 250) also denote
the days that Venus appears or disappears behind the sun.

The longest section of the paintings consists of the first 13 lines in the upper
left, in columns A-D Tables 1 and 2. Each line contains four symbols represent-
ing the start of the four seasons of Venus. Each symbol designates a day in the
260-day calendar. Each symbol consists of two components: a number from 1 to

5 Studies regarding the correlation of our calendar with that of the Mayan based on historic and
ceramic evidence as well as radiocarbon dating suggest that this mythological creation took place
August 14, 3114 BC (Wells, 1991; Fuls, 2008).

6 Synodic period: interval of time that a planet takes to return to the same point (Ferro, 1999).

7 Ortho: from an observer’s standpoint, a star is in the ortho when it crosses the plane of the
horizon and passes to the visible hemisphere, when “it dawns”, that is, when its astronomical height
is zero, going from negative to positive (Ferro, 1999). “Ortho” and “Venus sunrise” are synonymous.
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13, and a glyph representing the name of a day in a 20-day cycle. Given that 13
and 20 have no common factors, each day in a 260-day cycle may be individu-
ally designated in this manner. Thus, for example, on page 46, line 8, column A,
Table 1, the start of the appearance of Venus for 260 days as the evening star
designates the day Kib with the number 7; the disappearance of Venus for 90
days designates 6 Kimi (column B); the period of the morning star designates 9
Kib (column C); and the disappearance of Venus 8 days designates 4 Kan (column
D). With respect to our calendar, a comparable statement would be that Venus
disappears “Wednesday, the fourth”.

All lines of the Venus table are read consecutively from one page to the next.
Line 1, columns A-D, of the five pages (46-50), Tables 1 and 2, represents five
consecutive journeys through the 584-day cycle; line 2 represents the next five,
and so forth. The length of the entire table is therefore 5 x 13 x 584 = 37,960
days, an interval that has the special property of being divisible, with no remain-
der, by the 584-day period of Venus, the sacred 260-day period, and the 365-day
so-called civil year.

The numbers on the left of lines 14, 20, and 25, Tables 1 and 2, provide al-
ternate positions of the civic year (365 days) that are equal to positions in the
TzolK'in calendar (or wheel), as seen in lines 1-13 of the appropriate column.
Thus, the complete entry of the calendar wheel on page 46, column C, line 14,
Table 1, would be 4 Yaxkin, 14 Zac, 19 Zec, 7 Xul.

The glyphs to the left on lines 16 and 24 of Tables 1 and 2, indicate the direc-
tions (North, West, South, East) repeated in variable order. Evidently, the succes-
sive appearances of Venus were associated with different quadrants of the hori-
zon. The glyphs to the left on line 17 are associated with the order of “gods”;
these series of glyphs that appears in numerical order (#1, #2, #3...#20). The
glyphs to the left on lines 18 and 23 of the tables were identified by Férstemann
(Thompson, 1988) as Venus glyphs. They are frequently associated with a sign,
which is interpreted to mean “red”.

On each page, the numbers to the left of line 19 of each Venus Table repre-
sent the accumulated totals obtained upon adding the number of line 26 of the
same column to the number of line 19 of the previous column. Thus, on page
46, columns A-D, line 19 of Table 1 the numbers are 236, 326, 576, and 584. If
90 days are added to 236 from line 26, column A, the result is 326. This process
continues throughout the 5 pages; therefore, the final accumulated quantity on
page 50 is 5 x 584 = 2920.

On the right of pages 46-50, columns E-H, lines 4-12, 16-20, and 23-26 of Tables
1 and 2 is a set of images that represent the celestial occurrences that accompany
the appearance of Venus as a morning star or ortho after inferior conjunction,?

8 For the inner planets, which are those within Earth’s orbit (i.e. Mercury and Venus), there are
two conjunctions: the superior and inferior. In the superior conjunction, the planet is behind the Sun
(seen from Earth); in the inferior conjunction, the planet is in front of the Sun (Ferro, 1999).
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which is the reappearance of Venus after it has been blocked from human sight
by the sun. Glyphic symbols are interspersed among the images and time inter-
vals. The celestial events are presented in groups of three images on each page.

In the upper image on page 46 (Figure 1) is an old toothless god, seated on a
throne, offering sacrifices to the deity Venus in honor of its appearance. The sec-
ond image is an aggressive personifier of Venus, with an atlat! (dart thrower) raised
for action. The third image represent the victims, and there on the following appear:
deity K (of fertility?) during K'an days; the jaguar (warrior) during Lamat days; the
god of maize during Eb days; the frog deity (rain) during Kib days; and the god
1055 (water?) during Ahau days. In the image halfway in the middle of page 46,
lines 15-20 of Table 1 is deity L. A manifestation of the god Venus is shown with
an atlatl (dart thrower) in its left hand and a shield in the other (Figure 1). Deity
L throws the dart that represents the dazzling rays of Venus when the planet is
made visible on the horizon. The lower image on the same page contains a sac-
rificial victim, God K, with a lance through his intestines.

Description of Visual Semiotics by Fernande Saint-Martin
Plastic characteristics

Fernande Saint-Martin (1990) proposed some basic procedures for analyzing vi-
sual language based on psycho-physical structures defined with respect to sub-
jective as well as objective aspects of perception —in particular the structure
and mechanisms of visual perception.® This author also proposed some syntactic
rules of visual language that function as regulators of visual transformations and
energy more than as norms that govern relationships between discrete and stable
elements.

Saint-Martin (1990: 6) defined the basic unit of visual language as a coloreme,
which is any colored entity located at the termination point of an ocular fixa-
tion which contributes to the formation of a visual percept. Is the zone of the vi-
sual field responsible for the ocular gaze. Coloremes are always linked to other
visual regions in an area of uninterrupted perception that distinguishes them
from all other sensorial, tactile, kinesthetic, or verbal stimuli. Upon perceiving a
visual text, no chromatic silences occur among coloremes.

The plastic characteristics that Saint-Martin (1990) proposes describe the color
and texture of materials observed; that is, they are variables with the objective
characteristics of the matter perceived in the visual field. On the other hand,
subjective or perceptual characteristics describe the dimension or size of the

9 Our view of the world is not only an optic figure, or a product of reflections of light; it is also
intuition and visual perception that we elaborate based on experience and social practice (Saint-
Martin, 1990).
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object observed, its position in the plane, its vectoriality or orientation, and
its boundaries; they produce a subjective mental process of synthesis regarding
the object in the visual field that indirectly produces forms. Saint-Martin (1990:
12) considers the visual space that images create to be topological. That is, the
geometric properties and spatial relationships of visual images are not affected
by continual changes in the form or size of the figures.

