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ɿʘ ʠʟʨʘʜʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʫʛʫʿʝʤ ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʩʚʦʤ ʤʝʥʪʦʨʫ,  

ʧʨʦʬ. ʜʨ ʄʠʣʘʥʫ ɺʠʜʘʢʦʚʠ˂ʫ ʥʘ ʚʝʣʠʢʦʤ ʩʪʨʧˀʝˁʫ, ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ, 

ʧʦʜʨʰʮʠ ʠ ʝʢʩʧʝʨʪʠʟʠ, ʙʝʟ ʢʦʿʠʭ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʥʝ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʧʨʦʬ. ʜʨ ʄʠʨʿʘʥʠ ʀʚʘʥʦʚʠ˂ ʟʘ ʩʚʝ ʩʫʛʝʩʪʠʿʝ ʠ ʩʘʚʝʪʝ  

ʢʦʿʝ ʤʠ ʿʝ ʧʨʫʞʠʣʘ ʧʨʠ ʠʟʨʘʜʠ ʜʠʩʝʨʪʘʮʠʿʝ. 
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ȌȀȌȍȋȃ ǟǻȈȃȢȀȆȃ, ȌȎȊȋȎȂȃ ǬȈȀȁǻȈȃ ȃ ȇȉȢȉȢ 

ȈǻȢǽȀȥȉȢ ȇȉȍȃǽǻȑȃȢȃ -  ȌȃȈȉǽȃȇǻ ǝȎȅȎ ȃ ǎȉȋȜȎ ȅȉȢȃȇǻ ȃ 

ȊȉȌǽȀȥȎȢȀȇ ȉǽȎ ǿȉȅȍȉȋȌȅȎ ǿȃȌȀȋȍǻȑȃȢȎ. 
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ix 

ʈʝʟʠʤʝ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ ʨʘʟʚʦʿʝʤ ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ 

ALAS. ʆʩʥʦʚʥʠ ʤʦʪʠʚ ʟʘ ʨʘʟʚʦʿ ALAS ʿʝʟʠʢʘ ʿʝ ʙʠʦ ʜʘ ʩʝ ʧʦʜʨʞʠ ʜʠʩʪʨʠʙʫʠʨʘʥʦ 

ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʠ ʦʙʝʟʙʝʜʠ ʨʘʟʚʦʿ ʩʧʝʮʠʬʠʯʥʠʭ ʚʨʩʪʘ ʠʥʪʝʣʠʛʝʥʪʥʠʭ 

ʘʛʝʥʘʪʘ. ALAS ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʜʘ ʧʦʜʨʞʠ Siebog ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ ʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ Siebog ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ. Siebog ʿʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠ 

ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ ʥʘ ʤʦʜʝʨʥʠʤ ʚʝʙ ʠ ʧʦʩʣʦʚʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ. 

Siebog ʥʫʜʠ ʧʦʜʨʰʢʫ ʟʘ ʟʘʢˀʫʯʠʚʘˁʝ ʟʘʩʥʦʚʘʥʫ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʩʠʩʪʝʤʫ ʟʘ 

ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ (ʝʥʛ. Distributed non-axiomatic reasoning system - 

DNARS). DNARS ʿ ʝ ʩʠʩʪʝʤ ʨʝʟʦʥʦʚʘˁʘ ʟʘʩʥʦʚʘʥ ʥʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʿ ʣʦʛʠʮʠ (ʝʥʛ. 

non-axiomatic logic - NAL). ʇʨʝ ʨʘʟʚʦʿʘ ALAS-ʘ, DNARS ʘʛʝʥʪʠ ʩʫ ʤʦʛʣʠ ʜʘ ʩʝ 

ʧʠʰʫ ʩʘʤʦ ʫ Java ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. 

ɼʨʫʛʠ ʤʦʪʠʚ ʟʘ ʨʘʟʚʦʿ ALAS ʿʝʟʠʢʘ ʿʝ ʙʠʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠ ʭʝʪʝʨʦʛʝʥʝ ʤʦʙʠʣʥʦʩʪʠ ʘʛʝʥʘʪʘ ʫ ʦʢʚʠʨʫ Siebog 

ʧʣʘʪʬʦʨʤʝ. ʎʠˀ ʪʘʢʚʦʛ ʿʝʟʠʢʘ ʿʝ ʜʘ ʙʫʜʝ ʫʥʠʚʝʨʟʘʣʘʥ ʠ ʦʤʦʛʫ˂ʠ ʠʟʚʨʰʘʚʘˁʝ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʫ ʨʘʟʣʠʯʠʪʠʤ, ʭʝʪʝʨʦʛʝʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʙʝʟ ʦʙʟʠʨʘ ʫ ʢʦʤ 

ʿʝʟʠʢʫ ʩʫ ʦʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ. ɿʘ ʧʦʪʨʝʙʝ ʠʩʪʨʘʞʠʚʘˁʘ ALAS ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ 

ʪʘʢʦ ʜʘ ʩʝ ˁʝʛʦʚʠ ʘʛʝʥʪʠ ʤʦʛʫ ʠʟʚʨʰʘʚʘʪʠ ʫ ʦʢʨʫʞʝˁʠʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʤ ʫ 

Java ʠ JavaScript ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. ʂʘʦ ʜʦʢʘʟ ʦ ʫʩʧʝʰʥʦʿ ʧʦʢʨʠʚʝʥʦʩʪʠ 

ʧʨʦʙʣʝʤʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʦʧʠʩʘʥʠ ʧʦʩʪʫʧʮʠ ʢʦʥʚʝʨʟʠʿʝ ALAS ʢʦʜʘ ʫ Java ʠ 

JavaScript ʿʝʟʠʢʝ ʘ ʪʘʢʦʹʝ ʩʫ ʜʘʪʠ ʧʨʠʤʝʨʠ ʘʛʝʥʘʪʘ ʥʘʧʠʩʘʥʠʭ ʫ ALAS ʿʝʟʠʢʫ ʢʦʠʿ 

ʩʝ ʫʩʧʝʰʥʦ ʤʦʛʫ ʢʦʥʚʝʨʪʦʚʘʪʠ ʠ ʫ Java ʠ JavaScript ʿʝʟʠʢ. ɱʦʰ ʿʝʜʘʥ ʦʜ ʮʠˀʝʚʘ 

ʿʝʟʠʢʘ ʿʝ ʦʤʦʛʫ˂ʘʚʘˁʝ ʧʨʦʛʨʘʤʝʨʠʤʘ ʜʘ ʣʘʢʰʝ ʨʘʟʚʠʿʘʿʫ ʠʥʪʝʣʠʛʝʥʪʥʝ ʘʛʝʥʪʝ 

ʢʦʨʠʩʪʝ˂ʠ ʢʦʥʩʪʨʫʢʪʝ ʩʧʝʮʠʬʠʯʥʝ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʦʤʝʥʝ ʧʨʠʤʝʥʝ. 
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Abstract 

Doctoral thesis deals with the development of an agent-oriented, domain-specific 

ALAS language. The main motive for the development of the ALAS language was to 

support distributed non-axiomatic reasoning and to provide the development of specific 

types of intelligent agents. ALAS is designed to support the Siebog multiagent system 

and implementation of the Siebog intelligent agents. Siebog is a distributed multiagent 

system based on the modern web and enterprise standards. Siebog offers support to 

reasoning based on the Distributed Non-Axiomatic Reasoning System (DNARS). 

DNARS is a reasoning system based on the Non-Axiomatic Logic (NAL). So far, 

DNARS-enabled agents could be written only in Java programming language. 

The second motive for the development of the ALAS language was to solve the 

problem of interoperability and heterogeneous mobility of agents within the Siebog 

platform. The goal of such a language is to be universal and to be enabled the execution 

of intelligent agents in different, heterogeneous environments, regardless of the 

implementation language of these environments. For the research purposes, ALAS is 

implemented so that ALAS agents can be executed in environments implemented in 

Java or JavaScript programming languages. As a proof of successful problem coverage, 

the thesis describes the conversion process of the ALAS code into Java and JavaScript 

languages as well as examples of agents written in ALAS language that can be 

successfully converted to both Java and JavaScript. One more of the ALAS goals is to 

provide that developers can develop intelligent agents more easily by using specific 

domain constructs. 

 

Keywords: ALAS, agent-oriented languages, domain-specific languages, Siebog, 

NAL, DNARS, agent mobility 
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ʇʨʝʜʛʦʚʦʨ 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʥʠʚʝʨʟʘʣʥʠ ʘʛʝʥʪʩʢʠ ʠ ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ (ʝʥʛ. domain-specific language - DSL) ʥʘʤʝˁʝʥ ʨʘʟʚʦʿʫ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʠʟʚʨʰʘʚʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʣʘʪʬʦʨʤʘʤʘ. 

ʀʜʝʿʘ ʿʝ ʜʘ ʘʛʝʥʪʠ ʠʤʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʝʧʝʥ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʘʦ ʠ ʜʘ ʙʫʜʫ ʫʩʢʦ 

ʚʝʟʘʥʠ ʟʘ ʜʦʤʝʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʠʟʚʨʰʘʚʘʿʫ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʦʧʠʩʘʥ ʜʠʟʘʿʥ ALAS 

ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ. 

ʂʘʢʦ ʙʠ ʫʩʧʝʰʥʦ ʦʙʘʚˀʘʣʠ ʩʚʦʿʝ ʟʘʜʘʪʢʝ, ʘʛʝʥʪʠʤʘ ʩʫ ʥʝʦʧʭʦʜʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʦʢʨʫʞʝˁʘ. ʆʚʘ ʦʢʨʫʞʝˁʘ, ʧʦʟʥʘʪʘ ʧʦʜ ʥʘʟʠʚʦʤ ʤʫʣʪʠʘʛʝʥʪʩʢʠ 

ʩʠʩʪʝʤʠ (ʝʥʛ. multiagent systems - MASs) ʠʣʠ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʧʣʘʪʬʦʨʤʝ, ʫʢˀʫʯʫʿʫ 

ʝʬʠʢʘʩʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ, ʦʙʝʟʙʝʹʫʿʫ ʧʦʜʨʰʢʫ ʟʘ 

ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ, ʦʤʦʛʫ˂ʫʿʫ ʘʛʝʥʪʠʤʘ ʜʘ ʦʙʘʚˀʘʿʫ ʩʚʦʿʝ ʟʘʜʘʪʢʝ, ʜʘ ʧʨʝʪʨʘʞʫʿʫ 

ʤʦʛʫ˂ʥʦʩʪʠ ʜʨʫʛʠʭ ʘʛʝʥʘʪʘ, ʠʪʜ. ɱʝʜʥʘ ʦʜ ʤʦʜʝʨʥʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʧʣʘʪʬʦʨʤʠ ʿʝ 

Siebog ʢʦʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʠʤʝʥʦʤ ʥʘʿʥʦʚʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʩʪʘʥʜʘʨʜʘ (Mitroviĺ 

2015).  

ʊʨʝʥʫʪʥʦ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʝʬʠʢʘʩʥʠʭ ʘʛʝʥʪʩʢʠʭ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ 

ʿʝʟʠʢʘ ʘʣʠ ʥʠ ʿʝʜʘʥ ʧʦʩʪʦʿʝ˂ʠ ʿʝʟʠʢ ʥʠʿʝ ʜʦʚʦˀʥʦ ʝʬʠʢʘʩʘʥ ʢʘʢʦ ʙʠ ʧʦʜʨʞʘʦ ʩʚʝ 

ʟʘʭʪʝʚʝ Siebog ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʧʣʘʪʬʦʨʤʝ. ʉʢʘʣʘʙʠʣʥʦʩʪ (ʝʥʛ. scalability), 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʰʢʝ (ʝʥʛ. fault tolerance), ʜʝˀʝˁʝ ʢʦʜʘ (ʝʥʛ. code sharing), 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ (ʝʥʛ. interoperability), ʚʠʰʝʧʣʘʪʬʦʨʤʩʢʘ ʨʘʟʤʝʥʘ ʧʦʨʫʢʘ (ʝʥʛ. 

cross-platform messaging), ʭʝʪʝʨʦʛʝʥʘ ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ (ʝʥʛ. heterogeneous agent 

mobility), ʨʘʩʧʦʜʝʣʘ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʥʛ. load balancing), ʘʛʝʥʪʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʥʝ-

ʘʢʩʠʦʤʘʪʩʢʦʿ ʣʦʛʠʮʠ, ʘʣʠ ʠ ʜʨʫʛʝ ʧʨʝʜʥʦʩʪʠ Siebog-ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ 

ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʩʠʩʪʝʤʝ, ʟʘʭʪʝʚʘʣʝ ʩʫ ʨʘʟʚʦʿ ʥʦʚʦʛ ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ ʧʦʜʨʞʘʪʠ ʩʚʝ 

ʦʩʦʙʠʥʝ Siebog-ʘ ʠ ʦʤʦʛʫ˂ʠʪʠ ʨʘʟʚʦʿ ʧʨʦʜʫʢʪʠʚʥʠʭ ʘʛʝʥʘʪʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 

ʦʧʠʩʘʥ ʧʦʩʪʫʧʘʢ ʨʘʟʚʦʿʘ ALAS-ʘ ï ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ 

ʧʦʜʨʞʘʪʠ ʘʣʠ ʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʥʘʧʨʝʜʠʪʠ Siebog ʰʪʦ ʿʝ ʠ ʦʩʥʦʚʥʠ ʮʠˀ ʥʘʩʪʘʥʢʘ 

ALAS ʿʝʟʠʢʘ. ʆʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʠʥʪʝʣʠʛʝʥʪʥʦʛ, ʤʫʣʪʠʘʛʝʥʪʩʢʦʛ ʦʢʨʫʞʝʘˁ Siebog 

ʦʧʠʩʘʥʝ ʩʫ ʫ ʧʦʛʣʘʚˀʫ 4. 

ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʮʠ Siebog-ʘ ʢʘʦ ʰʪʦ ʩʫ ʜʝʣʠʤʠʯʥʘ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʠ 

ʦʛʨʘʥʠʯʝʥʘ ʭʝʪʝʨʦʛʝʥʘ ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ ʨʝʰʝʥʠ ʩʫ ʧʨʠʤʝʥʦʤ ALAS ʿʝʟʠʢʘ. ʇʦʜ 

ʧʦʿʤʦʤ ʭʝʪʝʨʦʛʝʥʝ ʤʦʙʠʣʥʦʩʪʠ ʘʛʝʥʘʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ ʫ 

ʭʝʪʝʨʦʛʝʥʠʤ ʦʢʨʫʞʝˁʠʤʘ. ʍʝʪʝʨʦʛʝʥʘ ʦʢʨʫʞʝˁʘ ʩʫ ʨʘʯʫʥʘʨʩʢʠ ʯʚʦʨʦʚʠ (ʝʥʛ. 

computer nodes) ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʩʪʘʥʮʝ ʨʘʟʣʠʯʠʪʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ ʠ ʢʦʿʠ ʩʝ 

ʤʦʛʫ ʟʘʩʥʠʚʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʚʠʨʪʫʝʣʥʠʤ ʤʘʰʠʥʘʤʘ. ʎʠˀ ʿʝ ʜʘ ʘʛʝʥʪʠ ʙʫʜʫ 

ʧʦʪʧʫʥʦ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʠ ʠ ʜʘ ʤʦʛʫ ʜʘ ʩʝ ʢʨʝ˂ʫ ʠ ʠʟʚʨʰʘʚʘʿʫ ʫ ʭʝʪʝʨʦʛʝʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ. 
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ALAS ʩʧʘʜʘ ʫ ʢʘʪʝʛʦʨʠʿʫ ʘʛʝʥʪʩʢʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʢˀʫʯʥʝ ʘʣʘʪʝ ʧʨʦʛʨʘʤʠʨʘˁʘ ʘʛʝʥʘʪʘ (ʝʥʛ. agent-oriented programming - AOP). AOP 

ʿʝ ʧʘʨʘʜʠʛʤʘ ʨʘʟʚʦʿʘ ʩʦʬʪʚʝʨʘ ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʝʬʠʢʘʩʘʥ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʩʢʠʭ 

ʘʛʝʥʘʪʘ ʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ. ɳʝʛʦʚʠ ʛʣʘʚʥʠ ʮʠˀʝʚʠ ʩʫ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ, 

ʘʥʘʣʠʟʠʨʘʿʫ ʠ ʧʦʥʫʜʝ ʨʝʰʝˁʘ ʟʘ ʥʘʿʚʘʞʥʠʿʘ ʪʝʦʨʠʿʩʢʘ ʠ ʧʨʘʢʪʠʯʥʘ ʧʠʪʘˁʘ ʚʝʟʘʥʘ 

ʟʘ ʜʠʟʘʿʥ ʠ ʢʦʥʩʪʨʫʢʮʠʿʫ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ.  

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʚʦʿ ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ, ʫ ʧʦʛʣʘʚˀʫ 2 ʦʧʠʩʘʥʦ ʿʝ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʫ ʦʙʣʘʩʪʠ 

ʘʛʝʥʪʩʢʠʭ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ ʠ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʚʠʰʝ ʪʘʢʚʠʭ 

ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʢʦʿʠ ʩʫ ʥʘ ʨʘʟʥʝ ʥʘʯʠʥʝ ʠʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʨʘʟʚʦʿ ALAS-ʘ. 

ʇʦʨʝʜ ʧʦʙʦˀʰʘˁʘ ʚʝʟʘʥʠʭ ʟʘ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʠ ʭʝʪʝʨʦʛʝʥʫ ʤʦʙʠʣʥʦʩʪ 

ʘʛʝʥʘʪʘ ʫ ʦʢʚʠʨʫ Siebog-ʘ, ʛʣʘʚʥʘ ʤʦʪʠʚʘʮʠʿʘ ʜʘ ʩʝ ʨʘʟʚʠʿʝ ʥʦʚʠ ʿʝʟʠʢ ʿʝ ʙʠʣʘ 

ʧʦʪʨʝʙʘ ʟʘ ʨʘʟʚʦʿʝʤ ʘʛʝʥʘʪʘ ʩʘ ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ (Serenko i Detlor 

2004). ʂʘʢʦ ʙʠ Siebog ʘʛʝʥʪʠ ʠʤʘʣʠ ʝʣʝʤʝʥʪʝ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ (ʝʥʛ. 

artificial intelligence), ʫʚʝʜʝʥ ʿʝ ʩʠʩʪʝʤ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʢʘʦ ʿʝʜʘʥ ʦʜ 

ʧʨʦʜʫʢʪʠʚʥʠʿʠʭ ʩʠʩʪʝʤʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ ʠ ʨʘʟʣʦʛ 

ʧʨʠʤʝʥʝ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʝ ʣʦʛʠʢʝ - NAL ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ALAS ʘʛʝʥʘʪʘ ʿʝ 

ʤʦʛʫ˂ʥʦʩʪ ʜʦʥʦʰʝˁʘ ʟʘʢˀʫʯʘʢʘ ʥʘ ʦʩʥʦʚʫ ʥʝʢʦʥʟʠʩʪʝʥʪʥʦʛ ʠʣʠ ʯʝʩʪʦ 

ʥʝʜʦʚʦˀʥʦʛ, ʪʿ. ʥʝʩʠʛʫʨʥʦʛ ʟʥʘˁʘ. ʇʨʠʤʝʥʦʤ NAL, ʘʛʝʥʪʠ ʧʦʩʪʘʿʫ ʠʥʪʝʣʠʛʝʥʪʥʠ 

ʠ ʩʧʦʩʦʙʥʠ ʜʘ ʜʦʥʦʩʝ ʥʦʚʝ ʟʘʢˀʫʯʢʝ. NAL ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʝʚʝʪ ʨʘʟʣʠʯʠʪʠʭ ʩʣʦʿʝʚʘ 

ʧʨʠ ʯʝʤʫ ʩʚʘʢʠ ʚʠʰʠ ʩʣʦʿ ʧʦʩʝʜʫʿʝ ʦʩʦʙʠʥʝ ʩʚʠʭ ʥʠʞʠʭ ʩʣʦʿʝʚʘ ʫʢˀʫʯʫʿʫ˂ʠ ʥʝʢʝ 

ʥʦʚʝ, ʥʘʧʨʝʜʥʠʿʝ ʦʩʦʙʠʥʝ (Wang 2006). ALAS ʿʝʟʠʢ ʧʦʜʨʞʘʚʘ ʧʨʚʘ 4 ʥʠʚʦʘ NAL 

ʢʦʿʠ ʩʫ ʜʦʚʦˀʥʠ ʟʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ, ʧʨʠ ʯʝʤʫ ˂ʝ ʥʘʨʝʜʥʠ ʢʦʨʘʮʠ ʫ ʨʘʟʚʦʿʫ 

ALAS-ʘ ʧʦʜʨʘʟʫʤʝʚʘʪʠ ʧʦʪʧʫʥʫ ʧʦʜʨʰʢʫ NAL ʫ ʚʠʜʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʧʨʝʦʩʪʘʣʠʭ ʥʠʚʦʘ. ʆʩʥʦʚʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʿʝ ʥʫʜʠ NAL ʩʫ ʦʧʠʩʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 3. 

ʉʚʝ ʚʝ˂ʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʩʝʤʘʥʪʠʯʢʦʛ ʚʝʙʘ (ʝʥʛ. semantic web) ʠ ʧʦʪʨʝʙʘ ʟʘ 

ʠʟʚʦʹʝˁʝʤ ʥʦʚʠʭ ʩʪʨʫʢʪʫʨʠʨʘʥʠʭ ʟʥʘˁʘ ʠʤʘʣʘ ʿʝ ʫʪʠʮʘʿ ʥʘ ʨʘʟʚʦʿ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ, ʯʠʿʝ ʩʫ ʦʩʥʦʚʥʝ ʦʩʦʙʠʥʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʙʨʟʦ ʠʟʚʦʹʝˁʝ ʥʦʚʠʭ ʟʘʢˀʫʯʘʢʘ (ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ) ʥʘ ʦʩʥʦʚʫ 

ʦʛʨʦʤʥʠʭ ʙʘʟʘ ʟʥʘˁʘ (Mitroviĺ 2015). ʋʚʦʹʝˁʝʤ ʧʦʜʨʰʢʝ DNARS-ʫ ʢʦʿʠ ʿʝ ʫʿʝʜʥʦ 

ʟʘʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʧʪʠʤʘ NAL-ʘ, ʫ ALAS ʘʛʝʥʪʝ ʩʫ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʝʣʝʤʝʥʪʠ 

ʚʝʪhʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʝ ʥʫʜʠ DNARS. DNARS ʥʘ ʢʦʤʝ ʩʫ ʟʘʩʥʦʚʘʥʠ ALAS 

ʘʛʝʥʪʠ ʦʧʠʩʘʥ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 5. 

ʇʨʝʛʣʝʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʨʘʟʚʦʿ ALAS-ʘ ʜʘʪ ʿʝ 

ʫ ʧʦʛʣʘʚˀʫ 6. 

ɼʠʟʘʿʥ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ALAS ʿʝʟʠʢʘ, ʢʘʦ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʦʜʨʰʢʘ Siebog-ʫ ʠ DNARS-ʫ ʦʧʠʩʘʥʠ ʩʫ ʫ ʧʦʛʣʘʚˀʫ 7. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ 

ʦʧʠʩʘʥʘ ʮʝʣʦʢʫʧʥʘ ʛʨʘʤʘʪʠʢʘ ʿʝʟʠʢʘ ʢʦʿʘ ʦʤʦʛʫ˂ʫʿʝ ʧʦʜʨʰʢʫ Siebog-ʫ ʢʘʦ ʠ ʜʝʦ 

ʛʨʘʤʘʪʠʢʝ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʜʨʰʢʫ ʠʥʪʝʣʠʛʝʥʪʥʦʿ ʩʪʨʘʥʠ Siebog-ʘ ʪʿ. 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʤ ʨʝʟʦʥʦʚʘˁʫ. ɼʘ ʙʠ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʠhʦ 

ʧʨʦʙʣʝʤ ʭʝʪʝʨʦʛʝʥʝ ʘʛʝʥʪʩʢʝ ʤʦʙʠʣʥʦʩʪʠ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʣʠʢʦʤ ʧʨʝʙʘʮʠʚʘˁʘ 

ʘʛʝʥʪʘ ʥʘ ʜʨʫʛʠ ʯʚʦʨ ʫ ʢʣʘʩʪʝʨʫ ʨʘʯʫʥʘʨʘ (ʝʥʛ. computer cluster) ʢʦʥʚʝʨʪʦʚʘʪʠ ʢʦʜ 

ʘʛʝʥʪʘ ʠʟ ALAS ʿʝʟʠʢʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʠ ʿʝʟʠʢ ʦʜʨʝʜʠʰʥʝ 



 

xv 

ʧʣʘʪʬʦʨʤʝ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ, ʢʘʦ ʠ ʧʨʠʤʝʨʠ ʢʦʥʚʝʨʟʠʿʝ ALAS ʢʦʜʘ ʫ ɱʘva ʠ 

ɱavaScript ʠʟʚʦʨʥe ʢʦʜʦʚʝ ʦʧʠʩʘʥʠ ʪʘʢʦʹʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ. 

ʋ ʧʦʛʣʘʚˀʫ 8 ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʩʘ ʧʨʠʤʝʨʠʤʘ ʧʨʠʤʝʥʝ ALAS 

ʿʝʟʠʢʘ ʟʘ ʧʠʩʘˁʝ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʨʝʘʣʥʦ ʟʥʘˁʝ ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʝʛ ʩʫ ʩʧʦʩʦʙʥʠ ʜʘ ʜʘʿʫ ʦʜʛʦʚʦʨʝ ʥʘ ʧʠʪʘˁʘ ʠʟ ʨʝʘʣʥʦʛ ʩʚʝʪʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ 

ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ALAS ʘʛʝʥʪʘ ʢʦʿʠ ʿʝ ʩʧʦʩʦʙʘʥ ʜʘ ʜʦʥʝʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʟʘʢˀʫʯʘʢ ʥʘ ʦʩʥʦʚʫ ʥʝʜʦʚʦˀʥʦʛ ʟʥʘˁʘ. 

ʅʘ ʢʨʘʿʫ, ʟʘʢˀʫʯʘʢ ʩʘʜʨʞʠ ʧʨʝʛʣʝʜ ʜʦʩʘʜʘʰˁʠʭ ʨʝʟʫʣʪʘʪʘ, ʢʘʦ ʠ ʥʘʨʝʜʥʝ 

ʢʦʨʘʢʝ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʦʜʘʪʥʦ ʧʦʙʦˀʰʘˁʝ ALAS ʿʝʟʠʢʘ ʢʘʢʦ ʙʠ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʜʨʞʘʦ ʩʚʝ ʟʘʭʪʝʚʝ Siebog-ʘ ʠ DNARS-ʘ ʫ ʚʠʜʫ ʝʬʠʢʘʩʥʠʿʝ 

ʭʝʪʝʨʦʛʝʥʝ ʤʦʙʠʣʥʦʩʪʠ ʠ ʜʦʜʘʪʥʠʭ ʝʣʝʤʝʥʘʪʘ NAL. 
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ɼʝʿʘʥ ʉʨʝʜʦʿʝʚʠ˂ ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

- 1 - 

1 ʋʚʦʜ 

ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʤʦʪʠʚʘ ʤʥʦʛʠʭ ʥʘʫʯʥʠʢʘ ʫ ʧʨʦʪʝʢʣʠʭ 60 ʛʦʜʠʥʘ ʙʠʦ ʿʝ 

ʬʦʨʤʘʣʠʟʘʮʠʿʘ ˀʫʜʩʢʦʛ ʨʘʟʤʠʰˀʘˁʘ ʠ ʟʘʢˀʫʯʠʚʘˁʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʝʩʪʠʨʘˁʘ 

ʬʫʥʢʮʠʿʘ ˀʫʜʩʢʦʛ ʤʦʟʛʘ, ʩʨʝʜʠʥʦʤ 20. ʚʝʢʘ ʧʦʿʘʚʠʦ ʩʝ ʧʦʿʘʤ ʚʝʰʪʘʯʢʝ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ. ʋ ʦʩʥʦʚʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʿʝ ʩʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʢʘ ʣʦʛʠʢʘ 

ʯʠʿʠ ʿʝ ʮʠˀ ʜʘ ʧʨʝʜʩʪʘʚʠ ˀʫʜʩʢʠ ʥʘʯʠʥ ʨʘʟʤʠʰˀʘˁʘ, ʨʘʩʫʹʠʚʘˁʘ ʠ ʟʘʢˀʫʯʠʚʘˁʘ 

(Rankoviĺ 2018). ɽʢʩʧʣʦʟʠʿʘ ʿʘʚʥʦ ʜʦʩʪʫʧʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ Ăʦ ʩʚʝʤʫñ ʠ ʦʛʨʦʤʥʠʭ 

ʙʘʟʘ ʟʥʘˁʘ ʢʘʦ ʰʪʦ ʩʫ Wikipedia
1
, DBpedia

2
 ʠʪʜ., ʘʣʠ ʠ ʚʝʣʠʢʠ ʥʘʧʨʝʜʘʢ ʫ ʨʘʟʥʠʤ 

ʜʦʤʝʥʠʤʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʠ ʩʝ ʜʝʩʠʦ ʧʦʯʝʪʢʦʤ 21. ʚʝʢʘ (ʨʘʩʫʹʠʚʘˁʝ, 

ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ, ʝʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ, ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʤʝʜʠʮʠʥʩʢʘ ʜʠʿʘʛʥʦʟʘ, 

ʦʙʨʘʜʘ ʿʝʟʠʢʘ, ʩʣʠʢʘ ʠʪʜ.) ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʨʘʟʚʦʿ ʨʘʯʫʥʘʨʘ ʢʦʿʠ ʩʫ ʫ ʩʪʘˁʫ ʜʘ 

ʧʦʜʨʞʝ ʪʘʢʚʝ ʟʘʭʪʝʚʝ (Müller 2013). 

1.1 ɸʛʝʥʪʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ 

ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʫ ʧʨʝʪʭʦʜʥʠʭ 25 ʛʦʜʠʥʘ 

ʠʟʥʝʜʨʠʣʘ ʩʫ ʨʘʟʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʨʝʰʝˁʘ ʧʨʠ ʯʝʤʫ ʿʝ ʿʝʜʥʘ ʦʜ 

ʥʘʿʧʝʨʩʧʝʢʪʠʚʥʠʿʠʭ ʦʙʣʘʩʪʠ ʘʛʝʥʪʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʫ ʨʘʟʥʠʤ ʜʦʤʝʥʠʤʘ (Serenko i Detlor 2004). Aʛeʥʪʩʢa 

ʪeʭʥoʣoʛʠja ʧʨeʜʩʪaʚ aˀ jeʜaʥ oʜ ʥajʢoʥʟʠʩʪeʥʪʥʠjʠʭ ʧʨʠʩʪʫʧa ʨaʟʚojʫ 

ʜʠʩʪʨʠʙʫʠʨaʥʠʭ ʩʠʩʪeʤa (Vidakoviĺ i dr. 2013). Aʛeʥʪʩʢʠ ʩʠʩʪeʤʠ 

ʠʤʧʣeʤeʥʪʠʨaʥʠ ʫ ʧoˀʫ ʪeʭʥʠʯʢoʛ ʠʥʞeˁ eʨʩʪʚa ʫ ʧoʩʣeʜˁʝ ʜʚʝ ʜeʮeʥʠjʝ 

ʫʩʚojeʥʠ ʩʫ ʢao ʥoʚʠ ʠ eʬʠʢaʩʥʠ ʢoʥʮeʧʪʠ ʟa ʢoʥʪʨoʣʫ ʩʠʩʪeʤa (Metzger i 

Polakow 2011). ʀʥʪʝʣʠʛʝʥʪʥʠ ʩʦʬʪʚʝʨʩʢʠ ʘʛʝʥʪʠ ʠʤʘʿʫ ʪʘʢʚʝ ʦʩʦʙʠʥʝ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʩʤʘʪʨʘʿʫ ʥʦʚʠʤ ʧʦʤʘʢʦʤ ʫ ʠʥʬʦʨʤʘʪʠʯʢʦʿ ʥʘʫʮʠ. ʂʦʨʠʩʪʝ ʩʝ 

                                                           
 
1
 https://www.wikipedia.org 

2
 http://wiki.dbpedia.org 

https://www.wikipedia.org/
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ʰʠʨʦʤ ʩʚʝʪʘ, ʢʘʢʦ ʫ ʘʢʘʜʝʤʩʢʠʤ ʟʘʿʝʜʥʠʮʘʤʘ ʪʘʢʦ ʠ ʫ ʧʦʩʣʦʚʥʠʤ ʢʨʫʛʦʚʠʤʘ ʢʦʜ 

ʜʦʥʦʰʝˁʘ ʙʠʪʥʠʭ ʧʦʩʣʦʚʥʠʭ ʦʜʣʫʢʘ. ɸʛeʥʪʠ ʤoʛʫ ʧoʥʫʜʠʪʠ ʨaʟʣʠʯʠʪe 

ʧoʛoʜʥoʩʪʠ ʢʨajˁ ʠʤ ʢoʨʠʩʥʠʮʠʤa aʫʪoʤaʪʠʟaʮʠjoʤ ʨʘʟʥʠʭ ʧʨʦʮʝʩʘ ʢojʠ ʩe 

ʧoʥaʚ aˀjʫ ʠʣʠ ʨeh aʚaˁ eʤ ˁʠʭoʚe ʢoʤʧʣeʢʩʥoʩʪʠ (Serenko i Detlor 2004). 

ɱʦʰ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʨʘʟʚʦʿʘ, Wooldridge ʠ Jennings (1995) ʩʫ ʤʝʹʫ ʧʨʚʠʤʘ 

ʧʨʝʜʚʠʜʝʣʠ ʚʝʦʤʘ ʙʨʟ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ. ʋ (Jennings 2000) ʘʛʝʥʪʠ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʤʦʜʝʣʠ ʩʣʝʜʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ ʟʘ ʠʥʞʝˁʝʨʠʥʛ ʢʦʤʧʣʝʢʩʥʠʭ, 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʩʠʩʪʝʤʘ. ɸʛʝʥʪʠ ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʝ ʢʘʦ ʩʚʝʦʙʫʭʚʘʪʥʠ ʦʢʚʠʨ ʟʘ 

ʦʙʿʝʜʠˁʘʚʘˁʝ ʧʦʜ-ʜʠʩʮʠʧʣʠʥʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʟʘ 

ʜʠʟʘʿʥʠʨʘˁʝ ʠ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʝʥʪʠʪʝʪʘ. 

ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʠʥʪʝʣʠʛʝʥʪʥʠʭ (ʢʦʛʥʠʪʠʚʥʠʭ) ʘʛʝʥʘʪʘ ʥʘʜ ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ 

ʘʛʝʥʪʠʤʘ ʿʝ ʟʥʘʪʥʦ ʜʫʙˀʝ ʨʘʟʫʤʝʚʘˁʝ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʜʝʣʫʿʫ (ʛʨʘʜʝ ʩʝʤʘʥʪʠʯʢʫ 

ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʩʚʝʪʘ ʫ ʢʦʿʝʤ ʜʝʣʫʿʫ) ʠ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫ ʪʦʤ 

ʦʢʨʫʞʝˁʫ. ɱʦʰ ʿʝʜʥʘ ʚʘʞʥʘ ʧʨʝʜʥʦʩʪ ʿʝ ʜʘ ʢʦʛʥʠʪʠʚʥʠ ʘʛʝʥʪʠ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʝʟʦʥʦʚʘˁʘ ʥʘ ʚʠʰʝʤ ʥʠʚʦʫ. ʉʭʦʜʥʦ ʪʦʤʝ, ʦʚʠ ʘʛʝʥʪʠ ʩʫ ʫ ʩʪʘˁʫ ʜʘ ʤʥʦʛʦ 

ʝʬʠʢʘʩʥʠʿʝ ʜʝʣʫʿʫ ʢʘʢʦ ʙʠ ʧʦʜʨʞʘʣʠ ʨʘʟʣʠʯʠʪʝ ʧʨʦʮʝʩʝ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʨʝʜʠʥʘʤʘ. ʅʘ ʧʨʠʤʝʨ, ʛʨʘʜʝ˂ʠ ʩʦʬʠʩʪʠʮʠʨʘʥʠ ʤʦʜʝʣ ʢʦʨʠʩʥʠʢʘ 

(ʥʘ ʦʩʥʦʚʫ ʙʦʛʘʪʦʛ ʩʢʫʧʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʝʜʝʥʠʭ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ, ʠʣʠ 

ʠʟʚʝʜʝʥʠʭ ʦʩʦʙʠʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʨʠʩʥʠʢʘ), ʢʦʛʥʠʪʠʚʥʠ ʘʛʝʥʪʠ 

ʤʦʛʫ ʧʦʥʫʜʠʪʠ ʚʠʩʦʢ ʥʠʚʦ ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʿʝ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʚʝ˂ʫ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʧʨʦʥʘʣʘʩʢʘ ʠʩʧʨʘʚʥʦʛ ʨʝʟʫʣʪʘʪʘ ʟʘ ʢʦʨʠʩʥʠʢʘ. ɿʘʧʨʘʚʦ, ʦʥʠ ʤʦʛʫ ʜʘ 

ʠʛʨʘʿʫ ʫʣʦʛʫ ʧʦʚʝ˂ʘʥʝ ˀʫʜʩʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʫʣʘʩʢʦʤ ʫ ʩʠʤʙʠʦʟʫ ʩʘ ʢʦʨʠʩʥʠʢʦʤ, 

ʫʤʝʩʪʦ ʜʘ ʩʘʤʦ ʠʩʧʫˁʘʚʘʿʫ ʿʝʜʥʦʩʪʘʚʥʠʿʫ ʫʣʦʛʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʥʝʢʠʭ ʟʘʜʘʪʘʢʘ 

(Nabeth i dr. 2005). 

