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Abstract

The paper provided a description of a new modelindérmation
retrieval, which is an extension of vector-spacalel@nd is based on
the principles of the theory of hypercomplex numerisystems. The
model allows to some extent realize the idea afyisearch and allows
you to apply in practice the model of informatiogtrieval practical
developments in the field of hypercomplex numersyatems.
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Currently there are several traditional models pformation retrieval:
boolean, probabilistic, vector-space [1]. Here'sthar model based on the use of
hypercomplex numerical systems (HNS) and is a dgweént of the canonical
vector-space model. The above approach allows tisider the logical objection
operation, the phenomenon of synonymy, homonymy etc

Today HNS are used in solving problems in varioietd$: theoretical
physics [2,3], navigation, guidance and controfmafvement in three-dimensional
space [4,5], computer graphics [6], searching atelihg multimedia [7,8]. Dual
numbers, dual quaternions have been used in prebtémmodelling and control
robots and manipulators with many degrees of freedm the problems of
biomechanics etc. [9-11].

Go to the formal presentation. Let the vocabulaoyds and phrases constants
(terms) containdN terms:T ={t1,t2,...,tN}. According to the classical vector-space

model, document represented as a vector of weighdeahs of values and
dimensionN: d = (w,,w,,....w, ). This weight value can be either the number 0 or
1 (term is included or not included in the documemd the weight values in the
interval [0,1], which calculated, such a&* idf .

In the proposed model of information retrieval, dth®n HNS, each of terms
assigned two values positive” and negativen, that meet the entry weight the
terms (") or failure (W"). Both values can take significance in he intef@al].

In some cases, may suggest:+w =1.



Consider the possibility of HNS for informationnievval. Suggested use HNS
dimension of the2N with basis{e ,e,,....e,} and the law of multiplication as the

next table:
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Thus, the model of the document is regarded asrbgpglex number that
looks like:
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This hypercomplex system is canonical by Shtudj {tigh the unit element
E=gt+e+..+e,_,.

In terms of general algebra the hypercomplex nurapstem is a ring that is
isomorphically embedded in a full ring of matrix.N8 is commutative and
associative  g& =¢ &, 0 i,j=1...N and (gle&)l& =¢ e [§),

O i, j,k=1,...,AN [13].

By analogy with the scalar product in Euclideantgespace is considered
such an assessment proximity between documentseegpanding hypercomplex
numbers) A=ea +ea; +..+te,_a, +te,ay and

B=gb +eb, +...+e,_ b +e,by:

SM(AB) = Est[i(ezi-lef tea (e, +ezh')j,

i=1

where Est() — is some additivdunction estimation hypercomplex numbers.
ESt(ezi—l) =€, ESt(ez) =€,

According to the proposed model requéstis submitted within the same
form as the documer®d . The higher the value dm(Q, D), the document more
relevant query. It should be noted that the valre lze both positive and negative
(if we put as usuad, =1).

You can type and another assessment of the prgxbetiveen hypercomplex
numbers, similar to the normal differences betwesstors in a vector space:



Sm(AB) = Est(ZN:(eZi_la,-+ - eZ,_Jq*)2 (e - ezh_)zj

i=1

In this case the document is more relevant to theryyif the score
Sm (Q,D)is lower. At the same time, the second rating thretent is less suitable

for the tasks of information retrieval. For exampldaen comparing the document
with the query, even with all zero values of theeféoients in the amount
requested in the above expression fam(Q,D) is not zero that is totally

dependent on the document.
Therefore, confine the use of the first evaluati©dansider some special cases:
Let the query looks likeQ =1/2¢ + ¥/ 2e,, that is requested word that can be

a document or to enter with equal probability. thet word is a document, namely:
D=¢. In this case,Sm(Q,D)=1/2-1 2= ( which corresponds to complete

uncertainty.
Let the query looks likeQ =1/2¢e + ¥ 2e,, that is requested word that can be

a document or to enter with equal probability. lteé paper also looks like
D =1/2e +1 2e,. In this case, thaBm(Q,D)=1/4+1Y4-12- 12 ( as in a
previous case corresponds to complete uncertainty.

Let the query has the forQ =e and the documen®D =4/5e + 1 5e,, then
Sm(Q,D)=4/5-15= 3 L

The value of the coefficients of the basic elemeithie image of a document
may match probabilities entry (or entry) terms indacument that can be
determined by the probability of errors when wagtigertain terms, synonyms,
homonyms or possible existence.

Application of information retrieval model based thre use of HNS should
provide:

* Implementation of logical operations objection thattends canonical
vector-space model.

* Implementation of capabilities by fuzzy search,dgample, considering the
probability of error, as well as training systenmtaking into account
synonymy, homonymy at expanding multiplication &blcorresponding
HNS or expand the original query.

» Ability to use existing developments in the fieldhypercomplex numerical
systems, for example application of finding isontecp HNS, invariant
primary, that more suitable for calculations.
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