Color

Experience shows that normal human vision is chromatic. However, no complete
theory exclusively studies color (Saint-Martin, 1990; Sonneson, 2016). Visual se-
miotics proposes a system describing the chromatic phenomenon of color that
includes 13 chromatic poles —red, blue, yellow, green, orange, violet, ochre,
purple, brown, pink, white, black, and grey—, which Saint-Martin (1990: 33)
holds are not naturally found in any particular order and that they are recognized
and named by all humans.

Color is the product of a perceptual phenomenon that occurs in the interface
of matter in contact with air. The perception of color is an objective phenom-
enon of ocular reaction to the stimulus of light waves of varying wavelengths.
The chromatic poles have a dynamic behavior as a result of combining: 1) one™s
subjective sensory perception of the colors as well as of the saturation or holistic
appearance of intensity of color; 2) tonality, or production of different shades
of colors that produce effects of volume and depth; 3) luminosity, or the play of
lights which are perceived as vibrant, expansive, and radiant; and 4) complemen-
tarity among colors, which provides continuity, contrast, and chromatic harmony.

Texture

In general, texture refers to an endless number of sensations that may be felt or
observed such as softness/hardness, concentration/dispersion, and depth/near-
ness, as well as frames, roughness, and uniform, brilliant, or absorbing colors. In
visual semiotics, texture is understood to be a plastic variable designating a prop-
erty of colored matter in its innermost depths as well as on its surface, whereby
it presents various inclinations and disjunctions which modulate in different ways
the absorption and refraction of luminous rays on opaque bodies, thus modifying
their chromatic effects (Saint-Martin, 1990: 50).

Texture includes the surface on which a pigment is applied, as well as the way
in which an object is perceived in the pictorial plane. The surface may be masked,
accentuated or transformed by the composition of pigments and the manner in
which these pigments are physically dispersed. However, within the forms, the
tone of the pigment may vary, influencing the spatial organization of the over-
all field of perception. The texture may appear to be fine, medium, or course
granulation, or be stretching or waving, or it may appear as frayed material. The
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pictorial plane may be described —for example— as a cloth which is stained,
with a smooth and bright or a dull color or varnish, with dappled stokes or pro-
tuberances, corrugated, juxtapositioned or superimposed, speckled, or dotted.

Characteristics of Perception
Dimension or size of the object observed

Dimension refers to a dynamic visual field formed by a play of tensions involving
the mass or size of the object observed, proportional to its possible expansion
into neighboring fields (Saint-Martin, 1990: 237), as well as to the quantity of
chromatism,'? luminosity, and texture —all of which may modify the perception of
distance, proximity, continuity, or disconnection among elements in the visual field.

Position in the plane of the object observed

This perceptual characteristic refers to the relative position of groups of col-
oremes in the visual field with respect to the spatial dimensions of height, width,
and depth. The dimension of depth allows for portraying outlines so as to create
the optical effect of position in the plane (Saint-Martin, 1990: 55).

Vectoriality, or orientation of the object observed

Vectoriality refers to the orientation of the formants'! in three spatial dimen-
sions. This produces an intentional effect of prolonged tension that affects the
relationships between near and far regions within the visual field. Tension, unlike
the position of the plane, consists of forces that produce movement and direc-
tion (Saint-Martin, 1990: 61).

Boundary, or outlines of the object observed

This perceptual characteristic refers to a qualitative change between two neigh-
boring regions in the visual field, tending to produce open or closed forms. The
borders mark the division among visual zones and may appear as clear or diffuse
outlines due to gradual changes within an autonomous plane, or because they are
juxtaposed or contrasting. As with the other variables, outline plays an important
role in spatial organization and composition of the other variables (Saint-Martin,
1990: 62).

10 Sensory perception of the purity and intensity of a color that distinguishes it from other colors
(Saint-Martin, 1990: 237).
" Visual elements or predominant forms (Saint-Martin, 1990).
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Visual Description of the Dresden Codex and the Venus Table

Each page of the Codex Dresdensis has a red-painted border, except page 74,
which has a black border; many pages retain only traces of this border. Most
pages are divided horizontally into three sections; others have only two. In gen-
eral, the sections are divided by red lines, which are absent in some arithmetical
tables, perhaps due to wear.

Visual characteristics

Color

With respect to the chromatic perception of the Codex, three colors predomi-
nate: white, black and red. The background of most of the glyphic texts is white,
although in some cases it is red, blue, yellow, green, ochre, brown, or grey,
though the paint is worn. Over the background, in principle black and red lines
are drawn, which provides spatial organization to each glyphic text, besides
serving to outline each formant and glyph. When applying the watercolor pig-
ment, figures were outlined in black or red, then other colors were used to
fill in the spaces. Due to variations in tone, it is known that colored paint was
prepared in small quantities to be applied with a brush over the glyphic texts.
Once the color was applied, the forms were retraced with black lines to clearly
define the figures and make the other colors stand out. Glyphs were given thick
outlines, in contrast to the fine outlines of the figures (Salgado, 2001; Spinden,
1975: 152).

The Venus Table has a white background. Borders between pages are outlined
with black and red lines, organizing the visual space according to the scheme of
Figures 1 and 2. Three images appear on each page; the most notable aspects
of these images are the color of the background, the details of a ceramic vessel
that the regent holds, the clothing of the personification of Venus, and the orien-
tation in which the lance cuts through the victims. All figures are observed from a
profile, outlined in black. On page 46, the upper image has an ochre background,
and the middle and bottom a red background. On page 47, the background of the
upper image is red, the middle ochre, and the bottom blue, while on page 48 the
order of the colors is reversed. On page 49, the background of the upper image is
ochre, the middle red, and the bottom blue. Finally, on page 50, the background
of the upper image is blue and the middle and bottom ochre.

Texture

The scribes of the Dresden Codex prepared the rough ficus paper by painting a
first coat with powdered limestone so as to create a homogenous white surface.
The brushstrokes left no lines; rather, the paint layers are uniform, through over
time they have worn away. Powdered pigments were applied to small areas at
a time. More than evoking the subject represented, the textures of the codex
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invite the observer to perceive —in miniature— round, dense spaces, perhaps
mottled to a novice eye (Salgado, 2001).

The texture of Figures 1 and 2 of pages 24 and 46-50 of the Venus Table
causes the same sensation, as does the rest of the codex, with its homogenous
white surface. The white color of the four columns on the right side of page 24 is
less saturated than that of the other pages; the glyphs of the middle and bottom
lines of pages 46-50 refer to the top half of the first three columns to the left of
page 24, which has similar glyphs, all of which are highly saturated with black.
Pages 46-50 are surprisingly homogenous; the spaces are divided in the same
proportions and are thus the same size, as seen in Figures 1 and 2.