ʄʥʦʛʠ ʠʩʪʨʘʞʠʚʘʯʠ ʩʫ ʩʝ ʙʘʚʠʣʠ ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʘʛʝʥʪʠʤʘ ʘʣʠ ʫʩʪʘʥʦʚˀʝʥʦ 

ʿʝ ʜʘ ʩʝ ʟʙʦʛ ʨʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʜʦʤʝʥ ʬʫʥʢʮʠʦʥʠʩʘˁʘ, ʦʧʩʝʛ 

ʦʜʛʦʚʦʨʥʦʩʪʠ, ʚʨʩʪʝ ʟʘʜʘʪʘʢʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʠʟʚʨʰʘʚʘʿʫ ʠʪʜ., ʥʝ ʤʦʞʝ ʬʦʨʤʫʣʠʩʘʪʠ 

ʫʥʠʚʝʨʟʘʣʥʘ ʜʝʬʠʥʠʮʠʿʘ ʠʥʪʝʣʠʛʝʥʪʥʦʛ ʘʛʝʥʪʘ. ʄʝʹʫʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʟʘʿʝʜʥʠʯʢʠʭ 

ʦʩʦʙʠʥʘ ʢʦʿʝ ʘʛʝʥʪʠ ʧʦʩʝʜʫʿʫ, ʤʦʞʝ ʩʝ ʬʦʨʤʫʣʠʩʘʪʠ ʛʝʥʝʨʘʣʥʘ ʜʝʬʠʥʠʮʠʿʘ ʘʛʝʥʪʘ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (Green i dr. 1996, 5): 

ɸʛʝʥʪ ʿʝ ʨʘʯʫʥʘʨʩʢʠ ʝʥʪʠʪʝʪ ʢʦʿʠ: 

- ʜʝʣʫʿʝ ʫ ʠʤʝ ʜʨʫʛʠʭ ʝʥʪʠʪʝʪʘ ʥʘ ʘʫʪʦʥʦʤʘʥ ʥʘʯʠʥ 

- ʠʟʚʨʰʘʚʘ ʩʚʦʿʝ ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʦʜʨʝʹʝʥʠʤ ʥʠʚʦʦʤ ʧʨʦʘʢʪʠʚʥʦʩʪʠ ʠ / ʠʣʠ 

ʨʝʘʢʪʠʚʥʦʩʪʠ 

- ʧʦʢʘʟʫʿʝ ʦʜʨʝʹʝʥʠ ʥʠʚʦ ʢˀʫʯʥʠʭ ʘʪʨʠʙʫʪʘ ʫʯʝˁʘ, ʩʘʨʘʜˁʝ ʠ ʤʦʙʠʣʥʦʩʪʠ 

ʋ ʧʨʘʢʪʠʯʥʦʿ ʧʨʠʤʝʥʠ ʘʛʝʥʪ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʩʘʤʦʩʪʘʣʥʠ (ʘʫʪʦʥʦʤʥʠ) 

ʧʨʦʛʨʘʤʩʢʠ ʦʙʿʝʢʘʪ ʢʦʿʠ ʧʦʩʝʜʫʿʝ ʩʦʧʩʪʚʝʥʘ ʩʨʝʜʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ, 

ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʜʦʥʦʩʠ ʟʘʢˀʫʯʢʝ, ʨʝʰʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʟʘʜʘʪʢʝ ʠ ʧʨʦʙʣʝʤʝ, ʙʠʣʦ ʥʘ ʩʦʧʩʪʚʝʥʫ ʠʥʠʮʠʿʘʪʠʚʫ, ʠʥʠʮʠʿʘʪʠʚʫ ʢʦʨʠʩʥʠʢʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ, ʜʨʫʛʠʭ ʘʛʝʥʘʪʘ ʠʪʜ. (Wooldridge 1997). ʋ ʥʘʩʪʘʚʢʫ ʩʫ 

ʥʘʙʨʦʿʘʥʝ ʥʝʢʝ ʦʩʥʦʚʥʝ ʠ ʯʝʩʪʦ ʟʘʿʝʜʥʠʯʢʝ ʦʩʦʙʠʥʝ ʘʛʝʥʘʪʘ ʢʦʿʝ ʫʿʝʜʥʦ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ ʠ ʧʨʦʛʨʘʤʘ: 
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- ɸʜʘʧʪʠʚʥʦʩʪ (ʝʥʛ. adaptability): ʩʧʦʩʦʙʥʦʩʪ ʫʯʝˁʘ ʠ ʫʥʘʧʨʝʹʠʚʘˁʘ ʥʘ 

ʪʝʤʝˀʫ ʠʩʢʫʩʪʚʘ 

- ɸʫʪʦʥʦʤʠʿʘ (ʩʘʤʦʩʪʘʣʥʦʩʪ) (ʝʥʛ. autonomy): ʦʨʠʿʝʥʪʠʩʘʥʦʩʪ ʢʘ ʮʠˀʫ, 

ʧʨʦʘʢʪʠʚʥʦ ʠ ʩʘʤʦʠʥʠʮʠʿʘʪʠʚʥʦ ʧʦʥʘʰʘˁʝ 

- ʂʦʦʧʝʨʘʮʠʿʘ (ʝʥʛ. cooperation): ʩʧʦʩʦʙʥʦʩʪ ñʩʘʨʘʜˁʝò ʩʘ ʜʨʫʛʠʤ ʘʛʝʥʪʠʤʘ 

ʢʘʢʦ ʙʠ ʦʩʪʚʘʨʠʣʠ ʟʘʿʝʜʥʠʯʢʝ ʮʠˀʝʚʝ 

- ʉʧʦʩʦʙʥʦʩʪ ʟʘʢˀʫʯʠʚʘˁʘ (ʨʝʟʦʥʦʚʘˁʘ) (ʝʥʛ. reasoning): ʩʧʦʩʦʙʥʦʩʪ 

ʨʝʘʛʦʚʘˁʘ ʥʘ ʘʧʩʪʨʘʢʪʥʝ ʟʘʭʪʝʚʝ 

- ʉʧʦʩʦʙʥʦʩʪ ʢʦʤʫʥʠʢʘʮʠʿʝ (ʝʥʛ. communication) ʩʘ ʜʨʫʛʠʤ ʘʛʝʥʪʠʤʘ ʥʘ 

ʥʘʯʠʥ ʢʦʿʠ ʿʝ ʩʣʠʯʥʠʿʠ ˀʫʜʩʢʦʿ ʢʦʤʫʥʠʢʘʮʠʿʠ ʥʝʛʦ ʩʪʘʥʜʘʨʜʥʦʤ 

ʩʠʤʙʦʣʠʯʢʦʤ ʧʨʦʛʨʘʤ-ʧʨʦʛʨʘʤ ʧʨʦʪʦʢʦʣʫ 

- ʄʦʙʠʣʥʦʩʪ (ʝʥʛ. mobility): ʩʧʦʩʦʙʥʦʩʪ ʧʨʝʣʘʩʢʘ ʩ ʿʝʜʥʝ ʥʘ ʜʨʫʛʫ ʨʘʯʫʥʘʨʩʢʫ 

ʧʣʘʪʬʦʨʤʫ 

- ʈʝʘʢʪʠʚʥʦʩʪ (ʝʥʛ. reactivity): ʩʧʦʩʦʙʥʦʩʪ ʩʝʣʝʢʪʠʚʥʦʛ ʦʧʘʞʘˁʘ ʠ ʜʝʣʦʚʘˁʘ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʠʭ ʦʩʦʙʠʥʘ, ʪʠʧʦʚʘ ʟʘʜʘʪʘʢʘ ʢʦʿʝ ʨʝʰʘʚʘʿʫ, ʠʣʠ ʜʦʤʝʥʘ 

ʧʨʠʤʝʥʝ, ʘʛʝʥʪʠ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ (Nwana 1996; Qusay 

2000): 

- ʂʦʣʘʙʦʨʘʪʠʚʥʠ (ʢʦʦʧʝʨʘʪʠʚʥʠ) ʘʛʝʥʪʠ (ʝʥʛ. Collaborative/Cooperative agents) 

- ʦʚʘʿ ʪʠʧ ʩʦʬʪʚʝʨʩʢʦʛ ʘʛʝʥʪʘ ʦʜʣʠʢʫʿʝ ʩʝ ʘʫʪʦʥʦʤʠʿʦʤ ʠ ʩʘʨʘʜˁʦʤ ʩʘ 

ʜʨʫʛʠʤ ʘʛʝʥʪʠʤʘ ʫ ʦʩʪʚʘʨʠʚʘˁʫ ʜʝʣʝʛʠʨʘʥʠʭ ʟʘʜʘʪʘʢʘ ʦʜ ʩʪʨʘʥʝ ʩʚʦʿʠʭ 

ʚʣʘʩʥʠʢʘ. ʆʧʰʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʠʭ ʘʛʝʥʘʪʘ ʫʢˀʫʯʫʿʫ ʘʫʪʦʥʦʤʠʿʫ, 

ʜʨʫʰʪʚʝʥʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪ ʨʝʘʛʦʚʘˁʘ ʠ ʧʨʦʘʢʪʠʚʥʦʩʪ. 

- ʀʪʝʨʬʝʿʩ ʘʛʝʥʪʠ (ʝʥʛ. Interface agents) - ʦʚʘʿ ʪʠʧ ʩʦʬʪʚʝʨʩʢʦʛ ʘʛʝʥʪʘ 

ʢʘʨʘʢʪʝʨʠʰʝ ˁʝʛʦʚʘ ʘʫʪʦʥʦʤʠʿʘ, ʩʧʦʩʦʙʥʦʩʪ ʫʯʝˁʘ ʠ ʨʘʜ ʩʘ ʢʦʨʠʩʥʠʮʠʤʘ ʫ 

ʠʩʪʦʤ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ. ʆʩʥʦʚʥʠ ʟʘʜʘʪʘʢ ʦʚʠʭ ʘʛʝʥʘʪʘ ʿʝ ʫʯʝˁʝ ʪʿ. ʧʨʘ˂ʝˁʝ 

ʥʘʚʠʢʘ ʢʦʨʠʩʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʤʦʛʫ ʩʘʤʠ ʜʘ ʧʨʝʜʚʠʜʝ 

ʧʦʥʘʰʘˁʝ ʢʦʨʠʩʥʠʢʘ. 

- ʄʦʙʠʣʥʠ ʘʛʝʥʪʠ (ʝʥʛ. Mobile agents) ï ʢʘʦ ʰʪʦ ʩʝ ʠ ʠʟ ʩʘʤʦʛ ʥʘʟʠʚʘ ʤʦʞʝ 

ʟʘʢˀʫʯʠʪʠ, ʦʩʥʦʚʥʘ ʦʜʣʠʢʘ ʦʚʠʭ ʘʛʝʥʘʪʘ ʿʝ ʤʦʙʠʣʥʦʩʪ, ʪʿ. ʩʧʦʩʦʙʥʦʩʪ 

ʧʨʝʤʝʰʪʘˁʘ (ʧʨʝʙʘʮʠʚʘˁʘ) ʠʟʤʝʹʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʦʢʨʫʞʝˁʘ ʢʘʢʦ ʙʠ 

ʦʩʪʚʘʨʠʣʠ ʟʘʜʘʪʝ ʮʠˀʝʚʝ. 

- ʀʥʬʦʨʤʘʮʠʦʥʠ (ʀʥʪʝʨʥʝʪ) ʘʛʝʥʪʠ (ʝʥʛ. Information/Internet agents) ʩʫ 

ʥʘʩʪʘʣʠ ʟʙʦʛ ʚʝʣʠʢʝ ʧʦʪʨʘʞˁʝ ʟʘ ʘʣʘʪʠʤʘ ʢʦʿʠ ˂ʝ ʦʙʨʘʹʠʚʘʪʠ ʦʛʨʦʤʥʝ 

ʢʦʣʠʯʠʥʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʩʝ ʧʦʿʘʚʠʣʝ ʠ ʢʦʿʝ ʩʝ ʩʚʝ ʚʠʰʝ ʠ ʩʚʝ ʙʨʞʝ 

ʧʦʿʘʚˀʫʿʫ. ʀʥʬʦʨʤʘʮʠʦʥʠ ʘʛʝʥʪʠ ʠʤʘʿʫ ʫʣʦʛʫ ʫʧʨʘʚˀʘˁʘ, ʤʘʥʠʧʫʣʘʮʠʿʝ ʠ 

ʨʘʟʚʨʩʪʘʚʘˁʘ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʜʦʣʘʟʝ ʠʟ ʤʥʦʛʠʭ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʟʚʦʨʘ. 

- ʈʝʘʢʪʠʚʥʠ ʘʛʝʥʪʠ (ʝʥʛ. Reactive agents) ʩʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʩʢʫʧʦʚʠ 

ʤʦʜʫʣʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʩʘʤʦʩʪʘʣʥʦ ʜʘ ʙʠ ʠʟʚʨʰʠʣʠ ʦʜʨʝʹʝʥʠ ʟʘʜʘʪʘʢ. 

ʆʚʝ ʘʛʝʥʪʝ ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʠ ʦʩʥʦʚʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʜʨʫʛʠʤ 
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ʘʛʝʥʪʠʤʘ. ʊʘʢʦʹʝ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʜʠʥʘʤʠʯʢʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ ʩʘ ʩʚʦʿʠʤ 

ʦʢʨʫʞʝˁʝʤ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʞʝˀʝʥʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ. 

- ʍʠʙʨʠʜʥʠ (ʠʥʪʝʣʠʛʝʥʪʥʠ) ʘʛʝʥʪʠ (ʝʥʛ. Hybrid agents) ʥʘʩʪʘʿʫ ʢʦʤʙʠʥʦʚʘˁʝʤ 

ʜʚʘ ʠʣʠ ʚʠʰʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʪʠʧʦʚʘ ʘʛʝʥʘʪʘ ʫ ʿʝʜʠʥʩʪʚʝʥʠ ʝʥʪʠʪʝʪ. 

ʅʘ ʩʣʠʮʠ 1.1 ʿʝ ʧʨʠʢʘʟʘʥ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ ʠʥʪʝʣʠʛʝʥʪʥʦʛ ʘʛʝʥʘʪʘ ʢʦʿʠ 

ʧʦʩʝʜʫʿʝ ʩʣʝʜʝ˂ʝ ʦʩʦʙʠʥʝ ʪʿ. ʢʦʤʧʦʥʝʥʪʝ: 

- ʆʧʘʞʘˁʝ (ʝʥʛ. percepts): ʧʨʝʪʨʘʛʘ, ʧʨʠʢʫʧˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ (ʠʟʚʦʨʠ 

ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʛʫ ʙʠʪʠ ʨʘʟʥʠ ʪʠʧʦʚʠ ʩʝʥʟʦʨʘ, ʢʘʤʝʨʘ, ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʠʪʜ.) 

- ʆʢʨʫʞʝˁʝ (ʝʥʛ. environment): ʜʦʤʝʥ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

- ʂʦʤʫʥʠʢʘʮʠʿʘ (ʝʥʛ. communication): ʤʝʭʘʥʠʟʤʠ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʫ 

ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

- ɸʢʪʫʘʪʦʨ (ʝʥʛ. actuator): ʤʝʭʘʥʠʟʘʤ ʢʦʿʠ ʦʙʨʘʹʫʿʝ ʩʚʝ ʜʦʩʪʫʧʥʝ ʠʥʬʦʨʤʘʮʠʿʝ 

ʟʘ ʘʛʝʥʪʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʧʦʩʝʜʫʿʫ ʜʨʫʛʠ ʘʛʝʥʪʠ ʠʟ ʠʩʪʦʛ 

ʦʢʨʫʞʝˁʘ ʧʨʠʤʝʥʦʤ ʤʝʭʘʥʠʟʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ) 

ʢʘʢʦ ʙʠ ʨʝʰʠʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘʜʘʪʘʢ 

 

 

ʉʣʠʢʘ 1.1. ʂʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ ʠʥʪʝʣʠʛʝʥʪʥʦʛ ʘʛʝʥʪʘ 

 

ʇʦʩʪʦʿʝ ʨʘʟʥʠ ʤʝʭʘʥʠʟʤʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ 

(Rao i Georgeff, 1995). ɱʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʧʨʠʩʪʫʧʘ ʿʝ BDI (ʝʥʛ. 

beliefïdesireïintention) ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʤʦʜʝʣʦʚʘˁʝ ʘʛʝʥʘʪʘ ʢʦʿʠ 

ʧʦʩʝʜʫʿʫ ʩʣʝʜʝ˂ʝ ʦʩʦʙʠʥʝ: 

- ɺʝʨʦʚʘˁʘ (ʝʥʛ. beliefs) ï ʠʩʢʘʟʠ (ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʦʤʝʥ ʫ ʢʦʤ ʩʝ ʘʛʝʥʪ 

ʨʘʟʚʠʿʘ) ʢʦʿʠ ʤʦʛʫ (ʘʣʠ ʥʝ ʤʦʨʘʿʫ) ʙʠʪʠ ʪʘʯʥʠ 

- ɾʝˀʝ (ʝʥʛ. desires) ï ʩʪʘˁʝ ʢʦʿʝ ʘʛʝʥʪ ʞʝʣʠ ʜʘ ʧʦʩʪʠʛʥʝ 

- ʅʘʤʝʨʝ (ʝʥʛ. intentions) ï ʞʝˀʝ ʢʦʿʝ ʘʛʝʥʪ ʧʦʢʫʰʘʚʘ ʜʘ ʦʩʪʚʘʨʠ 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʛʦʜʠʥʘʤʘ ʧʦʩʪʦʿʘʣʠ ʩʫ ʙʨʦʿʥʠ ʬʦʨʤʘʣʠʟʤʠ ʢʦʿʠ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʠ ʟʘ 

ʨʘʟʚʦʿ BDI ʘʛʝʥʘʪʘ (Guerra-Hernandez, Castro-Manzano i Fallah-Seghrouchni 2009; 

Hoek i Wooldridge 2013; Rao 1996; Wooldridge 2000). ʀʘʢʦ ʩʝ ʟʘ ʨʘʟʚʦʿ BDI 

ʘʛʝʥʘʪʘ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʢʦʤʧʣʝʢʩʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʘʣʛʦʨʠʪʤʠ, ʦʚʠ ʬʦʨʤʘʣʠʟʤʠ 

ʛʝʥʝʨʘʣʥʦ ʥʝ ʨʘʟʤʘʪʨʘʿʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʘʛʝʥʘʪʘ ʪʿ. ʥʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʨʘʟʥʝ 

ʧʨʘʢʪʠʯʥʝ ʧʨʦʙʣʝʤʝ, ʧʘ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʜʘ ʘʛʝʥʪ ʥʧʨ. ʥʝʤʘ ʜʦʚʦˀʥʦ ʨʝʩʫʨʩʘ, ʫ 

ʩʤʠʩʣʫ ʚʨʝʤʝʥʘ ʠ ʧʨʦʩʪʦʨʘ, ʜʘ ʨʝʰʠ ʥʝʢʠ ʧʨʦʙʣʝʤ. 
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ʄʝʹʫʪʠʤ, ʫʤʝʩʪʦ ʥʘ BDI ʘʨʭʠʪʝʢʪʫʨʠ, ʘʛʝʥʪʠ ʢʦʿʝ ʧʦʜʨʞʘʚʘ ALAS ʿʝʟʠʢ 

ʦʧʠʩʘʥ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʟʘʩʥʦʚʘʥʠ ʩʫ ʥʘ DNARS ʤʝʭʘʥʠʟʘʤʫ ʟʘ ʨʘʟʚʦʿ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ (Sredojeviĺ, Vidakoviĺ i Ivanoviĺ 2018). ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ 

ʧʨʝʜʣʦʞʝʥʝ DNARS ʘʨʭʠʪʝʢʪʫʨʝ ʫ ʦʜʥʦʩʫ ʥʘ BDI ʿʝ ʫ ʩʣʦʿʝʚʠʪʦʿ ʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʿ ʦʨʛʘʥʠʟʘʮʠʿʠ ʧʦʟʘʜʠʥʩʢʝ ʙʘʟʝ ʟʥʘˁʘ. DNARS ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʩʘ 

ʩʢʘʣʘʙʠʣʥʦʰ˂ʫ ʠ ʪʦʣʝʨʘʥʮʠʿʦʤ ʛʨʝʰʘʢʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʘʛʝʥʪʠʤʘ ʜʘ ʜʦʥʦʩʝ 

ʟʘʢˀʫʯʢʝ ʥʘʜ ʚʝʦʤʘ ʚʝʣʠʢʠʤ ʙʘʟʘʤʘ ʟʥʘˁʘ. 

1.1.1 ʄʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ 

ʊʝʭʥʦʣʦʛʠʿʘ ʠʥʪʝʣʠʛʝʥʪʥʦʛ ʘʛʝʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʥʦʚʠ ʤʦʜʝʣ ʫ ʨʝʰʘʚʘˁʫ ʤʥʦʛʠʭ 

ʫʦʙʠʯʘʿʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʨʝʰʠʪʠ ʩʪʨʫʢʪʫʨʠʨʘʥʠʤ ʠ ʦʙʿʝʢʪʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥʠʤ ʧʘʨʘʜʠʛʤʘʤʘ (Mzahm, Sharifuddin i Tang 2014). ʄʝʹʫʪʠʤ, ʟʘ 

ʚʝʣʠʢʝ, ʩʣʦʞʝʥʝ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʩʠʩʪʝʤʝ, ʧʦʩʪʦʿʝ˂ʝ ʧʘʨʘʜʠʛʤʝ ʧʨʦʛʨʘʤʠʨʘˁʘ 

ʧʦʩʪʘʿʫ ʛʣʦʤʘʟʥʝ, ʢʦʤʧʣʠʢʦʚʘʥʝ ʠ ʩʧʦʨʝ. ʂʘʢʦ ʙʠ ʨʝʰʠʣʠ ʪʘʢʚʝ ʩʣʦʞʝʥʝ 

ʧʨʦʙʣʝʤʝ, ʠʩʪʨʘʞʠʚʘʯʠ ʫ ʦʙʣʘʩʪʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʠ ʩʝ ʙʘʚʝ 

ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʘʛʝʥʪʠʤʘ ʧʦʯʝʣʠ ʩʫ ʜʘ ʢʦʨʠʩʪʝ ʛʨʫʧʝ ʘʛʝʥʘʪʘ ʢʦʿʠ ʟʘʿʝʜʥʠʯʢʠ 

(ʧʘʨʘʣʝʣʥʦ) ʨʘʜʝ, ʠʤʠʪʠʨʘʿʫ˂ʠ ʧʦʥʘʰʘˁʝ ˀʫʜʩʢʠʭ ʜʨʫʰʪʘʚʘ, ʢʘʢʦ ʙʠ ʰʪʦ ʙʨʞʝ ʠ 

ʝʬʠʢʘʩʥʠʿʝ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤ. ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʿʝ ʜʘ ʩʝ ʨʘʟʚʠʿʫ ʘʛʝʥʪʠ ʩʘ ʘʜʝʢʚʘʪʥʠʤ 

ʟʥʘˁʠʤʘ ʠ ʛʨʫʧʠʰʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʢʨʫʞʝˁʝ ʢʘʢʦ ʙʠ ʩʝ ʩʪʚʦʨʠʦ ʩʠʩʪʝʤ ʫ ʢʦʿʝʤ 

ʿʝ ʩʚʘʢʦʤ ʘʛʝʥʪʫ ʜʦʜʝˀʝʥ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘʜʘʪʘʢ. ʉʦʬʪʚʝʨʩʢʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʘʜʨʞʝ 

ʩʢʫʧʦʚʝ ʣʦʛʠʯʢʠʭ ʝʥʪʠʪʝʪʘ ʫ ʚʠʜʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ, ʘʫʪʦʥʦʤʥʠʭ ʠ ʢʦʦʧʝʨʘʪʠʚʥʠʭ 

ʘʛʝʥʘʪʘ ʢʦʿʠ ʤʝʹʫʩʦʙʥʦ ʢʦʤʫʥʠʮʠʨʘʿʫ ʢʘʢʦ ʙʠ ʨʝʰʠʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʙʣʝʤʝ 

ʥʘʟʠʚʘʿʫ ʩʝ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ (Garrido i dr. 2017; Lujak 2017; Shoham i 

Leyton-Brown 2009; Weiss 2000, 2013; Wooldridge 2009). Mʫʣʪʠaʛeʥʪʩʢʠ ʩʠʩʪeʤ je 

ʩoʬʪʚeʨʩʢʠ ʩʠʩʪeʤ ʩa ʠʥʬʨaʩʪʨʫʢʪʫʨʥoʤ ʧoʜʨʰʢoʤ ʟa ʩʚoje aʛeʥʪe (Badica i dr. 

2011). ɳeʛoʚe oʩʥoʚʥe ʬʫʥʢʮʠoʥaʣʥoʩʪʠ ʫʢˀʫʯʫjʫ ʫʧʨaʚˀaˁe ʞʠʚoʪʥʠʤ 

ʮʠʢʣʫʩoʤ aʛeʥʪa, ʨaʟʤeʥʫ ʧoʨʫʢa, ʩeʨʚʠʩʥʠ ʧoʜʩʠʩʪeʤ ʢojʠ eʬʠʢaʩʥo ʧoʜʨʞaʚa 

aʛeʥʪe, ʜaje ʠʤ ʤoʛʫ˂ʥoʩʪ ʧʨʠʩʪʫʧa ʨeʩʫʨʩʠʤa, ʠʟʚʨʰaʚaˁe ʩʣoʞeʥʠʭ aʣʛoʨʠʪaʤa 

ʠʪʜ. (Vidakoviĺ i dr. 2013). 

ʄʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ ʩʫ ʫʛʣʘʚʥʦʤ ʘʫʪʦʥʦʤʥʠ ʠ ʦʙʠʯʥʦ ʨʘʜʝ ʙʝʟ ʥʘʜʟʦʨʘ 

ʩʚʦʿʠʭ ʚʣʘʩʥʠʢʘ. ʉʚʘʢʠ ʘʛʝʥʪ ʫ ʩʠʩʪʝʤʫ ʨʘʜʠ ʥʘ ʨʝʰʘʚʘˁʫ ʩʚʦʿʠʭ ʧʦʜʟʘʜʘʪʘʢʘ, 

ʧʨʠ ʯʝʤʫ ʩʫ ʦʩʪʘʣʠʤ ʘʛʝʥʪʠʤʘ ʫ ʩʠʩʪʝʤʫ ʥʘʿʯʝʰ˂ʝ ʜʦʜʝˀʝʥʠ ʨʘʟʣʠʯʠʪʠ ʟʘʜʘʮʠ. 

ʉʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʰʝ ʪʘʢʦ ʰʪʦ ʨʘʟʣʘʞʝ ʩʣʦʞʝʥʠ ʟʘʜʘʪʘʢ ʫ ʧʦʜʟʘʜʘʪʢʝ, ʘ ʟʘʪʠʤ 

ʜʦʜʝˀʫʿʝ ʩʚʘʢʠ ʧʦʜʟʘʜʘʪʘʢ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʘʛʝʥʪʫ ʢʦʿʠ ʧʨʠʤʝʥʦʤ ʩʚʦʿʠʭ 

ʤʦʛʫ˂ʥʦʩʪʠ ʪʨʝʙʘ ʜʘ ʨʝʰʠ ʜʘʪʠ ʟʘʜʘʪʘʢ. ɸʢʦ ʘʛʝʥʪ ʥʝʤʘ ʜʦʚʦˀʥʦ ʟʥʘˁʘ ʠʣʠ 

ʨʝʩʫʨʩʘ ʜʘ ʠʟʚʨʰʠ ʧʦʜʟʘʜʘʪʘʢ, ʤʦʞʝ ñʢʦʥʩʫʣʪʦʚʘʪʠò ʜʨʫʛʝ ʘʛʝʥʪʝ ʟʘ ʨʝʰʝˁʝ ʠʣʠ 

ʠʤ ʜʝʣʝʛʠʨʘʪʠ ʧʦʩʘʦ. ɸʛʝʥʪʠ ʫ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ ʤʦʛʫ ʜʘ ʨʘʜʝ ʟʘʿʝʜʥʦ ʢʘʦ ʿʝʜʘʥ 

ʝʥʪʠʪʝʪ ʠʣʠ ʧʦʿʝʜʠʥʘʯʥʦ, ʫ ʥʝʢʦʣʠʢʦ ʦʜʚʦʿʝʥʠʭ ʝʥʪʠʪʝʪʘ (Laarabi i dr. 2013). 

Taʢoʹe, ʤʫʣʪʠaʛeʥʪʩʢʠ ʩʠʩʪeʤʠ ʫ ʤʥoʛʠʤ ʩʠʪʫaʮʠjaʤa ʥʫʜe ʙeʟʙeʜʥoʩʪ (ʥʧʨ. 

aʛeʥʪʩʢʠ ʢoʜ ʠ ʠʥʪeʛʨʠʪeʪ ʧoʜaʪaʢa ʢao ʠ eʥʢʨʠʧʮʠjʫ ʧoʨʫʢa), ʩʠʩʪeʤ ʢoʥeʢʮʠje 

ʢojʠ oʤoʛʫ˂aʚa ʠʥʪeʨaʢʮʠjʫ aʛeʥaʪa ʫ ʬʠʟʠʯʢʠ ʨaʟʜʚojeʥʠʤ oʢʨʫʞeˁʠʤa, 
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ʧoʜʨʰʢʫ ʟa ʤoʙʠʣʥoʩʪ ʠ ʧeʨʟʠʩʪeʥʪʥoʩʪ aʛeʥaʪa. Aʛeʥʪʠ, ʧʨoʛʨaʤʠʨaˁe aʛeʥaʪa 

ʠ ʤʫʣʪʠaʛeʥʪʩʢʠ ʩʠʩʪeʤʠ ʫʚoʜe ʥoʚe ʠ ʥeʢoʥʚeʥʮʠjaʣʥe ʠʜeje ʠ ʢoʥʮeʧʪe. ʇʨeʤa 

(Badica i dr. 2011; Luck, Ashri, i Inverno 2004; Wiebe i Wooldridge. 2013) ʧoʩʪojʠ 

ʧʨeʢo 100 aʛeʥʪʩʢʠʭ ʧʣaʪʬoʨʤʠ ʠ aʣaʪa ʢojʠ ʩʫ ʨaʟʚʠjeʥʠ ʠʣʠ ʩe joʰ ʫʚeʢ 

ʨaʟʚʠjajʫ. 

ʄʝʹʫʪʠʤ, ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʘʫʪʦʥʦʤʥʠʭ ʠ ʢʦʣʘʙʦʨʘʪʠʚʥʠʭ ʘʛʝʥʘʪʘ ʧʦʩʪʘʿʝ 

ʩʣʦʞʝʥʦ ʠ ʢʦʤʧʣʝʢʩʥʦ ʢʘʜ ʩʫ ʫ ʧʠʪʘˁʫ ʨʘʟʣʠʯʠʪʠ ʟʘʭʪʝʚʠ ʨʘʟʣʠʯʠʪʠʭ ʘʛʝʥʪʩʢʠʭ 

ʦʢʨʫʞʝˁʘ (Challenger i dr. 2016). ɻʣʘʚʥʠ ʧʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʣʘʪʬʦʨʤʩʢʝ 

ʟʘʚʠʩʥʦʩʪʠ ʰʪʦ ʦʥʝʤʦʛʫ˂ʫʿʝ ʥʝʩʤʝʪʘʥʫ ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ, ʨʘʩʧʦʜʝʣʫ 

ʧʦʩʣʦʚʘ ʠ ʝʬʠʢʘʩʥʦ ʠʟʚʨʰʘʚʘˁʝ ʟʘʜʘʪʘʢʘ. ʂʘʢʦ ʙʠ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʰʪʦ 

ʝʬʠʢʘʩʥʠʿʝ ʨʝʰʠʦ, ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʘʛʝʥʘʪʘ ʢʦʨʠʩʪʝ ʩʝ ʘʛʝʥʪʩʢʠ ʠ ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʮʠ. 

1.2 ɸʛʝʥʪʩʢʠ ʿʝʟʠʮʠ 

ɸʛʝʥʪʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʿʝ ʥʦʚʘ ʧʘʨʘʜʠʛʤʘ ʟʘ ʩʦʬʪʚʝʨʩʢʝ ʩʠʩʪʝʤʝ. ɼʘ ʙʠ ʩʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʠʩʢʦʨʠʩʪʠʣʘ ʩʧʦʩʦʙʥʦʩʪ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʚʠʰʝ ʘʛʝʥʘʪʘ ʨʘʜʠ ʫ 

ʩʦʬʪʚʝʨʩʢʦʤ ʦʢʨʫʞʝˁʫ ʪʘʢʦ ʰʪʦ ʩʘʨʘʹʫʿʫ, ʢʦʦʨʜʠʥʠʨʘʿʫ ʠʣʠ ʧʨʝʛʦʚʘʨʘʿʫ 

ʤʝʹʫʩʦʙʥʦ. ʄʝʹʫʪʠʤ, ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʟʘʭʪʝʚʘʿʫ ʜʘ ʘʛʝʥʪʠ ʤʝʹʫʩʦʙʥʦ 

ʢʦʤʫʥʠʮʠʨʘʿʫ ʧʫʪʝʤ ʟʘʿʝʜʥʠʯʢʦʛ ʿʝʟʠʢʘ ʠʣʠ ʧʨʦʪʦʢʦʣʘ. ɿʘʿʝʜʥʦ ʩʘ ʨʘʟʚʦʿʝʤ 

ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ, ʤʝʹʫʘʛʝʥʪʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʜʨʫʯʿʝ 

ʠʥʪʝʥʟʠʚʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (Soon, On, Anthony, Hamdan 2018). ʋʣʦʛʘ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʫ ʤʫʣʪʠʘʛʝʥʪʩʢʦʤ ʩʠʩʪʝʤʫ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʩʨʝʜʩʪʚʘ ʟʘ ʨʘʟʤʝʥʫ 

ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʭʚʘʪˀʠʚʦʛ ʩʢʫʧʘ ʧʨʘʚʠʣʘ ʠʣʠ ʧʨʦʪʦʢʦʣʘ ʩʣʘˁʘ ʠ 

ʧʨʠʤʘˁʘ ʧʦʨʫʢʘ. ʇʦ ʧʨʠʿʝʤʫ ʧʦʨʫʢʝ, ʘʛʝʥʪ ʤʦʨʘ ʙʠʪʠ ʫ ʩʪʘˁʫ ʜʘ ʜʝʰʠʬʨʫʿʝ 

ʟʥʘʯʝˁʝ ʧʦʨʫʢʝ ʠ ʜʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʨʝʘʛʫʿʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ 

ʟʘʿʝʜʥʠʯʢʠ ʮʠˀ. ʊʘʢʦʹʝ, ʘʛʝʥʪ ʤʦʨʘ ʙʠʪʠ ʩʧʦʩʦʙʘʥ ʜʘ ʢʦʤʫʥʠʮʠʨʘ ʩʘ ʜʨʫʛʠʤ 

ʘʛʝʥʪʠʤʘ ʢʘʢʦ ʙʠ ʤʦʛʘʦ ʜʘ ʠʟʚʨʰʘʚʘ ʟʘʜʘʪʢʝ ʟʘ ˁʠʭ. 

