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Abstract

Expanding upon the established hypoth-
esis of monoalphabetic substitution with
potential transposition and polyalphabetic
elements, this analysis of the Santa Maria
la Nova epigraph incorporates Ancient
Greek, Old Church Slavonic, Old Roma-
nian and Old Albanian, thus exploring
the possibility that the cipher’s plaintext
derives from historically under-examined
languages, particularly those with cultural
and historical ties to medieval Naples and
its Eastern Mediterranean networks. Spe-
cial attention is given to aligning the an-
alyzed corpora with the epigraph’s actual
textual rendering and to the evaluation of
multilingualism.

1 Introduction

After publishing the preliminary cryptoanalysis of
the ciphered epigraph in the Turbolo Chapel at
Santa Maria la Nova (Palma, 2023), the public in-
terest in this fascinating artifact has been further
stirred by the production of a novel documentary
that revolves around the same places of the in-
scription (Repubblica, 2024). Despite the failed
decryption attempt, the attention reclaimed from
the scientific community, whose main outcome is
represented by this contribution, has been posi-
tively responded to.

In the ”Future Work™ section of (Palma, 2023),
checking for magical/esoteric words or conlangs
(such as Hildegard’s Lingua Ignota, magical pa-
pyri, gnostic libraries and other books about oc-
cultism and alchemy) was proposed as a possi-
ble approach to carry on the investigation. Format
constraints necessitate postponing this approach in
favor of a more promising research direction. The
present work focuses on monoalphabetic substitu-
tion attacks in relevant languages, prioritizing ini-
tial decryption stages:
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1. Obtaining the clearest possible transcription
based on the most recognizable inscription
segments;

2. Selecting historically grounded candidate
languages;

3. Performing attacks on smaller epigraph por-
tions before attempting alternative methods,
considering potential multilingualism.

2 Data Preprocessing and preliminary
evaluation

To comply with the first listed principle, a manual
transcription has been newly performed, as verifi-
able in Figure 2.

In addition, the CTTS transcription tool' has
been used to provide an aided transcription (see
Figure 1).

One of its output, Figure 3, helped us notice
that some glyphs cluster overwhelmingly in one
side (top or bottom) of the inscription. For in-
stance, the sixth stripe from right, representing the
frequency and position of the glyph T in the epi-
graph, clearly shows it only appears in the first half
of the inscription.

This observation strengthens the hypotesis that
some glyphs can be homophones, an hypotesis
that is difficult to reconcile with the character’s
frequency distribution, which fully aligns with a
pure monoalphabetic substitution cipher.

An analysis of digrams composed of most fre-
quent characters (as shown in Figure 4) opens a
new avenue for investigation, as every language
must display a costant behavior for digrams as
well as for their opposite (obtained by switching
the letters).

In the following sections, four languages have
been more thoroughly investigated because of
their promising features.

"https://github.com/CrypToolProject/CTTS/
tree/main.
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Figure 1: A snapshot of the encrypted epigraph of

the

Turbolo Chapel in th

Maria La Nova from the transcription environment CTTS.

AARABILADALE EILIANNMOTRPIVVVUYVVVVVAYVY
A ABILA EEIIA  MNOMRIVY v VYAYV

VVER+AVTOTIAVEAVAVICVBNIE

VVER+AVOTIANEAAVYLCVS
OIAAAPLEF TATVY T AVMBHV 'V

Figure 2: Comparison of characters transcription
from the epigraph performed independently by the
authors (the first two providing a minimal and ex-
tended character’s interpretation; the latter a single
one.)

Figure 3: A visualization capturing both position
and frequency of each inscription’s glyph.

3 In the footsteps of Kostantin Castrioti:
the Old Albanian lead

After the death of Scanderberg, many Albanians
migrated to Italy; part of them, to Naples (Schmitt,
2014). The church of Santa Maria la Nova in
Naples is important for Albanological studies pre-
cisely for this reason. Within its premises, for
example, is located the grave of Konstantin Kas-
trioti (d. 1500), nephew of Gjon Kastrioti (Sk-
enderberg) — Albanian national hero (Ciarlanti,
1644; Padiglione, 1879). The dedication below
the sculpture on the sarcophagus clearly states that
it was raised by Donika Kastrioti, Skenderbeg’s
wife, in 1500, for commemorating the untimely
death of her nephew (Amarelli, 2012). When in
the summer of 2024 a delegation of the Academy
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Figure 4: A diagrammatic sample of most frequent
digrams.
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of Science of Kosovo visited Napoli, they were
informed that the grave of Konstantine Kastrioti
was at one point somewhere in the Turbolo chapel,
where the undeciphered inscription takes up a cor-
ner of a wall. Such changes within the church
seem to have been a common occurrence (For-
gione, 2023). In any scenario, this would mean
that the mysterious inscription could belong to a
period before the Turbolo family restructured the
chapel (1582), maybe even to the year 1500 when
Konstantine’s grave was placed there.”