Characteristics of perception

Dimension

Each of the 39 pages in the Codex Dresdensis is 20.5 cm high by 9 cm wide, and
the entire codex is 350 cm long (Salgado, 2001). There appears to be a move-
ment within the visual field of the images on pages 46-50 due to the varying
lengths of the images; while the upper images —those of the regents— measure
5 cm X 4.5 cm, those of the personification of Venus are 4.5 cm x 4.5 cm, and
those of the victims (in the lower right) are 3.4 cm x 4.5 cm. The lower image
on page 50 is only 3 cm x 4.5 cm, but the difference between this image and
those mentioned above is not apparent because the light-colored background
makes the image appear as wide as the rest. One has the sensation of move-
ment of the images from above to below, although the pages in the upper part
of the calendar (lines 1-13, Figure 1) are read from left to right. In the middle of
the Venus Table, in dot-bar notation the movement goes from below toward the
middle in order to carry out the arithmetical operations, and in the section of
the predictions, the reader is referred to the images of the victims (below) and the
regent (above).

Position

In some ancient paintings (Egyptian, Persian, Byzantine, pre-Hispanic), the back-
ground lacks depth, existing only as an inert receptacle upon which objects
float. In the case of the Codex Dresdensis —including the Venus Table—, it
lacks depth.

Vectoriality

The formants of the glyphic texts are typically presented with the vertical axis
oriented predominantly upward combined with glyphic text located horizontally.
The slanted position of some of the anthropomorphic figures in the codex, as
well as their position, gives the appearance of movement. The formants are com-
posite or combined forms that together are somewhat symmetrical; some are
viewed from a profile and others from the front. The formants carry objects, and
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the formants and objects act as forces pushing against each other, providing an
effect of energy and tension (Salgado, 2001).

In the images of the Venus Table, the regents or gods on pages 46-49 (upper
image) are seated and seen from a profile, with a ceramic object in their right
hand. They do not show movement, although one regent on page 50 is clearly
conversing with another person. The personification of Venus (middle image) on
these five pages gives the impression that it is moving; its feet denote action and
its right arm is about to lance darts downward, while its left arm brandishes a
shield which gives it stability. The victims (lower images) have apparently been
knocked down, as they are lying on the ground, pierced with a dart or lance,
their faces turned upward or sideways, awaiting the final blow.

Border

The visual forms are stylized with curved lines, creating an effect of movement.
The formants produce a static or stable sensation, while the scene as a whole
provides a sensation of rolling or movement. The lines of the figures provide
dynamic visual effects of sinuous movement. The sinuous forms create a sense
of tension, like soap bubbles and water in a full container. The borders of the
formants are drawn as closed units that revolve around each figure in a complete,
unitary, finite manner. Over the background, black and red lines provide spatial
organization to each glyphic text, besides acting as the border of each formant
and glyph. The majority of the formants and glyphs are outlined in black, al-
though some numeric signs, outlines, and frames are red (Salgado, 2001).

The borders of the Venus Table are represented by glyphic texts as separate,
closed, complete, finite units. All the glyphs are painted in black, as are the num-
bers in dot-bar notation, except zero (stylized shell and ring) and the numbers
representing the four seasons of Venus (lines 26, columns A-D of all pages) that
always appear in red.

Application of Saint-Martin’s Visual Semiotic Method

Below, we describe the method used to analyze the Venus Table according to
Saint-Martin’s visual semiotics approach. We describe the 11 steps that we fol-
lowed with the aim that other studies may use the same approach to analyze
other pictorial works.

Step 1. Obtaining an original sized copy of the work

We made an original sized color photocopy (20.5 cm high by 9 cm wide) of the

six pages of the Venus Table based on a facsimile of the codex (Cddice de Dresde,
1983).
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Step 2. Tracing or delimiting the form of the pictorial work

Over the photocopies, we delimited the forms of the Venus Table, as well as the
internal limits of their content, according to the perception of the user’s short
term memory —for several seconds— of the effect resulting from the visual ten-
sion produced by the coloremes, that is, the flash that a glance of the eye may
discern. The zone of a vertical visualization in which the eye appears to concen-
trate on this work measures approximately four centimeters, and the zone of a
horizontal visualization measures three centimeters. Figure 3 is an example of
the visual limits or coloremes of page 24 of the Venus Table.

Figure 3. Vertical and horizontal delimitation of a page of the Venus Table
(Cadice de Dresde, 1983: 24).
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Step 3. Creating a grid over the selected work

Once the zones of visualization or coloremes were delimited, we prepared a grid
on a transparent sheet the original size of the Venus Table, divided into three
columns measuring 3 cm each vertically and four rows measuring 4 cm each
horizontally. The size of the grid determines the number of coloremes that will
be examined in each Venus table (3 x 4 = 12).

Step 4. Delimiting the coloreme regions

Within each coloreme, five regions were delimited according to the method of
Saint-Martin in order to characterize and circumscribe five zones of visualiza-
tion; the four outer zones are numbered 1 to 4, clockwise, and the central zone
is numbered 5. Figure 4 shows the distribution of the grid, as well as the 12
coloremes in alphabetical order (A, B, ..., K, L) from left to right and above to
below, numbering their five visual zones (1 to 5).

A1 1 1
4 5 214 5 2|4 5 2
3 3 3
1 E 1 F 1
4 5 214 5 2 5 2
3 3 3
1 1 [ 1
4 5 214 5 2|4 5 2
3 3 3
1 1 1
4 5 214 5 2 5 2
3 3 3

Figure 4. Grid for analyzing coloremes and visual zones within each Venus Table.

Step 5. Locating the effect of ocular fixation in visual regions 1 to 5 within each col-
oreme

Zones 1 to 5 correspond to localization of the effect of ocular fixation by diverse
observers that might be looking simultaneously at a coloreme, such that they al-
low for comparing the responses of these observers to the process of perception
and their peripheral and foveal gaze.
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Step 6. Identifying the dynamic relationship among coloreme regions

Observers should consider that a dynamic relationship exists between the visual
zones of each coloreme and the other coloremes that surround it, given that
they are related. This influences perception of the coloremes. For example, in
coloreme A, Al has a dynamic relationship with A4, A5, A2, and B1. The same
pattern is true for the other coloremes: for example, A2 has a relationship with
A1, A5, A3, B4, B1, and B3; H1 with H4, H5, H2, E3, G1, I1, I3, and D3, and thus
onward to coloreme L, as may be observed in Figure 4.

Step 7. Selecting the semiotic characteristics for this study

This study analyzed 60 coloremes for each image of the Venus Table (12 col-
oremes x 5 visual zones), which are regularly spaced throughout the pictorial
plane, as determined in step 4. Each of the 300 coloremes of the five paintings
of the Venus Table (60 coloremes x 5 tables) was analyzed with respect the 6
categories mentioned above in the description of visual semiotics according to
Saint-Martin (1990), that is visual and perceptual characteristics, for a total of 15
possible semiotic characteristics. This generated 4,500 records (300 coloremes x
15 semiotic characteristics):
Visual semiotic characteristics

1) Chromatic phenomena of color:
(al) saturation or appearance of intensity of color as the integral presenta-
tion of color, termed solid color.
(a2) tonality or production of different shades of colors that produce an ef-
fect of volume and depth, such as use of clear colors, termed light color.
(a3) luminosity or play of lights, perceived as vibrant, expansive, radiant
colors, termed vibrant color.
2) Texture or surface where the object is perceived in the pictorial plane:
(b1) of the support of the paining, termed fine granulation.
(b2) of the pictorial plane, termed worn material.
(b3) of the pictorial plane, termed brushstrokes.