ɿʘ ʰʠʨʫ ʧʨʠʤʝʥʫ ʘʛʝʥʪʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢˀʫʯʥʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ʘʛʝʥʪʩʢʠʭ 

ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ (ʝʥʛ. Agent oriented programming languages ï AOPLs). ʇʦʜ 

ʘʛʝʥʪʩʢʠʤ ʿʝʟʠʢʦʤ ʧʦʜʨʘʟʫʤʝʚʘʤʦ ʩʠʩʪʝʤ ʢʦʿʠ ʜʦʟʚʦˀʘʚʘ ʧʨʦʛʨʘʤʠʨʘˁʝ 

ʭʘʨʜʚʝʨʩʢʠʭ ʠʣʠ ʩʦʬʪʚʝʨʩʢʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʝʦʨʠʿʩʢʠʤ 

ʢʦʥʮʝʧʪʠʤʘ ʘʛʝʥʘʪʘ. ʇʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʪʘʢʚʠ ʿʝʟʠʮʠ ʫʢˀʫʯʫʿʫ ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ 

ʦʜʛʦʚʘʨʘʿʫ ʘʛʝʥʪʠʤʘ. ʈʘʟʚʠʿʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʘʛʝʥʪʩʢʠ ʿʝʟʠʮʠ ʠ ʨʘʟʣʠʯʠʪʠ 

ʩʝʤʘʥʪʠʯʢʠ ʤʦʜʝʣʠ ʜʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ ʫ 

ʤʫʣʪʠʘʛʝʥʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʋʚʦʹʝˁʝ ʧʦʿʤʘ agent-oriented programming languages ʧʨʠʧʠʩʫʿʝ ʩʝ (Shoham 

1990) ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚʠʦ ʘʛʝʥʪʩʢʦ ʧʨʦʛʨʘʤʠʨʘˁʝ ʢʘʦ ʥʦʚʫ ʧʘʨʘʜʠʛʤʫ, 

ʩʧʝʮʠʿʘʣʠʟʘʮʠʿʫ ʦʙʿʝʢʪʥʦ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ ʢʦʿʘ ʧʨʦʤʦʚʠʰʝ 

ʜʨʫʰʪʚʝʥʠ ʧʨʠʩʪʫʧ ʨʘʜʫ, ʛʜʝ ʚʠʰʝ ʘʛʝʥʘʪʘ ʩʪʫʧʘ ʫ ʤʝʹʫʩʦʙʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʫ 

ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ (Shoham 1990, 1993). Shoham (1993) ʧʨʝʜʣʘʞʝ ʜʘ 

ʧʦʪʧʫʥʦ ʨʘʟʚʠʿʝʥ ʘʛʝʥʪʩʢʠ ʧʨʦʛʨʘʤʩʢʠ ʩʠʩʪʝʤ ʠʤʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ: 
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- ʦʛʨʘʥʠʯʝʥʠ ʬʦʨʤʘʣʥʠ ʿʝʟʠʢ ʩʘ ʿʘʩʥʦʤ ʩʠʥʪʘʢʩʦʤ ʠ ʩʝʤʘʥʪʠʢʦʤ ʟʘ 

ʦʧʠʩʠʚʘˁʝ ʤʝʥʪʘʣʥʦʛ ʩʪʘˁʘ; ʤʝʥʪʘʣʥʦ ʩʪʘˁʝ ˂ʝ ʩʝ ʿʝʜʠʥʩʪʚʝʥʦ ʜʝʬʠʥʠʩʘʪʠ 

ʢʨʦʟ ʥʝʢʦʣʠʢʦ ʤʦʜʘʣʠʪʝʪʘ, ʢʘʦ ʰʪʦ ʩʫ ʚʝʨʦʚʘˁʝ ʠ ʧʦʩʚʝ˂ʝʥʦʩʪ 

- ʠʥʪʝʨʧʨʝʪʠʨʘʥʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʫ ʢʦʿʝʤ ʩʝ ʜʝʬʠʥʠʰʫ ʠ ʧʨʦʛʨʘʤʠʨʘʿʫ 

ʘʛʝʥʪʠ, ʩ ʧʨʠʤʠʪʠʚʥʠʤ ʥʘʨʝʜʙʘʤʘ ʢʘʦ ʰʪʦ ʩʫ REQUEST ʠ INFORM; 

ʩʝʤʘʥʪʠʢʘ ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ ʤʦʨʘ ʜʘ ʦʜʛʦʚʘʨʘ ʩʝʤʘʥʪʠʮʠ ʤʝʥʪʘʣʥʦʛ ʩʪʘˁʘ 

- ʧʨʦʮʝʩ ʘʛʝʥʪʠʬʠʢʘʮʠʿʝ, ʟʘ ʢʦʤʧʘʿʣʠʨʘˁʝ ʘʛʝʥʪʩʢʠʭ ʧʨʦʛʨʘʤʘ ʫ ʠʟʚʨʰʥʝ 

ʩʠʩʪʝʤʝ ʥʠʩʢʦʛ ʥʠʚʦʘ. 

ʇʦʨʝʜ ʘʛʝʥʪʩʢʠʭ ʿʝʟʠʢʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʛʝʥʘʪʘ ʧʦʩʪʦʿʝ ʠ 

ʘʛʝʥʪʩʢʠ ʢʦʤʫʥʠʢʘʮʠʦʥʠ ʿʝʟʠʮʠ (ʝʥʛ. Agent communication languages - ACLs) 

(Soon, On, Anthony, Hamdan 2018). ACL ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʥʫ ʢʦʤʧʦʥʝʥʪʫ ʫ 

ʤʫʣʪʠʘʛʝʥʪʩʢʦʤ ʩʠʩʪʝʤʫ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʘʛʝʥʪʠʤʘ ʜʘ ʢʦʤʫʥʠʮʠʨʘʿʫ ʠ ʨʘʟʤʝˁʫʿʫ 

ʧʦʨʫʢʝ ʠ ʟʥʘˁʝ. ɼʚʘ ACL-a ʢʦʿʘ ʩʫ ʤʝʹʫ ʧʨʚʠʤʘ ʥʘʰʣʠ ʰʠʨʫ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠ 

ʘʛʝʥʪʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʫ KQML ʠ FIPA ACL (Finin i dr. 1994; German i 

Sheremetov 2007). 

1.3 ɼʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʮʠ 

ʆʩʥʦʚʥʠ ʮʠˀ ʫ ʨʘʟʚʦʿʫ ʥʦʚʦʛ ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ ʿʝ ʜʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʫʯʠʥʠ 

ʝʬʠʢʘʩʥʠʿʠʤ. ʉʘʚʨʰʝʥ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʘʚʠ ʥʠʚʦ 

ʘʧʩʪʨʘʢʮʠʿʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʦʧʠʩʫʿʝ ʨʝʰʝˁʘ ʧʨʠʨʦʜʥʦ ʠ ʩʘʢʨʠʿʝ ʥʝʧʦʪʨʝʙʥʝ 

ʜʝʪʘˀʝ. ʊʘʢʦʹʝ, ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʙʫʜʝ ʜʦʚʦˀʥʦ ʠʟʨʘʞʘʿʘʥ ʫ ʜʦʤʝʥʫ ʧʨʦʙʣʝʤʘ ʠ ʜʘ 

ʦʙʝʟʙʝʜʠ ʛʘʨʘʥʮʠʿʝ ʥʘ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʩʫ ʢʨʠʪʠʯʥʘ ʫ ʪʦʤ ʜʦʤʝʥʫ. ʊʘʢʦʹʝ ʙʠ ʪʨʝʙʘʣʦ 

ʜʘ ʠʤʘ ʧʨʝʮʠʟʥʫ ʩʝʤʘʥʪʠʢʫ ʜʘ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʬʦʨʤʘʣʥʦ ʨʝʟʦʥʦʚʘˁʝ ʦ 

ʧʨʦʛʨʘʤʫ. ʉʘ ʿʝʟʠʮʠʤʘ ʦʧʰʪʝ ʥʘʤʝʥʝ (ʝʥʛ. General-Purpose Languages - GPLs), ʪʦ 

ʿʝ ʪʝʰʢʦ ʧʦʩʪʠ˂ʠ, ʧʦʰʪʦ GPL ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʙʫʜʫ ʦʧʰʪʠ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ 

ʣʦʰʦʤ ʧʦʜʨʰʢʦʤ ʟʘ ʜʦʤʝʥ ʦʨʠʿʝʥʪʠʩʘʥʫ ʥʦʪʘʮʠʿʫ. ʇʦʩʪʠʟʘˁʝ ʧʨʝʪʭʦʜʥʦ 

ʥʘʚʝʜʝʥʠʭ ʩʚʦʿʩʪʘʚʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʨʘʟʚʦʿʝʤ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ ï DSL. ɿʘ 

ʩʧʝʮʠʬʠʯʥʝ ʜʦʤʝʥʝ ʧʨʠʤʝʥʝ, DSL-ʦʚʠ ʩʫ ʠʟʨʘʞʘʿʥʠʿʠ ʠ ʣʘʢʰʠ ʟʘ ʫʧʦʪʨʝʙʫ ʦʜ 

GPL-ʦʚʘ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʣʠ ʠ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ (Kosar i dr. 

2010). DSL-ʦʚʠ ʧʦʩʪʘʿʫ ʩʚʝ ʚʘʞʥʠʿʠ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʠʥʞʝˁʝʨʩʪʚʫ. ɸʣʘʪʠ ʟʘ ʨʘʟʚʦʿ 

ʦʚʠʭ ʿʝʟʠʢʘ ʧʦʩʪʘʿʫ ʙʦʠˀ ʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʪʘʢʦ ʜʘ ʩʝ DSL-ʦʚʠ ʤʦʛʫ ʨʘʟʚʠʪʠ ʩʘ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʪʨʫʜʘ. 

DSL-ʦʚʠ ʩʫ ʧʨʠʣʘʛʦʹʝʥʠ ʜʘ ʙʫʜʫ ʚʝʦʤʘ ʧʨʦʜʫʢʪʠʚʥʠ ʫ ʦʜʨʝʹʝʥʦʤ ʜʦʤʝʥʫ. 

ʆʥʠ ʧʨʫʞʘʿʫ ʧʨʠʢʣʘʜʥʝ ʘʧʩʪʨʘʢʮʠʿʝ, ʢʦʿʝ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʠ ʦʜ ʩʪʨʘʥʝ ʥʝ-

ʧʨʦʛʨʘʤʝʨʘ, ʫʩʢʣʘʹʝʥʝ ʩʘ ʜʦʤʝʥʦʤ ʧʨʦʙʣʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʨʝʰʝˁʘ ʥʘ 

ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʢʨʘʪʘʢ ʥʘʯʠʥ. ɱʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʥʘʚʦʹʝʥʠʭ ʧʨʠʤʝʨʘ DSL-ʘ ʿʝ SQL. 

SQL ʦʤʦʛʫ˂ʘʚʘ ʢʦʨʠʩʥʠʮʠʤʘ ʜʘ ʨʫʢʫʿʫ ʧʦʜʘʮʠʤʘ, ʪʘʙʝʣʘʤʘ ʠ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ ʙʝʟ 

ʟʥʘˁʘ ʧʨʦʛʨʘʤʠʨʘˁʘ. SQL ʦʙʝʟʙʝʹʫʿʝ ʚʠʰʠ ʥʠʚʦ ʘʧʩʪʨʘʢʮʠʿʝ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ 

ʢʦʥʮʝʧʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ select ʠʣʠ update ʫ ʜʦʤʝʥʫ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ 

ʨʝʜʦʚʠʤʘ ʠ ʢʦʣʦʥʘʤʘ. 
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ʄʝʹʫʪʠʤ, ʟʘ ʨʘʟʚʦʿ ʩʣʦʞʝʥʠʿʠʭ ʩʠʩʪʝʤʘ, ʿʝʜʘʥ DSL ʥʠʿʝ ʜʦʚʦˀʘʥ ʟʘ 

ʧʦʩʪʠʟʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ, ʘ ʯʘʢ ʥʠ ʚʠʰʝ DSL-ʦʚʘ ʢʦʿʠ 

ʥʠʩʫ ʜʦʙʨʦ ʠʥʪʝʛʨʠʩʘʥʠ. ʉʘʤʦ ʭʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ (ʫ ʢʦʿʝʤ ʩʝ ʥʝʢʦʣʠʢʦ DSL-ʦʚʘ 

ʙʝʩʧʨʝʢʦʨʥʦ ʠʥʪʝʛʨʠʩʘʥʠʭ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʨʝʰʝˁʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʜʦʤʝʥʝ ʧʨʦʙʣʝʤʘ), ʤʦʞʝ ʜʦʥʝʪʠ ʟʥʘʯʘʿʥʘ ʧʦʙʦˀʰʘˁʘ ʫ ʨʘʟʚʦʿʫ.  

ʇʦʨʝʜ ʥʘʟʠʚʘ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʮʠ, ʫ ʧʨʘʢʩʠ ʩʝ ʟʘ ʦʚʝ ʿʝʟʠʢʝ ʢʦʨʠʩʪʝ ʠ 

ʥʝʢʠ ʜʨʫʛʠ ʥʘʟʠʚʠ ʢʘʦ ʰʪʦ ʩʫ: ʜʦʤʝʥ-ʩʧʝʮʠʬʠʯʥʠ ʿʝʟʠʮʠ, ʿʝʟʠʮʠ ʩʧʝʮʠʬʠʯʥʠ ʟʘ 

ʜʦʤʝʥ, ʥʘʤʝʥʩʢʠ ʿʝʟʠʮʠ, ʤʘʣʠ ʿʝʟʠʮʠ (ʝʥʛ. little languages) ʠʪʜ.  

ʇʦʩʪʦʿʝ ʨʘʟʥʝ ʜʝʬʠʥʠʮʠʿʝ DSL-ʦʚʘ ʘ ʥʝʢʦʣʠʢʦ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʩʫ 

ʦʧʠʩʘʥʝ ʫ ʥʘʩʪʘʚʢʫ. 

DSL ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʿʝʟʠʢ ʢʦʿʠ ʿʝ ʧʨʠʣʘʛʦʹʝʥ ʠ ʦʛʨʘʥʠʯʝʥ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʜʦʤʝʥ ʧʨʠʤʝʥʝ. DSL-ʦʚʠ ʥʫʜʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʝ ʢʦʥʩʪʨʫʢʪʝ ʠ ʥʦʪʘʮʠʿʝ 

ʧʨʠʣʘʛʦʹʝʥʝ ʜʦʤʝʥʫ ʠ ʜʦʤʝʥʩʢʠʤ ʝʢʩʧʝʨʪʠʤʘ (Mernik, Heering i Sloane 2005). 

ʋ (Kelly i Tolvanen, 2008) DSL-ʦʚʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ 

ʢʦʿʠ ʧʦʜʠʞʫ ʥʠʚʦ ʘʧʩʪʨʘʢʮʠʿʝ ʠʟʥʘʜ ʧʨʦʛʨʘʤʠʨʘˁʘ ʩʧʝʮʠʬʠʮʠʨʘˁʝʤ ʨʝʰʝˁʘ 

ʢʦʿʝ ʜʠʨʝʢʪʥʦ ʢʦʨʠʩʪʠ ʢʦʥʮʝʧʪʝ ʠ ʧʨʘʚʠʣʘ ʠʟ ʩʧʝʮʠʬʠʯʥʦʛ ʜʦʤʝʥʘ ʧʨʦʙʣʝʤʘ. 

Voelter (2013) ʦʧʠʩʫʿʝ DSL ʢʘʦ ʢʦʥʮʠʟʘʥ, ʦʙʨʘʜʠʚ ʿʝʟʠʢ ʟʘ ʦʧʠʩʠʚʘˁʝ 

ʦʜʨʝʹʝʥʦʛ ʧʨʦʙʣʝʤʘ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʩʠʩʪʝʤʘ ʫ ʦʜʨʝʹʝʥʦʤ ʜʦʤʝʥʫ. ɸʧʩʪʨʘʢʮʠʿʝ 

ʠ ʢʦʨʠʰ˂ʝʥʝ ʥʦʪʘʮʠʿʝ ʩʫ ʧʨʠʣʘʛʦʹʝʥʝ ʠʥʪʝʨʝʩʥʠʤ ʛʨʫʧʘʤʘ ʢʦʿʝ ʩʧʝʮʠʬʠʮʠʨʘʿʫ 

ʦʜʨʝʹʝʥʝ ʧʨʦʙʣʝʤʝ. 

ɼʦʩʪʘ ʠʩʪʨʘʞʠʚʘʯʘ ʩʝ ʙʘʚʠ DSL-ʦʚʠʤʘ ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʿʝʜʘʥ ʦʜ 

ʥʘʿʠʩʪʘʢʥʫʪʠʿʠʭ ʠ ʥʘʿʮʠʪʠʨʘʥʠʿʠʭ Martin Fowler. ʋ ʩʚʦʿʦʿ ʢˁʠʟʠ (Fowler 2010), ʦʥ 

ʜʝʬʠʥʠʰʝ DSL-ʦʚʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  

DSL ʿʝ ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʦʛʨʘʥʠʯʝʥʝ ʝʢʩʧʨʝʩʠʚʥʦʩʪʠ ʬʦʢʫʩʠʨʘʥ 

ʥʘ ʦʜʨʝʹʝʥʠ ʜʦʤʝʥ. ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ ʢˀʫʯʥʘ ʝʣʝʤʝʥʪʘ ʦʚʝ ʜʝʬʠʥʠʮʠʿʝ.  

- ʂʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ: DSL ʩʝ ʢʦʨʠʩʪʠ ʦʜ ʩʪʨʘʥʝ ˀʫʜʠ ʢʘʢʦ ʙʠ 

ʜʘʣʠ ʠʥʩʪʨʫʢʮʠʿʝ ʨʘʯʫʥʘʨʫ ʜʘ ʫʨʘʜʠ ʠ ʢʘʢʦ ʜʘ ʫʨʘʜʠ ʥʝʰʪʦ. ʂʘʦ ʠ ʩʘ ʙʠʣʦ 

ʢʦʿʠʤ ʤʦʜʝʨʥʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʢʦʤ, ˁʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ ʿʝ ʜʠʟʘʿʥʠʨʘʥʘ 

ʪʘʢʦ ʜʘ ʦʣʘʢʰʘʚʘ ˀʫʜʠʤʘ ʜʘ ʿʝ ʨʘʟʫʤʝʿʫ, ʘʣʠ ʠʧʘʢ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʪʘʢʚʘ ʜʘ ʩʝ 

ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ. 

- ʇʨʠʨʦʜʘ ʿʝʟʠʢʘ: DSL ʿʝ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʠ ʢʘʦ ʪʘʢʘʚ ʪʨʝʙʘ ʜʘ ʠʤʘ ʦʩʝ˂ʘʿ 

ʣʘʢʦ˂ʝ ʠʟʨʘʞʘʚʘˁʘ ʧʨʠ ʯʝʤʫ ʝʢʩʧʨʝʩʠʚʥʦʩʪ ʥʝ ʜʦʣʘʟʠ ʩʘʤʦ ʦʜ 

ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʠʟʨʘʟʘ, ʚʝ˂ ʠ ʦʜ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʨʝʠʨʘʪʠ ʩʢʫʧʦʚʠ 

ʠʟʨʘʟʘ.  

- ʆʛʨʘʥʠʯʝʥʘ ʝʢʩʧʨʝʩʠʚʥʦʩʪ: GPL ʧʨʫʞʘ ʤʥʦʛʦ ʤʦʛʫ˂ʥʦʩʪʠ: ʧʦʜʨʞʘʚʘ 

ʨʘʟʣʠʯʠʪʝ ʧʦʜʘʪʢʝ, ʢʦʥʪʨʦʣʫ ʠ ʘʧʩʪʨʘʢʪʥʝ ʩʪʨʫʢʪʫʨʝ. ʉʚʝ ʦʚʦ ʿʝ ʢʦʨʠʩʥʦ, 

ʘʣʠ ʯʠʥʠ ʛʘ ʪʝʞʠʤ ʟʘ ʫʯʝˁʝ ʠ ʫʧʦʪʨʝʙʫ. DSL-ʦʚʠ ʧʨʫʞʘʿʫ ʤʠʥʠʤʘʣʘʥ ʙʨʦʿ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʝʙʥʠʭ ʜʘ ʙʠ ʩʝ ʧʦʜʨʞʘʦ ˁʠʭʦʚ ʜʦʤʝʥ. ʄʝʹʫʪʠʤ, ʮʝʦ 

ʩʦʬʪʚʝʨʩʢʠ ʩʠʩʪʝʤ ʩʝ ʥʝ ʤʦʞʝ ʠʟʛʨʘʜʠʪʠ ʩʘʤʦ ʧʨʠʤʝʥʦʤ DSL-ʘ. ʇʦʞʝˀʥʦ 

ʿʝ ʢʦʨʠʩʪʠʪʠ DSL ʩʘʤʦ ʟʘ ʦʜʨʝʹʝʥʠ ʘʩʧʝʢʪ ʩʠʩʪʝʤʘ. 

- ʌʦʢʫʩ ʥʘ ʜʦʤʝʥ: ʆʛʨʘʥʠʯʝʥʠ ʿʝʟʠʢ ʿʝ ʢʦʨʠʩʪʘʥ ʩʘʤʦ ʘʢʦ ʠʤʘ ʿʘʩʘʥ ʬʦʢʫʩ ʥʘ 

ʤʘʣʝ ʜʦʤʝʥʝ. ʌʦʢʫʩ ʥʘ ʜʦʤʝʥ ʿʝ ʦʥʦ ʰʪʦ ʦʛʨʘʥʠʯʝʥʠ ʿʝʟʠʢ ʯʠʥʠ ʚʨʝʜʥʠʤ. 
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ɼʘˀʝ, Martin Fowler ʜʝʣʠ DSL-ʦʚʝ ʥʘ ʪʨʠ ʦʩʥʦʚʥʝ ʛʨʫʧʝ: ʠʥʪʝʨʥʠ, ʝʢʩʪʝʨʥʠ ʠ 

ʿʝʟʠʯʢʝ ʨʘʜʠʦʥʠʮʝ. 

ʀʥʪʝʨʥʠ DSL ʿʝ ʿʝʟʠʢ ʢʦʿʠ ʥʘʩʪʘʿʝ ʧʨʦʰʠʨʠʚʘˁʝʤ ʥʝʢʦʛ ʧʦʩʪʦʿʝ˂ʝʛ GPL-ʘ, 

ʥʘʿʯʝʰ˂ʝ ʫ ʚʠʜʫ ʧʨʦʛʨʘʤʩʢʠʭ ʢʦʥʩʪʨʫʢʘʪʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʜʨʞʘʣʠ ʩʧʝʮʠʬʠʯʥʠ 

ʜʦʤʝʥʠ ʧʨʦʙʣʝʤʘ. ɱʝʜʘʥ ʿʝʟʠʢ ʦʧʰʪʝ ʥʘʤʝʥʝ ʤʦʞʝ ʠʤʘʪʠ ʥʝʦʛʨʘʥʠʯʝʥ ʙʨʦʿ 

ʠʥʪʝʨʥʠʭ DSL-ʦʚʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʜʦʜʘʪʥʝ ʙʠʙʣʠʦʪʝʢʝ ʪʦʛ ʿʝʟʠʢʘ. 

ʆʜʨʝʹʝʥʘ ʩʢʨʠʧʪʘ ʥʘʧʠʩʘʥʘ ʫ ʠʥʪʝʨʥʦʤ DSL-ʫ ʿʝ ʚʘʞʝ˂ʠ ʢʦʜ ʫ ʩʚʦʤ ʿʝʟʠʢʫ ʦʧʰʪʝ 

ʥʘʤʝʥʝ, ʘʣʠ ʢʦʨʠʩʪʠ ʩʘʤʦ ʧʦʜʩʢʫʧ ˁʝʛʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʜʘ 

ʙʠ ʦʙʨʘʜʠʦ ʿʝʜʘʥ ʤʘʣʠ ʘʩʧʝʢʪ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ. ʄʝʹʫʪʠʤ, ʠʥʪʝʨʥʠ DSL-ʦʚʠ 

ʠʤʘʿʫ ʚʝʣʠʢʘ ʦʛʨʘʥʠʯʝˁʘ. ʉʠʥʪʘʢʩʘ ʠʥʪʝʨʥʦʛ DSL-ʘ ʤʦʞʝ ʙʠʪʠ ʩʘʤʦ ʦʥʦ ʰʪʦ 

ʜʦʧʫʰʪʘ ʩʠʥʪʘʢʩʘ host GPL-ʘ. ɹʝʟ ʪʦʛʘ, ʢʦʜ ʠʥʪʝʨʥʦʛ DSL-ʘ ʩʝ ʥʝ ʤʦʞʝ 

ʘʥʘʣʠʟʠʨʘʪʠ ʠ ʢʦʤʧʘʿʣʠʨʘʪʠ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʿʣʝʨʘ ʥʘ host ʿʝʟʠʢʫ. ʂʣʘʩʠʯʘʥ 

ʧʨʠʤʝʨ ʠʥʪʝʨʥʦʛ DSL-ʘ ʿʝ Lisp. Ruby ʿʝ ʪʘʢʦʹʝ ʨʘʟʚʠʦ ʿʘʢʫ DSL ʢʫʣʪʫʨʫ - ʤʥʦʛʝ 

Ruby ʙʠʙʣʠʦʪʝʢʝ ʩʫ ʟʘʧʨʘʚʦ ʠʟʛʨʘʹʝʥʝ ʥʘ ʢʦʥʮʝʧʪʠʤʘ DSL-ʘ.  

ɽʢʩʪʝʨʥʠ DSL ʩʝ ʧʠʰʝ ʥʘ ʜʨʫʛʘʯʠʿʝʤ ʿʝʟʠʢʫ ʦʜ ʛʣʘʚʥʦʛ (host) ʿʝʟʠʢʘ ʫ ʢʦʿʝʤ 

ʩʝ ʧʦʨʛʨʘʤʠʨʘ ʥʝʢʘ ʘʧʣʠʢʘʮʠʿʘ (ʩʠʩʪʝʤ) ʠ ʪʨʘʥʩʬʦʨʤʠʰʝ ʩʝ ʫ ʪʘʿ ʿʝʟʠʢ ʢʦʨʠʩʪʝ˂ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʦʤʧʘʿʣʝʨ ʠʣʠ ʧʨʝʚʦʜʠʣʘʮ. ɳʠʭʦʚʘ ʛʣʘʚʥʘ ʦʩʦʙʠʥʘ ʿʝ ʜʘ ʩʫ 

ʠʟʛʨʘʹʝʥʠ ʦʜ ʥʫʣʝ, ʘ ˁʠʭʦʚʘ ʩʠʥʪʘʢʩʘ ʩʝ ʧʘʞˀʠʚʦ ʜʠʟʘʿʥʠʨʘ ʟʘ ʦʜʛʦʚʘʨʘʿʫʹʠ 

ʜʦʤʝʥ. ʂˀʫʯʥʘ ʦʩʦʙʠʥʘ ʝʢʩʪʝʨʥʦʛ DSL-ʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʥʝ ʤʦʨʘʿʫ ʜʘ ʟʘʚʠʩʝ ʥʠ ʦʜ 

ʿʝʜʥʦʛ ʜʨʫʛʦʛ ʿʝʟʠʢʘ ʰʪʦ ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ ʩʣʦʙʦʜʘ ʫ ʢʦʨʠʰ˂ʝˁʫ ʙʠʣʦ ʢʘʢʚʠʭ 

ʦʙʣʠʢʘ ʧʨʠ ˁʠʭʦʚʦʤ ʜʠʟʘʿʥʠʨʘˁʫ. ʇʦʩʪʦʿʠ ʜʦʩʪʘ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʠʟʨʘʟʠ 

ʦʜʨʝʹʝʥʠ ʜʦʤʝʥ ʫ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝʤ ʤʦʛʫ˂ʝʤ ʦʙʣʠʢʫ ʟʘ ʯʠʪʘˁʝ ʠ ʤʦʜʠʬʠʢʦʚʘˁʝ. 

ʌʦʨʤʘʪ ʿʝ ʦʛʨʘʥʠʯʝʥ ʩʘʤʦ ʩʧʦʩʦʙʥʦʰ˂ʫ ʜʠʟʘʿʥʝʨʘ ʿʝʟʠʢʘ ʜʘ ʥʘʧʨʘʚʠ ʧʨʝʚʦʜʠʦʮʘ 

ʢʦʿʠ ʤʦʞʝ ʜʘ ʘʥʘʣʠʟʠʨʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʠ ʬʘʿʣ ʠ ʧʨʦʠʟʚʝʜʝ ʥʝʢʠ ʠʟʚʨhʥʠ ʬʘʿʣ - 

ʦʙʠʯʥʦ ʫ ʦʩʥʦʚʥʦʤ ʿʝʟʠʢʫ ʫ ʢʦʿʝʤ ʩʝ ʨʘʟʚʠʿʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʠʩʪʝʤ. ʄʝ́ʫʪʠʤ, ʠʟ 

ʦʚʦʛʘ ʧʨʦʠʟʠʣʘʟʠ ʦʯʠʛʣʝʜʘʥ ʥʝʜʦʩʪʘʪʘʢ ï ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʛʨʘʜʠʪʠ ʧʨʝʚʦʜʠʦʮʘ. ɿʘ 

ʿʝʜʥʦʩʪʘʚʥʝ ʿʝʟʠʢʝ ʦʚʦ ʥʠʿʝ ʧʨʦʙʣʝʤ ʘʣʠ ʢʘʜ ʩʫ ʫ ʧʠʪʘˁʫ ʢʦʤʧʣʝʢʩʥʠʿʠ ʿʝʟʠʮʠ ʪʦ 

ʤʦʞʝ ʙʠʪʠ ʩʣʦʞʝʥ ʧʨʦʮʝʩ ʢʦʿʠ ʟʘʭʪʝʚʘ ʜʦʩʪʘ ʪʨʫʜʘ. ɸʣʠ, ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʘʣʘʪʘ ʢʘʦ 

ʰʪʦ ʿʝ ʠ ʩʘʤ textX ʢʦʿʠ ʿʝ ʦʧʠʩʘʥ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʦʚʘʿ ʧʨʦʮʝʩ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʦʣʘʢʰʘʥ. ʇʨʠʤʝʨʠ ʝʢʩʪʝʨʥʠʭ DSL-ʦʚʘ ʫʢˀʫʯʫʿʫ ʨʝʛʫʣʘʨʥʝ ʠʟʨʘʟʝ, SQL, Awk ʠ 

XML  ʢʦʥʬʠʛʫʨʘʮʠʦʥʝ ʜʘʪʦʪʝʢʝ ʟʘ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʩʫ Struts ʠ Hibernate. 

ɱʝʟʠʯʢʘ ʨʘʜʠʦʥʠʮʘ ʿʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦ ʦʢʨʫʞʝˁʝ (ʝʥʛ. Integrated 

Development Environment - IDE) ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʠ ʠʟʛʨʘʜˁʫ DSL-ʦʚʘ. ɱʝʟʠʯʢʘ 

ʨʘʜʠʦʥʠʮʘ ʩʝ ʢʦʨʠʩʪʠ ʥʝ ʩʘʤʦ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʩʪʨʫʢʪʫʨʘ DSL-ʘ, ʚʝ˂ ʠ ʢʘʦ 

ʧʨʠʣʘʛʦʹʝʥʦ ʦʢʨʫʞʝˁʝ ʟʘ ʫʨʝʹʠʚʘˁʝ ʠ ʧʠʩʘˁʝ DSL ʩʢʨʠʧʪʠ. ʅʝʢʝ ʦʜ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʠʭ ʿʝʟʠʯʢʠʭ ʨʘʜʠʦʥʠʮʘ ʩʫ Xtext
3
, MPS

4
 ʠ Spoofax

5
. 

                                                           
 
3
 https://www.eclipse.org/Xtext 

4
 https://www.jetbrains.com/mps 

5
 http://strategoxt.org/Spoofax 
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1.4 ʆʙʨʘʟʣʦʞʝˁʝ ʪʝʤʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʈʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʧʨʠʤʝʥʦʤ ʿʝʟʠʢʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʯʝʩʪʦ ʿʝ ʥʝʝʬʠʢʘʩʘʥ ʢʘʜʘ ʩʫ ʫ 

ʧʠʪʘˁʫ ʩʧʝʮʠʬʠʯʥʠ ʜʦʤʝʥʠ ʧʨʠʤʝʥʝ. ʇʨʠʤʝʥʦʤ ʿʝʟʠʢʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʧʦʥʝʢʘʜ ʿʝ 

ʥʝʤʦʛʫ˂ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʩʚʝ ʟʘʭʪʝʚʝ ʚʝʟʘʥʝ ʟʘ ʩʧʝʮʠʬʠʯʥʝ ʜʦʤʝʥʝ. ʋ ʪʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʟʥʘʪʥʦ ʩʫ ʝʬʠʢʘʩʥʠʿʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʮʠ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʝʬʠʢʘʩʥʝ ʠ ʢʦʥʮʠʟʥʝ ʿʝʟʠʢʝ ʟʘ ʦʧʠʩʠʚʘˁʝ ʩʧʝʮʠʿʘʣʥʠʭ ʟʘʭʪʝʚʘ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ 

ʩʠʩʪʝʤʘ ʠʟ ʩʧʝʮʠʬʠʯʥʠʭ ʜʦʤʝʥʘ. 

ʉʚʝ ʚʝ˂ʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʫ ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʜʦʚʦʜʠ ʜʦ ʥʘʛʣʦʛ ʧʦʚʝ˂ʘˁʘ ʧʨʠʤʝʥʝ ʘʛʝʥʪʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʨʘʟʚʦʿʫ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʰʝˁʘ. ɿʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʫ ʧʨʠʤʝʥʫ ʘʛʝʥʘʪʘ ʟʘ ʨʝʰʘʚʘˁʝ 

ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʨʠʩʪʝ ʩʝ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ ʧʨʠ ʯʝʤʫ ʩʝ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʛʝʥʘʪʘ ʢʦʨʠʩʪʝ ʘʛʝʥʪʩʢʠ ʿʝʟʠʮʠ. 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ ʨʘʟʚʦʿʝʤ ʫʥʠʚʝʨʟʘʣʥʦʛ ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ ʢʦʿʠ ʿʝ ʥʘʤʝˁʝʥ ʨʘʟʚʦʿʫ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʫ ʦʢʚʠʨʫ 

ʥʦʚʦʛ ʤʫʣʪʠʘʛʝʥʪʩʢʦʛ ʩʠʩʪʝʤʘ Siebog (Mitroviĺ i dr. 2016a; Mitroviĺ i dr. 2016b; ). 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝ˂ʠʥʝ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʢʣʘʩʠʯʥʦʿ BDI (ʝʥʛ. 

Beliefs-Desires-Intentions) ʘʨʭʠʪʝʢʪʫʨʠ ʟʘ ʨʝʟʦʥʦʚʘˁʝ, Siebog ʢʦʨʠʩʪʠ ʚʨʣʦ 

ʝʬʠʢʘʩʘʥ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʩʠʩʪʝʤ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ (ʝʥʛ. Distributed 

Non-Axiomatic Reasoning System (DNARS)) (Mitroviĺ 2015). ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʥʠ 

ʿʝʜʘʥ ʧʦʩʪʦʿʝ˂ʠ ʿʝʟʠʢ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʠʭ DNARS ʘʛʝʥʘʪʘ, 

ʪʝʤʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʚʦʿ ALAS ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ ʧʦʜʨʞʘʪʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʠ ʦʤʦʛʫ˂ʠʪʠ ʨʘʟʚʦʿ ʤʦʙʠʣʥʠʭ ʘʛʝʥʘʪʘ 

ʰʪʦ ˂ʝ ʨʝʰʠʪʠ ʧʨʦʙʣʝʤ ʧʣʘʪʬʦʨʤʩʢʝ ʥʝʟʘʚʠʩʥʦʩʪʠ ʢʦʿʠ ʿʝ ʧʦʩʪʦʿʘʦ ʫ ʦʢʚʠʨʫ 

Siebog-ʘ. 