Until the late 17th century, Albanian was
mainly written using the Latin script. The old-
est Albanian written text is an inscription with
Latin letters, found on a manuscript dated 1462.
It is a well known short (Elsie, 2017) word bap-
tism formula originally from Durrés in Albania.
The oldest book written in Albanian is from 1555,
known as Meshari (Mass book), a book printed
using Venice typographic materials surviving in a
single copy kept in the Vatican Library in Rome.
This book was also written in Latin script, with 4
additional symbols mainly borrowed from cyrillic
bosancica script. Though a manuscript from 1400
mentions an original alphabet for Albanian texts
(Schmitt, 2014), no traces of such a script were
witnessed until the end of the 17th century (Ru-
gova, 2022). A certain manuscript called Anonimi
i Elbasanit, dated to be from the end of the 17th,
or the middle of the 18th century is the first known
text in Albanian with an original alphabet (Elsie,
2017). In subsequent decades several other such
original scripts emerged, mainly in what is known
as the orthodox milieu of the Albanian speaking
communities [ibid.]. One of them seems to have
been shared by the Arumanian speaker of Alba-
nia as well (Demiraj, 2019). No similarities can
be spotted between these original scripts and the
one of the Napoli inscription. However, given the

2A work from Simone Papa (Il Vecchio) in 1488 is one
example of works finished there before the Turbolo family
made their changes in 1580s (Bryan, 1849).



plurality of different Albanian scripts mentioned
above, another one from 1500 would indeed be
a delightful discovery for Albanian studies, but
not a surprising one. That, together with statisti-
cal cues—as shown in (Palma, 2024), was the rea-
son we used an Albanian corpus to try to decipher
the Napoli inscription. For this purpose, given the
closeness to Konstantin’s period, the Meshari of
Gjon Buzuku was used as the main Albanian cor-
pus.

It has been harvested from the Titus-Project
(Gippert, 1996)° and processed by means of the
cryptology suite Malanova® previously developed
as codebase for (Palma, 2023). Enlarging the cor-
pus with further documents has been momentar-
ily avoided, given the exploratory nature of the
analysis. Moreover, every corpus in Old Albanian
presents slightly different scripts and even vocab-
ularies, which would have posed an issue of align-
ment that cannot be tackled in the limited scope
of this survey. Using the software AZDecrypt>,
loaded with the 5-grams generated from the pre-
processed corpus, an attack has been run using the
Substitution as well as the Substitution Skips and
Nulls functions, respectively loading all different
epigraphy transcriptions as described in section 2.
Every test has been run setting different levels of
entropy: 1, 5 and 10, each time for the whole epi-
graph, then the upper, and then the lower half.

4 Tracking down the Balkan way: failed
attempts with Old Romanian and Old
Church Slavonic

Previous statistical analysis have also shown a
good fit between the character distribution of the
inscription with Old Church Slavonic and Old Ro-
manian. This correlation has been further con-
firmed by calculating the Entropy and the Index of
Coincidence (Friedman, 1922). The brevity of the
text does not allow to be overly optimistic about
such metrics, that can be reliable only on larger
portions of text. However, it cannot be neglected
that these encouraging values have been measured
only for these languages, which by chance corre-
sponds to the language whose alphabets feature in
the inscription, and are in the closest geographi-
cal area surrounding the one where Old Albanian

Shttps://titus.uni- frankfurt.de/texte/etcs/
alban/buzuku/buzuk.htm

‘https://github.com/Glottocrisio/MaLaNova

5https ://github.com/doranchak/azdecrypt
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Carattereﬁ lettere
0 49(13.0 % A|11.94 %
A 45|/11.9 % 0|9.87 %
A 41/10.8 % 1]9.61 %
H 39/10.3 % T|8.77 %
B 28|7.4% E|8.58 %
L 25|6.6 % 2|7.84%
A J 18/4.8 % N|5.90 %
M 17145 % H|4.96 %
v 16/4.2 % P|4.82%
Figure 5: Comparison of the frequencies of the

cipher and those of ancient Greek

was spoken. The very same approach as described
in section 3 has been applied for these languages.
The related corpora have been harvested from the
Language Bank of Finland Kielipankki® and from
(Niculescu and Dimitrescu, 2000) for Old Roma-
nian, by means of OCR digitization’.

5 It may be Greek, after all

As mentioned in (Rocco, 1928), the author as-
sesses that the inscription is the Greek translation
of the adjacent Latin inscription. Although even
a profane would easily acknowledge that the first
epigraph is too long, compared to the second one,
there are indeed many signs similar to Greek let-
teis (ABAEIANOIIPTTY ¢y ®) appear-
ing in the epigraph. If we also consider that fa-
ther Rocco was esteemed as a cultivated literate,
this kind of mistake would sound excessively su-
perficial. What if he knew something he could not
openly disclose? Another element worth consider-
ing is the final sign of each line. Of the 20 counted
lines, 9 ended with A, 6 with A and 5 with I. This is
quite unexpected; most languages have words end-
ing with a large number of different letters. Con-
versely, in Italian almost all words end with the
four vowels A O I E. And in Greek they end in a
very large part with A, H or .