Perceptual semiotic characteristics
3) Dimension or size of the object observed:
(c1) perception of distance of the object observed, termed nearness.
(c2) general division of the pictorial plane, termed horizontal division of the

plane.

4) Relative position of the group of coloremes in the visual field:
(d1) depth in the pictorial plane, termed lack of depth.

ESTUDIOS DE CULTURA MAYA LVI (OTONO—INVIERNO 2020)



(d2) proportion in the pictorial plane, termed proportions of positions.

5) Vectoriality or orientation of the object observed:
(e1) orientation of the object observed within the three spatial dimensions,
termed vertical axis of location.
(e2) orientation of the object observed, termed symmetry.
(e3) effect of movement of the object observed.

6) Outline or division among neighboring visual regions:
(f1) borders of the object observed, termed closed form.
(f2) distinct borders, termed outlines.

Step 8. Generating a matrix of frequency of appearance of the 15 semiotic characteristics
in each coloreme region per Venus Table

The grid prepared in Step 3 was placed above each painting of the Venus Table to
carry out a coloreme analysis according to Steps 4 through 7. We also prepared
an Excel table with the 15 visual and perceptual characteristics in columns, and
the 12 coloreme regions in rows (Al to L5) in order to record the frequency of
appearance of the visual and perceptual characteristics in each coloreme region
for each page of the Venus table. Frequency was recorded according to one of
three values: one indicating that the characteristic was present, zero indicating
that it was not present, and 0.5 indicating that it was partially present. The last
row presents the sum of each column. Table 3 shows the matrix of frequency
of appearance of the semiotic characteristics of page 24 of the Dresden Codex.

Step 9. Transforming frequencies into probabilities to obtain a stochastic matrix

We transformed the frequencies of appearance of each of the visual characteris-
tics (al, a2, a3, ...f1, f2) in each coloreme (A1, A2,..., L5) of Table 3 into prob-
abilities by dividing the value of each cell by its corresponding sum (last row) in
order to generate a stochastic matrix. The sum of the fractions or probabilities of
each column (visual and perceptual characteristic) of the stochastic matrix should
be equal to one. Table 4 shows transformation of the frequencies of appearance
of the semiotic characteristics of page 24 of the Venus table into probabilities,
generating a stochastic matrix.

Step 10. Applying the equation for Shannon entropy to each cell of the stochastic matrix
We applied equation 1 in order to determine Shannon’s H entropy for each col-
oreme and visual and perceptual variable of the stochastic matrix for each of the

paintings of the Venus Table of the codex. The value in each cell of the Excel
table proves negative when values other than zero occur; the final values prove
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Plastic Characteristics

coloreme  al al a3 b1 b2 b3 £l 2 d1 d2 el e2 el 1 iz

AL 0.00 Lo00 0.00 0.00 100 0.00 0.00 0.00 100 0.00 0.00 0.00 0.00 0.00 Loo
AZ 1.00 1.00 0.00 0.50 0.50 100 0.50 1.00 1.00 100 100 0.00 0.00 1.00 o0.00
A3 1.00 1.00 0.00 100 0.00 100 100 100 100 0.00 1.00 0.00 0.00 100 0.00
Ad 0.00 L.00 0.00 0.00 100 0.00 0.00 0.00 100 0.00 0.00 0.00 o0.00 0.00 Loo
AS 1.00 1.00 0.00 0,50 0.50 1.00 100 1.00 1.00 1.00 1.00 0.00 0.0 1.00 o.oo

Bl 0.00 1.00 000 0.00 1.00 0,00 0.00 0.00 1.00 0.00 0.00 000 0,00 0.00 0.00
B 0.50 0.50 000 050 0.50 0.50 .50 Q.50 1.00 0.50 050 000 0.00 0.50 o0.00
B3 1.00 L0o 000  Lo00 0.00 1.00 100 1.00 1.00 Lo0 1.00 0,00 0.00 100 0.00
24 0.50 0.50 0.00 050 050 0.50 0.50 .50 1.00 a.50 050 000 000 0.50 o.00
BS 0.50 0.50 000  0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50  0.00 0.00 0.50 0.00
L | 0.00 0.00 000 000 100 0.00 0.00 Q.00 1.00 0.00 000 000 000 0.00 0.00
(=3 .25 0.25 0,00 0.25 0.50 0.50 0.50 .50 1.00 0.50 0.50 0.00 0.00 0.50 Loo
3 1.00 L.00 000 L00 0.00 1.00 1.00 1.00 1.00 L.00 1.00 000 000 100 0.00
a4 0.50 0.50 000 0.50 0.50 0.50 0.50 0.50 100 0.50 050 0.000 000 0.50 .00
5. ] 0.50 0.50 000  0.50 0.50 0.50 0.50 0.50 1.00 0.50 050 0,00  0.00 0.50 .00