1.5 ʇʨʝʛʣʝʜ ʭʠʧʦʪʝʟʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʍʠʧʦʪʝʟʘ 1: 

ʅʝʩʤʝʪʘʥʝ ʤʠʛʨʘʮʠʿʝ ʘʛʝʥʘʪʘ ʠʟʤʝʹʫ ʢʣʠʿʝʥʪ-ʩʝʨʚʝʨ ʦʢʨʫʞʝˁʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ 

ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ ʤʦʛʫ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʧʦʚʝ˂ʘˁʝʤ 

ʠʥʪeʨoʧeʨaʙʠʣʥoʩʪʠ ʠ ʦʙʝʟʙʝʹʠʚʘˁʝʤ ʭeʪeʨoʛeʥe ʤoʙʠʣʥoʩʪʠ aʛeʥaʪa. ʆʚʦ ʩʝ 

ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʨʘʟʚʦʿʝʤ ʫʥʠʚʝʨʟʘʣʥʦʛ ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ ʠ 

ʤʝʭʘʥʠʟʘʤʘ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʘʫʪʦʤʘʪʩʢʫ ʢʦʥʚʝʨʟʠʿʫ ʘʛʝʥʪʩʢʦʛ ʢʦʜʘ ʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʠ ʿʝʟʠʢ ʦʜʨʝʜʠʰʥʝ ʧʣʘʪʬʦʨʤʝ. 

ʍʠʧʦʪʝʟʘ 2: 

ʄʫʣʪʠʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ Siebog ʿʝ ʧʨʦʿʝʢʪʦʚʘʥʦ ʪʘʢʦ ʜʘ ʧʦʜʨʞʠ ʨʘʟʚʦʿ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʩʧʦʩʦʙʥʠʭ ʜʘ ʜʦʥʦʩʝ ʟʘʢˀʫʯʢʝ ʠ ʩʘʤʦʩʪʘʣʥʦ ʨʝʰʘʚʘʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʘʜʘʪʢʝ. ʊʘʢʚʠ ʘʛʝʥʪʠ ʩʝ ʤʦʛʫ ʨʘʟʚʠʿʘʪʠ ʧʨʠʤʝʥʦʤ ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ 
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ʤʦ˂ʠ ʜʘ ʧʦʜʨʞʠ ʧʠʩʘˁʝ ʘʛʝʥʘʪʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʤ 

ʨʝʟʦʥʦʚʘˁʫ. 

ʍʠʧʦʪʝʟʘ 3: 

ʀʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʘʪʠ ʫ ʩʣʫʯʘʿʫ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩʝ ʤʦʛʫ 

ʨʘʟʚʠʿʘʪʠ ʠ ʙʝʟ ʧʦʤʦ˂ʠ ʝʢʩʧʝʨʘʪʘ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʦʤʝʥʘ ʧʨʠʤʝʥʝ. ʆʚʦ ʩʝ ʤʦʞʝ 

ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ ʢʦʥʩʪʨʫʢʘʪʘ ʩʧʝʮʠʬʠʯʥʠʭ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʦʤʝʥʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʠʟʚʨʰʘʚʘʿʫ ʠʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʪʠ. 

1.6 ʇʨʝʜʤʝʪ, ʧʨʦʙʣʝʤʠ ʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʩʚʦʜʠ ʩʝ ʥʘ ʨʘʟʚʦʿ ʫʥʠʚʝʨʟʘʣʥʦʛ ʘʛʝʥʪʩʢʦʛ ʠ ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ ALAS. ʎʠˀ ʿʝ ʜʘ ʩʝ ʨʝʰʠ ʧʨʦʙʣʝʤ ʤʦʙʠʣʥʦʩʪʠ Siebog 

ʘʛʝʥʘʪʘ, ʨʘʟʚʠʿʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʬʫʥʢʮʠʿʝ ʪʿ. ʢʦʥʩʪʨʫʢʪʠ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ, 

ʩʧʝʮʠʬʠʯʥʝ ʜʦʤʝʥʝ ʧʨʠʤʝʥʝ ʠ ʜʘ ʩʝ ʦʤʦʛʫ˂ʠ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʠʭ ʘʛʝʥʘʪʘ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʤ ʨʝʟʦʥʦʚʘˁʫ. 

ʀʜʝʿʘ ʿʝ ʜʘ ʦʚʘʿ ʿʝʟʠʢ ʦʤʦʛʫ˂ʠ ʧʨʦʛʨʘʤʠʨʘˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ʢʦʿʠ ˂ʝ 

ʠʤʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʝʧʝʥ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʘʢʦ ʙʠ ʙʠʦ ʧʦʜʨʞʘʥ ʜʠʩʪʨʠʙʫʠʨʘʥʠ 

ʩʠʩʪʝʤ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʝ 

ʣʦʛʠʢʝ. ʇʣʘʥ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ALAS ʿʝʟʠʢʘ ʤʦʛʫ ʥʘʧʠʩʘʪʠ ʘʛʝʥʪʠ ʢʦʿʠ ˂ʝ ʤʦ˂ʠ 

ʩʘʤʦʩʪʘʣʥʦ ʜʘ ʜʦʥʦʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʘʢˀʫʯʢʝ ʥʘ ʦʩʥʦʚʫ ʨʝʣʝʚʘʥʪʥʠʭ ʙʘʟʘ ʟʥʘˁʘ. 

ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʧʣʘʪʬʦʨʤʝ Siebog, ʦʩʪʘʦ ʿʝ ʥʝʨʝʰʝʥ 

ʧʨʦʙʣʝʤ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠ ʭʝʪʝʨʦʛʝʥʝ ʤʦʙʠʣʥʦʩʪʠ ʘʛʝʥʘʪʘ. ʎʠˀ ʿʝ ʜʘ ʘʛʝʥʪʠ 

ʙʫʜʫ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʠ ʠ ʜʘ ʤʦʛʫ ʜʘ ʩʝ ʢʨʝ˂ʫ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʯʚʦʨʦʚʘ 

ʫʤʨʝʞʝʥʠʭ ʨʘʯʫʥʘʨʘ, ʛʜʝ ʯʚʦʨʦʚʠ ʤʦʛʫ ʙʠʪʠ ʥʝʟʘʚʠʩʥʠ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. ɸʛʝʥʪʠ ʤʦʨʘʿʫ ʙʠʪʠ ʩʧʦʩʦʙʥʠ ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ 

ʧʨʝʙʘʮʠʚʘˁʘ ʧʫʪʝʤ ʤʨʝʞʝ ʥʘ ʧʣʘʪʬʦʨʤʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ ʘʫʪʦʤʘʪʩʢʠ ʢʦʥʚʝʨʪʫʿʫ ʠʟ ALAS ʿʝʟʠʢʘ ʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʠ ʿʝʟʠʢ ʦʜʨʝʜʠʰʥʝ ʧʣʘʪʬʦʨʤʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʣʘʢʦ ʥʘʩʪʘʚʝ ʜʘ ʩʝ 

ʠʟʚʨʰʘʚʘʿʫ ʥʘ ʪʦʿ, ʦʜʨʝʜʠʰʥʦʿ ʧʣʘʪʬʦʨʤʠ. ʀʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʿʝ ʙʠʣʘ 

ʜʝʣʠʤʠʯʥʦ ʨʝʰʝʥʘ ʨʝʜʠʟʘʿʥʠʨʘˁʝʤ ʩʝʨʚʝʨʩʢʝ ʩʪʨʘʥʝ Siebog-ʘ ʫ ʩʝʨʚʠʩʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʠ ʯʝʤʫ ʩʫ ʦʩʥʦʚʥʠ ʤʦʜʫʣʠ ʩʠʩʪʝʤʘ ʙʠʣʠ 

ʨʝʜʝʬʠʥʠʩʘʥʠ ʢʘʦ ʚʝʙ ʩʝʨʚʠʩʠ. ʄʝʹʫʪʠʤ, ʥʦʚʠ ʧʨʦʙʣʝʤ ʿʝ ʥʘʩʪʘʦ ʢʘʜʘ ʩʫ ʘʛʝʥʪʠ 

ʪʨʝʙʘʣʠ ʜʘ ʩʝ ʢʨʝ˂ʫ ʠ ʠʟʚʨʰʘʚʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʣʘʪʬʦʨʤʘʤʘ ʢʦʿʝ ʥʠʩʫ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ ʠʩʪʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ʅʦʚʠ, ʫʥʠʚʝʨʟʘʣʥʠ ʿʝʟʠʢ ʟʘ ʧʠʩʘˁʝ 

ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥ ʫ ʜʠʩʝʨʪʘʮʠʿʠ, ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʨʝʰʘʚʘ ʦʚʘʿ ʧʨʦʙʣʝʤ. ʋʚʦʹʝˁʝʤ ʧʦʜʨʰʢʝ Siebog-ʫ ʫ ʚʠʜʫ DNARS-ʘ ʢʦʿʠ ʿʝ 

ʟʘʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʧʪʠʤʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʝ ʣʦʛʠʢʝ, ʫ ʘʛʝʥʪʝ ʩʫ ʠʥʢʦʨʧʦʨʠʨʘʥʠ 

ʝʣʝʤʝʥʪʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʦʿʝ ʥʫʜʠ DNARS ʧʘ ʿʝ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

ʪʘʢʦʹʝ ʨʘʟʚʦʿ ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ ʧʦʨʝʜ ʧʨʝʪʭʦʜʥʠʭ ʦʩʦʙʠʥʘ ʤʦʠ˂ ʜʘ ʦʤʦʛʫ˂ʠ ʨʘʟʚʦʿ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʤ 

ʨʝʟʦʥʦʚʘˁʫ. 
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ʂʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʘʛʝʥʘʪʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʜʦʤʝʥʠʤʘ, 

ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ ʜʠʟʘʿʥʠʨʘˁʝʤ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʿʝʟʠʢʘ ʢʦʿʠ ˂ʝ ʤʦ˂ʠ ʜʘ 

ʧʦʜʨʞʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʿʝ ʩʫ ʫʩʢʦ ʚʝʟʘʥʝ ʟʘ ʜʦʤʝʥʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʘʛʝʥʪʠ ʠʟʚʨʰʘʚʘʿʫ ʘ ʧʣʘʥ ʿʝ ʜʘ ʩʝ ʦʚʦ ʨʝʘʣʠʟʫʿʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʧʨʦʛʨʘʤʩʢʠʭ ʢʦʥʩʪʨʫʢʘʪʘ. ʇʨʠʤʝʥʦʤ ʩʧʝʮʠʿʘʣʥʠʭ ʬʫʥʢʮʠʿʘ ʪʿ. ʢʦʥʩʪʨʫʢʘʪʘ ʢʦʿʝ 

˂ʝ ʥʦʚʠ ʿʝʟʠʢ ʧʦʥʫʜʠʪʠ, ʧʨʦʛʨʘʤʝʨʠʤʘ ˂ʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʙʠʪʠ ʦʣʘʢʰʘʥʦ ʧʠʩʘˁʝ 

ʘʛʝʥʘʪʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʚʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʣʦʞʝʥʦʩʪ ʜʦʤʝʥʘ ʩʘʢʨʠʚʝʥʘ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʥʩʪʨʫʢʪʠʤʘ ʰʪʦ ʦʤʦʛʫ˂ʫʿʝ ʧʨʦʛʨʘʤʝʨʠʤʘ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ 

ʨʝʰʘʚʘˁʝ ʣʦʛʠʯʢʠʭ ʧʨʦʙʣʝʤʘ. ʇʨʠʤʝʥʘ ʪʘʢʚʠʭ ʢʦʥʩʪʨʫʢʘʪʘ ʦʤʦʛʫ˂ʫʿʝ ʜʘ 

ʧʨʦʛʨʘʤʝʨʠ ʢʦʿʠ ʨʘʟʚʠʿʘʿʫ ʘʛʝʥʪʝ ʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʝʢʩʧʝʨʪʠ ʫ ʪʠʤ ʩʧʝʮʠʬʠʯʥʠʤ 

ʜʦʤʝʥʠʤʘ. 

ʂʘʦ ʢʦʥʘʯʘʥ ʨʝʟʫʣʪʘʪ ʨʘʜʘ ʥʘ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʦʯʝʢʫʿʝ ʩʝ ʥʦʚʠ, ʘʛʝʥʪʩʢʠ, 

ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ ALAS, ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʩʚʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʝ ʟʘʭʪʝʚʝ ʠ 

ʢʦʿʠ ʿʝ ʠʥʪʝʛʨʠʩʘʥ ʫ ʤʫʣʪʠʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ Siebog. 

1.7 ʄʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʦʯʝʢʠʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ɸʛʝʥʪʩʢʠ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʟʘ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʤʦʞʝ ʥʘ˂ʠ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʫ 

ʨʘʟʥʠʤ ʤʫʣʪʠʘʛʝʥʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʧʨʦʙʣʝʤ 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠ ʤʦʙʠʣʥʦʩʪʠ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ʢʘʦ ʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠʤ 

ʩʠʩʪʝʤʠʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʘʛʝʥʪʠʤʘ ʩʘ ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ 

ʢʦʿʠ ʤʦʛʫ ʩʘʤʦʩʪʘʣʥʦ ʜʘ ʠʟʚʦʜʝ ʥʦʚʝ ʟʘʢˀʫʯʢʝ ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ 

ʠ ʧʦʩʪʦʿʝ˂ʠʭ ʙʘʟʘ ʟʥʘˁʘ.  

1.8 ʉʪʨʫʢʪʫʨʘ ʨʘʜʘ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʦʧʠʫʿʝ ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ ʘʛʝʥʪʩʢʦʛ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʦʛ 

ʿʝʟʠʢʘ ALAS ʘ ʫ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪʘ ʩʪʨʫʢʪʫʨʘ ʨʘʜʘ. 

ʋ ʧʨʚʦʤ ʧʦʛʣʘʚˀʫ ʦʧʠʩʘʥʠ ʩʫ ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʛʝʥʪʩʢʫ 

ʪʝʭʥʦʣʦʛʠʿʫ, ʠʥʪʝʣʠʛʝʥʪʥʝ ʘʛʝʥʪʝ, ʘʛʝʥʪʩʢʝ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʝ ʿʝʟʠʢʝ.  

ʋ ʜʨʫʛʦʤ ʧʦʣʘʚˀʫ ï ʉʪʘˁʝ ʫ ʥʘʫʯʥʦʿ ʦʙʣʘʩʪʠ, ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʧʦʩʪʦʿʝ˂ʠʭ 

ʨʝʰʝˁʘ ʠʟ ʦʙʣʘʩʪʠ ʘʛʝʥʪʩʢʠʭ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ 

ʥʘʙʨʦʿʘʥʠ ʠ ʦʧʠʩʘʥʠ ʧʨʠʤʝʨʠ ʿʝʟʠʢʘ ʢʦʿʠ ʩʫ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʫʪʠʮʘʣʠ ʥʘ ʨʘʟʚʦʿ 

ALAS-ʘ. 

ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʩʝ ʦʜʥʦʩʠ ʥʘ NAL ʩʠʩʪʝʤ ʟʘ ʨʝʟʦʥʦʚʘˁʝ. ʇʦʨʝʜ ʨʝʰʘʚʘˁʘ 

ʧʨʦʙʣʝʤʘ ʤʦʙʠʣʥʦʩʪʠ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʟʘʜʘʪʘʢʘ ALAS-ʘ ʿʝ ʜʘ ʧʦʜʨʞʠ ʨʘʟʚʦʿ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʦʧʠʩʘʥ ʧʦʩʪʫʧʘʢ ʠʥʢʦʨʧʦʨʘʮʠʿʝ 

ʤʝʭʘʥʠʟʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʨʝʟʦʥʦʚʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʟʘʢˀʫʯʘʢʘ ʫ ALAS ʿʝʟʠʢʫ. ʆʚʘʿ 

ʤʝʭʘʥʠʟʘʤ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʿ ʣʦʛʠʮʠ ʢʦʿʘ ʿʝ ʦʧʠʩʘʥʘ ʫ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ. 
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ʏʝʪʚʨʪʦ ʧʦʛʣʘʚˀʝ ʦʧʠʩʫʿʝ ʤʫʣʪʠʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ Siebog ʢʦʿʝ ʿʝ ʧʦʩʣʫʞʠʣʦ 

ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʨʟʚʦʿ ALAS-ʘ. ʉʘʤʘ ʠʜʝʿʘ ʦ ʥʘʩʪʘʥʢʫ ALAS-ʘ ʩʝ ʧʦʿʘʚʠʣʘ ʫʧʨʘʚʦ 

ʟʙʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʿʝ ʧʦʩʪʦʿʘʦ ʫ ʦʢʚʠʨʫ Siebog-a ʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠʦ ʥʘ ʤʦʙʠʣʥʦʩʪ 

ʘʛʝʥʘʪʘ. ʈʘʟʚʦʿʝʤ ʘʛʝʥʪʩʢʦʛ ʿʝʟʠʢʘ ALAS ʨʝʰʝʥ ʿʝ ʪʘʿ ʧʨʦʙʣʝʤ, ʘ ʩʘʤʠʤ ʪʠʤ ʿʝ 

Siebog ʧʦʩʪʘʦ ʿʝʜʘʥ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʠ ʥʘʿʬʫʥʢʮʠʦʥʘʣʥʠʿʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ 

ʩʠʩʪʝʤʘ. 

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʦʧʠʩʘʥ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʩʠʩʪʝʤ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ 

ʨʝʟʦʥʦʚʘˁʝ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦʿ ʣʦʛʠʮʠ ʠ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʩʘʩʪʘʚʥʠ ʜʝʦ Siebog ʦʢʨʫʞʝˁʘ. ʆʚʘʿ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʫʿʝ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ 

ʘʛʝʥʘʪʘ ʫ ʦʢʚʠʨʫ Siebog-ʘ. ALAS ʿʝʟʠʢ ʿʝ ʨʘʟʚʠʿʝʥ ʪʘʢʦ ʜʘ ʧʦʜʨʞʠ ʦʚʘʿ ʩʠʩʪʝʤ.  

ʋ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʠ ʫʢʨʘʪʢʦ ʦʧʠʩʘʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʦʮʝʩʫ ʨʘʟʚʦʿʘ ALAS ʿʝʟʠʢʘ (Xtext, textX, Jinja2, Eclipse, Titan ʛʨʘʬ 

ʙʘʟʘ ʧʦʜʘʪʘʢʘ). 

ʋ ʩʝʜʤʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩ ʜʠʟʘʿʥʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʧʨʦʪʦʪʠʧʘ 

ALAS ʿʝʟʠʢʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʦʧʠʩʘʥʠ ʛʨʘʤʘʪʠʢʘ, ʩʠʥʪʘʢʩʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʿʘ 

ʤʦʜʝʣʘ ʠ ʤʝʪʘ-ʤʦʜʝʣʘ ʿʝʟʠʢʘ. ʊʘʢʦʹʝ, ʦʧʠʩʘʥ ʿʝ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʿʝ ʨʝʰʝʥ ʧʨʦʙʣʝʤ 

ʤʦʙʠʣʥʦʩʪʠ Siebog ʘʛʝʥʘʪʘ ʘ ʢʦʿʠ ʿʝ ʙʠʦ ʦʩʥʦʚʥʠ ʤʦʪʠʚ ʟʘ ʥʘʩʪʘʥʘʢ ALAS ʿʝʟʠʢʘ. 

ʇʨʠʤʝʨʠ ʢʦʥʚʝʨʟʠʿʝ ALAS ʢʦʜʘ ʫ Java ʠ JavaScript ʧʨʦʛʨʘʤʩʢʝ ʿʝʟʠʢʝ ʩʫ ʪʘʢʦʹʝ 

ʜʘʪʠ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ.  

ʋ ʦʩʤʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʩʘ ʧʨʠʤʝʨʠʤʘ ʘʛʝʥʘʪʘ ʢʦʿʠ 

ʩʫ ʩʧʦʩʦʙʥʠ ʜʘ ʠʟʚʦʜʝ ʟʘʢˀʫʯʢʝ ʥʘ ʦʩʥʦʚʫ ʙʘʟʘ ʟʥʘˁʘ ʠʟ ʨʝʘʣʥʦʛ ʩʚʝʪʘ. 

ɼʝʚʝʪʦ ʧʦʛʣʘʚˀʝ ʩʘʜʨʞʠ ʟʘʢˀʫʯʘʢ ʫ ʢʦʿʝʤ ʩʝ ʧʦʢʘʟʫʿʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʩʫ 

ʨʝʰʝʥʠ ʧʨʦʙʣʝʤʠ ʠ ʧʦʩʪʘʚˀʝʥʠ ʮʠˀʝʚʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʋ ʟʘʢˀʫʯʢʫ ʩʫ 

ʥʘʚʝʜʝʥʠ ʠ ʧʨʘʚʮʠ ʙʫʜʫ˂ʝʛ ʨʘʟʚʦʿʘ ALAS ʿʝʟʠʢʘ. 
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2 ʉʪʘˁʝ ʫ ʥʘʫʯʥʦʿ ʦʙʣʘʩʪʠ 

ʀʥʪʝʥʟʠʚʥʠʿʠ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʧʦʯʝʦ ʿʝ ʢʨʘʿʝʤ 20. ʚʝʢʘ ʰʪʦ ʩʝ 

ʧʦʢʣʘʧʘ ʩʘ ʧʦʤʘʮʠʤʘ ʫ ʨʘʟʚʦʿʫ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

ʀʩʪʦʚʨʝʤʝʥʦ ʩʘ ʨʘʟʚʦʿʝʤ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʧʦʯʠˁʫ ʜʘ ʩʝ ʨʘʟʚʠʿʘʿʫ 

ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ ʢʘʢʦ ʙʠ ʦʤʦʛʫ˂ʠʣʠ ʿʦʰ ʝʬʠʢʘʩʥʠʿʫ ʫʧʦʪʨʝʙʫ ʘʛʝʥʘʪʘ. 

ʉʚʨʭʘ ʩʚʘʢʦʛ ʤʫʣʪʠʘʛʝʥʪʩʢʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʘ ʧʦʙʦˀʰʘ ʤʦʛʫ˂ʥʦʩʪʠ ʘʛʝʥʘʪʘ ʪʘʢʦ 

ʰʪʦ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ˁʠʭʦʚʫ ʤʝʹʫʩʦʙʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʘʢʦ ʙʠ ʘʛʝʥʪʠ ʤʦʛʣʠ ʟʘʿʝʜʥʦ 

ʜʘ ʠʟʚʨʰʘʚʘʿʫ ʩʣʦʞʝʥʝ ʟʘʜʘʪʢʝ. ʅʘʿʚʝ˂ʠ ʟʥʘʯʘʿ ʟʘ ʧʦʩʪʠʟʘˁʝ ʝʬʠʢʘʩʥʝ 

ʤʝʹʫʘʛʝʥʪʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʧʨʠʧʠʩʫʿʝ ʩʝ ʘʛʝʥʪʩʢʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʦʧʠʩʘʥ ʥʦʚ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ Siebog ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ 

ʧʨʠʤʝʥʦʤ ʥʘʿʥʦʚʠʿʠʭ ʪʝʭʥʠʢʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʨʘʟʚʦʿʫ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʨʝʰʠʣʠ ʥʝʜʦʩʪʘʮʠ Siebog-a ï ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʠ ʭʝʪʝʨʦʛʝʥʘ 

ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʚʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʘʛʝʥʪʩʢʠ ʿʝʟʠʢ ʢʦʿʠ ˂ʝ 

ʧʦʜʨʞʘʪʠ ʦʚʝ ʟʘʭʪʝʚʝ. ɼʘ ʙʠ ʩʝ ʨʘʟʚʠʦ ʰʪʦ ʝʬʠʢʘʩʥʠʿʠ ʿʝʟʠʢ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʿʝ ʜʘ 

ʩʝ ʠʩʢʦʨʠʩʪʝ ʧʨʝʜʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʿʝʟʠʢʘ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ. ʋ 

ʥʘʩʪʘʚʢʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʘʛʝʥʪʩʢʠ ʿʝʟʠʮʠ ʢʦʿʠ ʩʫ ʥʘ ʦʜʨʝʹʝʥʝ ʥʘʯʠʥʝ ʫʪʠʮʘʣʠ ʥʘ 

ʨʘʟʚʦʿ ʥʦʚʦʛ ʿʝʟʠʢʘ ALAS ʯʠʿʠ ʿʝ ʦʩʥʦʚʥʠ ʟʘʜʘʪʘʢ ʜʘ ʧʦʢʨʠʿʝ ʥʝʜʦʩʪʘʪʢʝ Siebog-ʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʚʝʜʝʥʦ, ʟʘ ʫʚʦʹʝˁʝ ʘʛʝʥʪʩʢʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʫ 

ʦʙʣʘʩʪ ʘʛʝʥʪʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘʩʣʫʞʘʥ ʿʝ Shoham (1990, 1993).  

ʅʘʢʦʥ ʧʦʿʘʚʝ ʘʛʝʥʪʩʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ, ʧʨʚʠ ʿʝʟʠʢ ʢʦʿʠ ʿʝ ʩʣʫʞʠʦ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʛʝʥʘʪʘ ʙʠʦ ʿʝ AGENT0 (Shoham 1993). ɸʛʝʥʪʠ ʩʫ ʥʘ ʦʩʥʦʚʫ 

ʧʦʨʫʢʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʝʜʫʩʣʦʚʘ ʢʨʝʠʨʘʣʠ ʨʘʟʥʝ ʘʢʮʠʿʝ. ʆʩʥʦʚʥʠ ʪʝʨʤʠʥʠ ʢʦʿʠ 

ʩʫ ʩʣʫʞʠʣʠ ʟʘ ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʫ REQUEST, UNREQUEST ʠ INFORM. 

AGENT0 ʩʝ ʚʨʝʤʝʥʦʤ ʨʘʟʚʠʿʘʦ ʩʪʠʮʘˁʝʤ ʥʦʚʠʭ ʦʩʦʙʠʥʘ ʧʘ ʩʫ ʪʘʢʦ ʥʘʩʪʘʣʝ ʥʦʚʝ 

ʚʝʨʟʠʿʝ ʦʚʦʛ ʿʝʟʠʢʘ: PLACA (Thomas 1995) ʢʦʿʠ ʿʝ ʫʚʝʦ ʧʦʜʨʰʢʫ ʟʘ ʘʛʝʥʪʩʢʦ 

ʧʣʘʥʠʨʘˁʝ ʠ Agent-K (Davies i Edwards 1994), ʢʦʿʠ ʿʝ ʟʘʤʝʥʠʦ ʦʙʠʯʥʝ ʦʙʣʠʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʘ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʤ ʿʝʟʠʢʦʤ ʠ ʧʨʦʪʦʢʦʣʦʤ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ - KQML, ʧʦʙʦˀʰʘʚʘʿʫʠ˂ ʫʢʫʧʥʫ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ. ʆʚʠ ʿʝʟʠʮʠ 

ʥʠʩʫ ʥʘʰʣʠ ʰʠʨʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʘʣʠ ʩʫ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʠʤʘʣʠ ʫʪʠʮʘʿ ʥʘ 

ʨʘʟʚʦʿ ʢʘʩʥʠʿʠʭ AOPL-ʘ (Mitroviĺ i dr. 2012). 
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ʇʨʚʝ ʢʦʨʘʢʝ ʫ ʦʙʣʘʩʪʠ ʤʝʹʫʘʛʝʥʪʩʢʠʭ ʢʦʤʫʥʠʢʘʮʠʿʘ ʦʩʪʚʘʨʠʣʘ ʿʝ ʌʦʥʜʘʮʠʿʘ 

ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʝ ʬʠʟʠʯʢʝ ʘʛʝʥʪʝ ï FIPA
6
. ʆʜ 2005. ʛʦʜʠʥʝ, FIPA ʿʝ ʩʪʘʥʜʘʨʜ ʟʘ 

ʘʛʝʥʪʝ ʠ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʩʠʩʪʝʤʝ ʫ ʦʢʚʠʨʫ IEEE ʦʨʛʘʥʠʟʘʮʠʿʝ. Siebog ʘʛʝʥʪʠ 

(Mitroviĺ 2015; Mitroviĺ i dr. 2016a; Mitroviĺ i dr. 2016b;), ʢʘʢʦ ʥʘ ʩʝʨʚʝʨʩʢʦʿ, ʪʘʢʦ 

ʠ ʥʘ ʢʣʠʿʝʥʪʩʢʦʿ ʩʪʨʘʥʠ, ʢʦʤʫʥʠʮʠʨʘʿʫ ʨʘʟʤʝʥʦʤ ʧʦʨʫʢʘ ʟʘʩʥʦʚʘʥʦʿ ʥʘ FIPA ACL 

ʩʪʘʥʜʘʨʜʫ ʟʘ ʤʝʹʫʘʛʝʥʪʩʢʫ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ (FIPA 2018, Mitroviĺ 2015). ALAS ʿʝ 

ʜʠʟʘʿʥʠʨʘʥ ʪʘʢʦ ʜʘ ʧʦʜʨʞʠ FIPA ACL ʩʪʘʥʜʘʨʜ ʟʘ ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. 

ʄʝʹʫ ʧʨʚʠʤ AOPL ʥʘʩʪʘʦ ʿʝ ʠ AgentSpeak (Rao 1996). ʇʨʚʠ ʠ ʥʘʿʚʘʞʥʠʿʠ ʮʠ ˀ

ʦʚʦʛ ʿʝʟʠʢʘ ʿʝ ʙʠʦ ʧʨʦʛʨʘʤʠʨʘˁʝ BDI ʘʛʝʥʘʪʘ. ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʘʧʩʪʨʘʢʪʥʠ ʦʢʚʠʨ ʟʘ 

BDI ʘʛʝʥʪʝ (Georgeff i dr. 1999). ʇʨʚʦʙʠʪʥʦ, AgentSpeak ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ 

ʨʘʟʫʤʝʚʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʧʨʘʢʪʠʯʥʠʭ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ BDI ʘʨʭʠʪʝʢʪʫʨʝ ʢʘʦ ʰʪʦ ʿʝ 

ʧʨʦʮʝʜʫʨʘʣʥʠ ʩʠʩʪʝʤ ʟʘ ʨʝʟʦʥʦʚʘˁʝ (ʝʥʛ. Procedural Reasoning System ï PRS) 

(Georgeff i Lanski 1987) ʠ ʬʦʨʤʘʣʠʟʘʮʠʿʝ ʠʜʝʿʘ ʫ ʧʦʟʘʜʠʥʠ BDI ʘʨʭʠʪʝʢʪʫʨʝ 

ʢʦʨʠʩʪʝʠ˂ ʤʦʜʘʣʥʝ ʣʦʛʠʢʝ (Rao i Georgeff 1998). AgentSpeak ʘʛʝʥʪʠ ʤʝʹʫʩʦʙʥʦ 

ʢʦʤʫʥʠʮʠʨʘʿʫ ʨʘʟʤʝʥʦʤ ʧʦʨʫʢʘ. ALAS ʿʝ ʠʥʩʧʠʨʠʩʘʥ ʦʚʠʤ ʢʦʥʮʝʧʪʦʤ 

ʤʝʹʫʘʛʝʥʪʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ. ɻʣʘʚʥʠ ʿʝʟʠʯʢʠ ʢʦʥʩʪʨʫʢʪʠ AgentSpeak ʿʝʟʠʢʘ ʩʫ 

ʚʝʨʦʚʘˁʘ, ʮʠˀʝʚʠ ʠ ʧʣʘʥʦʚʠ. ʎʠˀʝʚʠ ʤʦʛʫ ʙʠʪʠ ʦʩʪʚʘʨʝʥʠ ʠʣʠ ʫ ʚʠʜʫ ʪʝʩʪʘ. 

ʊʝʩʪ ʮʠˀʝʚʠ ʝʿʜʥʦʩʪʘʚʥʦ ʧʨʦʚʝʨʘʚʘʿʫ ʙʘʟʫ ʚʝʨʦʚʘˁʘ ʠ ʫʪʚʨʹʫjʫ ʜʘ ʣʠ ʩʫ ʥʝʢʝ 

ʯʠˁʝʥʠʮʝ ʪʘʯʥʝ ʠʣʠ ʥʝʪʘʯʥʝ. ʆʩʪʚʘʨʝʥʠ ʮʠˀʝʚʠ, ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʢʨʝʫ˂ 

ʠʟʚʨʰʝˁʝ ʧʣʘʥʦʚʘ (Bordini, Hübner i Wooldridge 2007). ALAS ʩʝ ʪʘʢʦʹʝ ʟʘʩʥʠʚʘ 

ʥʘ ʿʝʟʠʯʢʠʤ ʢʦʥʩʪʨʫʢʪʠʤʘ ʢʘʦ ʠ AgentSpeak. ʇʨʚʠ ʧʨʦʛʨʘʤʩʢʠ ʢʦʥʩʪʨʫʢʪʠ 

AgentSpeak-ʘ ʩʫ ʩʢʫʧʦʚʠ ʘʛʝʥʘʪʘ ʘʥʘʣʦʛʥʦ ʢʣʘʩʘʤʘ ʫ OOP. ʀʘʢʦ ʥʠʢʘʜ ʥʠʿʝ ʙʠʦ 

ʩʪʘʚˀʝʥ ʫ ʧʨʘʢʪʠʯʥʫ ʫʧʦʪʨʝʙʫ, ʥʝʢʠ ʦʜ ˁʝʛʦʚʠʭ ʢʦʥʮʝʧʘʪʘ, ʢʘʦ ʰʪʦ ʿʝ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʧʨʠʚʘʪʥʠʭ ʠ ʿʘʚʥʠʭ ʩʝʨʚʠʩʘ, ʫʪʠʮʘʣʠ ʩʫ ʥʘ ʨʘʟʚʦʿ ALAS-ʘ. ʄʝʹʫʪʠʤ, 

AgentSpeak ʧʦʩʪʘʿʝ ʩʚʝ ʧʦʧʫʣʘʨʥʠʿʠ ʟʙʦʛ ʨʘʟʚʦʿʘ Jason
7
 ʠʥʪʝʨʧʨʝʪʝʨʘ ʟʘ 

ʧʨʦʰʠʨʝʥʫ ʚʝʨʟʠʿʫ AgentSpeak-ʘ (Bordini i dr. 2009; Wang 2013). 

ʅʦʚʠ AOPL ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʠʤʘ AgentSpeak-ʘ ʿʝ ASTRA (2017) ʠ 

ʨʘʟʚʠʿʝʥ ʿʝ ʢʘʢʦ ʙʠ ʦʣʘʢʰʘʦ ʧʨʦʛʨʘʤʝʨʠʤʘ ʢʦʿʠ ʩʝ ʙʘʚʝ OOP ʫʧʦʟʥʘʚʘˁʝ AOP 

ʪʝʭʥʦʣʦʛʠʿʘ. ʂʘʦ ʠ AgentSpeak, ASTRA ʩʝ ʟʘʩʥʠʚʘ ʥʘ Jason ʠʥʪʝʨʧʨʝʪʝʨʫ. 

ʉʠʥʪʘʢʩʘ ASTRA ʿʝʟʠʢʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ Java ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ʇʦˀʘ, ʤʝʪʦʜʝ, 

ʥʘʨʝʜʙʝ, ʧʝʪˀʝ ʠ ʜʨ. ʠʟ Jave ʩʝ ʤʘʧʠʨʘʿʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʥʩʪʨʫʢʪʝ ʫ ASTRA 

ʿʝʟʠʢʫ (Collier, Russell i Lillis 2015a, 2015b). ʅʘ ʠʩʪʦʤ ʦʚʦʤ ʧʨʠʥʮʠʧʫ 

ʬʫʥʢʮʠʦʥʠʰʝ ʠ ALAS ʯʠʿʘ ʿʝ ʩʠʥʪʘʢʩʘ ʪʘʢʦʹʝ ʟʘʩʥʦʚʘʥʘ ʥʘ Javi. 

