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ɄŮɟɑɚɖɣɖ 

 
ɆŰɖɜ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ ůɡɜŬɜŰɎɛŮ  Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ ɢɟɐůɖ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ 

ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ. ȾŬɗɩɠ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ ŮɝɡˊɖɟŮŰɖŰɩɜ ůɡɜŮɢɩɠ ŬɜŬˊŰɨůůɞɜŰŬɘ əŬɘ ɞɘ 

ɛɏɔɘůŰŮɠ ŰŬɢɨŰɖŰŮɠ ŭɘŬŭɘəŰɨɞɡ ˊɘɏɕɞɜŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŮ ɜɏŬ ɧɟɘŬ, ɓɚɏˊɞɡɛŮ Űɖɜ 

ůŰŬŭɘŬəɐ ŬɚɚɎ əŬɘ ůŰŬɗŮɟɐ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɞˊɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ ŮűŬɟɛɞɔɏɠ ŭɘŬŭɘəŰɨɞɡ. ȼ 

ɛŮŰɎɓŬůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ŮˊɘŰŬəŰɘəɐ ůŮ ŰɞɛŮɑɠ ɧˊɞɡ ɖ ɢɟɐůɖ Űɞˊɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ 

ŮɑɜŬɘ ˊɞɚɨˊɚɞəɖ, ɢɟɞɜɞɓɧɟŬ əŬɘ ŬˊŬɘŰŮɑ ůɖɛŬɜŰɘəɐ ŮɝɞɘəŮɑɤůɖ ɛŮ ŬɡŰɎ. ȰɜŬɠ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ 

ŰɞɛŮɑɠ ŮɑɜŬɘ əŬɘ ɖ ůɡɔɔɟŬűɐ əŬɘ Ůɝɞɛɞɑɤůɖ HDL (hardware description language, ɔɚɩůůŬ 

ˊŮɟɘɔɟŬűɐɠ ɡɚɘəɞɨ) əɩŭɘəŬ. 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬɜŬɚɎɓŬɛŮ Űɖɜ ůɢŮŭɑŬůɖ əŬɘ ɡɚɞˊɞɑɖůɖ ɛɑŬɠ 

ˊɚɐɟɞɡɠ ŭɘŬŭɘəŰɡŬəɐɠ ŮűŬɟɛɞɔɐɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɏɜŬ ŮɨɢɟɖůŰɞ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Ůɝɞɛɞɑɤůɖ HDL ˊɟɞɔɟŬɛɛɎŰɤɜ. ȼ ŮűŬɟɛɞɔɐ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ ɢɟɖůŰɩɜ ŬɚɚɎ əŬɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘɞɟɘůɛɏɜɖɠ ˊɟɧůɓŬůɖɠ ɔɘŬ ŮˊɘůəɏˊŰŮɠ, əŮɘɛŮɜɞɔɟɎűɞ ɛŮ ŮˊɘůɖɛɎɜůŮɘɠ 

ůɡɜŰŬəŰɘəɞɨ əŬɘ ɎɚɚŮɠ ŭɘŮɡəɞɚɨɜůŮɘɠ ůŰɖɜ ůɡɔɔɟŬűɐ əɩŭɘəŬ, Űɖɜ ŭɘŬŰɐɟɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ 

ɏɟɔɤɜ ɛŮ ˊɞɚɚŬˊɚɞɨɠ ůɡɜŰɎəŰŮɠ əŬɘ ŮůɤŰŮɟɘəɐ ŭɘŬɢŮɑɟɘůɖ ŬɟɢŮɑɤɜ,  Űɖɜ ɢɟɐůɖ əŬɘ ŭɘŬɜɞɛɐ 

ŮɝŬɟŰɖɛɎŰɤɜ ɐ ɓɘɓɚɘɞɗɖəɩɜ ɛŮ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ əŬɗɩɠ əŬɘ ůɨůŰɖɛŬ ŬˊŮɘəɧɜɘůɖɠ 

