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Abstract

The paper grounds the necessity of enriching the inventory of formal means, models, and methods destined for designing semantics-oriented natural language processing systems. A special attention is paid to showing the necessity of creating the formal means being convenient for describing structured meanings of arbitrary sentences and discourses pertaining to various fields of professional activity. The possible structure of mathematical models of several new kinds for Systems Science is outlined. The theory of SK-languages (standard knowledge languages) is used for building semantic representations of natural language texts and for representing knowledge about the world.

Keywords

Semantics-oriented natural language processing; semantic representation; theory of K-representations; formal model of a linguistic database; SK-languages

Introduction

Since the pioner works of R. Montague published in the end of the 1960s – the beginning of the 1970s, the studies on developing formal semantics of natural language (NL) have been strongly influenced by the look at structuring the world suggested by mathematical logic, first of all, by first-order predicate logic.

However, it appears that a rich experience of constructing semantics-oriented natural language processing systems (NLPSs) accumulated since the middle of the 1970s provides serious arguments in favor of changing a paradigm of formalizing NL semantics and, with this aim, placing this problem into the focus of interests of Systems Science.

The analysis allows for indicating at least the following arguments in favor of this idea:

1. The first-order logic studies the structure of propositions. However, NL includes also the imperative phrases (commands, etc.) and questions of many kinds.

2. The engineering of semantics-oriented NLPSs needs, first of all, the models of transformers of several kinds. For instance, it needs the models of the subsystems of NLPSs constructing a semantic representation (SR) Semrepr of an analyzed sentence of a NL-discourse as the value of a function of the following arguments: (1) Semcurrent – a surface SR of the currently analyzed sentence E from the discourse D; (2) Semold – a SR of the left segment of D not including the sentence E; (3) Lingbs – a linguistic database, i.e. a collection of the data about the connections of lexical units with the conceptual (informational) units) used by an algorithm of semantic-syntactic analysis of NL-texts; (4) Kb – a knowledge base containing the information about the world. But mathematical logic doesn’t consider the models of the kind.
3. NL-texts are formed as a result of the interaction of numerous mechanism of conveying information acting in natural language. Mathematical logic doesn’t possess formal means being sufficient for reflecting these mechanisms on conceptual level. That is why mathematical logic doesn’t provide sufficiently rich formal tools allowing for representing the results of semantic-syntactic analysis of arbitrary NL-texts. For instance, the first-order logic doesn’t allow for building formal semantic analogues of the phrases constructed out of infinitiives with dependent words , of sentences with the word ”a notion”, and of discourses with the references to the meanings of previous sections and larger parts of discourses.
Due to these reasons, a hypothetical structure of several formal models of the new types for Systems Science is proposed in the next sections. We will not discuss below the question about what kinds of formal means are used in the examples. The purpose of the next sections is only to show the reasonability of undertaking the efforts for constructing the models of the proposed new types.
The Models of Type 1

The models of the first proposed class describe a correspondence between an introduced separate sentence in NL and its semantic representation. The transformation of the inputted sentences into their  semantic representations is to be carried out with respect to a linguistic database Lingb and a knowledge base Kb. 

Formally, the models of the proposed type 1 describe a class of the systems of the form

( Linp, Lingbset, Kbset, Lsemrepr, transf, Alg, Proof ),
where Linp is an input language  consisting of sentences in natural language (NL);  Lingbset  is a set of possible linguistic databases (each of them is a finite set of some interrelated formulas); Kbset is a a set of posible knowledge bases (each of them is also a finite set of some interrelated formulas);  Lsemrepr  is a language of semantic representations; transf is a mapping from the Carthesian product of the sets Linp , Lingbset, Kbset  into Lsemrepr;  Alg is an algorithm implementing the mapping (or transformation) transf; Proof is a mathematical text being a proof of the correctness of the algorithm Alg with respect to the mapping transf.

Example.

If Qs1 = ”How many universities in England use the e-learning platform ”Blackboard” for distance education?”, then  transf(Qs1) can be the string of the form

Question (x1, ( (x1 (  Number1(S1)) ( Qualitative-composion (S1, university * (Region, England)) ( Description1 (arbitrary university * (Element, S1) : у1, Situation(е1, use1  * (Time,  #now#) (Agent1, y1)(Process, learning* (Kind1, online))(Object1, certain  platform3* (Title, ‘Blackboard’)))))).