ɱʝʜʘʥ ʦʜ AOPL ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʘʟʚʦʿ ʢʦʛʥʠʪʠʚʥʠʭ ʘʛʝʥʘʪʘ ʿʝ GOAL 

(Hindriks 2017). GOAL ʘʛʝʥʪʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʩʚʦʿʠʤ ʦʢʨʫʞʝˁʝʤ ʠ ʤʝʹʫʩʦʙʥʦ 

ʢʦʤʫʥʠʮʠʨʘʿʫ ʧʨʝʢʦ ʧʦʨʫʢʘ. GOAL ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʘʚʠʣʠʤʘ ʰʪʦ ʿʝ ʧʦʩʣʫʞʠʣʦ 

ʢʘʦ ʠʥʩʧʠʨʘʮʠʿʘ ʟʘ ʨʘʟʚʦʿ ALAS-ʘ ʯʠʿʘ ʿʝ ʛʨʘʤʘʪʠʢʘ ʪʘʢʦʹʝ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʘʚʠʣʠʤʘ. ɸʢʮʠʿʝ ʢʦʿʝ ʥʫʜʠ GOAL ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫʩʣʦʚʠʤʘ. ɸʛʝʥʪʠ ʜʦʙʠʿʘʿʫ 

                                                           
 
6
 http://www.fipa.org 

7
 http://jason.sourceforge.net 
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ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʚʦʤ ʦʢʨʫʞʝˁʫ ʢʨʦʟ ʢʦʛʥʠʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʦʧʘʞʘˁʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʤʦʛʫ ʧʦʩʣʘʪʠ ʟʘʭʪʝʚ ʦʢʨʫʞʝˁʫ ʜʘ ʠʟʚʨʰʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʘʢʮʠʿʝ. ʂʦʛʥʠʪʠʚʥʠ 

ʘʛʝʥʪʠ ʩʫ ʘʫʪʦʥʦʤʥʠ ʘʛʝʥʪʠ ʢʦʿʠ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʠ ʠʟʚʨʰʘʚʘʿʫ ʘʢʮʠʿʝ ʥʘ ʦʩʥʦʚʫ 

ʩʚʦʿʠʭ ʚʝʨʦʚʘˁʘ ʠ ʮʠˀʝʚʘ (Hindriks 2017). GOAL ʩʝ ʧʦʿʘʚʠʦ ʢʘʦ ʧʨʦʰʠʨʝʥʘ 

ʚʝʨʟʠʿʘ 3APL ʿʝʟʠʢʘ (Dastani i dr. 2004) ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ BDI ʘʨʭʠʪʝʢʪʫʨʠ, ʘʣʠ 

ʩʝ ʚʠʰʝ ʥʝ ʨʘʟʚʠʿʘ. ɺʝ˂ʠʥʘ GOAL ʢʦʥʮʝʧʘʪʘ, ʫʢˀʫʯʫʿʫʠ˂ ʛʣʘʚʥʝ ʦʩʦʙʠʥʝ GOAL 

ʘʛʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʚʝʨʦʚʘˁʘ, ʟʥʘˁʝ ʠ ʫʩʣʦʚʠ, ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʩʫ ʧʦʩʣʫʞʠʣʠ ʧʨʠ 

ʨʘʟʚʦʿʫ ALAS-ʘ.  

ʇʦʨʝʜ GOAL ʝʿʟʠʢʘ, 2APL (Dastani 2008) ʿʝ ʪʘʢʦʹʝ ʥʘʩʪʘʦ ʥʘ ʢʦʥʮʝʧʪʠʤʘ 

3APL. ɱʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʦʩʦʙʠʥʘ 2APL ʿʝ ʨʘʟʜʚʘʿʘˁʝ ʤʫʣʪʠʛʝʥʪʩʢʠʭ 

ʢʦʥʮʝʧʘʪʘ ʠ ʢʦʥʮʝʧʘʪʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʛʝʥʘʪʘ. ʄʫʣʪʠʘʛʝʥʪʩʢʠ ʜʝʦ ʩʘʜʨʞʠ ʩʢʫʧʦʚʝ 

ʘʛʝʥʘʪʘ, ʩʧʦˀʥʠʭ ʦʢʨʫʞʝˁʘ ʢʘʦ ʠ ʚʝʟʝ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ ʠ ʩʧʦˀʥʠʭ ʦʢʨʫʞʝˁʘ. ʆʚʘʿ 

ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʦʣʘʢʰʘʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ 

ʩʘʩʪʦʿʝ ʦʜ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʛʥʠʪʠʚʥʠʭ ʘʛʝʥʘʪʘ. 2APL ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʜʨʫʛʠʭ 

ʘʛʝʥʪʩʢʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʪʘʢʦ ʰʪʦ ʠʤʘ ʬʦʨʤʘʣʥʫ ʩʝʤʘʥʪʠʢʫ, ʦʩʪʚʘʨʫʿʫ˂ʠ 

ʝʬʝʢʪʠʚʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʜʝʢʣʘʨʘʪʠʚʥʦʛ ʠ ʠʤʧʝʨʘʪʠʚʥʦʛ ʩʪʠʣʩʢʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. 

ʊʦ ʩʝ ʧʦʩʪʠʞʝ ʫʚʦʹʝˁʝʤ ʥʠʟʘ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʢʦʥʩʪʨʫʢʘʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʠ ʜʝʢʣʘʨʘʪʠʚʥʝ ʮʠˀʝʚʝ ʠ ʜʦʛʘʹʘʿʝ (ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʥʘ ʜʨʫʛʠʤ ʧʨʦʛʨʘʤʩʢʠʤ 

ʿʝʟʠʮʠʤʘ). ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ 2APL ʘʛʝʥʘʪʘ - ʚʝʨʦʚʘˁʘ, ʮʠˀʝʚʠ, ʧʣʘʥʠʨʘˁʘ, 

ʜʦʛʘʹʘʿʠ, ʧʦʨʫʢʝ ʠ ʧʨʘʚʠʣʘ ʥʘʣʘʟʝ ʩʝ ʠ ʫ ʦʩʥʦʚʠ ALAS ʿʝʟʠʢʘ. 

ʇʦʨʝʜ ʢʦʛʥʠʪʠʚʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ ʿʝ ʩʫʰʪʠʥʩʢʘ ʦʩʦʙʠʥʘ 

ʘʛʝʥʘʪʘ. ʄʝʹʫʪʠʤ, ʦʩʪʚʘʨʠʚʘˁʝ ʤʦʙʠʣʥʦʩʪʠ ʤʦʞʝ ʙʠʪʠ ʧʨʠʣʠʯʥʦ ʩʣʦʞʝʥ ʧʦʩʘʦ. 

SAFIN (Dianxiang, Guoliang i Xiaocong 1998) ʠ S-CLAIM  (Baljak i dr. 2012) 

(ʧʨʦʰʠʨʝʥʘ ʚʝʨʟʠʿʘ CLAIM  ʿʝʟʠʢʘ (Suna i Fallah-Seghrouchni 2007) ʩʘʢʨʠʚʘʿʫ 

ʩʣʦʞʝʥʫ ʧʦʜʨʰʢʫ ʟʘ ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʘʪʘ ʦʜ ʧʨʦʛʨʘʤʝʨʘ. ʆʚʠ ʿʝʟʠʮʠ ʩʘʢʨʠʚʘʿʫ 

ʬʫʥʢʮʠʦʥʘʣʥʫ ʩʣʦʞʝʥʦʩʪ ʦʜ ʧʨʦʛʨʘʤʝʨʘ ʧʨʫʞʘʿʫʠ˂ ʠʤ ʿʝʜʥʦʩʪʘʚʥʝ, ʘʣʠ ʤʦ˂ʥʝ 

ʧʨʦʛʨʘʤʩʢʝ ʢʦʥʩʪʨʫʢʪʝ. ʇʝʨʬʦʨʤʘʥʩʝ ʦʚʘ ʜʚʘ ʿʝʟʠʢʘ ʩʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʦʤʦʛʣʝ 

ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʘ ALAS ʢʦʥʩʪʨʫʢʘʪʘ. 

SARL (Feraud i Galland 2017; Rodriguez, Gaud i Galland 2014) ʿʝ ʥʦʚʠ ʘʛʝʥʪʩʢʠ 

ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ. ɳʝʛʦʚʠ ʦʩʥʦʚʥʠ ʟʘʜʘʮʠ ʩʫ ʦʙʝʟʙʝʹʠʚʘˁʝ ʘʧʩʪʨʘʢʮʠʿʘ ʢʦʿʝ ʩʝ 

ʙʘʚʝ ʜʠʩʪʨʠʙʫʮʠʿʦʤ, ʢʦʥʢʫʨʝʥʪʥʦʰ˂ʫ, ʘʫʪʦʥʦʤʠʿʦʤ, ʠʥʪʝʨʘʢʮʠʿʦʤ, 

ʨʝʘʢʪʠʚʥʦʰ˂ʫ, ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʿʦʤ ʠ ʜʠʥʘʤʠʯʢʦʤ ʨʝʢʦʥʬʠʛʫʨʘʮʠʿʦʤ. ɿʘʩʥʠʚʘ ʩʝ 

ʥʘ ʧʨʦʛʨʘʤʩʢʠʤ ʢʦʥʩʪʨʫʢʪʠʤʘ ʘ ʨʘʟʚʠʿʘ ʩʝ ʧʨʠʤʝʥʦʤ Xtext ʦʢʚʠʨʘ ʟʘ ʨʘʟʚʦʿ DSL-

ʦʚʘ ʪʘʢʦ ʜʘ ʩʝ ALAS, ʰʪʦ ʩʝ ʪʠʯʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʜʠʟʘʿʥʘ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʨʘʟʚʦʿʘ 

ʫʛʣʝʜʘʦ ʥʘ SARL ʿʝʨ ʿʝ ʠ ʦʥ ʨʘʟʚʠʿʘʥ ʧʨʠʤʝʥʦʤ Xtext ʦʢʚʠʨʘ. 

ɿʘ ʨʘʟʚʦʿ ʧʨʦʜʫʢʪʠʚʥʠʿʠʭ ʘʛʝʥʪʩʢʠʭ ʿʝʟʠʢʘ, ʧʦʨʝʜ ʦʩʦʙʠʥʘ ʢʦʿʝ ʥʫʜʝ ʧʦʩʪʦʿʝ˂ʠ 

ʘʛʝʥʪʩʢʠ ʿʝʟʠʮʠ ʤʦʛʫ ʩʝ ʧʨʠʤʝʥʠʪʠ ʠ ʧʨʝʜʥʦʩʪʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ. 

ʀʥʪʝʛʨʘʮʠʿʦʤ ʢʦʥʮʝʧʘʪʘ ʢʦʿʝ ʥʫʜʝ ʘʛʝʥʪʩʢʠ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʮʠ ʤʦʛʫ˂ʝ 

ʿʝ ʜʦʙʠʪʠ ʿʝʟʠʢ ʩʘ ʦʧʪʠʤʘʣʥʠʤ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʢʦʿʠ ʧʦʩʝʜʫʿʝ ʩʚʝ ʧʨʝʜʥʦʩʪʠ 

ʘʛʝʥʪʩʢʠʭ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ ʦʧʠʩʘʥʠʭ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. ʋ 

ʜʘˀʝʤ ʪʝʢʩʪʫ ʟʘ ʠʥʪʝʛʨʠʩʘʥʠ ʘʛʝʥʪʩʢʠ ʠ ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ ʙʠ˂ʝ 

ʢʦʨʠʰ˂ʝʥ ʢʨʘ˂ʠ ʥʘʟʠʚ: ʘʛʝʥʪʩʢʠ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ. 
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ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʿʝʟʠʮʠʤʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʦʚʠ ʿʝʟʠʮʠ ʥʫʜʝ ʧʨʦʛʨʘʤʩʢʝ 

ʢʦʥʩʪʨʫʢʪʝ (ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʥʫ ʧʨʝʜʥʦʩʪ DSL-ʦʚʘ) ʟʘ ʨʘʟʚʦʿ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ. ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ ʧʨʦʛʨʘʤʩʢʠʭ ʢʦʥʩʪʨʫʢʘʪʘ ʿʝ ʜʘ ʩʘʢʨʠʿʫ 

ʩʣʦʞʝʥʦʩʪ ʦʜʨʝʹʝʥʠʭ ʜʝʣʦʚʘ ʢʦʜʘ ʪʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʝ ʧʨʦʛʨʘʤʝʨʠʤʘ ʜʘ ʩʝ 

ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʨʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪʥʦʛ ʧʨʦʙʣʝʤʘ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʦʤʝʥʘ. ʊʘʢʦʹʝ, 

ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʯʠʪˀʠʚʠʿʠ ʟʘ ʜʨʫʛʝ ʧʨʦʛʨʘʤʝʨʝ. ɺʝʣʠʢʠ ʙʨʦʿ 

ʘʛʝʥʪʩʢʠʭ ʿʝʟʠʢʘ ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʠ ALAS ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʦʚʠʤ ʢʦʥʩʪʨʫʢʪʠʤʘ. 

ʄʝ́ʫʪʠʤ, ʜʦ ʩʘʜʘ ʿʝ ʨʘʟʚʠʿʝʥ ʿʘʢʦ ʤʘʣʠ ʙʨʦʿ ʘʛʝʥʪʩʢʠʭ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠʭ 

ʿʝʟʠʢʘ ʘ ʥʝʢʠ ʦʜ ˁʠʭ ʩʫ ʥʘʚʝʜʝʥʠ ʠ ʫʢʨʘʪʢʦ ʦʧʠʩʘʥʠ ʫ ʥʘʩʪʘʚʢʫ. 

ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ DSL-ʦʚʘ ʟʘ ʘʛʝʥʪʝ, Agent-DSL ʿʝ ʫʚʝʜʝʥ ʫ (Kulesza i dr. 2005). 

Agent-DSL ʿʝ ʜʝʬʠʥʠʩʘʦ ʨʘʟʥʝ ʦʩʦʙʠʥʝ ʘʛʝʥʪʘ ʢʦʿʝ ʩʫ ʤʫ ʩʣʫʞʠʣʝ ʢʘʢʦ ʙʠ ʤʦʛʘʦ 

ʜʘ ʠʟʚʨʰʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʘʜʘʪʢʝ. ʆʩʥʦʚʥʝ ʦʩʦʙʠʥʝ Agent-DSL ʘʛʝʥʘʪʘ ʩʫ ʟʥʘˁʝ, 

ʠʥʪʝʨʘʢʮʠʿʘ, ʧʨʠʣʘʛʦʜˀʠʚʦʩʪ, ʘʫʪʦʥʦʤʠʿʘ ʠ ʢʦʣʘʙʦʨʘʮʠʿʘ. 

DSL ʟʘ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ʢʦʿʠ ʨʘʜʝ ʫ ʦʢʚʠʨʫ ʦʢʨʫʞʝˁʘ ʟʘʩʥʦʚʘʥʠʭ 

ʥʘ ʩʝʤʘʥʪʠʯʢʦʤ ʚʝʙʫ ï SEA_L (ʝʥʛ. Semantic web Enabled Agent Language) 

(Demirkol i dr. 2012, 2013) ʿʝ ʠʤʘʦ ʠʟʫʟʝʪʥʦ ʿʘʢ ʫʪʠʮʘʿ ʥʘ ʨʘʟʚʦʿ ALAS ʿʝʟʠʢʘ. 

SEA_L ʠ ALAS ʠʤʘʿʫ ʧʫʥʦ ʟʘʿʝʜʥʠʯʢʠʭ ʦʩʦʙʠʥʘ. ʋ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ALAS ʿʝ ʢʘʦ ʠ 

SEA_L ʨʘʟʚʠʿʘʥ ʧʨʠʤʝʥʦʤ Xtext ʦʢʚʠʨʘ ʟʘ ʨʘʟʚʦʿ DSL-ʦʚʘ (Bettini 2013; 

Sredojeviĺ i dr. 2015; Sredojeviĺ, Vidakoviĺ, i Okanoviĺ 2015). ʀ ʿʝʜʘʥ ʠ ʜʨʫʛʠ ʿʝʟʠʢ 

ʩʫ ʜʠʟʘʿʥʠʨʘʥʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʜʦʤʝʥʠʤʘ 

ʧʨʠʤʝʥʝ. 

ʇʦʩʪʦʿʝ ʨʘʟʥʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ ʠʥʪʝʣʠʛʝʥʪʠʭ ʘʛʝʥʘʪʘ. ɱʝʜʥʘ ʦʜ ʦʙʣʘʩʪʠ ʢʦʿʘ 

ʩʝ ʨʘʧʠʜʥʦ ʨʘʟʚʠʿʘ ʿʝ ʦʙʣʘʩʪ ʨʘʯʫʥʘʨʩʢʠʭ ʠʛʘʨʘ ʛʜʝ ʩʝ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʫ ʠʛʨʠ ʧʨʦʪʠʚ ʢʦʨʠʩʥʠʢʘ ʢʦʨʠʩʪʝ ʠʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʪʠ. ʉʠʩʪʝʤ ʧʦʩʝʜʫʿʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʝʧʝʥ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʢʘʢʦ ʙʠ ʢʦʨʠʩʥʠʢʫ ʠʛʨʫ ʫʯʠʥʠʦ ʰʪʦ 

ʟʘʥʠʤˀʠʚʠʿʦʤ. ʋ (Hastjarjanto, Jeuring i Leather 2013) ʦʧʠʩʘʥ ʿʝ ʠʥʪʝʨʥʠ DSL, ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʰʠʨʝˁʝ ʪʿ. ʙʠʙʣʠʦʪʝʢʫ ʬʫʥʢʮʠʦʥʘʣʥʦʛ Haskell
8
 ʧʨʦʛʨʘʤʩʢʦʛ 

ʿʝʟʠʢʘ. ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ ʦʚʦʛ DSL-ʘ ʿʝ ʦʧʠʩ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʫ real-time 

ʚʠʜʝʦ ʠʛʨʘʤʘ. ɱʝʟʠʢ ʥʫʜʠ ʩʧʝʮʠʿʘʣʥʝ ʢʦʥʩʪʨʫʢʪʝ ʟʘ ʨʘʟʚʦʿ ʠʛʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ. 

ʋ (Cosenza 2018) ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ OpenABL
9
 ï DSL ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʘʛʝʥʘʪʘ ʥʘ 

ʧʘʨʘʣʝʣʥʠʤ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʤ ʘʨʠʪʝʢʪʫʨʘʤʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʊʦ ʿʝ 

ʿʝʜʥʦʩʪʘʚʘʥ ʿʝʟʠʢ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʢʦʿʠ ʩʝ ʦʩʣʘˁʘ ʥʘ ʘʧʩʪʨʘʢʮʠʿʝ ʚʠʩʦʢʦʛ ʥʠʚʦʘ 

ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʢʦʿʠ ʟʘ ʧʦʩʪʠʟʘˁʝ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʝʢʩʧʣʠʮʠʪʥʦ ʢʦʨʠʩʪʠ 

ʧʘʨʘʣʝʣʠʟʘʤ ʘʛʝʥʘʪʘ. ʎʠˀ OpenABL ʿ ʝʟʠʢʘ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʝʥʦʩʠʚʦ, ʝʬʠʢʘʩʥʦ ʠ 

ʣʘʢʦ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʦʢʨʫʞʝˁʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʘʛʝʥʘʪʘ. ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʥʘʧʨʝʜʥʠʤ 

ʿʝʟʠʢʦʤ ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʢʦʥʩʪʨʫʢʪʝ ʩʧʝʮʠʬʠʯʥʝ ʟʘ ʦʜʨʝʹʝʥʝ ʜʦʤʝʥʝ ʧʨʠʤʝʥʝ, 

ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʢʦʨʠʩʥʠʮʠʤʘ ʙʨʟʫ ʠʟʨʘʜʫ ʧʨʦʪʦʪʠʧʦʚʘ, ʨʝʧʨʦʜʫʢʮʠʿʫ ʠ 

                                                           
 
8
 https://www.haskell.org 

9
 https://github.com/OpenABL/OpenABL 
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ʫʧʦʨʝʹʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. ɱʝʟʠʢ ʪʘʢʦʹʝ ʧʨʫʞʘ 

ʠʤʧʣʠʮʠʪʥʫ ʧʦʜʨʰʢʫ ʟʘ ʧʘʨʘʣʝʣʠʟʘʤ ʠ ʣʦʢʘʣʠʟʘʮʠʿʫ ʘʛʝʥʘʪʘ, ʪʘʢʦ ʜʘ ʩʝ 

OpenABL ʧʨʦʛʨʘʤʠ ʤʦʛʫ ʝʬʠʢʘʩʥʦ ʤʘʧʠʨʘʪʠ ʫ ʧʘʨʘʣʝʣʥʝ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʝ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ. 

ɱʝʜʘʥ ʦʜ ʿʝʟʠʢʘ ʢʦʿʠ ʿʝ ʧʦ ʩʚʦʿʦʿ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʥʘʿʩʣʠʯʥʠʿʠ ALAS ʿʝʟʠʢʫ ʿʝ 

ʥʦʚʠ ʘʛʝʥʪʩʢʠ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ JADEL, ʜʠʟʘʿʥʠʨʘʥ ʜʘ ʦʣʘʢʰʘ ʨʘʟʚʦʿ 

JADE ʘʛʝʥʘʪʘ ʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ. ʋ (Bergenti, Iotti i Poggi 2016) 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʦʛ ʿʝʟʠʢʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʚʦʿ 

JADE ʘʛʝʥʘʪʘ, ʧʦʥʘʰʘˁʘ ʠ ʦʥʪʦʣʦʛʠʿʘ. ʂʘʦ ʠ ALAS, JADEL ʿʝ ʥʘʩʪʘʦ ʢʘʢʦ ʙʠ ʩʝ 

ʩʤʘˁʠʣʘ ʩʣʦʞʝʥʦʩʪ ʨʘʟʚʦʿʘ ʘʛʝʥʘʪʘ ʰʪʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʨʘʟʚʦʿʝʤ ʢʦʥʩʪʨʫʢʘʪʘ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʥʦʪʘʮʠʿʘ ʟʘ ʩʧʝʮʠʬʠʯʥʝ ʜʦʤʝʥʝ ʧʨʠʤʝʥʝ. JADE (ʝʥʛ. Java Agent 

DEvelopment framework) ʿʝ ʘʛʝʥʪʩʢʘ ʧʣʘʪʬʦʨʤʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʚʦʿ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʧʫʪʝʤ Java ʨʘʟʚʦʿʥʦʛ ʦʢʚʠʨʘ 

(Bellifemine, Caire i Greenwood 2007). JADE ʿʝ ʪʨʝʥʫʪʥʦ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʠ 

ʥʘʿʢʦʨʠʰ˂ʝʥʠʿʝ ʤʫʣʪʠʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. Siebog ʤʫʣʪʠʘʛʝʥʪʩʢʠ 

ʩʠʩʪʝʤ ʠʤʘ ʜʦʩʪʘ ʩʣʠʯʥʦʩʪʠ ʩʘ JADE ʦʢʨʫʞʝˁʝʤ ʘ ʥʝʢʝ ʨʘʟʣʠʢʝ ʩʫ ʦʧʠʩʘʥʝ ʫ 

ʧʦʛʣʘʚˀʫ 4.2. ʇʨʦʛʨʘʤʠʨʘˁʝ ʘʛʝʥʘʪʘ ʫ ʦʙʘ ʦʢʨʫʞʝˁʘ ʿʝ ʧʨʝ ʨʘʟʚʦʿʘ ALAS ʠ 

JADEL ʿʝʟʠʢʘ ʙʠʣʦ ʦʛʨʘʥʠʯʝʥ ʩʘʤʦ ʥʘ Java ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ.  

ʄʝʹʫʪʠʤ, ʟʘ ʧʦʪʨʝʙʝ ʧʠʩʘˁʘ ʘʛʝʥʘʪʘ ʫ Siebog-ʫ ʥʝ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʥʠ 

ʿʝʜʘʥ ʧʦʩʪʦʿʝ˂ʠ ʘʛʝʥʪʩʢʠ, ʜʦʤʝʥ ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ. ʇʦʨʝʜ ʧʦʪʨʝʙʝ ʟʘ ʧʦʚʝ˂ʘˁʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʢʩʧʨʝʩʠʚʥʦʩʪʠ, ʦʩʥʦʚʥʠ ʨʘʟʣʦʛ ʟʘ ʨʘʟʚʦʿ ALAS-ʘ ʿʝ ʙʠʣʘ 

ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ Siebog (ʫ ʦʢʚʠʨʫ ʢʦʿʝʛ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ALAS ʘʛʝʥʪʠ) ʟʘʩʥʦʚʘʥ ʥʘ 

DNARS ʩʠʩʪʝʤʫ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʢʦʛʘ ʥʝ ʧʦʜʨʞʘʚʘ ʥʠ ʿʝʜʘʥ 

ʧʦʩʪʦʿʝ˂ʠ ʘʛʝʥʪʩʢʠ, ʜʦʤʝʥ-ʦʨʠʿʝʥʪʠʩʘʥʠ ʿʝʟʠʢ. 

ALAS ʿʝ ʨʘʟʚʠʿʝʥ ʥʘ ʦʩʥʦʚʫ ʢˀʫʯʥʠʭ ʦʩʦʙʠʥʘ ʿʝʟʠʢʘ ʦʧʠʩʘʥʠʭ ʫ ʦʚʦʤ 

ʧʦʛʣʘʚˀʫ ʠ ʧʨʠʤʝʥʦʤ ʢʦʥʮʝʧʘʪʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʥʠ ʟʘʩʥʠʚʘʿʫ. ʅʘʿʯʝʰ˂ʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ALAS-ʘ ʠ ʜʨʫʛʠʭ ʘʛʝʥʪʩʢʠʭ ʿʝʟʠʢʘ ʿʝ ʰʪʦ ʩʝ ʚʝ˂ʠʥʘ ʪʠʭ ʿʝʟʠʢʘ ʟʘʩʥʠʚʘ ʥʘ 

BDI ʘʨʭʠʪʝʢʪʫʨʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ALAS-ʘ ʯʠʿʠ ʩʫ ʘʛʝʥʪʠ ʟʘʩʥʦʚʘʥʠ ʥʘ NAL 

ʬʦʨʤʘʣʠʟʤʫ ʨʘʟʚʠʿʝʥʦʤ ʫ ʜʦʤʝʥʫ ʚʝʰʪʘʯʢʝ ʦʧʰʪʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

ʉʘ ʨʘʟʚʦʿʝʤ ʩʧʝʮʠʿʘʣʥʠʭ ʘʣʘʪʘ ʪʿ. ʿʝʟʠʯʢʠʭ ʨʘʜʠʦʥʠʮʘ (Fowler 2010) ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʿʝ ʦʣʘʢʰʘʥ ʨʘʟʚʦʿ DSL-ʦʚʘ. ɺʝʣʠʢʠ ʙʨʦʿ ʜʦʜʘʪʥʠʭ ʘʛʝʥʪʩʢʠʭ ʠ ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʿʝʟʠʢʘ ʦʧʠʩʘʥʦ ʿʝ ʫ ʨʘʜʦʚʠʤʘ: (Badica i dr. 2011; Bordini i dr. 2009; 

Dastani 2008; Dastani i dr. 2004; Davies i Edwards 1994; Feraud i Galland 2017; 

Shoham 1993; Thomas 1995) ʠ (Fowler 2010; Hudak 1998; Kosar i dr. 2010; Kosar, 

Bohra, i Mernik 2016) ʨʝʩʧʝʢʪʠʚʥʦ. 

ʇʨʚʝ ʚʝʨʟʠʿʝ ALAS ʿʝʟʠʢʘ ʦʧʠʩʘʥʝ ʩʫ ʫ ʩʣʝʜʝ˂ʠʤ ʨʘʜʦʚʠʤʘ (Mitroviĺ, Ivanoviĺ 

i Vidakoviĺ 2011; Mitroviĺ i dr. 2014c; Mitroviĺ i dr. 2012) ʠ ʧʨʚʦʙʠʪʥʘ ʠʜʝʿʘ ʿʝ ʙʠʣʘ 

ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ALAS-ʘ ʨʝʰʠ ʧʨʦʙʣʝʤ ʤʦʙʠʣʥʦʩʪʠ ʘʛʝʥʘʪʘ ʢʦʿʠ ʩʫ ʩʝ ʠʟʚʨʰʘʚʘʣʠ 

ʫ ʦʢʚʠʨʫ XJAF ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʧʨʠʤʝʥʦʤ Java ʧʨʦʛʨʘʤʩʢʦʛ 

ʿʝʟʠʢʘ. ʇʨʚʘ ʚʝʨʟʠʿʘ ALAS-ʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʠʤʝʥʦʤ Javacc (2017) ʧʘʨʩʝʨʘ. ʂʘʢʦ 

ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʦ ʜʠʟʘʿʥ ʠ ʦʤʦʛʫ˂ʠʣʝ ʚʝ˂ʝ ʤʦʛʫ˂ʥʦʩʪʠ, ALAS ʿʝ ʥʘʩʪʘʚˀʝʥ ʜʘ ʩʝ 

ʨʘʟʚʠʿʘ ʧʨʠʤʝʥʦʤ Xtext ʦʢʚʠʨʘ ʟʘ ʨʘʟʚʦʿ DSL ʢʦʿʠ ʿʝ ʩʚʘʢʘʢʦ ʿʝʜʘʥ ʦʜ ʤʦʜʝʨʥʠʿʠʭ 

ʠ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʘʣʘʪʘ ʟʘ ʨʘʟʚʦʿ DSL. Xtext ʿʝ ʥʘʿʧʦʛʦʜʥʠʿʠ ʟʘ ʨʘʟʚʦʿ ʿʝʟʠʢʘ 
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ʟʘʩʥʦʚʘʥʠʭ ʥʘ Java ʩʠʥʪʘʢʩʠ ʧʘ ʿʝ ʠ ʪʦ ʿʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʟʘʰʪʦ ʿʝ ʙʘʰ Xtext 

ʦʜʘʙʨʘʥ ʟʘ ʨʘʟʚʦʿ ALAS-ʘ ʿʝʨ ʩʫ ʩʝ ʠ ALAS ʘʛʝʥʪʠ ʠʟʚʨʰʘʚʘʣʠ ʫ ʦʢʨʫʞʝˁʫ 

ʟʘʩʥʦʚʘʥʦʤ ʥʘ Java ʿʝʟʠʢʫ. Xtext ʦʤʦʛʫ˂ʫʿʝ ʿʝʜʥʦʩʪʘʚʥʫ ʢʦʥʚʝʨʟʠʿʫ ALAS ʢʦʜʘ ʫ 

Java ʿʝʟʠʢ (Sredojeviĺ i dr. 2015; Sredojeviĺ, Vidakoviĺ, i Okanoviĺ 2015). 

ʄʝ́ ʫʪʠʤ, ʧʨʦʙʣʝʤ ʿʝ ʥʘʩʪʘʦ ʢʘʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʪʨʝʙʝ ʜʘ ʩʝ ALAS ʘʛʝʥʪʠ 

ʧʫʪʝʤ ʤʨʝʞʝ ʧʨʝʙʘʮʫʿʫ ʠ ʠʟʚʨʰʘʚʘʿʫ ʥʘ ʨʘʟʥʠʤ ʧʣʘʪʬʦʨʤʘʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʤ 

ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʭʝʪʝʨʦʛʝʥʝ ʤʦʙʠʣʥʦʩʪʠ ʿʝ 

ʟʘʭʪʝʚʘʦ ʢʦʥʚʝʨʟʠʿʫ ALAS ʢʦʜʘ ʥʝ ʩʘʤʦ ʫ Javu ʚʝ˂ ʠ ʫ ʥʝʢʝ ʜʨʫʛʝ ʧʨʦʛʨʘʤʩʢʝ 

ʿʝʟʠʢʝ ʢʘʦ ʰʪʦ ʩʫ JavaScript, Python ʠʪʜ. ʇʨʦʮʝʩ ʢʦʥʚʝʨʟʠʿʝ ʫ ʥʝ-Java ʿʝʟʠʢʝ 

ʧʨʠʤʝʥʦʤ Xtext ʦʢʨʫʞʝˁʘ ʿʝ ʧʨʠʣʠʯʥʦ ʩʣʦʞʝʥ ʿʝʨ ʟʘʭʪʝʚʘ ʜʝʪʘˀʥʦ ʫʧʦʟʥʘʚʘˁʝ ʩʘ 

ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʢʦʿʝ ʥʫʜʠ Xtext ʢʘʜʘ ʿʝ ʛʝʥʝʨʠʩʘˁʝ ʢʦʜʘ ʫ ʧʠʪʘˁʫ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ, 

ʜʦʰʣʦ ʩʝ ʜʦ ʥʝʢʠʭ ʜʨʫʛʠʭ ʨʝʰʝˁʘ ʢʦʿʘ ʜʝʣʠʤʠʯʥʦ ʨʝʰʘʚʘʿʫ ʧʨʦʙʣʝʤ ʢʦʥʚʝʨʟʠʿʝ. 

ʅʘ ʧʨʠʤʝʨ, ʟʘ ʧʨʦʮʝʩ ʛʝʥʝʨʠʩʘˁʘ JavaScript ʢʦʜʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʧʨʚʦ Java ʢʦʜ 

ʛʝʥʝʨʠʩʘʥ ʦʜ ʩʪʨʘʥʝ Xtext-ʘ ʘ ʟʘʪʠʤ Google Web Toolkit ï GWT
10

 ʢʦʿʠ ʥʘ ʦʩʥʦʚʫ 

Java ʢʦʜʘ ʛʝʥʝʨʠʰʝ JavaScript ʢʦʜ (Sredojeviĺ i dr. 2016). ʄʝʹʫʪʠʤ, ʛʝʥʝʨʠʩʘʥʠ 

ʢʦʜ ʿʝ ʙʠʦ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʥʝʨʘʟʫʤˀʠʚ ʠ ʥʝʤʦʛʫ˂ ʿʝ ʙʠʦ ʙʠʣʦ ʢʘʢʘʚ ʜʘˀʠ ʨʘʜ ʩʘ 

ˁʠʤ. ʂʘʢʦ ʙʠ ʨʝʰʠʣʠ, ʪʿ. ʦʣʘʢʰʘʣʠ ʧʨʦʮʝʩ ʢʦʥʚʝʨʟʠʿʝ ALAS ʢʦʜʘ ʫ ʙʠʣʦ ʢʦʿʠ 

ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤ ʤʦʙʠʣʥʦʩʪʠ ʘʛʝʥʘʪʘ ʠ 

ʧʣʘʪʬʦʨʤʩʢʝ ʥʝʟʘʚʠʩʥʦʩʪʠ, ʧʦʩʣʝʜˁʘ ʚʝʨʟʠʿʘ ALAS-ʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʠʤʝʥʦʤ 

ʥʦʚʦʛ ʠ ʟʥʘʪʥʦ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ textX ʦʢʚʠʨʘ ʟʘ ʨʘʟʚʦʿ DSL (Dejanoviĺ 2019b; 

Sredojeviĺ, Vidakoviĺ i Ivanoviĺ 2018). ɿʘ ʨʘʟʣʠʢʫ ʦʜ Xtextʘ, textX ʥʫʜʠ 

ʿʝʜʥʦʩʪʘʚʥʝ ʤʝʭʘʥʠʟʤʝ ʟʘ ʢʦʥʚʝʨʟʠʿʫ ʠ ʧʨʦʛʨʘʤʝʨʠʤʘ ʧʨʫʞʘ ʚʝʣʠʢʫ ʩʣʦʙʦʜʫ 

ʧʨʠʣʠʢʦʤ ʢʦʥʩʪʨʫʢʮʠʿʝ ʛʝʥʝʨʘʪʦʨʘ ʢʦʜʘ. ɱʝʟʠʮʠ ʨʘʟʚʠʿʝʥʠ ʧʨʠʤʝʥʦʤ textX-ʘ ʢʘʦ 

ʰʪʦ ʩʫ: pyFlies
11

, pyTabs (Simiĺ i dr. 2015), DProfLang (Vaderna i dr. 2015) ʠ 

Applang (Kosanoviĺ, Dejanoviĺ i Milosavljeviĺ 2016) ʩʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʦʤʦʛʣʠ ʫ 

ʨʘʟʚʦʿʫ ALAS-ʘ.  

 

                                                           
 
10

 http://www.gwtproject.org 
11

 http://www.igordejanovic.net/pyFlies 

http://www.igordejanovic.net/pyFlies/
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3 NAL  

ʅe-ʘʢʩʠoʤaʪʩʢa ʣoʛʠʢa ʧʨeʜʩʪaʚ aˀ ʬoʨʤaʣʠʟaʤ ʟa ʨeʟoʥoʚaˁ e ʫ ʜoʤeʥʫ 

ʚeh ʪaʯʢe oʧʰʪe ʠʥʪeʣʠʛeʥʮʠje (Wang i Awan 2011; Wang 2006, 2013). ɿa ʨaʟʣʠʢʫ 

oʜ ʥeʢʠʭ ʜʨʫʛʠʭ ʬoʨʤaʣʠʟaʤa ʫ ʨaʯʫʥaʨʩʪʚʫ, NAL je ʣoʛʠʢa ʪeʨʤoʚa ʠ ʨeʯeʥʠʮe 

ʩʫ ʜaʪe ʫ ʬoʨʤʠ: ʩʫʙjeʢaʪ-ʨeʣaʮʠja-ʧʨeʜʠʢaʪ. NAL ʩaʜʨʞʠ ʩʢʫʧ ʧʨaʚʠʣa 

ʠʟʚo éˁ a ʥa oʩʥoʚʫ ʢojʠʭ ʩe ʠʟʚoʜe ʥoʚa ʟʥaˁ a ʠ ʜajʫ oʜʛoʚoʨʠ ʥa ʧoʩʪaʚ eˀʥa 

ʧʠʪaˁ a.  