DL 100 1.00 0.00 100 0.00 1.00 100 1.00 100 100 100 000 0.00 100 0.00
D2 1.00 1.00 0.00 100 0.00 100 1.00 1.00 1.00 Lo0 1.00 0,00 0.00 1.00 0.00
03 1.00 1. 000 100 0.00 1.00 1.00 1.00 1.00 100 .00 000 000 1.00 0,00
o4 1.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00 100 1.00 1.00 0.00 0.00 100 1.00
o5 1.00 L.00 000 100 0.00 1.00 100 1.00 1.00 100 1.00 000 0.00 100 0.00
El 1.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00
E2 1.00 1.00 000 100 0.00 1.00 1.00 1.00 1.00 1.00 100 000 000 100 0.00
E3 1.00 1.00 000 100 0.00 1.00 1.00 1.00 1.00 1.00 100 000 000 100 0.00
E4 1.00 1.00 0.00 L.00 0.00 1.00 100 1.00 1.00 100 1.00 0.00 0.00 1.00 0.00
ES 1.00 1.00 000 100 0.00 1.00 100 1.00 1.00 100 100 000 000 1.00 0.00
F1 1.00 1.00 000 L00 0.00 1.00 1.00 1.00 1.00 1.00 100 000 000 1.00 0.00
F2 1.00 L.00 000 1.00 0.00 1.00 1.00 100 1.00 L00 100 000 000 1.00 L.00
F3 100 1.00 0.00 100 0.00 100 100 1.00 100 1.00 100 000 000 1,00 0.00
Fa 1.00 1.00 0.00 100 0.00 1.00 L.00 .00 L.00 1.00 100 000 Q.00 L00 0.00
FS 1.00 1.00 0.00 100 .00 100 1.00 100 1.00 1.00 1.00 0.00 000 L.o0 0.00
Gl 1.00 1.00 0.000 100 0.00 100 Lo00 1.00 100 1.00 100 000 000 Lo0 0.00
G2 100 1.00 0.00 100 0.00 1.00 L.o00 1.00 100 1.00 100 000 0.00 Lo0 0.00
G3 1.00 1.00 0.000 100 0.00 1.00 100 1,00 Lo0 1.00 100 000 000 Lo0 100
Gd 1.00 1.00 0.00 100 0.00 100 100 1.00 1.00 1.00 100 000 000 100 0.00
G5 1.00 1.00 0.00 1.00 0,00 100 100 1.00 1.00 1.00 1.00 0.00 0.00 L.00 0.00
H1 1.00 1.00 0.00  1.00 0.00 1.00 Lo0 1.00 100 1.00 100 000 000 1.00 0.00
HZ 1.00 1.00 0.00 100 0.00 100 Loo 1.00 L.oo 1.00 100 000 0.00 100 0.00
H3 1.00 1.00 0.00 100 0.00 100 100 1.00 1.00 1.00 100 000  0.00 1.00 0.00
H4 1.00 1.00 0.00 100 0.00 1.00 L00 1.00 L00 1.00 100 000 000 100 0.00
HS 1,00 1.00 0.00 1.00 0,00 1.00 L.00 1.00 100 1.00 1.00 0.00 0.00 100 0.00
(18 1.00 1.00 0.00 100 0.00 1.00 100 1.00 100 1.00 100 000 000 100 0.00
12 1.00 1.00 0.00 100 0.00 100 1.00 1.00 L00 1.00 100 000 0.00 L.00 1.00
13 100 1.00 0.00 100 .00 100 100 100 100 1.00 LoD 000 000 Lo0 0.00
14 1.00 1.00 0.000 100 0.00 1.00 Loo 1.00 Lo0 1.00 100 000 000 Loo 0.00
15 100 1.00 0.00 100 0.00 1.00 Lo0 1.00 L.00 1.00 100 000 0.00 Lo00 .00
i 100 100 0.00 1.00 0.00 1.00 Loo0 1.00 Loo 1.00 100 0.00 0.00 100 0.00
2 1.00 1.00 000 100 0.00 100 Loo 1.00 100 1.00 100 000 000 L00 0.00
B 1.00 1.00 0.00 1.00 0.00 100 Lo0 1.00 100 1.00 1.00 0.00 0.00 L.00 0.00
n 1.00 1.00 0.00 100 0.00 100 Lo0 .00 100 1.00 L00 000 000 100 1.00
5 1.00 1.00 0.00 100 .00 1.00 L.o00 .00 100 1.00 100 000 000 100 o.0o
K1 1.00 1.00 0.00 100 0.00 1.00 100 1.00 100 1.00 100 000 000 100 0.00
K2 1.00 1.00 0.00 1.00 0.00 100 100 1.00 1.00 1.00 1.00 0.00 0.00 100 0.00
K3 1.00 1.00 L) 1.00 0,00 100 100 1.00 1.o0 1.00 1.00 0.00 000 Lo0 1.00
K4 1.00 1.00 0.00 100 0.00 100 Loo 1.00 Lo00 1.00 100 000 000 100 0.00
K5 1.00 1.00 0.00 100 o.00 1.00 100 100 100 1.00 100 000 000 100 0.00
11 1.00 1.00 0.00 1.00 0.00 1.00 L.00 1.00 1.00 1.00 1.00 0.00 0.00 100 0.00
12 1.00 1.00 0.00 100 0.00 100 100 1.00 Lod 1.00 100 0.00 000 Loa 1.00
L3 1.00 1.00 0.00 100 0.00 1.00 .00 1.00 1.00 1.00 100 000 000 100 1.00
L4 1.00 1.00 o.00 1.00 Q.00 1.00 1.od 100 Loo 1.00 1.00 0.00 0,00 Loo 0,00
s 1.00 1.00 0.co 1.00 0.00 1loo 100 1.00 100 1.00 1.00 0.00 0.00 L00 £ 0.00
SUM 52,75 55.75 0.00 51.75 E00  53.00 5250 5300 B0O0 5200 5300 000 000 5300 1L00

(a1) solid color, (a2) light color, (a3) vibrant color, (b1) fine granulation, (b2) worn material,
(b3) brushstrokes, (c1) nearess, (c2) horizontal division of the plane, (d1) lack of depth, (d2) proportions of posi-
tions, (e1) vertical axis of location, (e2) symmetry, (e3) effect of movement, (f1) closed form, and (2) outlines. Af...
L5 are the coloreme regions of the corresponding Venus Table.

Table 3. Matrix of appearance of the semiotic characteristics
of page 24 of the Venus Table of the Dresden Codex.



Plastic Characteristics

Zolorert al a2 a3 bl b2 b3 cl 2 dl d2 el el el f1 f2
Al 000 002 000 o000 013 0.00 0.00 0.00 0.02 0.00 000 000 0.00 0.00  0.09
A2 0.02 0.02 0.00 001 0.06 0.02 0.01 0.02 0.02 002 002 000 0.00 0.02] 0.00
A3 0.02 0.02 000 002 000 0.02 0.02 0.02 0.02 000 002 000 0.00 002  0.00
Ad 000 002 000 000 013 000 000 000 002 000 000 000 000 000 0039
A5 002 002 000 001 006 002 002 002 002 002 002 000 000 002 000
B1 000 002 000 000 013 000 000 000 002 000 000 000 000 000 000
B2 001 001 000 001 006 001 001 001 002 001 001 000 000 001 0.00
B3 002 o002 000 002 000 002 002 002 002 002 002 000 000 002 000
Bd 001 001 000 001 006 001 001 001 002 001 001 000 000 001 000
BS 001 001 000 001 008 001 001 001 002 001 001 000 000 001 0.00
o 000 000 000 000 013 000 000 000 002 000 000 000 000 000 0.00
] 000 000 000 000 006 001 001 001 002 001 001 000 000 001 0.09

002 002 o000 002 000 002 002 002 002 002 002 000 000 002 000
4 001 001 000 001 006 0.01 0.0 001 .02 00 001 000 0.00 001 Q.00