This string includes, in particular, the following fragments: (a) a compund designation of the notion ”a university in England”, (b) a designation of arbitrary element of some set S1 consisting of some universities arbitrary university * (Element, S1) : у1, (c) a compund designation of an e-learning platform.

The Contribution of the Theory of K-representations to Constructing the Models of Type 1

The theory of K-representations is an expansion of the theory of K-calculuses and K-languages (the KCL-theory). The basic ideas and results of the KCL-theory are reflected in numerous publications both in Russian and English, in particular, in (Fomichov 1992 – 2005a). 

The first basic constituent of the theory of K-representations is the theory of SK-languages (standard knowledge languages), stated, in particular, in (Fomichov 1996 – 2005b). The kernel of the theory of SK-languages is a mathematical model describing a system of such 10 partial operations on structured  meanings (SMs) of natural language texts (NL-texts) that, using  primitive conceptual items as "blocks", we are able to build  SMs of arbitrary NL-texts (including articles, textbooks, etc.) and arbitrary pieces of knowledge about the world. The outlines of this model can be found in two papers published by Springer in the series “Lecture Notes in Computer Science” (Fomichov 2002, 2005b). The examples considered in this paper use the class of restricted SK-languages completely defined in (Fomichov 1996).

The analysis of the scientific literature on artificial intelligence theory, mathematical and computational linguistics shows that today the class of SK-languages opens the broadest prospects for building semantic representations (SRs) of NL-texts (i.e., for representing meanings of NL-texts in a formal way).

The expressions of SK-languages will be called below the K-strings.   If T is an expression in natural language (NL) and a K-string E can be interpreted as a SR of T, then E  will be called a K-representation (KR) of the expression T.

The second basic constituent of the theory of K-representations is a widely applicable mathematical model of a linguistic database (LDB).  The model describes the frames expressing the necessary conditions of the existence of semantic relations, in particular, in the  word combinations of the following kinds: “Verbal form (verb, participle) + Preposition + Noun”, “Verbal form+ Noun”, “Noun1 + Preposition + Noun2”, “Noun1+ Noun2”, “Number designation + Noun”, “Attribute+Noun”, “Interrogative word + Verb”.

The third basic constituent of the theory of K-representations is a complicated, strongly structured algorithm carrying out semantic-syntactic analysis of texts from some practically interesting sublanguages of NL. This algorithm, called SemSyn, is based on the elaborated formal model of a linguistic database.   The algorithm SemSyn transforms a NL-text in its semantic representation being a K-representation, this algorithm is described in two final chapters of the monograph (Fomichov 2005). 
Example. Let T1 = “The antibiotic “Zinnat”, produced by the firm “GlaxoWelcome”, cures the maladies caused by a coccus flora”. Then the algorithm SemSyn constructs the  K-representation 

(Situation(e1, producing * (Agent1, certn firm1 “ (Name1, “GlaxoWelcome”) : x1)

(Time, current-time)(Product1, certn antibiotic “ (Name1, “Zinnat”) : x2) (
 Situation(e2, curing1 * (Agent1, x2)(Process1, all malady1 * (Cause,

 any flora1 “ (Kind1, coccus)))) .

An important feature of this algorithm is that it doesn’t construct any syntactic representation of the inputted NL-text but directly finds semantic relations between text units. Since numerous lexical units have several meanings, the algorithm uses the information from a linguistic database and linguistic context for choosing one meaning of a lexical unit among several possible meanings. 

The other distinguished feature is that a complicated algorithm is completely described with the help of formal tools, that is why it is problem independent and doesn’t depend on a programming system. The algorithm is implemented in the Web programming language PHP.

The Models of Type 2

Nowadays there are known computer programs being able to build semantic representations of separate short sentences in NL. However, there are many unsolved questions concerning the semantic-syntactic analysis of the fragments of discourses in the context of the preceding part of a dialogue or preceding part of a discourse. That is why it seems that the engineering of semantics-oriented NLPSs especially needs the models of the next proposed type.

The models of the second proposed class are destined for designing the subsystems of NLPSs interpreting a semantic representation of the current fragment of a discourse in the context of semantic representation of the preceding part of a dialogue or preceding part of a discourse.