ʇojaʤ ʥe-aʢʩʠoʤaʪʩʢa oʟʥaʯaʚa ʜa je ʣoʛʠʢa ʧoʛoʜʥa ʟa ʨaʟʚoj ʩʠʩʪeʤa ʢojʠ 

ʬʫʥʢʮʠoʥʠʰʫ ʫ ʫʩʣoʚʠʤa ʥeʜoʚoˀʥoʛ ʟʥaˁ a ʠ ʨeʩʫʨʩa (Wang i Awan 2011; Wang 

2006, 2013). ʇʨʠʤeʥoʤ NAL-a ʤoʛʫ ʩe ʜoʥoʩʠʪʠ ʟaʢˀʫʯʮʠ ʥa oʩʥoʚʫ ʟʥaˁ a 

ʩʠʩʪeʤa ʢoje ʤoʞe ʙʠʪʠ ʥeʩʠʛʫʨʥo ʠ ʥeʢoʥʟʠʩʪeʥʪʥo. ʅoʚʠ ʜoʢaʟʠ ʩe ʤoʛʫ 

ʧojaʚʠʪʠ ʫ ʙʠʣo ʢoʤ ʤoʤeʥʪʫ, ʤoʛʫ ʠʤaʪʠ ʙʠʣo ʢaʢaʚ ʩaʜʨʞaj ʠ ʤoʛʫ ʧʨoʤeʥʠʪʠ 

ʠʩʪʠʥʠʪoʩʪ ʙʠʣo ʢoje ʧoʩʪoje˂ e ʨeʯeʥʠʮe. ʇoʨeʜ ʪoʛa, ʩʠʩʪeʤ ʯeʩʪo ʥeʤa ʜoʚoˀʥo 

ʨeʩʫʨʩa (ʫ ʩʤʠʩʣʫ ʚʨeʤeʥa, ʤeʤoʨʠjʩʢoʛ ʧʨoʩʪoʨa, ʠʪʜ.) ʜa ʢoʥʩʫʣʪʫje ʩʚoje 

ʮeʣoʢʫʧʥo ʟʥaˁ e ʢaʢo ʙʠ ʨeh ʠo ʧʨoʙʣeʤ ʠ ʯeʩʪo ʩe ʟa ʜoʥo ehˁ e ʟaʢˀʫʯaʢa 

ʢoʨʠʩʪʠ ʥeʜoʚo aˀʥ ʙʨoj ʨeʯeʥʠʮa ʠʟ ʙaʟe ʟʥaˁ a. ɼoʜaʪʥo, ʩʠʩʪeʤ ʥe ʤoʞe 

ʧʨʠʤeʥʠʪʠ ʧʫʥ ʩʢʫʧ ʧʨaʚʠʣa ʟa ʠʟʚo éˁ e, ʥʠʪʠ ʧʨaʪʠʪʠ ʥeʢʠ ʫʥaʧʨeʜ ʟaʜaʪʠ 

aʣʛoʨʠʪaʤ (Mitroviĺ 2015). 

NAL ʩe ʙaʚʠ ʧʨeʪʭoʜʥo ʥaʚeʜeʥʠʤ ʧʨoʙʣeʤʠʤa ʧʨʠʤeʥoʤ ʫʛʨaʹeʥʠʭ 

ʤeʭaʥʠʟaʤa. NAL ʤoʞe eʬʠʢaʩʥo ʫʧʨaʚ aˀʪʠ ʥeʢoʥʟʠʩʪeʥʪʥʠʤ ʙaʟaʤa ʟʥaˁ a ʠ 

ʩʫʤʠʨaʪʠ ʧoʩʪoje˂ e ʟʥaˁ e ʠ ʥa ʪaj ʥaʯʠʥ ʫʤaˁ ʠʪʠ ʫʢʫʧaʥ ʙʨoj ʩʫʚʠʰʥʠʭ 

ʨeʯeʥʠʮa ʫ ʙaʟʠ ʟʥaˁ a. Meʹʫʪʠʤ, ʩ oʙʟʠʨoʤ ʜa je NAL ʣoʛʠʢa ʪeʨʤoʚa, eˁʥ 

ʩʠʩʪeʤ ʨaʜa ʩe ʨaʟʣʠʢʫje oʜ ʤʥoʛʠʭ ʜʨʫʛʠʭ ʣoʛʠʢa ʢoje ʩe ʢoʨʠʩʪe ʟa ʨeʟoʥoʚaˁ e 

ʫ ʠʥʪeʣʠʛeʥʪʥʠʤ ʩʠʩʪeʤʠʤa (Smith 2017; Sommers i Englebretsen 2000; Wang 

2013). ʂao h ʪo je ʨaʥʠje ʥaʚeʜeʥo, NAL ʨeʯeʥʠʮe ʩʫ ʫ oʙʣʠʢʫ: ʩʫʙjeʢaʪ-ʨʝʣʘʮʠʿʘ-

ʧʨeʜʠʢaʪ, ʧʨʠ ʯeʤʫ ʩʫʙjeʢaʪ ʠ ʧʨeʜʠʢaʪ ʤoʛʫ ʙʠʪʠ aʪoʤʩʢʠ ʠʣʠ ʩʣoʞeʥʠ 

ʪeʨʤoʚʠ. 

NAL ʣoʛʠʢa ʩe ʤoʞe ʧʨeʜʩʪaʚʠʪʠ ʫ 9 ʥʠʚoa: 

- NAL-1: ʇʨʘʚʠʣʘ ʥaʩʣé ʠʚaˁ a (ʝʥʛ. Inference rules) 

- NAL-2: ʈeʣaʮʠja ʩʣʠʯʥoʩʪʠ (ʝʥʛ. Similarity copulas) 
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- NAL-3: ʉʣoʞeʥʠ ʪeʨʤoʚʠ (ʝʥʛ. Compound terms) 

- NAL-4: ʈʝʣʘʮʠʦʥʠ ʪʝʨʤʦʚʠ (ʝʥʛ. Relational terms) 

- NAL-5: ʊʝʨʤʦʚʠ ʫ ʚʠʜʫ ʨʝʯʝʥʠʮʘ (ʝʥʛ. Statements as terms) 

- NAL-6: ʇʨoʤeʥˀʠʚe (ʝʥʛ. Variable terms) 

- NAL-7: ɼʦʛʘʹʘʿʠ ʢʘʦ ʨʝʯʝʥʠʮʝ (ʝʥʛ. Events as statements) 

- NAL-8: ʆʧʝʨʘʮʠʿʝ ʠ ʮʠˀʝʚʠ ʢʘʦ ʜʦʛʘʹʘʿʠ (ʝʥʛ. Operations and goals as events) 

- NAL-9: ʉaʤoʢoʥʪʨoʣa ʠ ʩaʤoʥaʜʟoʨ (ʝʥʛ. Self-control and self-monitoring) 

ʧʨʠ ʯeʤʫ ʩʫ ʩʚʠ ʥʠʚoʠ ʜeʪaˀ ʥo oʧʠʩaʥʠ ʫ (Wang 2006, 2013). 

ʉʚaʢʠ ʥʠʚo ʥʫʜʠ ʥoʚe oʩoʙʠʥe ʠ ʧʨaʚʠʣa ʠʟʚo éˁ a ʫʢˀʫʯʫjʫ˂ʠ oʩoʙʠʥe ʩʚʠʭ 

ʧʨeʪʭoʜʥʠʭ ʥʠʚoa ʧʨʠ ʯeʤʫ ʩʚaʢʠ ʥʠʚo ʧoʚe˂ aʚa eʢʩʧʨeʩʠʚʥoʩʪ ʣoʛʠʢe a ʩaʤʠʤ 

ʪʠʤ ʠ ʩʪeʧeʥ ʠʥʪeʣʠʛeʥʮʠje ʩʠʩʪeʤa ʢojʠ je ʥa ˁ oj ʟaʩʥoʚaʥ. 

3.1 ʉʠʥʪaʢʩa ʨeʯeʥʠʮa ʧʨʚa 4 ʥʠʚoa NAL  

DNARS oʧʠʩaʥ ʫ (Mitroviĺ 2015) ʠʤʧʣeʤeʥʪʠʨa ʢoʥʮeʧʪe ʠ ʧʨaʚʠʣa ʠʟʚo éˁ a 

ʧʨʚa ʯeʪʠʨʠ ʥʠʚoa NAL ʰʪo je ʜoʚoˀʥo ʟa oʙaʚ aˀˁ e ʢoʛʥʠʪʠʚʥʠʭ ʟaʜaʪaʢa ʩa 

ʧʨaʢʪʠʯʥoʤ ʧʨʠʤeʥoʤ.  

NAL-1 ʫʚoʜʠ ʨeʯeʥʠʮe ʟaʩʥoʚaʥe ʥa ʨeʣaʮʠjaʤa ʠʟʤé ʫ ʪʟʚ. aʪoʤʩʢʠʭ ʪʿ. 

ʧʨʦʩʪʠʭ ʪeʨʤoʚa. ʋ oʢʚʠʨʫ oʚoʛ ʥʠʚoa ʜeʬʠʥʠʩaʥa je ʩaʤo ʜʠʨeʢʪʥa ʚeʟa ʠʟʤé ʫ 

ʪeʨʤoʚa. To je ʨeʣaʮʠja ʥaʩʣé ʠʚaˁ a ʢoja je ʫ DNARS oʟʥaʯeʥa ó->ô ʩʠʤʙoʣoʤ. 

ʇʨʠʤeʨ jeʜʥe ʨeʯeʥʠʮe ʢojʫ ʯʠʥe ʜʚa aʪoʤʩʢa ʪeʨʤa ʠ ʨeʣaʮʠja ʥaʩʣé ʠʚaˁ a je: 

ʥaʨaʥa˅ -> ʚo e˂. Oʚa ʨeʯeʥʠʮa ʩe ʪʫʤaʯʠ ʢao: ʥaʨaʥa˅ je ʚʨʩʪʘ ʚo ʘ˂. ʋ NAL je 

ʨeʣaʮʠja ʥaʩʣé ʠʚaˁ a ʢao ʠ ʧo ʜeʬʠʥʠʮʠjʠ ʪʨaʥʟʠʪʠʚʥa ʠ ʨeʬʣeʢʩʠʚʥa. 

ʇoʨeʜ ʨeʣaʮʠje ʥaʩʣé ʠʚaˁ a, ʢoja ʧoʩʪojʠ ʠ ʫ ʩʚʠʤ ʥaʨeʜʥʠʤ ʥʠʚoʠʤa, NAL-

1 ʫʚoʜʠ ʜʚoʜʠʤeʥʟʠoʥaʣʥʫ ʠʩʪʠʥʠʪoʩʥʫ ʚʨeʜʥoʩʪ ʨeʯeʥʠʮa (f, c) ʠʟ oʧʩeʛa [0, 1], 

ʢoja ʩe ʧʠeh ʥa ʢʨajʫ ʩʚaʢoʛ ʚeʨoʚaˁ a ʪj. ʨeʯeʥʠʮe, ʧʨʠ ʯeʤʫ f oʟʥaʯaʚa 

ʫʯeʩʪaʣoʩʪ a c ʩʪaʙʠʣʥoʩʪ ʫʯeʩʪaʣoʩʪʠ ʢaʜ ʩe ʧojaʚe ʥoʚʠ ʜoʢaʟʠ. ɼoʜaʚaˁ eʤ 

ʠʩʪʠʥʠʪoʩʥe ʚʨeʜʥoʩʪʠ (ʥʧʨ. f = 0.8 ʠ c = 0.7), ʧʨeʪʭoʜʥo ʧoʤeʥʫʪa ʨeʯeʥʠʮa 

ʠʤa˂ e ʩʣeʜe˂ ʠ oʙʣʠʢ: ʥaʨaʥa˅ -> ʚo e˂ (0.8, 0.7). 

ʉʚaʢa ʙaʟa ʟʥaˁ a ʤoʞe ʩaʜʨʞaʪʠ ʠ ʧoʟʠʪʠʚʥa ʠ ʥeʛaʪʠʚʥa ʚeʨoʚaˁ a. ʅa 

oʩʥoʚʫ ʬoʨʤʫʣe (2), ʫʯeʩʪaʣoʩʪ (f) ʩe ʜeʬʠʥʠʰe ʢao oʜʥoʩ ʧoʟʠʪʠʚʥʠʭ ( ) ʠ 

ʫʢʫʧʥʠʭ ʜoʢaʟa (a ʩʪaʙʠʣʥoʩʪ (c) ʧʨeʜʩʪaʚ ( aˀ ʧʨoʮeʥaʪ ʪʨeʥʫʪʥʠʭ ʜoʢaʟa (( 

ʤé ʫ ʩʚʠʤ ʨaʩʧoʣoʞʠʚʠʤ ʜoʢaʟʠʤa ʫ ʙʣʠʩʢoj ʙʫʜʫ˂ʥoʩʪʠ ( ρ). ʅa ʧʨʠʤeʨ, aʢo 

ʫ ʙaʟʠ ʟʥaˁ a ʧoʩʪojʠ   = 95 ʨeʯeʥʠʮa ʣʠʤʫʥ je ʞʫʪ ʠ 5 ʨeʯeʥʠʮa ʣʠʤʫʥ je ʧʣaʚ, 

ʫʯeʩʪaʣoʩʪ ʟa ʨeʯeʥʠʮʫ ʣʠʤʫʥ je ʞʫʪ e˂ ʙʠʪʠ f = 0.95. ʋ oʚoʤ ʩʣʫʯajʫ ʩʪaʙʠʣʥoʩʪ 

je c = 0.99. ʉ oʙʟʠʨoʤ ʥa ʚʠʩoʢʫ ʫʯeʩʪaʣoʩʪ ʠ ʩʪaʙʠʣʥoʩʪ ʢoja ʪeʞʠ 1, ʚeʨoʚaˁ e 

ʣʠʤʫʥ je ʞʫʪ ʠʤa ʚeʣʠʢʫ ʠʩʪʠʥʠʪoʩʥʫ ʚʨeʜʥoʩʪ a ʩaʤʠʤ ʪʠʤ ʠ ʪaʯʥoʩʪ. 

 

     (1) 
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 Ὢ 
(2)  

 
 ὧ    ρ (3) 

 

NAL ʠʟʚoʜʠ ʟaʢˀʫʯʢe ʠ oʜʛoʚoʨe ʥa ʧʠʪaˁ a ʥa oʩʥoʚʫ ʧʨaʚʠʣa ʠʟʚo éˁ a ʧʨʠ 

ʯeʤʫ ʫ ʟaʚʠʩʥoʩʪʠ oʜ ʚʨʩʪe ʟaʜaʪaʢa ʧoʩʪoje ʪʨʠ ʛʨʫʧe ʧʨaʚʠʣa ʠʟʚo éˁ a (Wang 

2006, 2013): ʠʟʚo éˁ a ʫʥaʧʨeʜ (eʥʛ. forward inference) ʠʟʚoʜe ʥoʚe ʟaʢˀʫʯʢe, 

ʠʟʚo éˁ a ʫʥaʟaʜ (eʥʛ. backward inference) ʜajʫ oʜʛoʚoʨe ʥa ʧʠʪaˁ a ʠ ʣoʢaʣʥa 

ʠʟʚo éˁ a (eʥʛ. local inference) ʨaʜe ʩa ʥeʢoʥʟʠʩʪeʥʪʥʠʤ ʨeʯeʥʠʮaʤa. 

Tʨʠ oʩʥoʚʥa ʧʨaʚʠʣa ʠʟʚo éˁ a ʫʥaʧʨeʜ ʫ NAL-1 ʩʫ ʜeʜʫʢʮʠja, aʙʜʫʢʮʠja ʠ 

ʠʥʜʫʢʮʠja ʢoja ʩʫ ʜeʪaˀ ʥʠje oʧʠʩaʥa ʫ (Mitroviĺ 2015; Wang 2013). ʇʨʠʤʝʥʦʤ 

ʦʚʠʭ ʧʨʘʚʠʣʘ ʟʘʢˀʫʯʮʠ ʩʝ ʠʟʚʦʜʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 ʜeʜʫʢʮʠja aʙʜʫʢʮʠja ʠʥʜʫʢʮʠja 

 ʧʨʚʘ ʨʝʯʝʥʠʮʘ: ʄ -> ʇ ʇ -> ʄ ʄ -> ʇ 

 ʜʨʫʛʘ ʨʝʯʝʥʠʮʘ: ʉ -> ʄ ʉ -> ʄ ʄ -> ʉ 

 ʟʘʢˀʫʯʘʢ: ʉ -> ʇ ʉ -> ʇ ʉ -> ʇ 

 

ʛʜʝ ʉ, ʇ ʠ ʄ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʩʪʝ ʠʣʠ ʩʣʦʞʝʥʝ ʪʝʨʤʦʚʝ. ʈʘʟʣʠʢʘ ʠʟʤʝʫ́ 

ʜʝʜʫʢʮʠʿʝ, ʠʥʜʫʢʮʠʿʝ ʠ ʘʙʜʫʢʮʠʿʝ ʩʝ ʥʘʿʚʠʝh ʦʛʣʝʜʘ ʫ ʩʪʘʙʠʣʥʦʩʪʠ ʜʦʢʘʟʘ (c). ʂʦʜ 

ʜʝʜʫʢʮʠʿʝ, ʩʪʘʙʠʣʥʦʩʪ ʿʝ ʥʘʿʯʝʰ˂ʝ ʚʝʘ˂ ʦʜ 0.5 ʠ ʟʥʘʪʥʦ ʩʝ ʩʧʦʨʠʿʝ ʤʝˁʘ (ʦʧʘʜʘ) 

ʧʨʠ ʧʦʿʘʚʠ ʥʦʚʠʭ ʜʦʢʘʟʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʠʥʜʫʢʮʠʿʝ ʠ ʘʙʜʫʢʮʠʿʝ ʢʦʜ ʢʦʿʠʭ ʿʝ 

ʩʪʘʙʠʣʥʦʩʪ ʫʛʣʘʚʥʦʤ ʤʘˁʘ ʦʜ 0.5 ʠ ʙʨʞʝ ʩʝ ʤʝˁʘ (ʦʧʘʜʘ) ʫʩʣʝʜ ʥʦʚʠʭ ʜʦʢʘʟʘ. 

ɿʙʦʛ ʚʝʝ˂ ʩʪʘʙʠʣʥʦʩʪʠ, ʜʦʢʘʟʠ ʠʟʚʝʜʝʥʠ ʧʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ ʜʝʜʫʢʮʠʿʝ ʩʝ ʿʦʰ ʟʦʚʫ 

ʠ ʿʘʢʠ ʜʦʢʘʟʠ, ʘ ʜʦʢʘʟʠ ʠʟʚʝʜʝʥʠ ʠʥʜʫʢʮʠʿʦʤ ʠʣʠ ʘʙʜʫʢʮʠʿʦʤ - ʩʣʘʙʠ ʜʦʢʘʟʠ. 

ʇʨʠʤʝʨʠ ʧʨʠʤʝʥʝ ʦʚʠʭ ʧʨʘʚʠʣʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪaʙeʣʠ 3.1. 

 

ʊʘʙʝʣʘ 3.1. ɼeʜʫʢʮʠja, aʙʜʫʢʮʠja ʠ ʠʥʜʫʢʮʠja ʫ NAL-1 

ʇʨaʚʠʣa ʠʟʚo éˁ a ɺeʨoʚa aˁ ɿaʢˀʫʯaʢ 

ʜeʜʫʢʮʠja 
ʥaʨaʥa˅ -> ʚo e˂ (f1, c1) 

ʤaʥʜaʨʠʥa -> ʥaʨaʥa˅ (f2, c2) 
ʤaʥʜaʨʠʥa -> ʚo e˂ (f, c) 

aʙʜʫʢʮʠja 
ʮʠʪʨʫʩ -> ʚo e˂ (f1, c1) 

ʣʠʤʫʥ -> ʚo e˂ (f2, c2) 
ʣʠʤʫʥ -> ʮʠʪʨʫʩ (f, c) 

ʠʥʜʫʢʮʠja 
ʤaʥʜaʨʠʥa -> ʚo e˂ (f1, c1) 

ʤaʥʜaʨʠʥa -> ʥaʨaʥa˅ (f2, c2) 
ʥaʨaʥa˅ -> ʚo e˂ (f, c) 
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NAL-2 ʫʚoʜʠ ʨeʣaʮʠjʫ ʩʣʠʯʥoʩʪʠ ʢoja ʩe ʫ DNARS oʟʥaʯaʚa ʟʥʘʢʦʤ ó~ô ʧʨʠ 

ʯeʤʫ je ʩʣʠʯʥoʩʪ ʠʟʤé ʫ ʪeʨʤoʚa ʨeʬʣeʢʩʠʚʥa, ʩʠʤeʪʨʠʯʥa ʠ ʪʨaʥʟʠʪʠʚʥa. 

ʇʨʠʤeʨ ʨeʯeʥʠʮe ʩa ʨeʣaʮʠjoʤ ʩʣʠʯʥoʩʪʠ je: ʤaʥʜaʨʠʥa ~ ʢʣeʤeʥʪʠʥa (0.9, 0.8) 

ʧʨʠ ʯeʤʫ ʠʩʪʠʥʠʪoʩʥa ʚʨeʜʥoʩʪ (0.9, 0.8) oʟʥaʯaʚa ʩʪeʧeʥ ʩʣʠʯʥoʩʪʠ ʤaʥʜaʨʠʥe ʠ 

ʢʣeʤeʥʪʠʥe. ʉ oʙʟʠʨoʤ ʜa je ʨeʣaʮʠja ʩʣʠʯʥoʩʪʠ ʩʠʤeʪʨʠʯʥa, ʨeʯeʥʠʮa 

ʤaʥʜaʨʠʥa ~ ʢʣeʤeʥʪʠʥa (0.9, 0.8) je eʢʚʠʚaʣeʥʪʥa ʨeʯeʥʠʮʠ ʢʣeʤeʥʪʠʥa ~ 

ʤaʥʜaʨʠʥa (0.9, 0.8).  

Tʨʠ oʩʥoʚʥa ʧʨaʚʠʣa ʠʟʚo éˁ a ʫʥaʧʨeʜ ʢoja ʫʚoʜʠ NAL-2 ʩʫ: ʧoʨé eˁ e, 

aʥaʣoʛʠja ʠ ʥaʣʠʢoʚaˁ e (eʥʛ. resemblance). ʇʨʠʤʝʥʦʤ ʦʚʠʭ ʧʨʘʚʠʣʘ ʟʘʢˀʫʯʮʠ ʩʝ 

ʠʟʚʦʜʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 ʧoʨeʹeˁe aʥaʣoʛʠja ʥaʣʠʢoʚa eˁ 

 ʧʨʚʘ ʨʝʯʝʥʠʮʘ: ʄ -> ʇ ʄ ~ ʇ ʄ ~ ʇ 

 ʜʨʫʛʘ ʨʝʯʝʥʠʮʘ: ʄ -> ʉ ʉ -> ʄ ʉ ~ ʄ 

 ʟʘʢˀʫʯʘʢ: ʉ ~ ʇ ʉ -> ʇ ʉ ~ ʇ 

 

ʛʜʝ ʉ, ʇ ʠ ʄ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʩʪʝ (ʘʪʦʤʩʢʝ) ʠʣʠ ʩʣʦʞʝʥʝ ʪʝʨʤʦʚʝ. ʇʨʠʤeʨʠ 

ʧʨʠʤeʥe oʚʠʭ ʧʨaʚʠʣa ʩʫ ʧʨʠʢaʟaʥʠ ʫ ʪaʙeʣʠ 3.2.  

 

ʊʘʙʝʣʘ 3.2. ʇoʨeʹeˁe, aʥaʣoʛʠja ʠ ʥaʣʠʢoʚaˁe ʫ NAL-2 

ʇʨaʚʠʣa ʠʟʚoʹeˁa ɺeʨoʚaˁa ɿaʢˀʫʯaʢ 

ʧoʨeʹeˁe 
ʢʣeʤeʥʪʠʥa -> ʥaʨaʥ˅a (f1, c1) 

ʢʣeʤeʥʪʠʥa -> ʤaʥʜaʨʠʥa (f2, c2) 
ʤaʥʜaʨʠʥa ~ ʥaʨaʥ˅a (f, c) 

aʥaʣoʛʠja 
ʥaʨaʥ˅a -> ʚo˂e (f1, c1) 

ʤaʥʜaʨʠʥa ~ ʥaʨaʥ˅a (f2, c2) 
ʤaʥʜaʨʠʥa -> ʚo˂e (f, c) 

ʥaʣʠʢoʚaˁe 
ʤaʥʜaʨʠʥa ~ ʥaʨaʥ˅a (f1, c1) 

ʢʣeʤeʥʪʠʥa ~ ʤaʥʜaʨʠʥa (f2, c2) 
ʢʣeʤeʥʪʠʥa ~ ʥaʨaʥ˅a (f, c) 

 

ʇoʨeʜ oʩʥoʚʥʠʭ ʧʨaʚʠʣa ʠʟʚo éˁ a ʥaʚeʜeʥʠʭ ʫ ʪaʙeʣaʤa 3.1 ʠ 3.2, ʧoʩʪoje ʠ 

ʩʣoʞeʥʠja ʧʨaʚʠʣa ʠʟʚo éˁ a ʢoja ʩʫ oʧʠʩaʥa ʫ (Wang 2006, 2013). Mé ʫʪʠʤ, ʫ 

ʜʠʩeʨʪaʮʠjʠ e˂ ʩe ʢoʨʠʩʪʠʪʠ ʩaʤo oʩʥoʚʥa ʧʨaʚʠʣa ʢoja ʩʫ ʜoʚoˀʥa ʟa ʜoʥo ehˁ e 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʟaʢˀʫʯaʢa. ʇʨʠʤʝʥʦʤ ʦʜʨʝʹʝʥʦʛ ʧʨʘʚʠʣʘ, ʧʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ 

ʟʘʢˀʫʯʘʢʘ, ʤʝˁʘ ʩʝ ʠʩʪʠʥʠʪʦʩʥʘ ʚʨʝʜʥʦʩʪ ʟʘʢˀʫʯʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʯʝʥʠʮʝ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʪʘʿ ʟʘʢˀʫʯʘʢ ʠʟʚʝʜʝʥ. ʀʩʪʠʥʠʪoʩʥe ʚʨeʜʥoʩʪʠ (f, c) ʠʟ ʪaʙeʣe 3.1 ʠ 

ʪaʙeʣe 3.2 ʩe ʨaʯʫʥajʫ ʥa oʩʥoʚʫ oʜʛoʚaʨajʫ˂ʠʭ ʬoʨʤʫʣa oʧʠʩaʥʠʭ ʫ (Wang 2013). 

Oʚe ʬoʨʤʫʣe (ʥʘʚʝʜʝʥʝ ʩʘʤʦ ʟʘ ʧʦʤʝʥʫʪʘ ʧʨʘʚʠʣʘ ʠʟʚʦʹʝˁʘ) ʩʫ ʧʨʠʢaʟaʥe ʫ 

ʪaʙeʣʠ 3.3. k je ʧoʟʠʪʠʚʥa ʢoʥʩʪaʥʪa ʯʠja je ʧʨeʜʣoʞeʥa ʚʨeʜʥoʩʪ k = 1 (Wang 

2013). 
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ʊʘʙʝʣʘ 3.3. ʈaʯʫʥaˁ e ʠʩʪʠʥʠʪoʩʥʠʭ ʚʨeʜʥoʩʪʠ ʟa oʩʥoʚʥa ʧʨaʚʠʣa ʠʟʚo éˁ a ʫʥaʧʨeʜ 

ʇʨaʚʠʣa ʠʟʚo éˁ a ʋʯeʩʪaʣoʩʪ (f) ʉʪaʙʠʣʥoʩʪ (c) 

ʜeʜʫʢʮʠja ὪὪ ὪὪ ὧὧ 

ʠʥʜʫʢʮʠja Ὢ 
Ὢὧὧ

Ὢὧὧ Ὧ
 

ʘʙʜʫʢʮʠja Ὢ 
Ὢὧὧ

Ὢὧὧ Ὧ
 

ʧoʨé eˁ e 
ὪὪ

Ὢ Ὢ ὪὪ
 

Ὢ Ὢ ὪὪὧὧ

Ὢ Ὢ ὪὪὧὧ  Ὧ
 

aʥaʣoʛʠja ὪὪ Ὢὧὧ 

ʥaʣʠʢoʚaˁ e ὪὪ Ὢ Ὢ  ὪὪὧὧ 

 

ʂao h ʪo je ʚe˂  ʥaʚeʜeʥo, ʟa ʨaʟʣʠʢʫ oʜ ʤʥoʛʠʭ ʬoʨʤaʣʠʟaʤa ʢojʠ ʩe ʢoʨʠʩʪe ʫ 

aʛeʥʪʩʢoj ʪeʭʥoʣoʛʠjʠ, NAL ʫʩʧeh ʥo ʤoʞe ʠʟʚoʜʠʪʠ ʟaʢˀʫʯʢe ʥa oʩʥoʚʫ 

ʥeʢoʥʟʠʩʪeʥʪʥʠʭ ʟʥaˁ a ʠ ʪo ʧʨʠʤeʥoʤ ʜʚa ʣoʢaʣʥa ʧʨaʚʠʣa ʠʟʚo éˁ a, ʨeʚʠʟʠje 

(ʝʥʛ. revision) ʠ ʠʟʙoʨa (ʝʥʛ. choice) (Wang 1996). ɼʚe ʨeʯeʥʠʮe ʩʫ ʥeʢoʥʟʠʩʪeʥʪʥe 

aʢo ʠʤajʫ ʠʩʪe ʩʫʙjeʢʪe, ʧʨeʜʠʢaʪe ʠ oʙjeʢʪe a ʨaʟʣʠʯʠʪe ʠʩʪʠʥʠʪoʩʥe ʚʨeʜʥoʩʪʠ. 

ʈʝʚʠʟʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʜʘ ʩʝ ʫ ʙʘʟʠ ʟʥʘˁʘ ʧʦʿʘʚʠ ʚʠʝh ʠʩʪʠʭ ʚʝʨʦʚʘˁʘ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʠʩʪʠʥʠʪʦʩʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ʇʨʠʤʝʥʦʤ ʨʝʚʠʟʠʿʝ ʦʜ ʚʠʰʝ ʚʝʨʦʚʘˁʘ ʩʝ 

ʠʟʚʦʜʠ ʿʝʜʥʦ ʩʘ ʥʦʚʦʤ ʠʩʪʠʥʠʪʦʩʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʧʨʠ ʯʝʤʫ ʩʝ ʫʯʝʩʪʘʣʦʩʪ ʠ 

ʩʪʘʙʠʣʥʦʩʪ ʨʘʯʫʥʘʿʫ ʧʦ ʬʦʨʤʫʣʘʤʘ ʜʘʪʠʤ ʫ ʥʘʩʪʘʚʢʫ. Aʢo ʥa ʧʨʠʤeʨ, ʫ ʙaʟʠ 

ʟʥaˁ a ʧoʩʪoje ʜʚe ʨeʯeʥʠʮe ʩa ʠʩʪʠʥʠʪoʩʥʠʤ ʚʨeʜʥoʩʪʠʤa (f1, c1) i (f2, c2), 

ʧʨʠʤeʥoʤ ʧʨaʚʠʣa ʨeʚʠʟʠje ʜoʙʠe˂ ʩe ʨeʯeʥʠʮa ʩa ʥoʚoʤ ʠʩʪʠʥʠʪoʩʥoʤ 

ʚʨeʜʥoʰ˂ʫ (f, c) ʛʜe ʩe f ʠ c ʨaʯʫʥajʫ ʧo ʩʣeʜe˂ ʠʤ ʬoʨʤʫʣaʤa: 

 

Ὢ  
Ὢὧρ ὧ Ὢὧ ρ ὧ

ὧρ ὧ ὧ ρ ὧ
 

ὧ
ὧρ ὧ ὧ ρ ὧ

ὧρ ὧ ὧ ρ ὧ ρ ὧ ρ ὧ
 

 

NAL-3 ʫʚoʜʠ ʩʣoʞeʥe ʪeʨʤoʚe ʢojʠ ʩe ʩaʩʪoje oʜ jeʜʥoʛ ʠʣʠ ʚʠeh aʪoʤʩʢʠʭ 

ʪeʨʤoʚa ʤé ʫʩoʙʥo ʧoʚeʟaʥʠʭ ʢoʥeʢʪoʨoʤ.  

ɼʝʬʠʥʠʮʠʿʘ 3.1. ʉʣoʞeʥʠ ʪeʨʤ ʠʤa ʬoʨʤʫ {T 1 ʢoʥ T2 ʢoʥ ... ʢoʥ Tn}, ʛʜe je 

ʢoʥ ʢoʥeʢʪoʨ, a T1é Tn ʩʫ ʪeʨʤoʚʠ, ʟa n Ó 1 (Waʥʛ 2006, 2013). 
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ʋ ʜʝʬʠʥʠʮʠʠʿ 3.1 je ʧʨeʜʩʪaʚ eˀʥa ʠʥʬʠʢʩʥa ʥoʪaʮʠja ʩʣoʞeʥoʛ ʪeʨʤa. 

ʇʨeʬʠʢʩʥa ʥoʪaʮʠja ʠʤa ʩʣeʜe˂ ʠ oʙʣʠʢ: {ʢoʥ T1 T2 ... Tn}.  T1, T2 ... Tn ʤʦʛʫ ʙʠʪʠ ʠ 

ʧʨʦʩʪʠ ʠ ʩʣʦʞʝʥʠ ʪʝʨʤʦʚʠ. 

NAL-4 ʫʚʦʜʠ ʥʦʚʠ ʢʦʥʝʢʪʦʨ - ʧʨʦʠʟʚʦʜ, ʢʦʿʠ ʿʝ ʦʟʥʘʯʝʥ ʩʘ (x) ʠ ʩʣʫʞʠ ʜʘ 

ʧʦʜʨʞʠ ʧʨʦʠʟʚʦˀʥʝ ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʪʝʨʤʦʚʘ.  

ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʝ ʨʝʯʝʥʠʮʝ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʥʦʛ ʩʣʦʞʝʥʦʛ ʪʝʨʤʘ ʠ ʿʝʜʥʦʛ 

ʘʪʦʤʩʢʦʛ ʪʝʨʤʘ ʿʝ (ʩʣʦʥ x ʙʠˀʢʝ) -> ʿʝʜʝ (0.95, 0.9) ʧʨʠ ʯʝʤʫ ʿʝ (ʩʣʦʥ x ʙʠˀʢʝ) 

ʩʣʦʞʝʥʠ ʪʝʨʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʘʪʦʤʩʢʘ ʪʝʨʤʘ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ ʨʝʣʘʮʠʿʦʤ 

ʿʝʜʝ ʛʜʝ ʨʝʣʘʮʠʿʘ ʿʝʜʝ ʧʨʝʜʩʪʘʚˀʘ ʨʝʣʘʮʠʦʥʠ ʪʝʨʤ ʦʧʠʩʘʥ ʫ ʜʝʬʠʥʠʮʠʿʠ 3.2. 

ɼʝʬʠʥʠʮʠʿʘ 3.2. ʈʝʣʘʮʠʦʥʠ ʪʝʨʤ R ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʘʪʦʤʩʢʠ ʪʝʨʤ ʢʦʿʠ ʿʝ ʩʘ 

ʩʣʦʞʝʥʠʤ ʧʨʦʠʟʚʦʜʥʠʤ ʪʝʨʤʦʤ ʧʦʚʝʟʘʥ ʨʝʣʘʮʠʿʦʤ ʥʘʩʣʝʹʠʚʘˁʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: (T1 x T2) -> R (f, c) ʠʣʠ R -> (T1 x T2) (f, c) (Wang, 2006, 2013). 