001 001 000 001 0.06 0.01 0.01 001 0.02 001 001 000 0.00 0.01  0.00
D1 002 002 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 Q.00
D2 002 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
D3 002 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
04 002 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.09
D05 002 0.02 000 D02 000 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
E1l 002 0.02 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02  0.00
E2 0.0z  0.02 000 002 0.00 0.02 002 002 0.02 002 002 000 0.00 oz 000
E3 0.02 0.02 0.00 002 000 0.02 0.02 0.02 0.02 002 002 000 000 0.02 Q.00
E4 0.02 002 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
ES 002 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
F1 002 002 000 002 000 0.02 0.02 0.02 0.02 002 002 000 000 002 0.00
F2 002 0.02 000 002 0.00 0.02 0.02 0.02 0.02 D02 002 0.00 000 002 0.09
F3 002 002 000 002 000 0.02 0.02° 0.02 0.02 002 0.02 000 000 0.02 0.00
F4 002 002 000 002 000 002 002 002 002 002 002 000 000 002 000
F5 002 002 000 002 000 002 002 002 002 002 002 000 000 002 000
Gl 002 002 000 002 0.00 0.02 0.02  0.02 0.02 002 002 000 000 0.02 0.00
G2 002 002 000 002 000 o002 002 002 002 002 002 000 000 002 000
G3 002 o002 000 002 000 002 002 002 002 002 002 000 000 002 009
G4 002 002 000 002 0.00 0.02 0.02 0.02 0.02 002 002 0.00 000 0.02 0.00
G5 002 0.02 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 .00
H1 0,02 002 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 000
H2 002 002 000 002 000 002 002 002 002 002 002 000 000 002 0.00
H3 00z 002 0.00 002 000 0.02 0.02 0.02 0.02 002 002 000 000 0.02 0.00
H4 0.02 0.02 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02  0.00
HS 0,02 0.02 0,00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
11 002 0.02 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
12 ooz o2 000 D02  0.00 0.02 0.02  0.02 0.02 002 002 000 000 002 .09
13 0.02 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
14 0.02 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02. 0.00
15 0.02 0.02 0.00 002 000 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02 0.00
11 002 002 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 002 0.00
12 002 o002 0.00 002 0.00 0.02 0.02 0.02 0.02 D02 002 000 000 0.02 0.00
13 002 002 000 002 000 0.02 0.02 0.02 0.02 Doz 002 000 000 0.02  0.00
14 002 002 000 002 000 o002 002 002 002 002 002 000 000 002 009
15 02 o002 000 002 000 002 002 002 002 002 002 000 000 002 000
K1 002 002 000 002 000 002 002 002 002 002 002 000 000 002 0.00
K2 002 002 0.00 002 0.00 0.02 0.02 0.02 0.02 D02 002 000 0.00 0.02  0.00
K3 0.02 0.02 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.0z 0.09
K4 002 002 000 002 0.00 0.02 0.02 0.02 0.02 002 002 000 0.00 0.02  0.00
K5 0.0z o002 000 002 000 0.02 0.02 0.02 0.02 DOz 002 000 000 0.0z 0.00
L1 0.0z 002 000 002 0.00 0.02 0.02 0.02 0.02 00z 002 000 000 0.0z 0.00
Lz 02 002 000 002 000 002 002 002 002 002 002 000 000 002 009
L3 002 002 000 002 000 002 002 002 002 002 002 000 o000 002 009
L4 002 002 000 002 000 002 002 002 002 002 002 000 000 002 000
LS T ooz onz 0.00 002 0.00 0.02 0.02 0.02 0.02 002 002 000 000 002 0.00
SUmM 1.00 100 0.00 100 1.00 1.00 1.00 -1.00 1.00 100 100 000 0.00 1.00 1.00

(a1) solid color, (a2) light color, (a3) vibrant color, (b1) fine granulation, (b2) worn material, (b3) brushstrokes,
(c1) nearness, (c2) horizontal division of the plane, (d1) lack of depth, (d2) proportions of positions, (e1) vertical
axis of location, (€2) symmetry, (e3) effect of movement, (f1) closed form, and (f2) outlines. A1... L5 are the
coloreme regions of the corresponding Venus Table.

Table 4. Stochastic matrix from page 24 of the Venus table of the Dresden Codex.