əɡɛŬŰɞɛɞɟűɩɜ ɛŮ ŭɡɜŬŰɧŰɖŰŮɠ ɚŮˊŰɞɛŮɟɞɨɠ ŬɜɎɚɡůɐɠ Űɞɡɠ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ.  ȼ ŮűŬɟɛɞɔɐ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ ˊɟɞůűɏɟŮɘ ˊɚɏɞɜ ɧɢɘ ɛɧɜɞ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ Űɖɜ ůɡɔɔɟŬűɐ HDL 

ˊɟɞɔɟŬɛɛɎŰɤɜ ŬɚɚɎ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ Ůɜɘůɢɨɞɡɜ əŬɘ ŭɘŮɡəɞɚɨɜɞɡɜ Űɖɜ ɧɚɖ ŭɘŬŭɘəŬůɑŬ. 

ȾŬŰɎ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɟɔŬůɑŬɠ ŭɧɗɖəŮ ˊɟɞůɞɢɐ ůŰɖɜ  əŬŰŬůəŮɡɐ Ůɜɧɠ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ ŮɟɔŬɚŮɑɞɡ ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ŬɜɎɔəŮɠ Ůɜɧɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɐ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, 

ɟ́ɞůűɏɟɞɡɛŮ ŰŬɡŰɧɢɟɞɜŬ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ɧˊɞɡ ɏɛˊŮɘɟɞɘ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ ɗŬ ɓɟɞɡɜ ɞɘəŮɑɞ 

əŬɘ əɞɜŰɎ ůŰŬ ŮɟɔŬɚŮɑŬ ɛŮ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɐŭɖ ŮɝɞɘəŮɘɤɗŮɑ Ůɜɩ ɜɏɞɘ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ ɗŬ 

ɛˊɞɟɏůɞɡɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ɢɤɟɑɠ ˊŮɟŬɘŰɏɟɤ ŮəˊŬɑŭŮɡůɖ. ɀŮŰŬűɏɟɞɜŰŬɠ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ HDL ˊɟɞɔɟŬɛɛɎŰɤɜ ůŮ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ, 

ɓɚɏˊɞɡɛŮ ɐŭɖ ɧɢɘ ɛɧɜɞ ɓŮɚŰɑɤůɖ ŬɚɚɎ əŬɘ ŮˊɏəŰŬůɖ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ŪɏŰɞɡɛŮ ˊɚɏɞɜ 

ůɖɛŬɜŰɘəɏɠ ɓɎůŮɘɠ ɔɘŬ Űɖɜ Ůɑůɞŭɞ Űɖɠ ůɡɚɚɞɔɘəɧŰɖŰŬɠ ůŮ ŬɡŰɐ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ɏɢɞɡɛŮ ɧɢɘ 

ɛɧɜɞ Űɖɜ ŬɜŰŬɚɚŬɔɐ ɘŭŮɩɜ əŬɘ əɩŭɘəŬ ŬɚɚɎ əŬɘ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ůɡɔɔɟŬűɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

Ŭˊɧ ɛɘŬ ɞɛɎŭŬ ˊɟɞɔɟŬɛɛŬŰɘůŰɩɜ. 

 

 

 

 

 

 

 

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ : ȺűŬɟɛɞɔɐ ůŰɞ ůɨɜɜŮűɞ, ȽůŰɧŰɞˊɞɠ, ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ HDL, Ʉɟɞůɞɛɞɑɤůɖ 

əɡɛŬŰɞɛɞɟűɩɜ, PHP, JavaScript, MySQL 



 

 

5 

 

 

  



 

 

6 

 

Abstract 
 

 In modern times we meet the development and deployment of web applications 

increasingly often. As serversô capabilities are constantly developing and maximum internet 

speeds ask more and more pressure for new boundaries, we see the gradual but steady transfer 

of local applications to web applications. This transfer is particularly pressing on areas where 

the use of local programs is complex, time consuming and requires considerable familiarity 

with them. One of these areas is the development and simulation of HDL (hardware description 

language) code. 