In classical cryptanalysis, the first step after fre-
quency analysis, is identifying the vowels. In ad-
dition to the individual letters, the frequency of
digrams is very useful. The vowels agree with
almost all consonants, while the consonants are
more quarrelsome; calculating the entropy® of the

Shttps://www.kielipankki.fi/corpora/ccmh/

"We thankfully acknowledge Francesco Pastore for pro-
viding this resource.

8 About entropy and cryptanalysis see (Bauer, 2007)



digrams of each letter, the vowels have a value of
about 4, while the consonants have values under
3.5 except for R (P in Greek) which has values
slightly lower than the vowels. Hence, it turns
out that the signs similar to O, I, A, are almost
certainly vowels. The A sign also seems to be a
vowel. However, even not knowing the original
language, these data may be useful, because most
frequencies of the same letter are not so different:
this case is a good example. Assuming Latin as
the language and the highest frequencies, the word
BASILEIA, which does not exist in Latin, turned
up in the first complete line, while BAZIAEIA ex-
ists in ancient and modern Greek. Putting aside
the Latin language and moving on to Greek, some-
thing very interesting emerges: a whole line can
be deciphered according to this hypothesis . Af-
ter BAZIAEIA there are four signs ;A;Z and at
the end of the line, there are four more characters:
E;IA , resulting in this partially decrypted line:

BAZIAEIA NAYZ..A1..EPIA

Later, a name from the most remote school
memories (the Odyssey) emerges: NAYTZIKA
Nausicaa the daughter of the king of the Phaea-
cians who welcomes the shipwrecked Ulysses. In
reality between =~ and A there is a practically
empty space, two or three letters erased. If we
assume that they are IK it comes out precisely .
Later we found that the island of the Phaeacians,
today identified with Corfu, was called in ancient
times XEPIA!® giving:

BAXIAEIA NAYXIKA.XXEPIA

Three semantically related concepts appearing
in the same row strongly suggest a pattern. How-
ever, this hypothesis faces these challenges:

1. Up to now trials based on this same substi-
tution pattern to the remaining text, did not
yield meaningful texts;

2. Another row contains a seemingly meaning-
ful Greek phrase, but with inconsistent char-
acter mappings for at least two glyphs.

A plausible explication of these problems is the
use of multiple languages. While this would sig-
nificantly complicate decryption, it’s supported
by the emergence of plausible Greek syllables
throughout the text, consistent with typical Greek
letter distribution patterns.

9 An homophone was used here for Z; not so strange, be-
cause Z has also the ¢ variant and the sum of frequencies is
almost the same as in Greek.
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Figure 6: A detail of row 22, showing the only
palindrome word of the whole inscription.

The twenty-second row of the inscription con-
tains the only palindrome in the text (see Figure
6). Among all possible five-letter palindromes
in Koiné Greek, only pntmp (rhetor) is consistent
with the character frequencies shown in Figure 5.
This line is particularly notable for its repeated
glyphs. Manual decryption through character sub-
stitution yields: ayope¥(-) yovv 8¢ pnrijp ayvo,
meaning ... to harangue on one’s knees, but rather
as a venerable rhetor”.

6 Final remarks and Future Work

In cryptanalysis, the successful decryption of con-
secutive meaningful words typically enables com-
plete reconstruction of the cipher through system-
atic steps. However, this case presents unusual
challenges. Several critical questions emerge: is
the current decryption attempt entirely incorrect?
Is this particular line accurately deciphered while
other sections follow different patterns? Does
the inscription employ multiple languages? Auto-
mated analyses using Old Romanian and Old Al-
banian corpora have not yielded meaningful re-
sults'®.  Given the epigraph’s manageable size,
manual cryptanalysis appears to be a more promis-
ing approach. While definitive solutions remain
elusive, several avenues for future investigation
present themselves. The most promising direc-
tions include:

1. Systematic testing of Old Albanian dialectal
variations;

2. Deepening the Greek lead, trying to exploit
the “crib grid” function of AZDecrypt to pro-
duce constrained output based on partial de-
cryptions achieved from manual attempts;

3. Involving in the quest experts in the candidate
languages.

10The output files of the automatic attacks using AZDe-
crypt are stored in the codebase: https://github.com/
Glottocrisio/AZDecryptMarialLaNova/tree/main/
main/Output. Results from the present work are stored in

9 9 LY

the folders “’gre”, “rom”, alb” and “’slav”.
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