Plastic Characteristics

oloremi al az | a3 bt b2 B3 ¢l @ dl  d | el e e H f2

AL 000 008 0.00 000 .08 000 000 000 OCE 000 000 0.00 000 000 -D.22
A2 D08 008 000 005 017 -008” 005 008 008 608 -008 0.00 000 -008 0.00
a3 008 008 000 008 000 -008 -008 008 008 000 -008 0.00 000 -0.08 0,00
a4 000 008 D000 000 027 000 000 000 008 000 000 000 000 000 0.2
as 008 008 0.00 005 017 -0.08 008 0.08 008 008 -008 000 000 -0.08 0.00
a1 000 008 D000 000 27 000 000 000 008 000 000 000 000 000 0.00
B 005" 005 000 005 027 -a6s 005 -nos’0ce 008 005 660 000 005 6.00
@ " 008 008 0007008 000 008" 008" 008 0”008 008 000 000" 008 000
84 005 005 000 -005 027 -005 005 005 008 008 -005 000 000 -005 0.00
85 005 005 000 -005 017 -005 05 05 008 008 -005 000 000 005 0.00
a 000 000 000 000 027 000 000 000 008 D03 000 000 000 000 0.00
c 000 000 000 000 027 -005 .05 -005 008 005 -005 000 000 005 0.2
=) D08 008 000 008 000" -0os” 008" 0os 0”008 0o ovoo 000" a0s 000
ca 005 005 D00 005 027 -005 0.05 005 0@ 005 -005 000 000 005 6.00
= 005 005 D000 005 427 -005 005 405 008 005 005 000 000 005 0.00
o1 0B 008 D00 008 000 008 008 008 008 008 -00B D00 000 008 0.00
o2 008 008 D0 008 000 -0.08 008 008 008 D08 D08 000 000 008 0.00
D3 008 008 D00 008 000 -0.08 0.08 -0.08 0.08 008 -0.08 000 000 -0.08 0.00
D4 008 008 D00 008 000 -008 408 008 008 008 008 00D 000 008 0.22
o5 0B 008 000 008 0.00 -008 008 008 0.08 008 -0.08 000 000 -008 0.00
31 00B 008 D000 008 0.00 008 008 008 008 008 -0.08 0.00 000 008 0.00
2 008 008 000 008 000 -008 0.08 008 008 008 -0.0B DOD 000 008 0.00
£ 00E 008 000 008 000 -008 008 0.08 008 008 008 000 000 008 0.00
& 008 008 DO0 008 000 008 008 008 008 008 -DOB DOD 000 008 000
E5 008 008 000 .08 000 -008 008 008 008 008 -D0B 00D 00D 008 0.00
F1 008 008 D00 008 000 -008 108 008 008 008 -0.0B D00 000 08 000
F2 0.08 -0.08 0.00 -008 000 -0.08 008 008 D08 008 -00OE 000 000 D08 D22
Fa 008 008 000 008 000 -0.08 008 008 008 D08 -0.08 D00 000 -008 0.00
F4 008 008 000 -008 0.00 -0083 008 008 008 008 -G08 0.00 0O0 0038 000
F5 008 O0F D00 (008 000 -008 008 -0.08 008 008 -0.08 000 000 -0.08 0.00
Gl 08 008 000 008 000 008 008 Q08 08 008 -0OR 0.00 0 0O0 008 0.00
G2 .08 H08 000 008 000 -008 Q08 D08 008 D08 008 000 000 08 0.00
e 008 008 000 008 000 -008 0.08 008 008 008 008 000 000 008 0.2
[ 008 008 D000 008 000 008 008 008 OC8 008 -00B D.OD 000 008 0.00
s 008 008 D000 008 0.00 -0.08 008 008 008 008 008 D00 00D 008 0.00
HL 008 Q08 000 -008 000 -008 008 008 008 008 -008 0.00 000 008 0.00
H2 Q08 008 000 -0.08 000 -008 008 408 408 008 008 D00 000 008 0.00
3 008 008 D00 008 000 -008 008 008 008 008 D08 000 000 08 0.00
Ha 008 008 D000 Q0B 000 -008 008 008 008 008 -008 000 000 008 0.00
HS 008 008 000 008 000 -0.08 008 008 008 008 -D.0E D00 000 -008 000
in 008 008 DOO (0.0 000 -008 .08 -0.08 408 008 -DO8 DOD 000 008 D00
iz 008 008 000 008 0.00 -008 008 008 008 008 -D0E DOD 00D 008 022
13 008 008 D00 00R 000 -008 008 408 008 008 008 00D 000 008 0.00
4 408 008 000 -008 000 -008 008 008 008 008 -008 000 000 008 000
5 008 008 D00 008 000 -0.08 008 008 008 008 -008 0.00 000 008 000
n 008 008 D00 008 0.00 008 008 008 008 008 -DOE 000 00D D08 0.00
2 008 008 00D 008 000 -008 008 008 008 D08 -G08 000 000 -008 000
It 008 008 D00 008 000 -008 008 408 408 008 -00B 000 000 008 0.00
1 008 008 D00 008 000 -G08 .08 008 008 -DOE -D.OB 000 000 08 .22
5 008 008 DOO 008 000 -008 08 008 008 008 D08 DOD OO0 008 0.00
K Q0B 008 D00 008 000 -008 008 008 008 008 -008 D00 000 008 0.00
@ 0B 008 D00 008 000 -008 O0E 008 008 008 -DOB 000 000 008 0.00
K 008 Q0F  DO0 008 000 -008 008 008 008 O0E -DOB D00 OO0 008 022
K4 .08 -0.08 0.o0 -008 000 -008 Q08 D08 002 008 -0.08 000 000 908 0.00
K5 008 008 00D 008 000 -00% 008 008 008 008 D08 000 000 008 000
L 00E 008 D00 008 000 -008 008 .08 008 008 O0E DOD 00D 008 0.00
L2 408 004 000 -008 000 -008 008 008 008 008 -008 000 OO0 008 0.22
£ 008 008 DOJ 008 000 -008 008 008 008 008 -DOB D00 000 008 0.2
14 00B 008 D00 008 000 008 008 008 008 D08 -DOB D00 000 008 0.00
L5 .08 -0.08 0.oo -008 000 -008 008 D08 008 008 -0.08 ‘000 oo 008 0.00

SUM 414 438 000 408 273 419 416 419 469 411 419 000 000 419 2.25.

(a1) solid color, (a2) light color, (a3) vibrant color, (b1) fine granulation, (b2) worn material, (b3) brushstrokes,
(c1) nearness, (c2) horizontal division of the plane, (d1) lack of depth, (d2) proportions of positions, (e1) vertical
axis of location, (e2) symmetry, (e3) effect of movement, (1) closed form, and (f2) outlines. A1... L5 are the
coloreme regions of the corresponding Venus Table.

Table 5. Applying equation 1 of Shannon’s entropy to each coloreme and semiotic
variable of Page 24 of the Venus table of the Dresden Codex.



positive due to the effect of the minus sign on equation 1 (H = — > pi log pi).
Table 5 shows the results of this calculation for Page 24 of the Venus Table.

Step 11. Obtaining entropy for each semiotic variable and each page of the Venus table
of the Dresden Codex

We calculated Shannon’s H entropy for each of the six paintings of the Venus cy-
cle, as shown in Table 5. This allowed for formulating the results of entropy in bits
or units of information of the Venus Table, according to the method established
by Shannon. Table 6 shows H entropy in bits, or quantity of information of the
Venus table of the Dresden Codex, in order to compare the six paintings or pages.

Visual Characteristics
al [ a2 [ a3 [ bt [ b2 | b3 [ et [ c2 [ di [ d2 ] e [e2 ] e3 [ H [ f
H entropy in bits
Page 24
47.30= 4.14 4.38 0 4.08 2.73 4.19 4.14 4.19 4.69 411 4.19 0 0 4.19 2.25
Page 46
50.48=| 4.05 3.89 0 4.27 2.74 4.16 4.22 4.27 4.69 3.41 4.28 0 2.32 4.20 3.98
Page 47
49.78 = 4.00 3.49 0 420 | 228 4.16 4.16 4.22 460 | 3.69 4.22 0 2.56 4.22 3.98
Page 48
51.77=| 422 3.54 0 4.46 1.10 4.20 4.55 4.47 446 | 465 4.7 0 2.77 4.66 3.98
Page 49
49.92=| 4.28 3.76 0 4.43 1.10 4.31 4.33 4.25 470 | 431 4.37 0 2.39 4.33 3.36
Page 50
51.86=| 4.27 3.62 0 4.27 2.42 4.24 4.23 4.16 4.70 4.18 4.23 0 3.20 4.23 411

(a1) solid color, (a2) light color, (a3) vibrant color, (b1) fine granulation, (b2) worn material, (b3) brushstrokes,
(c1) neamess, (c2) horizontal division of the plane, (d1) lack of depth, (d2) proportions of positions, (e1) vertical
axis of location, (e2) symmetry, (e3) effect of movement, (f1) closed form, and (f2) outlines.

Table 6. Shannon entropy H or information contained in the Venus tables of the Dresden Codex by
page and visual characteristics.

Results and Discussion

This study determined the amount of information contained in the Venus Table
on pages 24 and 46 to 50 of the Dresden Codex in order to compare levels of
variation of information among paintings, which is not possible with aesthetic
descriptions. The significant aspect of the value of entropy H is that when a
message or a painting can be distinguished from others of the same type, the
proportion of individual characteristics with respect to semiotic variables and
coloremes regions is unlikely to resemble the proportion of characteristics of the
other paintings. And when a message is very likely to show no differences among
semiotic variables —in this case that all Venus pages— are equal the value of H
would be very small, or almost zero.

