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Abstract 

 

Hypercomplex representation/model of word form is a mathematical model describing division 

of a word form into morphemes. The mathematical concept is based on two types of morphemes 

(the root morphemes and the affix ones) corresponding to two types of numbers. Root 

morphemes can be described by real part of hypercomplex numbers, while affix morphemes can 

be described by imaginary parts of hypercomplex numbers. This model gives us complete image 

of morphological structure of a word form. It describes all types of affixes: prefixes, infixes, 

suffixes, circumfixes, interfixes and transfixes. The model also shows composition and 

incorporation. Also the proposed model is compared with the linear model of word form 

invented by A.P. Volodin. 
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1. Introduction 

 

The representation of a word form as a hypercomplex number allows distinguishing root 

morphemes from affix morphemes, however, simple representation of word forms as 

hypercomplex numbers would be too rough modelling since many word forms contain different 

types of affixes, i.e.: prefixes, suffixes, infixes and so on. Thus, the concept of hypercomplex 

numbers should be slightly modified to be able to represent word forms of different structure.  

 

2. The mathematical background  

 

The complex numbers appeared as a result of resolving of some mathematical problems, 

complex numbers can be considered as an extension of set of real numbers. One of the most 

famous problems is that of quadratic equation with negative discriminant. Algebraic form of a 

complex number is the following: 

 

                                  z=a+bi, i
 2

= -1,                              

 

i means the imaginary number, a – the real part, and b – the coefficient of imaginary part. 

 

If a = 0 then complex numbers are called the imaginary ones, if b = 0 they coincide with the real 

numbers. The various complex numbers generalizations named hyperspherical numbers can be 

divided in three types: the elliptical, the parabolic and the hyperbolic ones. The elliptical 

hyperspherical numbers are represented as the following:  
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ik is the imaginary unit to be multiplied in the definite way.  The elliptical hyperspherical 

numbers examples are presented by quaternions, sedenions and Cayley numbers. 

The simplest type of hyperbolic hypercomplex numbers is double numbers defined in the 

following way:  

   

                  z=a+be, e
 2

=1           (Kantor, Solodovnikov 1989):                                                                

         

One of its generalizations is known as quaterhyperbolic numbers. According to this term the so 

called polyhyperbolic hypercomplex numbers could be introduced:  
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ek means the real unit, to be multiplied in a definite way.  

 

If now we unite the concepts of polyhyperbolic numbers and elliptical hypercomplex numbers 

we can propose the model of polyhyperelliptical hypercomplex numbers. These numbers have 

several real and several imaginary parts:   
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This model applied to linguistics can be named hypercomplex model of word form (HMWF). 

 

3. The linguistic background  

      

Morphological structure of a word can be described by the following three parameters: type of a 

morpheme, morpheme position within a word form, and length of a morpheme.  

The length of a morpheme can be calculated as number of graphemes expressing its material 

implementation. As far as some affixes can be omitted in transcription so in current text a 

practical Latin transliteration is used for languages that use non-Latin graphic.  

Real part of hypercomplex number is representation of root morpheme (since a root is 

obligatory part of any word) and imaginary part ik is representation of affixes (since affixes are 

facultative parts of any word). If a word is a compound, it contains several roots denoted as ek.  

 

4. Some illustrations  

 

Numbers express length of corresponding morpheme, for the purpose of convenience and 

standardization all words considered in current text are represented in practical Latin 

transliteration, and length of any morpheme is measured as number of signs within a morpheme.  

All affixes are denoted by i, the upper index means the morpheme position relatively to the root. 

If root position is considered to be the central one, the prefixes are on the left side of a root (i
-
) 

and suffixes are on its right side (i
+
). If a word contains several affixes their consequence is 
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defined by the lower index. If m < n it means that affix mi  is followed by affix ni . For example, 

English word buildings consists of a root and two suffixes: build-ing-s, so its HMWF is the 

following: 5e + 3


1i
 2i . Russian word приукрашенный “embellished” (transliterated as 

priukrashennyj), consists of root, two prefixes and three suffixes: pri-u-krash-en-n-yi, so its 

HMWF is the following: 3 

1i 

2i 5e + 2 

3i 

4i 2


5i . 