Formally, the models of this class  describe the systems of the form

( Lcontext, Linp, Lingbset, Kbset, Lsem, Lreact, transf,  Alg, Proof ) ,

where Lcontext is a language for representing the content of the preceding part of a dialogue or a discourse, Linp is an input language  consisting of underspecified or completely specified semantic representations of NL-expressions (sentences and some fragments of sentences), such NL-expressions can be, in particular, the answers to the clarifying questions of a computer system; Lingbset and Kbset are (as above) the sets of possible linguistic databases and knowledge bases; the semantic language Lsem is destined for representing the deep meaning of the inputs from Linp with respect to a semantic representation of the preceding part of a dialogue ot a discourse; Lreact is a language for building semantic descriptions of the computer system reactions to the inputted texts;  transf is a mapping from the Carthesian product of the sets Lcontext, Linp, Lingbset, Kbset  to the Carthesian product of the sets Lsem and Lreact;  Alg is an algorithm implementing the mapping (or transformation) transf; Proof is a mathematical text being a proof of the correctness of the algorithm Alg with respect to the mapping transf.

Subclass 1:  The models describing the work of a Recommender System.

Since the beginning of the 2000s, a new branch of E-commerce has been quickly developing, this branch is called Recommender Systems (RS). The software applications of this class are destined for consulting the end users of the Internet with the aim of helping to take the decisions about the choice of goods or/and services. The key role in the functioning of many RS plays the interaction with the users by means of Natural language (NL) – English, German, etc.
Consider a particular intrepretation of the components of the models of type 2 destined for the design of NL-interfaces to RS. An input X1 from Lcontext reflects the content (in other terms, the meaning) of the preceding part of a dialogue; an input X2 from Linp is an underspecified (or completely specified in particular cases) semantic representation (SR) of un utterance of the end user; an output Y1 from Lsem is a deep semantic representation of the input X2 in the context X1 with respect to a linguistic database Lingbs from the set Lingbset and to a knowledge base Kbs from the set Kbset; an output Y2  from Lreact is a  semantic description of the computer system reaction to the inputted text with underspecified SR X2 and deep semantic representation Y1.  The knowledge base Kbs includes a subset of formulas  Userkbs interpreted as a User Model. 

Example. Suppose that an end user of a RS of an Internet-shop applies to the RS with the question Qs1 = ”What models of the cell telephones of the firm Nokia do you have, the price from 300 USD to 450USD?”. Imagine that this question is transfomed in the the semantic representation X1 of the form

Question (S1, Qualitative-composition (S1, model1 * (Tech-product, cell-telephone * (Manufacturer, firm1 * (Title, ’Nokia’)(Price-diapason, 300/USD, 450/USD)))).

Having received an answer to this question, the user can submit the next question Qs2 = ”And of the firm ”Siemens”? It is an elliptical question, and the NL-interface to the discussed RS can transform Qs2 into the SR X2 of the form

 Question (S2, Qualitative-composition (S2,techical-object * (Manufacturer, firm1 * (Title, ’Siemens’))).

In the English language, the question Qs2 can have one of the following two meanings in the context of the question Qs1:

Meaning 1: The end user wants to get information about all available models of cell telephones produced by the firm ”Siemens”;

Meaning 2: The end user wants to get information about all available models of cell telephones produced by the firm ”Siemens” with the price from 300 USD to 450USD.

That is why the model is to be constructed in such a way that the RS asks the end user to select one of these meanings. A SR of this question, denoted by Clarif-qs, belongs to the language Lreact.

Imagine that the end user selects the second meaning. Then, according to the model, the NL-interface to the RS forms Semrepr of the form

Question (S1, Qualitative-composition (S1, model1 * (Tech-product, cell-telephone * (Manufacturer, firm1 * (Title, ’Siemens’)(Price-diapason, 300/USD, 450/USD)))).

This string expresses the deep meaning of the question Qs2 in the context of the questions Qs1 with SR X1 and belongs to the language Lsem.
Of course, this example represents one of the simplest possible dialogues of a Recommender System with the end user. With respect to the achieved level of studies on NLPSs, many people today are able to elaborate a computer system being able to function in the described way. However, the real dialogues may be much more complex. That is why the practice of designing NLPSs really needs the models of the kind.