In the visual description, we mentioned that pages 46 to 50 had a surpris-
ing level of homogeneity. Nevertheless, the entropy value obtained allowed for
determining variations among pages or paints. Page 50 has the highest entropy
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value (51.86 bits) and page 24 the lowest (47.30 bits). Page 24 contains only
calendric numeric notation; it does not include any image of Venus, the regent,
or the victim, as do the other five pages. None of the Venus pages have an
entropy value of zero, meaning that the message of the paintings is not easily
predictable for the 15 semiotic characteristics (Table 6).

Two semiotic characteristics have an entropy value of zero bits (a3 and e2).
This means that the message transmitted by these characteristics is very predict-
able. That is, in the Venus Table none of the pictorial messages contain vibrant
colors or luminosity, neither symmetry or orientation of the plane. With respect
to the characteristic “solid color” (al), or the appearance of intensity of a color,
there is little variability among the Venus pages: entropy ranges from 4.00 bits on
page 47 to 4.28 bits on page 49. All the pages have completely defined colors for
some of the chromatic poles mentioned. With respect to the characteristic “light
color” (a2), or intensity of a light color, page 24 has the highest entropy value
(4.38 bits), while values range from 3.49 bits to 3.89 bits for the other pages. As
mentioned, page 24 does not include any image and the background is white,
and therefore is clearer than the rest of the tables.

For the characteristic “fine granulation” (b1), referring to the surface on which
a pigment is applied, the entire Venus Table has a fairly fine-grained texture.
Entropy ranges from 4.08 bits on page 24 to 4.43 bits on page 49. The charac-
teristic “worn material” (b2) determined the level of deterioration or fraying of
the pages. Pages 48 and 49 are the least deteriorated, with entropy of 1.10 bits.
The most deteriorated are 46 and 24, with entropy of 2.74 bits and 2.73 bits,
respectively. Regarding texture, all the Venus pages show “brushstrokes” (b3), or
the manner in which pigments were physically dispersed. Entropy ranges from
4.16 bits on pages 46 and 47 to 4.31 bits on page 49.

With respect to the characteristic “nearness” (c1), or the perception of proxim-
ity among elements in the visual field, all the Venus Table show tension in the
size of the formants, and proportionality among the neighboring blocks. There-
fore, entropy varies little, ranging from 4.14 bits on page 24 to 4.55 bits on page
48. In relation to the characteristic “horizontal division of the plane” (c2), or the
optical effect of position in the plane, the entropy value varies little, ranging from
4.14 bits on page 24 to 4.55 bits on page 48. That is, the formants are visually
perceived to be placed horizontally within the plane.

The characteristic “lack of depth” (d1), or the orientation of the formants in
three spatial dimensions, along with characteristics a3 and e2, are the most ho-
mogenous. The position of the formants lacks depth, and entropy values range
from 4.46 bits to 4.70 bits. The characteristic “proportions of positions” (d2), or
relative position of groups of coloremes in the visual field, indicates that the ob-
server upon perceiving the space detects outlines and creates the illusory effect
of position in the plane. The Venus Table reveals proportion of positions; page
46 shows a lesser effect than that of page 48, with entropy values of 3.41 bits
and 4.65 bits, respectively.
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The characteristic “vertical axis of location” (e1), or the orientation of the for-
mants in three spatial dimensions, addresses the relationships between near and
far regions within the visual field. The elements of each Venus page appear to be
oriented according to a vertical axis, as demonstrated by entropy values ranging
from 4.19 bits for page 24 to 4.71 bits for page 48. For the characteristic “move-
ment effect” (e3), or the perception of forces that produce movement, page 24
has no images and therefore shows no movement and has entropy of zero, while
on pages 46 to 49, the images of Venus and the victim show movement, with
entropy values ranging from 2.32 bits to 2.77 bits. On page 50, all three images
show movement, and entropy is 3.20 bits.

The characteristic “closed form” (f1), or the perceptual characteristic between
two neighboring regions in the visual field, indicates the transition from one visu-
al zone to another with diffuse outlines. The Venus Table have undefined borders
due to the forms of the glyphs. The lowest entropy value is 4.19 bits on page 24,
and the highest 4.66 bits for page 48. Finally, the characteristic “outlines” (f2), or
the borders which mark the division among visual zones, indicates distinct lines
separating one visual zone from another. The Venus Table has borders around
the images of the regent, Venus, and the victim, as well as borders around each
page. Page 50 has the clearest borders —throughout the page— with an entropy
value of 4.11 bits. Page 24 has the lowest entropy value —2.25 bits—, while
pages 48 and 49 both have entropy value of 3.98 bits.

Final Comments

In the prologue of Miguel Ledn Portilla’s book (Leén Portilla, 1994: 13), and in
an introductory note of Anthony Aveni’s book (Aveni, 1991: 154), Eric Thompson
warns us that it is difficult for someone from twentieth-century western culture
to fully comprehend the mystic and emotional nature of Maya philosophy of time.
Our cultural education impedes us to appreciate the value of the Maya belief
system because Mesoamerican thought was dominated by the principle of cosmic
existence, which tends to be incompatible with our Cartesian thought.

The Venus Table of the Dresden Codex is not only a painting on a foldout can-
vas; it communicates a calendrical message that has taken 500 years to decipher.
The Maya described their calendrical knowledge with mathematical operations
using positional numeric notation to explain the functioning of the sacred 260-
day calendar in a cycle of 8 terrestrial years. This knowledge is represented by
glyphs that include the names of the days, the cardinal directions, and personi-
fications of Venus.

The astronomical-astrological knowledge that the Mayan painters wished to
transmit through pictorial images of the almanacs and prophecies were repre-
sentations of their thoughts, which were expressed in the Maya Ch’olan lan-
guage. So, the visual semiotic message decoded from their paintings may not
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only be interpreted by a Maya priest but rather by any trained person of the
215t century.

This decoding system allows for understanding the function of the Venus Ta-
ble, which was to connect the ritual celebration of a significant celestial position
in the cycle of Venus with civic, religious, and agricultural aspects of daily life.
This required precise comprehension of the synchrony of planetary movements
with the heavenly cycles. The Maya ideology regarding time, which was based on
their knowledge of planetary synchronization, formed part of their worldview.

Shannon’s entropy is a value of reference that allows us to recognize the
structure of the message in a cultural object such as a painting and determine
its levels of uniqueness. That is, the information contained in paintings in which
visual and perception characteristics can be codified, and then conveyed through
by a channel and decode in a message, can be compared, reproduced exactly or
approximately in another point knowing the entropy value. Furthermore, Saint-
Martin’s visual semiotics method of analysis allows for correlating ocular fixation
with objective and perceptual characteristics to contrast objects, regardless of
who evaluates the object.

By applying visual semiotic analysis, as presented in this study, as well as to
determine the entropy of an artistic work, as the paintings of the Venus Table of
a pre-Columbian manuscript, it is possible to explain the practical functioning
of knowledge that underlies a system of meaning, such as that contained in a
pictorial work of art, and to offer data that allows us to compare old and modern
paintings.
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