 

A circumfix can be described as a combination of two parts having the same lower indexes and 

different upper indexes. German word gehabt “had” ge-hab-t contains root -hab- and circumfix 

ge---t: and thus its HMWF is the following: 2 

1i 3e
 1i . 

 

An infix can be represented as i
0
, such notation describes not only its length but also by its 

position within a stem. If a word form contains an infix then corresponding root morpheme e 

should be written twice: before and after the infix. Sanskrit word a-chi-na-d-am “I cut 

(imperfect)” has infix -na-, so its HMWF is the following: 

1i 2e + 2 02i e + 2


3i .  

 

A transfix is considered as a breaking infix.  

Arabic word sharib-tu “I drinked” has consonant root (like most Semitic languages roots) šrb 

and transfix a-i; its HMWF is the following: e + 01i e + 01i e + 2


2i .  

 

5. Composition, reduplication and interfixation   
 

Tibetan word phyi-skad ”the foreign language” is an example of composition (compounding of 

roots), it consists of two roots and has no affixes, so its HMWF is: 4e1 + 4e2.  

 

Reduplication can be considered as a particular case of composition. If reduplication is complete, 

it can be expressed by the symbol of square degree. For example, Japanese word iro-iro-na 

“various” has reduplicated root iro, so its HMWF can be written as (3e)
2 

+ 2i
+
.  

 

An interfix can sometimes appear in compounds. An interfix can be described as i
*
. For instance, 

Persian word kamobish “less or more” has the following structure: kam-o-bish, where o is 

interfix, so its HWM is 3e1 + i* + 4e2. Turkish word başşehirimde “in my capital” (in practical 

Latin transliteration: bashshehirimde), it has both composition and affixation (it contains two 

roots and two suffixes): bash-shehir-im-de, so its HMWF: 4e1 + 6e2 + 2 

1i 2


2i .  

 

6. Incorporation  

 

From the morphological point of view, incorporation doesn’t differ from composition, i.e.: 

incorporation is composition that serves grammatical purposes, while composition serves lexical 

ones. Chukchi word га-майъоля-ма “with onion” (Skorik 1961) (in practical Latin 

transliteration: ga-may’olya-ma) it has prefix, root and suffix and so its HMWF is the following: 

2 

1i 8e + 2


1i . When root кыкван “slack” (in practical Latin transliteration: kəkwan) is 

incorporated it becomes га-кыкван-майъоля-ма “with slack onion” (ga-kəkwan-may’olya-ma) 

and its HMWF turns into 2 

1i 6e1 + 8e2 + 2


1i . 
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7. The zero morpheme  

 

Conjugations and declinations of some words contain so called zero morpheme. For example the 

Romanian word zi “day” has some deviated forms: ziua, zile, zilelor. The form of zi is supposed 

to have a zero suffix, and thus its HMWF can be described as the following: 2e + (0i
+
).   

 

8. Comparison of HMWF with some other models 

  

The simplest morpheme division is indicated by dashes. For example, the German word freiheit  

“freedom” can be represented as frei-heit. Though this model shows length of a morpheme it 

doesn’t show its structural type.  

The morpheme notation gives a complete description of any morpheme including types and 

meanings. Latin word insul-arum can be represented as “island – GEN. PLUR.” (Lehmann 

1982). Such notation model is very convenient for grammatical structure analysis but evidently 

is rather cumbersome for description of words consisting of quite a long chain of morphemes. 

In the linear model of word form (LMWF) offered by A.P. Volodin the root and affix 

morphemes and their positions within a word are taken into account. The generalized view of 

LMWF for Indo-European languages is the following:(m) + (r) + R + (m) + F, where R denotes 

the main root morpheme, r denotes an additional root morpheme, m denotes a prefix or a suffix 

in dependence on its position and F is a flexion; brackets denote that there could be more than 

one morphemes of corresponding type (Volodin 2004).  

Hypercomplex model of word form is structurally similar to the linear word model; the 

corresponding Indo-European HMWF is the following: (i
-
) + (ei) + ek + (i

+
).   

 

9. Conclusion 

 

The hypercomplex model of word form offered in the article gives a clear description of 

morphological structure of a word. This model can be used in morphemic analysis of different 

languages. Using the statistics one can obtain numerical results of the word structure in a 

language, a language group or even language family.  
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