The Models of Type 3

The models of the third proposed class describe the systems of the form

( Linp, Lpattern, Lingbset, Kbset, Loutput, transf, Alg, Proof ) ,

where Linp is an input language  consisting of expressions in natural language (NL);  Lpattern is a language destined for indicating the patterns for extracting information from inputted NL-texts; Lingbset is the set of possible linguistic databases (each of them being a finite set of some interrelated formulas); Kbset is the set of possible knowledge bases (each of them being also a finite set of some interrelated formulas);  Loutput  is an output language; transf is a mapping from the Carthesian product of the sets Linp , Lpattern, Lingbset, Kbset  to Loutput;  Alg is an algorithm implementing the mapping (or transformation) transf; Proof is a mathmatical text being a proof of the correctness of the algorithm Alg with respect to the mapping transf.

Example. The model describes the work of a computer intelligent agent looking in various business texts for the information about any change of the world prices for aluminum (or oil or mais, etc) for N (N = 3, 4,...) or more percents.

Here the language Linp consists of NL-texts with commercial information, Lpattern contains a semantic representation (SR) of the expression ”any change of the world prices for aluminium (or oil or maize, etc) for N (N = 3, 4,...) or more percents, and Loutput consists of SRs of the fragments from inputted NL-texts telling about the changes of the world prices for aluminium (or oil or maize, etc) for N or more percents.

The Models of Type 4
The models of the fourth proposed class are the models of advanced question answering systems, i.e. of intelligent systems being able to find an answer to a request in NL of an end user of a full-text database (of course, it can be Web-based) as a result of semantic-syntactic analysis of NL-texts stored in this database.

Developing the ideas initially stated in (Fomichov 2002), let’s illustrate some desirable properties of formal models reflecting the basic mechanisms of the hypothetical computer intelligent systems of the kind. 

Imagine that there is a big city D., and a user of an intelligent full-text database Db1 inputs the question Qs = “Is it true that the ecological situation in the city D. has improved during the year?”, and the date of inputting Qs is Date1.  

Suppose that Qs is transformed into the following initial semantic representation  Semrqs1:

Question(u1, (u1 ≡ Truth-value(Better(Ecology(certain city * (Name1, ‘D.’) : y1, Year(Date1)),  Ecology(y1, Last-year(Date1)))))) .

In the expression Semrqs1, the element Ecology is to be interpreted as the name of the function assigning to the space object z1 and the year z2 a statement about the ecological situation in z1 corresponding to z2.

Let’s assume that Db1 has the knowledge base Kb1 including  a part Objects-list, and this part contains  the K-string    certain city * (Name1, ‘D.’) : v315.  The means that the city D. is associated with the variable v315, playing the role of the unique system name of this city. Suppose also that Date1 corresponds to the year 2002. Then Semrqs1 is transformed into the secondary SR Semrqs2 of the form 

Question(u1, (u1 ≡ Truth-value(Better(Ecology(certain city * (Name1, ‘D.’) : v315, 2002),  Ecology(v315, 2001))))) .

Suppose that there is the newspaper “D. News”, and one of its issues published in the same month as Date1 contains the following fragment Fr1: “The quantity of species of birds who made their nests in the city has reached the number 7 in comparison with the number 5 a year ago. It was announced at the press-conference by Monsieur Paul Loran, Chair of the D. Association of Colleges Presidents”.
Let’s consider a possible way of extracting from this fragment the information for formulation of an answer to Qs. The first sentence Sent1 of Fr1 may have the following SR Semr1a:

((Quantity(certn species * (Compos1, bird)(Descr, <S1, P1>)) ≡ 7)  ( 

 (P1 ≡ ( y1(bird)(Element(y1, S1) ( ( e1 (sit) Is (e1, nesting * 

(Agent1, y1)(Loc, x1)(Time, 2002)))) ( ((Quantity(certn species * 

(Compos1, bird)(Descr, <S2, P2>)) ≡ 5)  (  (P2 ≡ ( y2

(bird)(Element(y2, S2) ( ( e2 (sit) Is (e2, nesting * (Agent1, 

y2)(Loc, x1)(Time,2001))))) : P3 .

The symbol certain is the informational unit corresponding to the word “certain”; Compos1  is the designation of the binary relation “Qualitative composition of a set”; P1, P2, P3 are such variables that their type is the distinguished sort “sense of a statement”. 