ʄʝʹʫʪʠʤ, ʢʘʢʦ ʙʠ NAL ʠʟʚʝʦ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ ʟʘʢˀʫʯʢʝ, ʯʝʩʪʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʦʤʝʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʨʝʯʝʥʠʮʘ. ʅʘ ʧʨʠʤʝʨ, ʧʨʠʤʝʥʦʤ ʜʝʜʫʢʮʠʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʨʝʯʝʥʠʮʘ (ʙʠˀʦʿʝʜ x ʙʠˀʢʝ) -> ʿʝʜʝ (f1, c1) ʠ ʩʣʦʥ -> ʙʠˀʦʿʝʜ (f2, c2) ʩʠʩʪʝʤ ʙʠ 

ʪʨʝʙʘʣʦ ʜʘ ʟʘʢˀʫʯʠ: (ʩʣʦʥ x ʙʠˀʢʝ) -> ʿʝʜʝ (f, c). ʆʚʦ ʥʠʿʝ ʠʟʚʦʜˀʠʚʦ ʧʦʰʪʦ 

ʩʠʩʪʝʤ ʥʝ ʤʦʞʝ ʜʘ ʧʨʝʧʦʟʥʘ ʪʝʨʤ ʙʠˀʦʿʝʜ ʢʘʦ ʩʫʙʿʝʢʘʪ ʧʨʚʝ ʨʝʯʝʥʠʮʝ. ɼʘ ʙʠ ʦʚʘʿ 

ʧʨʦʙʣʝʤ ʙʠʦ ʨʝʝhʥ ʫʚʝʜʝʥʘ ʩʫ ʜʚʘ ʥʦʚʘ ʢʦʥʝʢʪʦʨʘ, ʝʢʩʪʝʥʟʠʚʥʠ (/) ʠ ʠʥʪʝʥʟʠʚʥʠ 

(\\) ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʜʦʙʠʿʘʿʫ ʯʝʪʠʨʠ ʥʦʚʝ ʩʣʠʢʝ ((3) ʠ (4)) ʠʩʪʝ ʨʝʯʝʥʠʮʝ ʢʦʿʝ ʩʫ 

ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 ((T1 x T2)  -> R (f, c)) ė (T1 -> (/ R * T2) (f, c)) ė (T2 -> (/ R T1 *)  (f, c))  (3) 

 (R -> (T1 x T2) (f, c)) ė ((\\ R * T2)  -> T1 (f, c)) ė ((\\ R T1 *) -> T2 (f, c)) (4) 

ʧʨʠ ʯʝʤʫ (*) ʦʟʥʘʯʘʚʘ ʧʦʟʠʮʠʿʝ ʪʝʨʤʦʚʘ ʊ1 ʠʣʠ ʊ2.  

ʇʨʠʤʝʥʦʤ (3) ʥʘ ʨʝʯʝʥʠʮʫ ʩʣʦʥ ʿʝʜʝ ʙʠˀʢʝ ʜʦʙʠʿʘʿʫ ʩʝ ʪʨʠ ʩʣʠʢʝ: 

- (ʩʣʦʥ x ʙʠˀʢʝ) -> ʿʝʜʝ (f, c) 

- ʩʣʦʥ -> (/ ʿʝʜʝ * ʙʠˀʢʝ) (f, c)  

- ʙʠˀʢʝ -> (/ ʿʝʜʝ ʩʣʦʥ *) (f, c) 

 

ʊʘʢʦʹʝ, ʧʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ (4), ʨʝʯʝʥʠʮʘ ʩʣʦʥ ʿʝʜʝ ʙʠˀʢʝ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ 

ʫ ʿʦʰ ʪʨʠ ʥʦʚʝ ʩʣʠʢʝ (ʨʝʯʝʥʠʮʝ) ʢʦʿʝ ʠʤʘʿʫ ʠʩʪʦ ʟʥʘʯʝˁʝ ʘʣʠ ʨʘʟʣʠʯʠʪʫ 

ʩʪʨʫʢʪʫʨʫ: 

- ʿʝʜʝ -> (ʩʣʦʥ x ʙʠˀʢʝ) (f, c) 

- (\\ ʿʝʜʝ * ʙʠˀʢʝ) -> ʩʣʦʥ (f, c) 

- (\\ ʿʝʜʝ ʩʣʦʥ *) -> ʙʠˀʢʝ (f, c) 

 

ALAS ʿʝʟʠʢ ʧʦʜʨʞʘʚʘ ʩʚʠʭ 6 ʬʦʨʤʘʪʘ ʩʠʥʪʘʢʩʝ NAL ʨʝʯʝʥʠʮʘ ʩʘ ʩʣʦʞʝʥʠʤ 

ʪʝʨʤʦʚʠʤʘ ʧʨʠʢʘʟʘʥʠʭ ʫ (3) ʠ (4). ʇʦʨʝʜ ʦʚʠʭ ʬʦʨʤʘʪʘ, ALAS ʧʦʜʨʞʘʚʘ ʿʦʰ ʜʚʝ 

ʬʦʨʤʝ ʩʘ ʘʪʦʤʩʢʠʤ ʪʝʨʤʦʚʠʤʘ: 
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 T1 -> T2 (f, c) (5) 

 T1 ~ T2 (f, c) (6) 

ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʧʨʠʢʘʟʘʥʘ ʜʚʘ ʧʨʠʤʝʨʘ ʨʝʯʝʥʠʮʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʨʝʠʨʘʪʠ ʥʘ 

ʦʩʥʦʚʫ (5) ʠ (6): 

- ʤaʥʜaʨʠʥa -> ʚʦ˂ʝ (f, c) 

- ʤaʥʜaʨʠʥa ~ ʢʣʝʤʝʥʪʠʥʘ (f, c) 

 

ʅʘ ʦʩʥʦʚʫ ʨʝʩʪʨʫʢʪʫʨʠʨʘˁʘ ʨʝʯʝʥʠʮʘ ʠ ʢʨʝʠʨʘˁʝʤ ʥʦʚʠʭ ʩʣʠʢʘ ʩʠʩʪʝʤ ʣʘʢʰʝ 

ʤʦʞʝ ʜʘ ʠʟʚʦʜʠ ʟʘʢˀʫʯʢʝ. ʉʘʜʘ ʩʠʩʪʝʤ ʤʦʞʝ ʥʘ ʦʩʥʦʚʫ ʨʝʯʝʥʠʮʘ ʙʠˀʦʿʝʜ ʿʝʜʝ 

ʙʠˀʢʝ (ʩʘ ʠʩʪʠʥʠʪʦʩʥʦʤ ʚʨʝʜʥʦʰ˂ʫ (0.98, 0.92)) ʠ ʩʣʦʥ ʿʝ ʙʠˀʦʿʝʜ (ʩʘ 

ʠʩʪʠʥʠʪʦʩʥʦʤ ʚʨʝʜʥʦʰ˂ʫ (0.94, 0.9)) ʜʘ ʠʟʚʝʜʝ ʟʘʢˀʫʯʘʢ ʜʘ ʩʣʦʥ ʿʝʜʝ ʙʠˀʢʝ ʠ ʪʦ 

ʿʝ ʦʧʠʩʘʥʦ ʫ ʥʘʩʪʘʚʢʫ.  

ʈʝʯʝʥʠʮʘ ʩʣʦʥ ʿʝ ʙʠˀʦʿʝʜ ʩʝ ʣʘʢʦ ʧʨʝʚʦʜʠ ʫ NAL ʬʦʨʤʘʪ: ʩʣʦʥ -> ʙʠˀʦʿʝʜ 

(0.94, 0.9). 

ʈʝʯʝʥʠʮʘ ʙʠˀʦʿʝʜ ʿʝʜʝ ʙʠˀʢʝ ʩʝ ʧʨʠʤʝʥʦʤ NAL ʨʝʩʪʨʫʢʪʫʨʠʨʘ ʫ (ʙʠˀʦʿʝʜ x 

ʙʠˀʢʝ) -> ʿʝʜʝ (0.98, 0.92). ʇʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ (3) ʦʚʘ ʨʝʯʝʥʠʮʘ ʩʝ ʤʦʞʝ ʧʨʝʚʝʩʪʠ 

ʫ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ: ʙʠˀʦʿʝʜ -> (/ ʿʝʜʝ * ʙʠˀʢʝ) (0.98, 0.92). ʉʘʜʘ ʩʠʩʪʝʤ ʧʨʠʤʝʥʦʤ 

ʜʝʜʫʢʮʠʿʝ ʣʘʢʦ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʩʣʝʜʝ˂ʝ: ʩʣʦʥ -> (/ ʿʝʜʝ * ʙʠˀʢʝ) (f, c) ʪʿ. 

ʧʨʠʤʝʥʦʤ ʧʨʘʚʠʣʘ (3): (ʩʣʦʥ x ʙʠˀʢʝ) -> ʿʝʜʝ (f, c) ʘ ʜʘˀʠʤ ʧʨʝʚʦʹʝˁʝʤ ʫ ˀʫʜʩʢʠ 

ʨʘʟʫʤˀʠʚ ʬʦʨʤʘʪ ʜʦʙʠʿʘ ʩʝ: ʩʣʦʥ ʿʝʜʝ ʙʠˀʢʝ (ʩʘ ʠʩʪʠʥʠʪʦʩʥʦʤ ʚʨʝʜʥʦʰ˂ʫ (0.92, 

0.76)). ʉʠʩʪʝʤ ʘʫʪʦʤʘʪʩʢʠ ʥʘ ʦʩʥʦʚʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʬʦʨʤʫʣʘ ʟʘ ʜʝʜʫʢʮʠʿʫ ʨʘʯʫʥʘ 

ʫʯʝʩʪʘʣʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ (f, c) ʥʦʚʦʥʘʩʪʘʣʦʛ ʚʝʨʦʚʘˁʘ (ʟʘʢˀʫʯʢʘ) ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

Ὢ  Ὢ Ὢz  πȢωτzπȢωψ πȢως 

ὧ  Ὢz ὧ ὧz  πȢωςzπȢωςzπȢω  πȢχφ 

ɺʠʟʫʝʣʥʠ ʧʨʠʢʘʟ ʦʚʦʛ ʧʨʠʤʝʨʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʠʮʠ 3.1. 

 



ɼʝʿʘʥ ʉʨʝʜʦʿʝʚʠ˂ ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

- 28 - 

 

ʉʣʠʢʘ 3.1. ɺʠʟʫʝʣʥʠ ʧʨʠʢʘʟ ʠʟʚʦʹʝˁʘ ʟʘʢˀʫʯʢʘ ʧʨʠʤʝʥʦʤ ʜʝʜʫʢʮʠʿʝ 

 

ʂao ʰʪo je ʨaʥʠje ʥaʚeʜeʥo, ALAS ʧʦʜʨʞʘʚʘ ʧʨʚa ʯeʪʠʨʠ ʥʠʚoa NAL ʜʦʢ 

ʦʩʪʘʣʠ ʥʠʚʦʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʰʨʝʜʤʝʪ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 
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4 Siebog ʤʫʣʪʠʘʛʝʥʪʩʢʘ ʧʣʘʪʬʦʨʤʘ 

Siebog ʿ ʝ ʤʫʣʪʠʘʛʝʥʪʩʢʘ ʧʣʘʪʬʦʨʤʘ ʢʦʿʘ ʧʨʫʞʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʠʟʚʨʰʘʚʘˁʝ 

ʘʛʝʥʘʪʘ ʫ ʚʝʙ ʦʢʨʫʞʝˁʠʤʘ ʫ ʩʢʣʘʜʫ ʩʘ ʩʘʚʨʝʤʝʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʤʘ. Siebog ʢʦʤʙʠʥʫʿʝ ʩʘʚʨʝʤʝʥʝ ʧʨʠʥʮʠʧʝ ʨʘʟʚʦʿʘ ʩʝʨʚʝʨʩʢʠʭ ʠ 

ʢʣʠʿʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʫ ʿʝʜʠʥʩʪʚʝʥ ʧʨʦʛʨʘʤʩʢʠ ʦʢʚʠʨ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ 

ʘʛʝʥʘʪʘ. Siebog ʫʢˀʫʯʫʿʝ ʜʚʝ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ï ʩʝʨʚʝʨʩʢʫ XJAF (ʧʨʦʰʠʨʠʚʦ 

Java EE ʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ) (Mitroviĺ i dr. 2014b, 2016a; Vidakoviĺ i dr. 2013) ʠ 

ʢʣʠʿʝʥʪʩʢʫ Radigost (Mitroviĺ i dr. 2014a). ʆʙʝ ʢʦʤʧʦʥʝʥʪʝ ʠʤʘʿʫ ʩʚʦʿʝ ʧʨʝʜʥʦʩʪʠ 

ʘ ˁʠʭʦʚʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ Siebog ʜʦʙʠʿʘ ʜʦʜʘʪʥʝ ʤʦʛʫ˂ʥʦʩʪʠ. 

ʂʦʤʙʠʥʫʿʫ˂ʠ ʦʩʦʙʠʥʝ ʢʦʿʝ ʧʨʫʞʘʿʫ XJAF ʠ Radigost, Siebog ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʘ 

ʤʫʣʪʠʘʛʝʥʪʩʢʘ ʦʢʨʫʞʝˁʘ ʥʫʜʠ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʫ: 

- ɺʠʰʝʧʣʘʪʬʦʨʤʩʢʘ ʨʘʟʤʝʥʘ ʧʦʨʫʢʘ: ʢʣʠʿʝʥʪʩʢʠ ʘʛʝʥʪʠ ʤʦʛʫ ʥʝʩʤʝʪʘʥʦ 

ʢʦʤʫʥʠʮʠʨʘʪʠ ʩʘ ʩʝʨʚʝʨʩʢʠʤ ʘʛʝʥʪʠʤʘ, ʧʘ ʯʘʢ ʠ ʢʣʠʿʝʥʪʩʢʠʤ ʘʛʝʥʪʠʤʘ ʥʘ 

ʜʨʫʛʠʤ ʫʨʝʹʘʿʠʤʘ. 

- ɼʝˀʝˁʝ ʢʦʜʘ: ʿʝʜʥʦʤ ʥʘʧʠʩʘʥ ʘʛʝʥʪ ʩʝ ʤʦʞʝ, ʙʝʟ ʠʟʤʝʥʘ, ʠʟʚʨʰʘʚʘʪʠ ʠ ʥʘ 

ʩʝʨʚʝʨʫ ʠ ʥʘ ʢʣʠʿʝʥʪʫ. 

- ʍʝʪʝʨʦʛʝʥʘ ʤʦʙʠʣʥʦʩʪ: ʘʛʝʥʪʠ ʩʝ ʤʦʛʫ ʥʝʩʤʝʪʘʥʦ ʢʨʝʪʘʪʠ ʠʟʤʝʹʫ ʩʝʨʚʝʨʘ ʠ 

ʢʣʠʿʝʥʘʪʘ. 

4.1 XJAF ï ʩʝʨʚʝʨʩʢʘ ʩʪʨʘʥʘ Siebog-ʘ 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.1, Siebog ʿ ʝ ʜʠʟʘʿʥʠʨʘʥ ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʩʝʨʚʝʨʩʢʦʿ 

ʩʪʨʘʥʠ ʤʦʞʝ ʠʟʚʨʰʘʚʘʪʠ ʫ ʢʣʘʩʪʝʨʠʤʘ ʨʘʯʫʥʘʨʘ ʰʪʦ ʤʫ ʜʦʥʦʩʠ ʜʚʝ ʥʘʿʙʠʪʥʠʿʝ 

ʧʨʝʜʥʦʩʪʠ: 

- ʉʢʘʣʘʙʠʣʥʦʩʪ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʘʫʪʦʤʘʪʩʢʦ ʨʘʩʧʦʨʝʹʠʚʘˁʝ ʘʛʝʥʘʪʘ ʧʦ 

ʯʚʦʨʦʚʠʤʘ ʢʣʘʩʪʝʨʘ ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʧʦʿʝʜʠʥʘʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʯʫʥʘʨʘ. ʆʚʦ 

ʦʤʦʛʫ˂ʫʿʝ ʠʟʚʨʰʘʚʘˁʝ ʦʛʨʦʤʥʦʛ ʙʨʦʿʘ ʘʛʝʥʘʪʘ ʫ ʨʘʯʫʥʘʨʩʢʦʤ ʢʣʘʩʪʝʨʫ. 
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- ʆʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʰʢʝ ï ʩʪʘˁʘ ʘʛʝʥʘʪʘ ʩʝ ʢʦʧʠʨʘʿʫ ʥʘ ʧʨʝʦʩʪʘʣʝ ʯʚʦʨʦʚʝ 

ʢʣʘʩʪʝʨʘ ʪʘʢʦ ʜʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʢʚʘʨʘ ʥʘ ʥʝʢʦʤ ʨʘʯʫʥʘʨʫ, ʘʛʝʥʪ ˂ʝ 

ʥʝʩʤʝʪʘʥʦ ʥʘʩʪʘʚʠʪʠ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘ ʥʘ ʥʝʢʦʤ ʜʨʫʛʦʤ ʨʘʯʫʥʘʨʫ ʫ ʢʣʘʩʪʝʨʫ. 

ɺʝʣʠʢʠ ʙʨʦʿ ʜʨʫʛʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʪʘʢʦʹʝ ʧʦʜʨʞʘʚʘ ʦʚʝ ʜʚʝ 

ʦʩʦʙʠʥʝ ʘʣʠ ʯʝʩʪʦ ʥʘ ʥʝʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʢʘʦ ʰʪʦ ʿʝ ʪʘʿ ʜʘ ʢʦʨʠʩʥʠʮʠ ʩʘʤʠ ʤʦʨʘʿʫ 

ʨʘʩʧʦʨʝʹʠʚʘʪʠ ʘʛʝʥʪʝ ʧʦ ʨʘʯʫʥʘʨʠʤʘ ʜʦʢ ʩʝ ʫ ʩʣʫʯʘʿʫ Siebog-ʘ ʪʦ ʦʜʚʠʿʘ 

ʘʫʪʦʤʘʪʩʢʠ (Alberola i dr. 2013; Faci i dr. 2006). 

 

 

ʉʣʠʢʘ 4.1. ʉʠʤʝʪʨʠʯʥʠ ʢʣʘʩʪʝʨ ʯʚʦʨʦʚʘ ʥʘ ʩʝʨʚʝʨʩʢʦʿ ʩʪʨʘʥʠ Siebog-ʘ 

 

ʋ ʩʣʫʯʘʿʫ Siebog-ʘ, ʯʚʦʨʦʚʠ (ʨʘʯʫʥʘʨʠ) ʩʝ ʥʘʣʘʟʝ ʫ ʩʠʤʝʪʨʠʯʥʦʤ ʢʣʘʩʪʝʨʫ ʛʜʝ 

ʩʫ ʩʚʠ ʯʚʦʨʦʚʠ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ. ɻʣʘʚʥʠ - ʤʘʩʪʝʨ ʯʚʦʨ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʩʚʠʤ 

ʜʨʫʛʠʤ ʯʚʦʨʦʚʠʤʘ ʠ ʠʤʘ ʠʩʪʝ ʦʩʦʙʠʥʝ, ʧʨʠ ʯʝʤʫ ʦʥ ʠʤʘ ʠ ʜʦʜʘʪʥʫ ʤʦʛʫ˂ʥʦʩʪ 

ʢʦʥʪʨʦʣʠʩʘˁʘ ʮʝʣʦʛ ʢʣʘʩʪʝʨʘ ʢʨʦʟ JBoss ʜʦʤʝʥ ʢʦʥʪʨʦʣʝʨ (Mitroviĺ i dr. 2014a).  

ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʚʝʜʝʥʦ, ʩʝʨʚʝʨʩʢʘ ʩʪʨʘʥʘ Siebog-a ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʝʪʭʦʜʥʦ ʨʘʟʚʠʿʝʥʦʤ ʩʠʩʪʝʤʫ XJAF ʢʦʿʠ ʿʝ ʧʨʚʠ ʧʫʪ ʧʨʝʜʩʪʘʚˀʝʥ ʫ (Vidakoviĺ i 

Konjoviĺ 2002) ʘʣʠ ʿʝ ʫ ʤʝʹʫʚʨʝʤʝʥʫ ʥʘʜʦʛʨʘʹʠʚʘʥ (Mitroviĺ i dr. 2014b; Vidakoviĺ 

i dr. 2013).  

XJAF ʿʝ ʘʛʝʥʪʩʢʦ ʦʢʨʫʞʝˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ Java EE ʪʝʭʥʦʣʦʛʠʿʠ ʠ ʪʦ ʿʝ ʿʝʜʥʘ ʦʜ 

ʦʩʥʦʚʥʠʭ ʧʨʝʜʥʦʩʪʠ ʦʚʦʛ ʦʢʨʫʞʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʩʠʩʪʝʤʝ. 

ɳʝʛʦʚʠ ʦʩʥʦʚʥʠ ʟʘʜʘʮʠ ʩʫ ʜʘ ʦʙʝʟʙʝʜʠ ʝʬʠʢʘʩʥʦ ʠʟʚʨʰʥʦ ʦʢʨʫʞʝˁʝ ʟʘ ʩʚʦʿʝ 

ʘʛʝʥʪʝ, ʢʘʦ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʩʧʦˀʥʠʤ ʢʣʠʿʝʥʪʠʤʘ ʜʘ ʣʘʢʦ ʧʨʠʩʪʫʧʘʿʫ ʦʚʦʿ ʘʛʝʥʪʩʢʦʿ 
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ʪʝʭʥʦʣʦʛʠʿʠ. XJAF ʢʦʨʠʩʪʠ ʧʦʩʪʦʿʝ˂ʝ, ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʝ Java ɽɽ ʪʝʭʥʦʣʦʛʠʿʝ, 

ʘʣʘʪʝ ʠ ʙʠʙʣʠʦʪʝʢʝ ʢʘʦ ʰʪʦ ʩʫ JNDI, JMS ʠ EJB ʜʘ ʙʠ ʤʦʛʘʦ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ 

ʚʝʣʠʢʝ ʧʦʜʩʢʫʧʦʚʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʩʠʩʪʝʤʝ. 

ʀʟʙʦʨ Java ɽɽ ʢʘʦ XJAF ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʝ ʧʣʘʪʬʦʨʤʝ ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʚʨʣʦ 

ʢʦʨʠʩʪʘʥ. ʆʩʥʦʚʥʝ ʧʨʝʜʥʦʩʪʠ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʩʫ ʢʨʘ˂ʝ ʨʘʟʚʦʿʥʦ ʚʨʝʤʝ ʩʘʤʦʛ 

ʩʠʩʪʝʤʘ ʠ ʦʚʣʘʜʘʚʘˁʝ ʥʘʧʨʝʜʥʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʬʫʥʢʮʠʿʘ ʢʘʦ ʰʪʦ ʿʝ ʨʘʩʧʦʜʝʣʘ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʇʦʨʝʜ ʨʘʩʧʦʜʝʣʝ ʦʧʪʝʨʝ˂ʝˁʘ, XJAF ʧʦʜʨʞʘʚʘ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʿʫ. 

ʇʨʝʮʠʟʥʠʿʝ, XJAF ʩʝ ʟʘ ʩʚʦʿʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʦʩʣʘˁʘ ʥʘ ʩʣʝʜʝ˂ʝ Java ɽɽ 

ʪʝʭʥʦʣʦʛʠʿʝ (Vidakoviĺ i dr. 2013): 

- JNDI (ʝʥʛ. Java Naming and Directory Interface): ʢʦʨʠʩʪʠ ʩʝ ʟʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʘʛʝʥʘʪʘ ʠ ʩʝʨʚʠʩʘ 

- JMS (ʝʥʛ. Java Message Service): ʦʙʝʟʙʝʹʫʿʝ ʢʦʤʫʥʠʢʘʮʠʦʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

(ʨʘʟʤʝʥʘ ʧʦʨʫʢʘ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ) 

- EJB (ʝʥʛ. Enterprise JavaBeans): ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ Ăʯʫʚʘʨʠ ʤʝʩʪʘ - ʟʘ ʘʛʝʥʪʝ ʠ 

ʩʝʨʚʠʩʝ 

- ʉʝʨʠʿʘʣʠʟʘʮʠʿʘ: ʧʦʜʨʰʢʘ ʤʦʙʠʣʥʦʩʪʠ ʠ ʧʝʨʟʠʩʪʝʥʪʥʦʩʪʠ ʘʛʝʥʘʪʘ - Java PKI 

API: ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʝʢʠʭ ʙʝʟʙʝʜʥʦʩʥʠʭ ʩʠʩʪʝʤʘ 

- JAXB (ʝʥʛ. Java Architecture for XML Binding): ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʢʦʨʠʰ˂ʝˁʝ 

ʟʘʜʘʪʘʢʘ ʦʧʠʩʘʥʠʭ XML ʿʝʟʠʢʦʤ. 

XJAF ʿʝ ʧʨʦʿʝʢʪʦʚʘʥ ʢʘʦ ʤʦʜʫʣʘʨʥʠ ʩʠʩʪʝʤ (ʩʣʠʢʘ 4.2) ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʤʦʜʫʣʘ, ʦʜʥʦʩʥʦ ʤʝʥʘ˅ʝʨʘ.  

 

 

ʉʣʠʢʘ 4.2. ɻʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ XJAF ʦʢʨʫʞʝˁʘ 

 

ʉʚʘʢʠ ʤʝʥʘ˅ʝʨ ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʝʟʘʚʠʩʘʥ ʤʦʜʫʣ ʟʘʜʫʞʝʥ ʟʘ ʨʫʢʦʚʘˁʝ ʧʦʩʝʙʥʠʤ 

ʜʝʣʦʚʠʤʘ ʮʝʣʦʢʫʧʥʦʛ ʧʨʦʮʝʩʘ ʫʧʨʘʚˀʘˁʘ ʘʛʝʥʪʠʤʘ. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʧʨʝʜʥʦʩʪʠ 
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ʤʦʜʫʣʘʨʥʦʛ ʧʨʠʩʪʫʧʘ. ʅʘ ʧʨʠʤʝʨ, ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʝ ʣʘʢʦ 

ʧʨʦʰʠʨʠʪʠ ʜʦʜʘʚʘˁʝʤ ʥʦʚʠʭ ʤʝʥʘ˅ʝʨʘ. ʊʨʠ ʦʩʥʦʚʥʘ ʤʝʥʘ˅ʝʨʘ ʢʦʿʘ ʧʦʩʪʦʿʝ ʫ 

ʦʢʚʠʨʫ XJAF ʦʢʨʫʞʝˁʘ ʩʫ: ʤʝʥʘ˅ʝʨ ʘʛʝʥʘʪʘ, ʤʝʥʘ˅ʝʨ ʟʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ ʠ 

ʤʝʥʘ˅ʝʨ ʟʘ ʢʦʥʝʢʮʠʿʫ. 

ɻʣʘʚʥʠ ʤʝʥʘ˅ʝʨ XJAF ʦʢʨʫʞʝˁʘ - ʤʝʥʘ˅ʝʨ ʘʛʝʥʘʪʘ (ʝʥʛ. Agent manager) ʿʝ 

ʟʘʜʫʞʝʥ ʟʘ ʫʧʨʘʚˀʘˁʝ ʞʠʚʦʪʥʠʤ ʮʠʢʣʫʩʦʤ ʘʛʝʥʘʪʘ ʠ ʦʨʛʘʥʠʟʦʚʘˁʝ 

ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʘʛʝʥʘʪʘ. ʄʝʥʘ˅ʝʨ ʘʛʝʥʘʪʘ ʫʢˀʫʯʫʿʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ 

ʦʜʛʦʚʘʨʘʿʫ FIPA ʩʝʨʚʠʩʫ ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʘʛʝʥʘʪʘ (FIPA 2018). ɳʝʛʦʚʠ ʛʣʘʚʥʠ 

ʟʘʜʘʮʠ ʩʫ ʜʘ ʫʧʨʘʚˀʘʿʫ ʜʠʨʝʢʪʦʨʠʿʫʤʦʤ ʘʛʝʥʘʪʘ ʠ ʜʘ ʘʢʪʠʚʠʨʘʿʫ ʠ ʜʝʘʢʪʠʚʠʨʘʿʫ 

ʘʛʝʥʪʝ ʥʘ ʟʘʭʪʝʚ. ɼʘ ʙʠ ʧʦʜʨʞʘʦ ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʪʘ, ʤʝʥʘ˅ʝʨ ʘʛʝʥʘʪʘ ʢʦʨʠʩʪʠ ʜʚʘ 

ʜʠʨʝʢʪʦʨʠʿʫʤʘ: ʿʝʜʘʥ ʟʘ ʘʛʝʥʪʝ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʣʦʢʘʣʥʦ, ʘ ʜʨʫʛʠ ʟʘ ʘʛʝʥʪʝ ʢʦʿʠ 

ʩʫ ʥʘʧʫʩʪʠʣʠ ʪʨʝʥʫʪʥʫ ʠʥʩʪʘʥʮʫ ʠ ʧʨʝʙʘʮʠʣʠ ʩʝ ʥʘ ʫʜʘˀʝʥʫ ʠʥʩʪʘʥʮʫ XJAF-ʘ. 

ʂʘʩʥʠʿʝ ʩʝ ʘʛʝʥʪ ʤʦʞʝ ʣʘʢʦ ʣʦʮʠʨʘʪʠ ʚʘʹʝˁʝʤ ʝʚʠʜʝʥʮʠʿʝ ʠʟ ʧʨʚʦʛ 

ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʠʣʠ ʧʨʦʩʣʝʹʠʚʘˁʝʤ ʟʘʭʪʝʚʘ ʫʜʘˀʝʥʦʤ XJAF-ʫ ʢʦʿʠ ʿʝ ʙʠʦ ʩʘʯʫʚʘʥ 

ʫ ʜʨʫʛʦʤ ʜʠʨʝʢʪʦʨʠʿʫʤʫ. 

ɿʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ ʟʘʜʫʞʝʥ ʿʝ ʤʝʥʘ˅ʝʨ ʟʘ 

ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ (ʝʥʛ. Message manager). ʆʥ ʢʦʨʠʩʪʠ Java ʩʝʨʚʠʩ ʟʘ ʨʘʟʤʝʥʫ 

ʧʦʨʫʢʘ ʠ ʧʦʜʨʞʘʚʘ ʪʨʠ ʪʠʧʘ ʢʦʤʫʥʠʢʘʮʠʿʝ: 

1. ɸʛʝʥʪ ź XJAF, ʩʚʘʢʠ ʘʛʝʥʪ ʠʤʘ ʨʝʬʝʨʝʥʮʫ ʥʘ ʠʥʩʪʘʥʮʫ XJAF-ʘ ʠ ʤʦʞʝ 

ʜʠʨʝʢʪʥʦ ʧʦʟʚʘʪʠ ˁʝʛʦʚʝ ʤʝʪʦʜʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ 

ʢʦʤʫʥʠʮʠʨʘ ʩʘ ʘʛʝʥʪʦʤ ʪʘʢʦ ʰʪʦ ˂ʝ ʤʫ ʧʦʩʣʘʪʠ ʧʦʨʫʢʫ. 

2. ɸʛʝʥʪ ź ɸʛʝʥʪ, ʛʜʝ ʩʝ ʦʙʘ ʘʛʝʥʪʘ ʥʘʣʘʟʝ ʫ ʠʩʪʦʤ XJAF-ʫ. ʆʚʘ ʣʦʢʘʣʥʘ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʘʛʝʥʘʪʘ ʩʝ ʦʙʘʚˀʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʨʫʢʘ, ʫʟ ʧʦʤʦ˂ 

ʤʝʥʘ˅ʝʨʘ ʟʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ. 

3. ɸʛʝʥʪ ź ɸʛʝʥʪ, ʛʜʝ ʩʝ ʘʛʝʥʪʠ ʜʠʩʪʨʠʙʫʠʨʘʿʫ ʧʨʝʢʦ ʤʨʝʞʝ. ʆʚʘ ʫʜʘˀʝʥʘ 

ʤʝʹʫʘʛʝʥʪʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʪʘʢʦʹʝ ʩʝ ʦʩʣʘˁʘ ʥʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ ʧʨʠʤʝʥʦʤ 

ʤʝʥʘ˅ʝʨʘ ʟʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ. ɼʦʜʘʪʥʦ, ʫ ʦʚʦʤ ʩʮʝʥʘʨʠʿʫ ʩʝ ʢʦʨʠʩʪʠ 

ʤʝʥʘ˅ʝʨ ʟʘ ʢʦʥʝʢʮʠʿʫ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʩʣʘˁʝ ʧʦʨʫʢʝ ʫʜʘˀʝʥʦʤ ʘʛʝʥʪʫ. 

ʂʘʜʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʚʘ ʚʝʨʟʠʿʘ XJAF ʩʠʩʪʝʤʘ, 2003. ʛʦʜʠʥʝ (Vidakoviĺ 2003), ʟʘ 

ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ ʠ ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʨʠʰ˂ʝʥ ʿʝ KQML ʧʨʦʪʦʢʦʣ 

(Finin i dr. 1994). ʄʝʹʫʪʠʤ, ʚʨʝʤʝʥʦʤ ʿʝ ʨʘʟʚʠʿʝʥ ʥʦʚʠ ʩʪʘʥʜʘʨʜ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ - 

FIPA ACL (FIPA 2018) ʢʦʿʠ ʿʝ ʧʦʨʝʜ XJAF-ʘ ʫʩʚʦʿʝʥ ʠ ʫ ʤʥʦʛʠʤ ʜʨʫʛʠʤ 

ʤʫʣʪʠʘʛʝʥʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

ɿʘ ʧʦʚʝʟʠʚʘˁʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʥʩʪʘʥʮʠ XJAF-ʘ ʫ ʿʝʜʠʥʩʪʚʝʥ ʩʠʩʪʝʤ 

ʢʦʨʠʩʪʠ ʩʝ ʤʝʥʘ˅ʝʨ ʟʘ ʢʦʥʝʢʮʠʿʫ (ʝʥʛ. Connection manager) (Mitroviĺ i dr. 2014b). 

ʇʦʨʝʜ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ ʥʫʜʠ ʤʝʥʘ˅ʝʨ ʘʛʝʥʘʪʘ ʢʦʿʠ ʩʣʫʞʠ ʢʘʦ ʧʦʜʨʰʢʘ ʟʘ 

ʤʦʙʠʣʥʦʩʪ ʘʛʝʥʪʘ, XJAF ʫʢˀʫʯʫʿʝ ʦʢʚʠʨ ʟʘ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʠʚʘˁʝ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʠʥʩʪʘʥʮʠ ʦʢʨʫʞʝˁʘ. ɻʣʘʚʥʘ ʤʦʪʠʚʘʮʠʿʘ ʟʘ ʤʨʝʞʥʫ ʦʨʛʘʥʠʟʘʮʠʿʫ 

XJAF ʠʥʩʪʘʥʮʠ ʿʝ ʨʘʩʧʦʜʝʣʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʋʤʝʩʪʦ ʠʟʚʨʰʘʚʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʘʛʝʥʘʪʘ ʥʘ ʿʝʜʥʦʿ ʤʘʰʠʥʠ, ʤʥʦʛʦ ʿʝ ʝʬʠʢʘʩʥʠʿʝ ʢʦʨʠʩʪʠʪʠ ʚʠʰʝ ʨʘʯʫʥʘʨʘ, ʘ ʟʘʪʠʤ 

ʨʘʩʧʦʜʝʣʠʪʠ ʘʛʝʥʪʝ ʤʝʹʫ ˁʠʤʘ. 
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ʅʘ ʩʪʨʘʥʠ ʩʝʨʚʝʨʘ, Siebog ʫʚʦʜʠ ʿʦʰ ʿʝʜʥʦʛ ʤʝʥʘ˅ʝʨʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʢʣʠʿʝʥʪʩʢʠʤ ʘʛʝʥʪʠʤʘ ï ʚʝʙ ʢʣʠʿʝʥʪ ʤʝʥʘ˅ʝʨ. ʆʥ ʩʣʫʞʠ ʢʘʦ ʧʦʩʨʝʜʥʠʢ ʟʘ ʩʣʘˁʝ 

ʧʦʨʫʢʘ ʠʟʤʝʹʫ ʩʝʨʚʝʨʘ ʠ ʢʣʠʿʝʥʪʘ ʘ ʪʘʢʦʹʝ ʫʧʨʘʚˀʘ ʠ ʯʫʚʘˁʝʤ ʩʪʘˁʘ ʢʣʠʿʝʥʪʩʢʠʭ 

ʘʛʝʥʘʪʘ. 

