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Abstract 

 

Transformation is an important mathematical concept that may also be applied to linguistics. 

Transformation is defined as an invertible function f that maps a set X to itself; but also 

transformation can map the set X to any other set. In the case of phonetic transformations 

elements are letters (signs of transcriptions) or sounds. In the current paper are considered 

mathematical principles of transformations and some related concepts (domain, codomain, 

image, range, kernel, invariant), and also are considered different types of transformations 

(surjection, injection, bijection). Examples of different phonetic and grapheme transformations 

(transliteration, transcription, alternation, misspelling, misprinting) and their peculiarities are 

given.  
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1. Introduction 
 

Transformation (function) is one of the most important concepts in mathematics. This concept 

may be applied to all the sciences including linguistics. Transformation creates a connection 

between two sets (a set may minimally consist of one element). Elements of linguistics sets are 

letters, sounds, morphemes, words, sentences and so on.  

Let’s consider some examples/illustrations of transformations.  

If we form the form of the noun mouse we receive the form mice. In this case takes place sound 

transformation ([m] → [m], [aʊ] → [aɪ], [s] → [s]), letter transformation (m → m, ou → i, s → c, 

e → e) and morpheme (or word) transformation (mouse → mice).  

If we form the third singular Present Indefinite form of the verb to write we add the -s ending i.e. 

we have the following transformation: write → writes. It’s also letter and sound transformation 

besides the morpheme transformation where the zero ending turns into -s.  

If we need to change active sentence A pupil asks a teacher into a passive one A teacher is asked 

by a pupil it becomes sentence transformation. This article is a brief review of the phonetic and 

grapheme transformations in linguistics. Such transformations are transliteration, transcription, 

phonetic alternations, misspellings, and misprints.      

 

2. The mathematical principles  

 

All transformations can be subdivided into two types: one-valued transformations and the many-

valued transformations. A relation between two sets that pairs each element of one set with 

exactly one element of the other set is one-valued transformation. If any element of the first set 

can be paired to more than one element of the second set then such relation is a many-valued 

transformation.  

 

The first set X is named the domain of the transformation and the second set Y is named its 

codomain. The cardinality of a set is the number of its elements. The cardinality of Y is named 
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the range of the transformation. Let us denote an element of X as x, an element of Y as y and a 

transformation between the sets X and Y as f. An element y = f(x) is called an image of x. 

 

The elements of X, for which f(x) = 0 are called the kernel of the transformation (Ker f). The 

cardinality of Ker f is called its defect (Def f). If f(x) = x for some x of X, then such elements are 

named invariant for the function f (Inv f).  

A transformation can be represented as a graph where elements of sets are vertices of the graph 

and transformational relations are edges.   

A one-valued transformation f can be surjective, injective or bijective. 

Now let’s consider some examples. If X = Y = Q (the set of rational numbers), f(x) = arcsin x is a 

many-valued transformation since every x has an infinite number of images (the infinite range), 

e.g.:  f(0) = πn, n   Z (the set of integer numbers), Inv f: x = 0, Ker f: x = 0; f(x) = 2x – 8 is 

bijection (Inv f: x = 8; Ker f: x = 4). If X = Q, Y = Q
+ 

(the set of positive rational numbers), f(x) 

= x
2
 + 4 is surjection but not injection since there are different x associating to the same f(x), 

e.g.: f(-1) = f(1) = 5. If X = Y = R, (the set of real numbers) f(x) = x
2
 + 4 is one-valued 

transformation but neither surjection not injection since there are some f(x) to which corresponds 

no x: e.g. f(x) = -4. The transformation f(x) = x
2
 + 4 has empty Inv f and Ker f.    

 

3. Phonetic and grapheme transformations 

 

3.1. Transliteration 

 

Transliteration is a grapheme transformation between two different scripts allowing writing a 

word using another script. This transformation is always a bijection. In some cases the 

cardinality of the sets is equal, e.g.: moon should be transliterated in Cyrillic as моон: (m, м); (o, 

о); (o, о); (n, н). Inv f: {o, o}. Here the domain X is {m, o, o, n} and the codomain Y is {м, о, о, 

н}, the range f = 4 (there are four letters), def f = 0 (there is no kernel).  

Sometimes some letters of one alphabet can have no direct analogies in another alphabet, so in 

such cases a letter of one alphabet can correspond to a combination of letters of another alphabet. 

For example, Russian word щи is written in English as shchi. In this case the transformation 

remains bijective since the combination of shch is considered as the element corresponds for щ, 

and thus there are two pairs: (щ, shch), (и, i).  

Another example of bijective transformation is the example of transliteration German name 

Klaus to Japanese katakana クラウス [kurausu]: (k, ク), (la, ラ), (u, ウ), (s, ス).  