Suppose that the second sentence Sent 2  of Fr1 has the following KR Semr2a: 
( e3 (sit) (Is (e3, announcing * (Agent1, x2)(Content1, P3)(Event, certain  press-conf : x3) ) ( (x2 ≡ certain man *(First-name, ‘Paul’)(Surname, ‘Loran’))  ( (x2 ≡ Chair (certn association1 * (Compos1, scholar * (Be, President (any college * (Loc, certn city * (Name1, ‘D.’) : x4))))))) .
Here the element association1 denotes the concept “association consisting of people” (there are also the associations of universities, cities, etc.).

The analysis of the first sentence Sent1 shows that it is impossible to find directly in Sent 1 the information determining the referent of the word “the city”. In this case, let’s take into account the knowledge about the source containing the fragment Fr1 and about the use of this knowledge for clarifying the referential structure of published discourses.

Imagine that the knowledge base Kb1 of the considered hypothetical intelligent system contains the string 

Follows (( z1 ≡  arbitr edition * (Title, z2)(Content1, Cont1)) (  Associated (z2, arbitr space-object : z3) (  Element(w, pos, Cont1) (  Sem-class(w, pos, space-object) (  No-show-referent (w, pos, Cont1) , Referent (w, pos, Cont1, z3) ) .

Let’s interpret this formula as follows. Suppose that: (1) an arbitrary edition z1 has the title z2 and the content Cont1, its title z2 is associated in any way with the space-object z3; (2) the K-string Cont1 contains the element w in the position pos, its semantic class is space-object (a city, a province, a country, etc.), (3) the text contains no explicit information about the referent of the element w in the position pos of the formula Cont1. Then the argument of the function is the entity denoted by z3. 

In order to use this knowledge item for the analysis of the fragment Fr1, let’s remember that the list of the objects Objects-list (being a part of the knowledge base Kb1) includes the K-string    

certain city * (Name1, ‘D.’) : v315.  Then the system transforms the KR Semr1a of the first sentence Sent1 into the formula  Semr1b = (Semr1a ( (x1 ≡ v315)) . The means that at this stage of the analysis the information extracted from Sent1 is associated with the city D. 

Assume that the knowledge base Kb1 contains the knowledge items 

( z1(person) ( c1(concept) Follows(Head(z1, arbitrary association1 * (Compos1, c1)), Is(z1, c1)) ,

( z1(person) Follows (( z1 ≡ President((arbitrary univ : z2  ( arbitrary college : z3))), Qualification(z1, Ph.D.)) , 

and these items are interpreted as follows: (1) if a person z1 is the head of an association of the type 1 (associations consisting of people), the concept c1 qualifies each element of this association then z1 is associated with c1 too; (2) if a person z1 is the  president of a university or a college then z1 has at least a Ph.D. degree.

Proceeding from the indicated knowledge items and from Semr2a, the system builds Semr2b = (Semr2a ( (x1 ≡ v315))  and then infers the formula  Qualification(x2, Ph.D.), where  the variable x2 denotes Monsieur Paul Loran, Chair of the D. Association of Colleges Presidents.

Let Kb1 contain also the expression 

Follows (( e1(sit) Is(e1, announcing * (Agent1, arbitrary scholar * (Qualif, Ph.D.))(Kind-of-event, ( personal-communication)(Content1, Q1)(Time, t1)), Truth-estimation(Q1, t1, < 0.9, 1>))  ,

Interpreted as follows: if a scholar having a Ph.D. degree announces something, and it is not a personal communication then the estimation of the truth of the announced information has a value in the interval {0.9, 1.0]. Here the substring ( e1(sit) Is(e1, announcing * is to be read as “There is an event e1 of the type “announcing” such that”.

So let’s imagine that, proceeding from the semantic representations Semr1b and Semr2b (the secondary KRs of the first and second sentences of the fragment Fr1) and the mentioned knowledge items from Kb1, the system infers the expression 

((Quantity(certain species * (Compos1, bird)(Descr, <S1, P1>)) ≡ 7)  (  (P1 ≡ ( y1(bird)(Element(y1, S1) ( ( e1 (sit) Is (e1, nesting * (Agent1, y1)(Loc, v315)(Time, 2002))) (  (Quantity(certain species * (Compos1, bird)(Descr, <S2, P2>)) ≡ 5)  (  (P2 ≡ ( y2(bird)(Element(y2, S2) ( ( e2 (sit) Is (e2, nesting * (Agent1, 

y2)(Loc, v315)(Time,2001)))))  .