 In this thesis project, we undertook the design and implementation of a complete web 

application that offers a friendly and efficient environment to develop and simulate HDL 

programs. The presented application includes, inter alia, an integrated user system with the 

ability of limited access for visitors, text editor with syntax highlights and other facilities in 

writing code, the retention of different projects with multiple editors and internal file 

management, the use and distribution of components or libraries with other users and a 

waveform viewer system, featuring functions for detailed analysis by the user. The application 

developed offers not only the necessary functions for writing HDL programs, but also 

operations that enhance and facilitate the whole process. 

 During the projectôs development, attention was paid for the construction of an 

integrated tool that covers the needs of a developer. As a result, we offer simultaneously an 

environment where experienced developers will find familiar and close to the tools they are 

already acclimatized with, while new developers will be able to use without further training. 

Transporting the creation and simulation process of HDL programs in an online environment, 

we are already seeing not only the improvement but also an extension of this process. We set 

important bases for the entrance of collectivity in this process where there is not only the sharing 

of ideas and code, but also the simultaneous development by a team of programmers. 
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ȹɐɚɤůɖ ɄɜŮɡɛŬŰɘəɩɜ ȹɘəŬɘɤɛɎŰɤɜ 

 
ȹɖɚɩɜɤ ɟɖŰɎ ɧŰɘ, ůɨɛűɤɜŬ ɛŮ Űɞ Ɏɟɗɟɞ 8 Űɞɡ Ɂ. 1599/1986 əŬɘ ŰŬ ɎɟɗɟŬ 2,4,6 ˊŬɟ. 

3 Űɞɡ Ɂ. 1256/1982, ɖ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ ñȺˊŮɝŮɟɔŬůŰɐɠ, 

ɛŮŰŬɔɚɤŰŰɘůŰɐɠ əŬɘ ˊɟɞůɞɛɞɘɤŰɐɠ HDL ůŰɞ ůɨɜɜŮűɞ əŬɘ ŭɘŬŭɘəŰɡŬəɐ ŮűŬɟɛɞɔɐ ɔɘŬ Űɖɜ 

ůɢŮŭɑŬůɖ əɡɛŬŰɞɛɞɟűɩɜ ůɖɛɎŰɤɜ Ŭˊɧ HDL ́ ɟɞůɞɛɞɑɤůɖò əŬɗɩɠ əŬɘ ŰŬ ɖɚŮəŰɟɞɜɘəɎ ŬɟɢŮɑŬ 

əŬɘ ˊɖɔŬɑɞɘ əɩŭɘəŮɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ɐ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ůŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ 

ŬɜŬűɏɟɞɜŰŬɘ ɟɖŰɩɠ ɛɏůŬ ůŰɞ əŮɑɛŮɜɞ ˊɞɡ ůɡɜɞŭŮɨɞɡɜ, əŬɘ ɖ ɞˊɞɑŬ ɏɢŮɘ ŮəˊɞɜɖɗŮɑ ůŰɞ ɇɛɐɛŬ 

ɀɖɢŬɜɘəɩɜ Ʉɚɖɟɞűɞɟɘəɐɠ əŬɘ ɇɖɚŮˊɘəɞɘɜɤɜɘɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, 

ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ ɛɏɚɞɡɠ Űɞɡ ɇɛɐɛŬŰɞɠ ə. ȹŬůɡɔɏɜɖ ɀɖɜɎ, ŬˊɞŰŮɚŮɑ ŬˊɞəɚŮɘůŰɘəɎ ˊɟɞɥɧɜ 

ˊɟɞůɤˊɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ ŭŮɜ ˊɟɞůɓɎɚɚŮɘ əɎɗŮ ɛɞɟűɐɠ ˊɜŮɡɛŬŰɘəɎ ŭɘəŬɘɩɛŬŰŬ ŰɟɑŰɤɜ əŬɘ ŭŮɜ 

ŮɑɜŬɘ ˊɟɞɥɧɜ ɛŮɟɘəɐɠ ɐ ɞɚɘəɐɠ ŬɜŰɘɔɟŬűɐɠ, ɞɘ ˊɖɔɏɠ ŭŮ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ 

