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How can you tell…

This is writing… …but this is not !



How can you tell…

a Nan e-Barbari (Persian flat bread)an Achameneid cuneiform tablet

This is writing… …but this is not !



What is writing ? a system of communicating – typically 

using a language - by means of conventional visible marks

What is language ? A system of syntactic communication 

capable of encoding ideas of arbitrary complexity

Syntax = Compositionality + Recursion

(“words/letters”)           (embedding)

A writing system can be used to write different 

languages e.g., Roman alphabet

Look for syntactic structure in a symbolic string

Writing and Language are not equivalent!



The same writing system can be used to 

write several different languages… 

❖ Latin alphabet
used to write many modern European 

languages, including English and many 

modern Asian languages, including 

Malay, Turkish and Indonesian

❖ Arabic script
used to write texts in Arabic, Persian 

(Farsi and Dari), Malay (Jawi), Cham 

(Akhar Srak), Uyghur, Kurdish, Punjabi 

(Shahmukhi), Sindhi, Balti, Balochi, Pashto, 

Lurish, Urdu, Kashmiri, Rohingya, Somali, 

among others

Examples



… and the same language can be written 

using different writing systems 

Turkic Languages have been written using

❖ Ottoman Turkish alphabet
(10th-20th century) 

A form of the Perso-Arabic script

written from right to left

Example

❖ Orkhon script  
(8th-10th century CE) 

written from right to left

❖ Latin Turkish alphabet
(1928 onwards) 

written from left to right



All known writing systems involve a mix of 

• Phonetic elements: signs with sound values 

• Logographic elements: semantic signs

P
U

R
E
  P

H
O

N
O

G
R

A
P
H

Y

P
U

R
E
  L

O
G

O
G

R
A

P
H

Y

Finnish

French

English Japanese

Chinese

“Dabbawala”

notations

(Robinson 2002)
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Musical notation



Classifying writing systems based on number of characters

Alphabetic

(~25 signs)

Syllabic

(~100 signs)
Ideographic

(>50000 signs)

E.g., Latin E.g., Japanese Kana
E.g., Chinese

Logo-syllabic (~900 signs)

E.g., Sumerian cuneiform 

Alphabets themselves further distinguished into

Pure Alphabets: distinct letters for consonants &

vowels

Abugida: vowels modify characters for consonants

Abjad: vowels are omitted as they are implied rather 

than being explicit

http://images.google.co.in/imgres?imgurl=http://scrapetv.com/News/News%2520Pages/Business/images-2/alphabet.jpg&imgrefurl=http://scrapetv.com/News/News%2520Pages/Business/pages-2/Generation-Z-concerned-over-name-of-next-generation-Scrape-TV-The-World-on-your-side.html&usg=__Y5vG2dyTWPk8eZH7BDfVb5LYM7s=&h=442&w=559&sz=80&hl=en&start=1&um=1&itbs=1&tbnid=u8d63Is61FufeM:&tbnh=105&tbnw=133&prev=/images%3Fq%3Dalphabet%26um%3D1%26hl%3Den%26safe%3Doff%26client%3Dfirefox-a%26sa%3DG%26rlz%3D1R1GGGL_en___IN367%26tbs%3Disch:1


Arthur Conan Doyle,  

The Adventure of the Dancing Men, in Return of SherlockHolmes (1903)

Granada Television 1984



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 



Frequency of English Characters

Samuel Morse

1791-1872 

ETAOIN SHRDLU
Highest frequency

characters

Morse code

But Morse’s character  frequency counts are 

based on pieces of text considers the 

commonest words multiple times

To increase the efficiency of encoding, 

Morse code was originally designed so 

that the length of each symbol is 

approximately inverse to the frequency of 

occurrence of the character that it 

represents in text of the English language.

Telegraph

If one considers all distinct words 

so that word frequency does not 

produce artefacts, e.g.,  by 

considering words from a 

dictionary, the highest frequency 

characters are

EARIOT NSLCUD

In either case, E is the 

commonest letter



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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There are no 

word boundaries 

– could the flags 

indicate word 

endings ?