ʋ ʦʨʠʛʠʥʘʣʥʦʿ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ, ʜʠʩʪʨʠʙʫʠʨʘʥʝ XJAF ʠʥʩʪʘʥʮʝ ʩʫ 

ʦʨʛʘʥʠʟʦʚʘʥʝ ʫ ʩʪʨʫʢʪʫʨʫ ʥʘʣʠʢ ʩʪʘʙʣʫ, ʩʘ ʧʨʠʤʘʨʥʠʤ XJAF-ʦʤ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʢʦʨʝʥ ʩʪʘʙʣʘ. ʂʘʩʥʠʿʝ ʿʝ ʩʪʨʫʢʪʫʨʘ ʥʘʣʠʢ ʩʪʘʙʣʫ ʟʘʤʝˁʝʥʘ ʧʦʪʧʫʥʦ ʧʦʚʝʟʘʥʠʤ 

ʛʨʘʬʦʤ, ʫ ʥʘʩʪʦʿʘˁʫ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʰʢʝ ʫ ʦʢʚʠʨʫ XJAF ʤʨʝʞʝ. 

ʅʝʜʦʩʪʘʪʘʢ XJAF ʢʦʤʧʦʥʝʥʪʝ Siebog-ʘ ʿʝ ʦʛʨʘʥʠʯʝʥʦʩʪ ʥʘ Java ʧʨʦʛʨʘʤʩʢʠ 

ʿʝʟʠʢ ʠ ʯʠˁʝʥʠʮʘ ʜʘ Java ʘʛʝʥʪʠ ʥʝ ʤʦʛʫ ʢʦʤʫʥʠʮʠʨʘʪʠ ʩʘ ʘʛʝʥʪʠʤʘ ʢʦʿʠ ʩʝ 

ʠʟʚʨʰʘʚʘʿʫ ʫ ʥʝʢʦʤ ʜʨʫʛʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ ʥʠʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʫ Javi. ɼʘ ʙʠ ʩʝ 

ʨʝʰʠʦ ʧʨʦʙʣʝʤ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠ ʦʤʦʛʫ˂ʠʣʘ ˁʝʛʦʚʘ ʰʠʨʘ ʫʧʦʪʨʝʙʘ, XJAF ʿʝ 

ʧʨʚʦʙʠʪʥʦ ʨʝʜʠʟʘʿʥʠʨʘʥ ʢʘʦ ʩʝʨʚʠʩʥʦ ʦʨʠʿʝʥʪʠʩʘʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʝʥʛ. Service-

Oriented Architecture - SOA). ʅʦʚʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ ʥʘ SOA ʥʘʟʚʘʥ 

SOM (SOA - based MAS), ʟʘʜʨʞʘʦ ʿʝ Java ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʫ ʧʣʘʪʬʦʨʤʫ ʘʣʠ ʩʫ 

ʤʝʥʘ˅ʝʨʠ ʨʝʜʝʬʠʥʠʩʘʥʠ ʢʘʦ ʚʝʙ ʩʝʨʚʠʩʠ (Mitroviĺ, Ivanoviĺ i Vidakoviĺ 2011). 

ʄʝʹʫʪʠʤ, ʿʘʚʠʦ ʩʝ ʥʦʚʠ ʧʨʦʙʣʝʤ ʧʨʠ ʠʟʚʨʰʘʚʘˁʫ ʘʛʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʚʠʰʝ 

ʧʣʘʪʬʦʨʤʠ ʢʦʿʝ ʥʠʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ ʠʩʪʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ɸʢʦ ʿʝ ʘʛʝʥʪ 

ʥʘʧʠʩʘʥ ʫ Javi ʠ ʠʟʚʨʰʘʚʘ ʩʝ ʫ ʤʫʣʪʠʘʛʝʥʪʩʢʦʤ ʦʢʨʫʞʝˁʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦʤ 

ʪʘʢʦʹʝ ʫ Javi, ʥʝ ʤʦʞʝ ʩʝ ʧʨʝʙʘʮʠʪʠ ʠ ʠʟʚʨʰʘʚʘʪʠ ʫ ʜʨʫʛʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʥʧʨ. ʫ JavaScript ʠʣʠ Python ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ. ɼʘ ʙʠ ʩʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʨʝʰʠʦ ʧʨʦʙʣʝʤ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʪʿ. ʧʣʘʪʬʦʨʤʩʢʝ ʥʝʟʘʚʠʩʥʦʩʪʠ, 

ʨʘʟʚʠʿʝʥ ʿʝ ʫʥʠʚʝʨʟʘʣʥʠ ʿʝʟʠʢ ʟʘ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʩʢʠʭ ʘʛʝʥʘʪʘ ï ALAS (Mitroviĺ, 

Ivanoviĺ i Vidakoviĺ 2011; Mitroviĺ i dr. 2014c; Okanoviĺ i dr. 2014). ʆʩʥʦʚʥʘ ʩʚʨʭʘ 

ALAS-ʘ ʿʝ ʜʘ ʦʤʦʛʫ˂ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ ʧʦʜʨʞʠ ʠʟʚʨʰʘʚʘˁʝ ʘʛʝʥʘʪʘ ʫ 

ʭʝʪʝʨʦʛʝʥʠʤ ʦʢʨʫʞʝˁʠʤʘ. ɼʘ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʘ ʩʪʨʫʢʪʫʨʘ ʿʝʟʠʢʘ, ʢʨʝʠʨʘʥʠ ʩʫ 

ʤʝʪʘ-ʤʦʜʝʣ ʠ ʛʨʘʤʘʪʠʢʘ ALAS ʿʝʟʠʢʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʪʨʝʙʘʤʘ ʘʛʝʥʘʪʘ. 

4.2 Radigost ï ʢʣʠʿʝʥʪʩʢʘ ʩʪʨʘʥʘ Siebog-ʘ 

ʅʘ ʢʣʠʿʝʥʪʩʢʦʿ ʩʪʨʘʥʠ Siebog ʥʫʜʠ ʥʠʟ ʧʦʛʦʜʥʦʩʪʠ ʢʦʿʝ ʤʫ ʦʤʦʛʫ˂ʫʿʫ 

ʧʣʘʪʬʦʨʤʩʢʫ ʥʝʟʘʚʠʩʥʦʩʪ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʭʘʨʜʚʝʨʩʢʠʭ ʠ 

ʩʦʬʪʚʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤʠ. ɿʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʢʣʠʿʝʥʪʩʢʝ ʩʪʨʘʥʝ Siebog-ʘ ʢʦʨʠʩʪʝ 

ʩʝ ʚʝʙ ʧʨʝʪʨʘʞʠʚʘʯʠ ʙʝʟ ʠʥʩʪʘʣʘʮʠʿʝ ʙʠʣʦ ʢʘʢʚʠʭ ʜʦʜʘʪʘʢʘ, ʰʪʦ ʿʝ ʥʘʿʚʝ˂ʘ 

ʧʨʝʜʥʦʩʪ ʢʣʠʿʝʥʪʩʢʝ ʩʪʨʘʥʝ Siebog-ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʤʫʣʪʠʘʛʝʥʪʩʢʝ ʧʣʘʪʬʦʨʤʝ 

ʤʝʹʫ ʢʦʿʠʤʘ ʩʫ ʠ ʥʝʢʝ ʦʜ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ, JADE (Bellifemine, Caire i Greenwood 

2007; JADE 2017), JaCaWeb (Minnoti, Santi i Ricci 2010) ʠʪʜ., ʢʦʿe ʦʜ ʢʦʨʠʩʥʠʢʘ 

ʟʘʭʪʝʚʘʿʫ ʠʥʩʪʘʣʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʦʜʘʪʘʢʘ. ʆʚʘ ʧʨʝʜʥʦʩʪ Siebogʘ ʿʝ 

ʧʨʦʠʩʪʝʢʣʘ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ Radigost, ʢʘʦ ʢʣʠʿʝʥʪʩʢʘ ʩʪʨʘʥʘ Siebog-ʘ, ʨʘʟʚʠʿʝʥ 

ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʘʦ ʰʪʦ ʩʫ HTML5 ʠ JavaScript ʢʦʿʠ ʩʫ 

ʧʦʜʨʞʘʥʠ ʦʜ ʩʪʨʘʥʝ ʩʢʦʨʦ ʩʚʠʭ ʚʝʙ ʧʨʝʪʨʘʞʠʚʘʯʘ. ʊʦ ʦʤʦʛʫ˂ʫʿʝ Radigost 

ʘʛʝʥʪʠʤʘ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʭʘʨʜʚʝʨʩʢʠʭ ʠ ʩʦʬʪʚʝʨʩʢʠʭ ʫʨʝʹʘʿʘ 
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ʢʘʦ ʰʪʦ ʩʫ ʧʘʤʝʪʥʠ ʪʝʣʝʬʦʥʠ, ʧʝʨʩʦʥʘʣʥʠ ʨʘʯʫʥʘʨʠ, ʪʘʙʣʝʪ ʫʨʝʹʘʿʠ, ʧʘʤʝʪʥʠ 

ʪʝʣʝʚʠʟʦʨʠ ʠʪʜ.  

ɱʝʜʥʘ ʦʜ ʢˀʫʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʛʝʥʘʪʘ ʿʝ ʜʨʫʰʪʚʝʥʘ ʠʥʪʝʨʘʢʮʠʿʘ. ʋ 

Radigost-ʫ, ʦʚʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝ ʧʦʩʪʠʞʝ ʧʨʝʢʦ ʘʩʠʥʭʨʦʥʝ ʨʘʟʤʝʥʝ ʧʦʨʫʢʘ. ɿʘ 

ʤʘʢʩʠʤʘʣʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ, ʧʣʘʪʬʦʨʤʘ ʢʦʨʠʩʪʠ ʚʝʙ ʚʦʨʢʝʨʝ 

(ʝʥʛ. Web Workers) - ʧʦʩʪʦʿʝ˂ʫ, ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʨʘʟʤʝʥʫ 

ʧʦʨʫʢʘ. 

Radigost, ʢʘʦ ʤʫʣʪʠʘʛʝʥʪʩʢʘ ʧʣʘʪʬʦʨʤʘ, ʧʨʫʞʘ ʘʨʭʠʪʝʢʪʫʨʥʫ ʧʦʜʨʰʢʫ ʟʘ 

ʠʟʚʨʰʘʚʘˁʝ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʚʦʿʠʭ ʘʛʝʥʘʪʘ. ɳʝʛʦʚʝ ʦʩʥʦʚʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

ʫʢˀʫʯʫʿʫ ʫʧʨʘʚˀʘˁʝ ʞʠʚʦʪʥʠʤ ʮʠʢʣʫʩʦʤ ʘʛʝʥʘʪʘ, ʢʦʤʫʥʠʢʘʮʠʿʩʢʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʩʣʫʛʫ ʞʫʪʠʭ ʩʪʨʘʥʘ. ʅʘ ʧʨʠʤʝʨ, ʘʛʝʥʪʠ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʜʨʫʛʝ 

(ʘʢʪʠʚʥʝ ʠʣʠ ʥʝʘʢʪʠʚʥʝ) ʘʛʝʥʪʝ, ʩʪʚʦʨʠʪʠ ʥʦʚʝ ʠʥʩʪʘʥʮʝ ʘʛʝʥʘʪʘ ʠ ʩʪʫʧʠʪʠ ʫ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʘʛʝʥʪʠʤʘ ʢʦʿʠ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʥʝ ʩʘʤʦ ʫʥʫʪʘʨ ʩʠʩʪʝʤʘ, ʚʝ˂ ʠ ʫ 

ʥʝʢʠʤ ʜʨʫʛʠʤ ʢʦʤʧʘʪʠʙʠʣʥʠʤ ʤʫʣʪʠʘʛʝʥʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʤʨʝʞʠ. 

ʆʧʰʪʘ ʘʨʭʠʪʝʢʪʫʨʘ Radigost-ʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.3. ʇʣʘʪʬʦʨʤʘ 

ʫʢˀʫʯʫʿʝ ʢʣʠʿʝʥʪʩʢʫ ʠ ʩʝʨʚʝʨʩʢʫ ʩʪʨʘʥʫ. ʂʣʠʿʝʥʪʩʢʘ ʩʪʨʘʥʘ ʩʝ ʠʟʚʨʰʘʚʘ ʫʥʫʪʘʨ 

ʚʝʙ ʧʨʝʪʨʘʞʠʚʘʯʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʘʛʝʥʘʪʘ ʠ ʢʣʠʿʝʥʪʩʢʝ ʙʠʙʣʠʦʪʝʢʝ. ʂʣʠʿʝʥʪʩʢʘ 

ʙʠʙʣʠʦʪʝʢʘ ʥʫʜʠ ʚʝ˂ʠʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʧʣʘʪʬʦʨʤʝ ʘʛʝʥʪʠʤʘ ʠ ʧʨʦʛʨʘʤʝʨʠʤʘ. 

ʅʘ ʧʨʠʤʝʨ, ʦʙʝʟʙʝʹʫʿʝ ʧʨʦʪʦʪʠʧ ʘʛʝʥʪʘ ʢʦʿʠ ʜʝʬʠʥʠʰʝ ʦʩʥʦʚʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

ʟʘ ʩʚʝ ʘʛʝʥʪʝ. ɹʠʙʣʠʦʪʝʢʘ ʪʘʢʦʹʝ ʫʢˀʫʯʫʿʝ ʥʝʦʧʭʦʜʥʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʧʦʜʨʞʘʚʘʿʫ 

ʤʝʹʫʘʛʝʥʪʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʧʫʪʝʤ ʨʘʟʤʝʥʝ ʧʦʨʫʢʘ. ʇʦʨʝʜ ʪʦʛʘ, ʙʠʙʣʠʦʪʝʢʘ ʧʨʫʞʘ 

ʧʦʜʨʰʢʫ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʘʛʝʥʪʘ ʠ ʢʣʠʿʝʥʪʩʢʝ ʘʧʣʠʢʘʮʠʿʝ (ʥʧʨ. ʚʝʙ 

ʩʪʨʘʥʠʮʘ), ʢʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʢʨʦʟ ʜʦʙʨʦ ʧʦʟʥʘʪʠ ʰʘʙʣʦʥ ʟʘ ʥʘʜʛʣʝʜʘˁʝ ʜʠʟʘʿʥʘ 

ʩʦʬʪʚʝʨʘ (ʝʥʛ. ʆbserver software design pattern). 

ʅʘ ʩʝʨʚʝʨʩʢʦʿ ʩʪʨʘʥʠ Radigost-ʘ ʧʦʩʪʦʿʝ ʪʨʠ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ: ʤʝʥʘ˅ʝʨ 

ʩʪʘˁʘ, ʤʝʥʘ˅ʝʨ ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʠ ʛʝʿʪʚʝʿ (ʝʥʛ. Gateway) (Mitroviĺ i dr. 2014a).  

ɱʝʜʘʥ ʦʜ ʧʨʦʙʣʝʤʘ ʩʘ ʢʦʿʠʤ ʩʝ ʩʫʦʯʘʚʘʿʫ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤʠ ʘ ʢʦʿʠ ʩʝ 

ʿʘʚʠʦ ʠ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ Siebog-ʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʞʠʚʦʪʥʠ ʚʝʢ ʘʛʝʥʪʘ ʜʠʨʝʢʪʥʦ 

ʟʘʚʠʩʠ ʦʜ ʚʝʙ ʩʪʨʘʥʠʮʝ ʫ ʢʦʿʦʿ ʩʝ ʠʟʚʨʰʘʚʘ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʢʦʨʠʩʥʠʢ ʟʘʪʚʦʨʠ 

ʩʪʨʘʥʠʮʫ ʠʣʠ ʫʯʠʪʘ ʥʝʢʫ ʜʨʫʛʫ, ʘʛʝʥʪ ʧʨʝʩʪʘʿʝ ʜʘ ʧʦʩʪʦʿʠ. ʋ ʩʣʫʯʘʿʫ Siebog-ʘ ʦʚʘʿ 

ʧʨʦʙʣʝʤ ʩʝ ʨʝʰʘʚʘ ʧʦʤʦ˂ʫ ʤʝʥʘ˅ʝʨʘ ʩʪʘˁʘ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ʘʫʪʦʤʘʪʩʢʦ ʢʦʧʠʨʘˁʝ 

ʩʪʘˁʘ ʢʣʠʿʝʥʪʩʢʠʭ ʘʛʝʥʘʪʘ ʥʘ ʩʝʨʚʝʨ. ʂʘʜʘ ʢʦʨʠʩʥʠʢ ʢʘʩʥʠʿʝ ʧʦʥʦʚʦ ʫʯʠʪʘ 

ʩʪʨʘʥʠʮʫ, ʩʪʘˁʝ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʚʨʘ˂ʘ ʫ ʘʛʝʥʪʘ ʪʘʢʦ ʜʘ ʘʛʝʥʪ ʥʘʩʪʘʚˀʘ ʜʘ ʩʝ 

ʠʟʚʨʰʘʚʘ ʢʘʦ ʜʘ ʠ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʟʘʪʚʘʨʘˁʘ ʩʪʨʘʥʠʮʝ. 
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ʉʣʠʢʘ 4.3. ʆʧʰʪʘ ʘʨʭʠʪʝʢʪʫʨʘ Radigost ʧʣʘʪʬʦʨʤʝ 

 

ʄʝʥʘ˅ʝʨ ʜʠʨʝʢʪʦʨʠʿʫʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘ ʩʪʘʥʜʘʨʜʥʫ ʫʩʣʫʛʫ ʞʫʪʠʭ ʩʪʨʘʥʘ. ʆʥ 

ʦʤʦʛʫ˂ʫʿʝ ʘʛʝʥʪʠʤʘ ʜʘ ʨʝʛʠʩʪʨʫʿʫ ʠ ʦʙʿʘʚˀʫʿʫ ʦʧʠʩʝ ʩʚʦʿʠʭ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠ 

ʧʨʝʪʨʘʞʫʿʫ ʜʨʫʛʝ ʨʝʛʠʩʪʨʦʚʘʥʝ ʘʛʝʥʪʝ. 

ɻʝʿʪʚʝʿ ʿʝ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʝʨʚʝʨʩʢʦʿ ʩʪʨʘʥʠ Radigost-ʘ ʢʦʿʘ ʧʦʚʝ˂ʘʚʘ 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ ʦʤʦʛʫ˂ʫʿʫ˂ʠ ˁʝʛʦʚʠʤ ʘʛʝʥʪʠʤʘ ʜʘ ʙʝʟ ʧʨʦʙʣʝʤʘ 

ʠʥʪʝʨʘʛʫʿʫ ʩʘ ʘʛʝʥʪʠʤʘ ʢʦʿʠ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʫ ʦʢʚʠʨʫ ʜʨʫʛʠʭ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ 

ʩʠʩʪʝʤʘ. ɻʝʿʪʚʝʿ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʧʦʜ-ʢʦʤʧʦʥʝʥʪʝ: bridge ʠ 

socket. Bridge ʧʨʝʩʣʠʢʘʚʘ ʠʤʝ ʘʛʝʥʪʘ ʠ ʪʨʘʥʩʬʦʨʤʠʰʝ FIPA ACL ʧʦʨʫʢʝ. Socket 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʢʘʥʘʣ ʟʘ ʨʘʟʤʝʥʫ ʧʦʨʫʢʘ ʠʟʤʝʹʫ Radigost-ʘ ʠ ʥʝʢʦʛ 

ʜʨʫʛʦʛ ʤʫʣʪʠʘʛʝʥʪʩʢʦʛ ʩʠʩʪʝʤʘ. Socket, ʟʘʩʥʦʚʘʥ ʥʘ WebSocket ʧʨʦʪʦʢʦʣʫ, 

ʦʤʦʛʫ˂ʫʿʝ ʧʦʪʧʫʥʫ ʦʙʦʩʪʨʘʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ: ʥʘ ʧʨʠʤʝʨ, Radigost ʘʛʝʥʪʠ ʥʝ ʩʘʤʦ 

ʜʘ ʤʦʛʫ ʩʣʘʪʠ ʧʦʨʫʢʝ JADE ʘʛʝʥʪʠʤʘ, ʚʝ˂ ʠ JADE ʘʛʝʥʪʠ ʤʦʛʫ ʧʦʢʨʝʥʫʪʠ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʙʠʣʦ ʢʦʿʠʤ Radigost ʘʛʝʥʪʦʤ ʢʦʿʠ ʨʘʜʠ ʫ ʙʠʣʦ ʢʦʿʝʤ ʢʣʠʿʝʥʪʫ ʫ 

ʤʨʝʞʠ. ʆʚʘ ʦʩʦʙʠʥʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ, ʿʝʨ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ 

Radigost-ʘ ʘ ʩʘʤʠʤ ʪʠʤ ʠ Siebog-ʘ. 

4.3 ʀʥʪʝʣʠʛʝʥʪʥʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝ˂ʠʥʝ ʤʫʣʪʠʘʛʝʥʪʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ BDI ʘʨʭʠʪʝʢʪʫʨʫ ʟʘ 

ʩʚʦʿʝ ʠʥʪʝʣʠʛʝʥʪʥʝ ʘʛʝʥʪʝ (Bordini i dr. 2009; Hoek i Wooldridge 2013; Hindriks 

2017; Pokahr i dr. 2014; Weiss 2013; Wooldridge 2009), Siebog ʿʝ ʜʦʙʠʦ ʧʦʜʨʰʢʫ ʟʘ 

ʨʘʩʫʹʠʚʘˁʝ ʫ ʚʠʜʫ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʢʦʿʠ ʿʝ 

ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 5 (Mitroviĺ 2015). ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ DNARS-ʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʢʦʛʥʠʪʠʚʥʠʤ ʠ ʨʝʟʦʥʫʿʫ˂ʠʤ ʘʨʭʠʪʝʢʪʫʨʘʤʘ ʿʝ ʧʨʠʤʝʥʘ 

ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʭ ʪʝʭʥʠʢʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʠ ʦʙʨʘʜʫ ʚʝʣʠʢʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ. ʆʚʘʿ 
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ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʫʿʝ DNARS-ʫ ʜʘ ʨʘʜʠ ʩʘ ʚʝʣʠʢʠʤ ʙʘʟʘʤʘ ʟʥʘˁʘ ʠ ʜʘʿʝ ʦʜʛʦʚʦʨʝ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʢʣʠʿʝʥʘʪʘ.  

ʇʨʠʣʠʢʦʤ ʠʥʪʝʛʨʘʮʠʿʝ ʩʝʨʚʝʨʩʢʦʛ ʜʝʣʘ Siebog-ʘ ʠ DNARS-ʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝ ʘʥʦʪʘʮʠʿʘ ʢʘʦ ʿʝʜʥʝ ʦʜ ʦʩʥʦʚʥʠʭ ʪʝʭʥʠʢʘ ʤʝʪʘ-ʧʨʦʛʨʘʤʠʨʘˁʘ ʫ Java 

ɽɽ ʧʣʘʪʬʦʨʤʘʤʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʧʨʦʛʨʘʤʝʨʠ ʧʨʠʤʝʥʦʤ ʘʥʦʪʘʮʠʿʘ ʤʦʛʫ ʥʧʨ. ʠʩʪʘ˂ʠ 

ʮʠˀʝʚʝ ʘʛʝʥʘʪʘ, ʧʨʠ ʯʝʤʫ ʩʠʩʪʝʤ ʫ ʧʦʟʘʜʠʥʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʚʦʜʠ ʩʠʛʥʘʣʝ ʢʦʿʝ 

ʰʘˀʝ DNARS-ʦʚ ʨʫʢʦʚʦʜʠʣʘʮ ʜʦʛʘʹʘʿʠʤʘ (ʝʥʛ. Event manager) ʫ ʧʦʟʠʚʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʪʦʜʘ. 

ʅʘʢʦʥ ʩʧʘʿʘˁʘ XJAF ʠ Radigost ʢʦʤʧʦʥʝʥʪʠ ʫ ʿʝʜʠʥʩʪʚʝʥ Siebog 

ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ ʠ ʜʦʜʘʚʘˁʝʤ ʣʦʛʠʢʝ ʟʘ ʥʝ-ʘʢʩʠʦʤʘʪʩʢʦ ʨʝʟʦʥʦʚʘˁʝ ʜʦʙʠʿʝʥ 

ʿʝ ʥʦʚʠ, ʠʥʪʝʣʠʛʝʥʪʥʠ ʤʫʣʪʠʘʛʝʥʪʩʢʠ ʩʠʩʪʝʤ. ʉʪʨʫʢʪʫʨʘ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.4.  

 

 

ʉʣʠʢʘ 4.4. ʉʪʨʫʢʪʫʨʘ ʥʦʚʦʛ, ʠʥʪʝʣʠʛʝʥʪʥʦʛ ʤʫʣʪʠʘʛʝʥʪʩʢʦʛ ʩʠʩʪʝʤʘ 

 

ALAS ʿʝ ʧʨʦʰʠʨʝʥ ʜʘ ʧʦʜʨʞʠ ʩʚʝ ʟʘʭʪʝʚʝ ʥʦʚʦʛ ʩʠʩʪʝʤʘ. ɼʘ ʙʠ ʩʝ ʜʠʟʘʿʥʠʨʘʦ 

ʰʪʦ ʝʬʠʢʘʩʥʠʿʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʨʘʟʚʦʿ ʘʛʝʥʘʪʘ ʠʟ ʫʩʢʦ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʜʦʤʝʥʘ, ʢʘʦ ʠ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ ʩʧʦʩʦʙʥʠʭ ʜʘ ʜʦʥʦʩʝ 

ʟʘʢˀʫʯʢʝ ʥʘ ʦʩʥʦʚʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʙʘʟʘ ʟʥʘˁʘ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʧʨʝʜʥʦʩʪʠ DSL ʠ 

AOPL ʥʘʚʝʜʝʥʠʭ ʫ ʧʦʛʣʘʚʫˀ 2. 
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5 DNARS 

DNARS ʫʚʝʜʝʥ ʫ (Mitroviĺ 2015) ʿʝ ʥʦʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘ ʨʝʟʦʥʦʚʘˁʝ ʢʦʿʘ ʩʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʚʦʿ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʘʛʝʥʘʪʘ. ʆʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝ ʧʦʿʘʚʠʣʘ ʢʘʦ 

ʧʦʜʨʰʢʘ Siebog ʦʢʨʫʞʝˁʫ ʫʚʦʜʝ˂ʠ ʘʛʝʥʪʝ ʩʘ ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ. 

ʆʩʥʦʚʥʠ ʮʠ ˀʦʚʠʭ ʘʛʝʥʘʪʘ ʿʝ ʜʘ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʥʘ ʦʩʥʦʚʫ ʚʝʣʠʢʠʭ ʙʘʟʘ ʟʥʘˁʘ ʧʨʠ 

ʯʝʤʫ ʥʝʢʠ ʜʝʣʦʚʠ ʙʘʟʘ ʟʥʘˁʘ ʯʝʩʪʦ ʤʦʛʫ ʙʠʪʠ ʥʝʢʦʥʟʠʩʪʝʥʪʥʠ ʠʣʠ ʥʝʜʦʚʦˀʥʠ ʟʘ 

ʜʦʥʦʰʝˁʝ ʟʘʢˀʫʯʘʢʘ. ɼʘ ʙʠ ʟʘʢˀʫʯʮʠ ʙʠʣʠ ʰʪʦ ʝʬʠʢʘʩʥʠʿʠ, ʠʥʪʝʣʠʛʝʥʮʠʿʘ 

DNARS-a ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʿ NAL ʣʦʛʠʮʠ ʟʘ ʨʝʟʦʥʦʚʘˁʝ ʢʦʿʘ 

ʚʝʦʤʘ ʫʩʧʝʰʥʦ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤʝ ʥʝʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʥʝʜʦʚʦˀʥʦʛ ʟʥʘˁʘ 

(Mitroviĺ 2015; Wang i Awan 2011; Wang 2006, 2013). 

ʇʦʪʨʝʙʘ ʟʘ ʦʙʨʘʜʦʤ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʟʘʭʪʝʚʘ ʧʨʠʤʝʥʫ ʤʦʜʝʨʥʠʭ 

ʩʪʘʥʜʘʨʜʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʦʜʘʮʠ ʠʟ ʚʝʣʠʢʠʭ ʙʘʟʘ ʟʥʘˁʘ ʢʦʿʝ 

ʢʦʨʠʩʪʠ DNARS ʫʛʣʘʚʥʦʤ ʥʝʤʘʿʫ ʩʪʘʪʠʯʢʫ ʩʪʨʫʢʪʫʨʫ, ʙʨʦʿ ʢʦʨʠʩʥʠʢʘ ʩʝ ʤʝʨʠ ʫ 

ʤʠʣʠʦʥʠʤʘ ʠ ʚʝʣʠʢʘ ʜʠʥʘʤʠʯʥʦʩʪ ʫʩʣʦʚʠʣʠ ʩʫ DNARS ʜʘ ʟʘ ʦʙʨʘʜʫ ʦʚʠʭ 

ʧʦʜʘʪʘʢʘ ʢʦʨʠʩʪʠ ʩʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʥʝʨʝʣʘʮʠʥʠʤ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ ï NoSQL ʠ 

ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʫ ʦʙʣʠʢʫ ʛʨʘʬʘ (Robinson, Webber i Eifrem 2013; Sadalage i Fowler 

2012; Tiwari 2011). DNARS ʿ ʝ ʟʘʩʥʦʚʘʥ ʥʘ Titan (2015) ʜʠʩʪʨʠʙʫʠʨʘʥʦʿ ʛʨʘʬ ʙʘʟʠ 

ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʬʫʥʢʮʠʦʥʠʰʝ ʫ ʦʢʚʠʨʫ ʥʝʨʝʣʘʮʠʦʥʝ Apache Cassandra ʙʘʟʝ 

ʧʦʜʘʪʘʢʘ
12

. ɹʘʟʘ ʟʥʘˁʘ ʟʘʩʥʦʚʘʥʘ ʥʘ NAL ʨʝʯʝʥʠʮʘʤʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʪʟʚ. 

ʫʩʤʝʨʝʥʠʤ ʛʨʘʬʦʤ ʦʩʦʙʠʥʘ (Robinson, Webber i Eifrem 2013) ʢʦʛʘ ʯʠʥʝ ʯʚʦʨʦʚʠ, 

ʚʝʟʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ (ʛʨʘʥʝ) ʠ ʩʚʦʿʩʪʚʘ ʯʚʦʨʦʚʘ ʠ ʛʨʘʥʘ. ʋ DNARS-ʫ, ʘʪʦʤʩʢʠ ʠ 

ʩʣʦʞʝʥʠ ʪʝʨʤʦʚʠ NAL ʨʝʯʝʥʠʮʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʯʚʦʨʦʚʠʤʘ, ʨʝʣʘʮʠʿʝ 

ʥʘʩʣʝʹʠʚʘˁʘ ʠ ʩʣʠʯʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʛʨʘʥʘʤʘ ʘ ʠʩʪʠʥʠʪʦʩʥʝ ʚʨʝʜʥʦʩʪʠ 

ʨʝʯʝʥʠʮʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʦʙʠʥʝ (ʩʚʦʿʩʪʚʘ) ʟʘʢʘʯʝʥʝ ʥʘ ʦʚʝ ʨʝʯʝʥʠʮʝ ʛʨʘʬʘ 

ʦʩʦʙʠʥʘ. ʉʣʠʢʘ 5.1 ʧʨʠʢʘʟʫʿʝ ʥʝʢʦʣʠʢʦ NAL ʨʝʯʝʥʠʮʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʛʨʘʬʦʤ 

ʦʩʦʙʠʥʘ. 

                                                           
 
12

 http://cassandra.apache.org 
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ʉʣʠʢʘ 5.1. ʉʢʫʧ ʧʨʦʠʟʚʦˀʥʠʭ NAL ʨʝʯʝʥʠʮʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʛʨʘʬ ʦʩʦʙʠʥʘ 

 

ʇʨʦʮʝʩ ʠʟʚʦʹʝˁʘ ʫ DNARS-ʫ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʩʢʫʧʦʤ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʠʣʘʟʘʢ ʠ 

ʧʨʠʩʪʫʧ ʝʣʝʤʝʥʪʠʤʘ ʛʨʘʬʘ ʦʩʦʙʠʥʘ. ɿʘ ʦʚʫ ʩʚʨʭʫ Titan ʛʨʘʬ ʢʦʨʠʩʪʠ ʜʦʤʝʥ-

ʦʨʠʿʝʥʪʠʩʘʥʠ ʝʢʩʧʨʝʩʠʚʥʠ Gremlin (2019) ʫʧʠʪʥʠ ʿʝʟʠʢ ʢʦʿʠ ʿʝ ʦʨʠʿʝʥʪʠʩʘʥ ʧʨʝʤʘ 

ʧʫʪʘˁʘʤʘ ʟʘ ʢʦʤʧʣʝʢʩʥʦ ʦʙʠʣʘʞʝˁʝ ʛʨʘʬʘ ʦʩʦʙʠʥʘ ʠ ʧʦʤʦ˂ʫ ˁʝʛʘ ʩʝ ʤʦʞʝ 

ʧʨʠʩʪʫʧʠʪʠ ʝʣʝʤʝʥʪʠʤʘ ʛʨʘʬʘ, ʘʥʘʣʠʟʠʨʘʪʠ ʠ ʤʦʜʠʬʠʢʦʚʘʪʠ ʛʨʘʬ. 

DNARS ʫʢˀʫʯʫʿʝ ʢʦʥʮʝʧʪʝ ʠ ʧʨʘʚʠʣʘ ʠʟʚʦʹʝˁʘ ʧʨʚʘ ʯʝʪʠʨʠ ʥʠʚʦʘ NAL 

ʣʦʛʠʢʝ ʢʦʿʘ ʩʫ ʦʧʠʩʘʥʘ ʫ ʧʦʛʣʘʚˀʫ 3: 

- ʈʝʣʘʮʠʿʝ ʥʘʩʣʝʹʠʚʘˁʘ ʠ ʩʣʠʯʥʦʩʪʠ, 

- ɼʝʜʫʢʮʠʿʘ, ʠʥʜʫʢʮʠʿʘ, ʘʙʜʫʢʮʠʿʘ, ʧʦʨʝʹʝˁʝ, ʘʥʘʣʦʛʠʿʘ ʠ ʥʘʣʠʢʦʚʘˁʝ, 

- ʀʟʙʦʨ ʠ ʨʝʚʠʟʠʿʘ ʠ  

- ʈʝʣʘʮʠʦʥʠ ʪʝʨʤʦʚʠ. 

ɼʠʟʘʿʥʠʨʘʥ ʢʘʦ ʩʘʤʦʩʪʘʣʘʥ ʩʠʩʪʝʤ, DNARS ʧʨʫʞʘ ʿʝʜʥʦʩʪʘʚʘʥ ʠʥʪʝʨʬʝʿʩ ʢʦʿʠ 

ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʨʘʟʥʠ ʩʧʦˀʥʠ ʢʣʠʿʝʥʪʠ (ˀʫʜʠ, ʩʦʬʪʚʝʨʩʢʠ ʘʛʝʥʪʠ ʠʣʠ ʥʝʢʠ 

ʩʣʠʯʥʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ). ʄʝʹʫʪʠʤ, ˁʝʛʦʚʘ ʦʩʥʦʚʥʘ ʩʚʨʭʘ ʿʝ ʜʘ ʧʨʫʞʘ 

ʧʦʜʨʰʢʫ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʝ ʘʛʝʥʪʝ (ʜʘ ʠʤ ʦʤʦʛʫ˂ʠ ʜʘ ʩʘʤʦʩʪʘʣʥʦ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʠ 

ʟʘʢˀʫʯʢʝ) ʫ Siebog ʤʫʣʪʠʘʛʝʥʪʩʢʦʤ ʦʢʨʫʞʝˁʫ. 

ɼʚʝ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ DNARS-ʘ ʦʧʠʩʘʥʝ ʫ (Mitroviĺ 2015) ʩʫ DNARS-ʦʚ 

ʤʝʭʘʥʠʟʘʤ ʠʟʚʦʹʝˁʘ ʠ ʧʦʟʘʜʠʥʩʢʘ ʙʘʟʘ ʟʥʘˁʘ. 

5.1 DNARS-ʦʚ ʤʝʭʘʥʠʟʘʤ ʠʟʚʦʹʝˁʘ 

DNARS-ʦʚ ʤʝʭʘʥʠʟʘʤ ʟʘ ʠʟʚʦʹʝˁʝ ʩʘʜʨʞʠ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ: 

- ʄʝʭʘʥʠʟʘʤ ʟʘ ʠʟʚʦʹʝˁʝ ʫʥʘʧʨʝʜ (ʝʥʛ. Forward inference engine) ʢʦʿʠ ʠʟʚʦʜʠ 

ʥʦʚʝ ʟʘʢˀʫʯʢʝ ʠ 








































































































































