The Syriac script uses a special sign named syāmē for indicating the plural forms of nouns and 

adjectives (Robinson 1962: 8). For example ܡܠܟܐ malka “king” vs.  malke “kings” (the  ܠܟܐ̈ܡ

both words are unvocalized). This syāmē should be rather transliterated with its letter: (̈ܡ , m 

Plur.), (ܠ, l), (ܟ, k), (ܐ, ’).  

 

3.2 Transcription 

   
Transcription is a transformation between the set of graphemes and the set of phonemes. If a 

word has no unvoiced letters it is always a bijection. If we take Hindi word पुस्तक [pustak] 

“book” the transformation of Devanagari into IPA signs is the following: (प,ु pu), (स्त, sta), (क, 

k).  

Sometimes, however, an unvoiced letter can be met. Mathematically such letter associates to a 

zero element Ø. Let’s assume that the codomain of the transformation has such an element. How 

many zero elements may it possess? 
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If we want to conserve the bijection every element may have its zero if needed. However, it is 

better to suppose that codomain has only one zero, then transcription is always a surjection, but 

not sure a bijection.    

Unvoiced letters can be described as a kernel of a transformation. For example, word nice is 

transcribed as [naɪs], so our transformation is bijective: (n, n), (i, aɪ), (c, s), (e, Ø). Ker f = {e}, 

Def f = 1 for there exists only one letter in the kernel.  

The word eighty has two unvoiced letters, and therefore its transcription is only surjection not, 

but bijection: (e, e), (i, ɪ), (g, Ø), (h, Ø), (t, t), (y, i); Ker f = {g, h}, Def f = 2.  

Some types of writing systems contain signs which no phonetic meanings at all. For example, 

the Egyptian writing system has determinatives “which classifies a word according to its 

semantic sphere” (Loprieno 1995: 13). Such signs can be only transliterated but not transcribed. 

 

3.3. Reading rules 

 

The reading rules of any writing system can be considered as graphemes to phonemes 

transformation. At first sight, it looks like the above-discussed transcription but differs from it 

by the more general character. Some letters entering an alphabet often have several variants of 

readings therefore the considered transformation is many-valued. For example, in 

Romanian c can be read as [k] or [č], g as [g] or [j] and so on. A notorious example of a many-

valued transformation is Japanese hieroglyphs (kanji) reading: a kanji may have 

several on (Chinese) and several kun (Japanese) readings at once. The kanji 後  has 

readings ato, go, kō, ushiro, oku, nochi. It is the six-valued transformation. Sometimes an 

alphabet has letters unvoiced in any position within a word: for example א alef and ע ayn in 

Modern Hebrew, such letters form the kernel of transcription.  

 

3.4. Phonetic alternations 

 

It’s hardly possible to imagine a language having no phonetic alternations. The alternation may 

belong to all types of transformations: many-valued, one-valued, injection, surjection, bijection. 

According to Old Persian ablaut patterns zero grade vowels i, u correspond to full grade vowels 

ai, au respectively (Skjærvø 2016: 77). This transformation is a bijection: (i, ai), (u, au). In 

Turkish an ending voiceless consonant does not change before another consonant (e.g. mektup 

“letter” – mektuplar “letters”) but it becomes voiced before a vowel formant (e.g. mektup “letter” 

(Nom.) – mektubu “letter” (Acc.)). The transformation p → p, b is two-valued. Arabic sounds 

[s], [sˀ], and [th] are pronounced as [s] in Persian words borrowed from Arabic, it is a surjection.    

 

3.5. Misprints and misspellings  

 

Misprints and misspellings seem to form a special type of grapheme transformation. A 

transcription may have the kernel consisting of the unvoiced letters. A misprint or misspelling 

may let appear some letters absent in a properly written or typed word. For example, word 

authentic can be typed as aitentiuc. The transformation is: (a, a), (u, i), (t, t), (h, Ø), (e, e), (n, n), 

(t, t), (i, i), (c, c). Inv f = {a, t, e, n, i, c}, Ker f = {h}. But how should be classified (Ø, u)? It can 

be done in two ways: as (i, iu) or (c, ic).      

    

4. Conclusion 

 

The most of the phonetic and grammatology processes can be described as transformations. 

These transformations may possess some symmetry. Transliteration is determined as the 

symmetric process creating a correspondence between two writing systems, this transformation 
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is bijective. The existence of kernel in some transcriptional transformation is due to the 

historical orthography. Reading rules even in alphabet writing systems often demonstrate a 

deviation from one-to-one correspondence between graphemes and phonemes/sounds.    
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