Suppose that Kb1 contains the following knowledge items:

( z1(space-object) ( t1(year)  Follows (Better(Ecolog-sit(z1, bird, t1), Ecolog-sit(z1, bird, t2)), Better(Ecology (z1, t1), Ecology (z1,  t2)))  ,

( t1(year) ( t2(year)   Follows((( Set1 ≡ certain species * (Compos1, bird)(Descript, Q1)) (   (Q1 ≡ ( y1(bird)(Element(y1, Set1) ( ( e1 (sit) Is (e1, nesting * (Agent1, y1)(Loc,x1)(Time, t1))))  (  ( Set2 ≡ certain species * (Compos1, bird)(Descript, Q2)) ( Analogue (Q2, Q1, < Previous-year ( t1), t1>) ( Greater (Quantity(Set1),  Quantity(Set2))), Better(Ecolog-sit(z1, bird, t1), Ecolog-sit(z1, bird, Previous-year( t1)))) .

Here the substring Analogue (Q2, Q1, < Previous-year ( t1), t1>) means the K-string marked by the variable Q2 can be obtained from the K-string Q1 by means of replacing the variable t1 in Q1 with the string Previous-year ( t1).

That is why the system finally infers the formulas 

Better(Ecolog-sit(v315, bird, 2002), Ecolog-sit(v315, bird, 

2001)) ,  Better(Ecology(v315, 2002), Ecology(v315,2001)) .

Hence the system formulates the answer “YES” and adds the expression of the form Ground: Fr1 (‘D. News’, Date1).

The Models of Type 5

The models of the fifth proposed class are destined for designing computer intelligent systems extracting knowledge from natural language  sentences and complicated discourses for forming and updating a knowledge base (orontology) of an applied intelligent system. Such models describe the systems of the form

(Lcontext, Linp,  Lingbset, Kbset, Lsem1, Lsem2, transf,  Alg, Proof ) ,

where Lcontext is a language for building a semantic representation of the already processed part of a NL-text, Linp is an input language  consisting of underspecified or completely specified semantic representations of NL-expressions (sentences and some fragments of sentences); Lingbset and Kbset are (as above) the sets of possible linguistic databases and a knowledge bases; the semantic language Lsem1 is destined for representing the deep meaning of the inputs from Linp with respect to a semantic representation of the preceeding part of a NL-text; Lsem2 is a language for representing the knowledge of the required kinds extracted from the expressions of the language Lsem1;  transf is a mapping from the Carthesian product of the sets Linp , Lcontext, Lingbset, Kbset  to the Carthesian product of the sets Lsem1 and Lsem2;  Alg is an algorithm implementing the mapping (or transformation) transf; Proof is a mathematical text being a proof of the correctness of the algorithm Alg with respect to the mapping transf.

The Significance of the Models for the Design of Linguistic Processors
The analysis shows the significance of the studies aimed at constructing the formal models of the considered kinds for the engineering of natural language processing systems (NLPSs). In particular, the following factors are distinguished:

1. The algorithms being components of such formal models can be directly used as the algorithms of the principal modules of NLPSs. 

2. The descriptions of the mappings transf, characterizing the correspondence between the inputs and outputs of the systems, can become the principal parts of the documentation of such programming modules. As a result, the quality of the documentation will considerably increase.

3. The designers of NLPSs will get the compehensible formal means for describing the semantics of lexical units and for building semantic representations of complicated natural language sentences and discourses in arbitrary application domains. This will contribute very much to the transportability of the elaborated software of NLPSs as concerns new tasks and new application domains.

It should be underlined that even the elaboration of the partial models of the kind promises to be of high sugnificance for the engineering of NLPSs. The pincipal difference between the complete models and partial models of the considered types consists in the lack of a proof of the correctness of the algorithm Alg with respect to the defined transformation transf. Besides, a partial model may include not mathematicaly complete definition of a transformation transf but only a description of some prinipal features of this transformation. 

Even in case of partial models the designers of semantics-oriented NLPSs will receive an excellent basis for the preparation of such documentation of a computer system that distinguishes the most precious or original features of the algorithms and/or data structures and creates the good preconditions of transporting the data structures and algorithms to new problems and application domains.
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