E



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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No flags – single word!

E



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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Possible English 

words of the form 

* E * E * are

SEVER

LEVER

NEVER

E



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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Assuming that this 

is a conversation 

between two 

people, very likely 

that it is NEVER
N V R



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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Gives symbols for 

N, V, R
N V R

N
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ER

R R



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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E * * * E word 

occurs twice – is 

this a name ? ELSIE?
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Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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L S I

Gives symbols for 

L, S, I

S L

I SL



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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* * * E may be an 

instruction.

COME ?

S L

I S

C OM

L



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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N V R

N

R

ER

R R

L S I

L S I

S L

I S

C OM
Gives symbols for 

C, O, M

M OO

M

L



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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N V R

N

R

ER

R R

L S I

L S I

S L

I S

C OM

“AM HERE” ?

M OO

MA H

L



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 

E

EE

EE

EE E

E E

E E E E EE

N V R

N

R

ER

R R

L S I

L S I

S L

I S

C OM

M OO

MA H

Gives symbols for 

A, H

A A

A H

A L



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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MA H

A*  ELRI*ES

A* = AT ?

Gives T

A A

A H

A L

T

T

T T



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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* R E * A R E

PREPARE ?

Gives P

A A
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A L

P P

T

T T T



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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ELRI*ES

ELRIGES ?

Gives G

A A

A H

A L
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Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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N V R

N

R

ER

R R

L S I

L S I

S L

I S

C OM

M OO

MA H

SLANE* & TH*

SLANEY & THY

Or

SLANEE & THE?

A A

A H

A L

P P

T

T T T

G

GY

Y



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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N V R

N
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ER
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L S I

L S I

S L

I S

C OM

M OO

MA H

GO*

GOD?

A A

A H

A L

P P

T

T T T

G

GY

Y

D



Criminal’s (Abe Slaney staying at Elrige’s Farm) first message

Criminal’s second message

Criminal’s third message

Elsie’s response

Criminal’s final message

Sherlock Holmes’ message to the criminal 
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N V R

N
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ER
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L S I

L S I

S L
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MA H

A*E is a first 

name

ABE?

A A

A H

A L

P P

T

T T T

G

GY

Y

D

B



Substitution ciphers in real life
A typical example of coded messages found in prisons in California sent to 

Stanford's Statistics Department for decryption

How to find the unknown function f such f : {code space} → {English alphabet}



Markov chain Monte Carlo
A standard approach to deciphering is to use the statistics of written English to guess at 

probable choices for f, try these out, and see if the decrypted messages make sense.

The statistics is obtained from a text corpus. The proportion of consecutive text symbols 

from x to y gives a matrix M(x; y) of 1st order transitions from one symbol to another.. 

Then the plausibility of the mapping f

Pl(f) = i M (f (si), f (si+1))
where si runs over consecutive symbols in the coded message.

Mappings f which have high values of Pl(f) are good candidates for deciphering.

To maximize the plausibility we can run the following Markov Chain Monte Carlo 

algorithm



“Reps do it”
The space of possible f s is extremely large – can the Monte Carlo guided 

random walk achieve the “correct” f in reasonable time, or at all?

The text is scrambled at random and the Monte Carlo algorithm run

The simple optimization process converges to original text in a few thousand steps



Substitution ciphers in real life
Decipherment of the typical example of coded messages found in prisons in 

California sent to Stanford's Statistics Department for decryption



Found in 1908 by an Italian archaeologist 

Louis Pernier in connection with the 

excavations of Phaistos in Crete.

Image:commons.wikimedia.org

Phaistos Disk

features 241 tokens, comprising 45 distinct signs, apparently made by pressing 

hieroglyphic "seals" into the soft clay - spiraling clockwise toward the center



Phaistos Disk sign statistics



Inferring the signary size

Alan L Mackay

1965
 If the Phaistos disk is genuine (the writing system follows the 

same general frequency distribution as other known 

alphabetic/syllabic systems), about 10 more symbols in the signary