ůŰɘɠ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ŬɜŬűɞɟɏɠ əŬɘ ɛɧɜɞɜ. ɇŬ ůɖɛŮɑŬ ɧˊɞɡ ɏɢɤ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɘŭɏŮɠ, əŮɑɛŮɜɞ, 

ŬɟɢŮɑŬ ɐ / əŬɘ ˊɖɔɏɠ Ɏɚɚɤɜ ůɡɔɔɟŬűɏɤɜ, ŬɜŬűɏɟɞɜŰŬɘ ŮɡŭɘɎəɟɘŰŬ ůŰɞ əŮɑɛŮɜɞ ɛŮ Űɖɜ 

əŬŰɎɚɚɖɚɖ ˊŬɟŬˊɞɛˊɐ əŬɘ ɖ ůɢŮŰɘəɐ ŬɜŬűɞɟɎ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞ ŰɛɐɛŬ Űɤɜ ɓɘɓɚɘɞɔɟŬűɘəɩɜ 

ŬɜŬűɞɟɩɜ ɛŮ ˊɚɐɟɖ ˊŮɟɘɔɟŬűɐ. 

 ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ 

ɞɚɞəɚɐɟɞɡ ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ 

əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ 

ˊɟɞɦˊɧɗŮůɖ ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. 

ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ 

ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɜ ůɡɔɔɟŬűɏŬ. Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ 
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ȾŮűɎɚŬɘɞ 1 - ȺɘůŬɔɤɔɐ 
 

ɆŰɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ ɓɚɏˊɞɡɛŮ Űɞɜ ɟɧɚɞ Űɞɡ ŭɘŬŭɘəŰɨɞɡ ůɡɜŮɢɩɠ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ. 

ȾŬɗɩɠ ɞɘ ŭɡɜŬŰɏɠ ŰŬɢɨŰɖŰŮɠ Ŭɔɔɑɕɞɡɜ ůɡɜŮɢɩɠ ɜɏŬ ɧɟɘŬ, ɛŬɠ ŮˊɘŰɟɏˊŮŰŬɘ ɖ ɢɟɐůɖ Űɞɡ ůŮ ɜɏŮɠ 

ŮűŬɟɛɞɔɏɠ. ɄŬɟɎɚɚɖɚŬ ɖ ŬɜɎˊŰɡɝɖ ŮɝɡˊɖɟŮŰɖŰɩɜ ɛŮ ŬɜŬˊŰɡɔɛɏɜŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ, ˊɞɡ 

ŬɟəŮŰɏɠ űɞɟɏɠ ɝŮˊŮɟɜɞɨɜ ůŮ ŮɜŰɡˊɤůɘŬəɧ ŮˊɑˊŮŭɞ ŬɡŰɏɠ Űɤɜ ˊɟɞůɤˊɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ, 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ŬˊŬɘŰɖŰɘəɩɜ ŮűŬɟɛɞɔɩɜ ůŮ ůɡůəŮɡɏɠ ɛŮ ˊŮɟɘɞɟɘůɛɏɜɞɡɠ ˊɧɟɞɡɠ. 

ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɜɘůɢɨŮŰŬɘ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ɧŰŬɜ ɔɑɜŮŰŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ɢɟɐůɖ ˊɞɚɚŬˊɚɩɜ 

ŮɝɡˊɖɟŮŰɖŰɩɜ ɔɘŬ Űɖɜ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ ɛɘŬɠ ŮűŬɟɛɞɔɐɠ ɐ ŬˊɞɗɐəŮɡůɖ ŭŮŭɞɛɏɜɤɜ. Ⱥˊɑůɖɠ 

əŬŰɎ Űɖɜ ˊɞɟŮɑŬ Űɖɠ ˊɟɞɧŭɞɡ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɘ ɢɟɐůŰŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ əɘɜɖŰɏɠ ůɡůəŮɡɏɠ 

ɔɘŬ ɜŬ ŬˊɞəŰɐůɞɡɜ ˊɟɧůɓŬůɖ ůŮ ŮűŬɟɛɞɔɏɠ əŬɘ ˊɟɞɔɟɎɛɛŬŰŬ  ˊɞɡ Űɞɡɠ ˊɟɞůűɏɟɞɡɜ ɏɜŬ 

ˊŮɟɘɓɎɚɚɞɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Ůɜɩ ɞɘ ŬˊŬɘŰɖŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡɠ Űɟɏɢɞɡɜ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. 

ȰɢɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ, ɔɑɜŮŰŬɘ ˊɚɏɞɜ əŬŰŬɜɞɖŰɧɠ ɞ ɚɧɔɞɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ ɛŬɠ ůŮ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ. ȼ Ůˊɘɚɞɔɐ ŬɡŰɐ ɛŬɠ ŮˊɏŰɟŮɣŮ ɜŬ ɗɏůɞɡɛŮ 

ůŰɧɢɞɡɠ Űɧůɞ ˊɟɞɠ Űɖɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ɧůɞ əŬɘ ˊɟɞɠ Űɖɜ ˊɟɞůɘŰɧŰɖŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. ūɡůɘəɎ 

ɖ ˊɟɞůɘŰɧŰɖŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮˊɏűŮɟŮ əŬɘ Űɖɜ ŬɜŬˊɧűŮɡəŰɖ ŮˊŬűɐ Űɖɠ ɛŮ əŬəɧɓɞɡɚŮɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ əɘ ɏŰůɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŬɜɎɔəɖ ɔɘŬ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ Ůɚɏɔɢɞɡɠ ŬůűŬɚŮɑŬɠ. 

ȳˊɤɠ ɔɑɜŮŰŬɘ ˊɚɏɞɜ űŬɜŮɟɧ, ɞɘ ŬɜŮˊŰɡɔɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ŭɘŬŭɘəŰɡŬəɧ 

ˊŮɟɘɓɎɚɚɞɜ, Űɖɜ ŮəɗɏŰɞɡɜ ůŮ Ůˊɘˊɚɏɞɜ əɘɜŭɨɜɞɡɠ ˊɞɡ ˊɟɏ́ Ůɘ ɜŬ əŬɚɡűɗɞɨɜ. ɆŮ ŮˊɧɛŮɜŬ 

əŮűɎɚŬɘŬ ɔɑɜŮŰŬɘ ɚŮˊŰɞɛŮɟɐɠ ŬɜŬűɞɟɎ ůŰɞɜ Űɟɧˊɞ ɡɚɞˊɞɑɖůɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɧˊɞɡ ɔɑɜɞɜŰŬɘ 

əŬŰŬɜɞɖŰɏɠ əŬɘ ɞɘ  Ůˊɘɚɞɔɏɠ ˊɞɡ əɎɜŬɛŮ ɔɘŬ Űɞɜ Űɟɧˊɞ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ ˊŬɟŬˊɎɜɤ  

ŬˊŬɘŰɐůŮɤɜ. ȰɢɞɜŰŬɠ ɡˊɧɣɖ Űɧůɞ Űɖɜ ɨˊŬɟɝɖ ŬɡŰɩɜ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ɧůɞ əŬɘ Űɤɜ 

ŭɡɜŬŰɞŰɐŰɤɜ ˊɞɡ ɛŬɠ ˊɟɞůűɏɟɞɜŰŬɘ, ɔɑɜŮŰŬɘ űŬɜŮɟɧɠ ɞ ɚɧɔɞɠ ˊɞɡ ɛɘŬ ŭɘŬŭɘəŰɡŬəɐ ŮűŬɟɛɞɔɐ 

ɏɢŮɘ ɏɜŬɜ ɟɘɕɘəɎ ŭɘŬűɞɟŮŰɘəɧ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ Ŭˊɧ ɛɑŬ Űɞˊɘəɐ ŮűŬɟɛɞɔɐ Ŭəɧɛɖ əŬɘ ɧŰŬɜ 

ŮəŰŮɚɞɨɜ ˊŬɟɧɛɞɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

ȼ ˊɞɟŮɑŬ Ůɝɏɚɘɝɖɠ Űɤɜ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ ɓɟɑůəŮŰŬɘ Ŭəɧɛɖ ůŮ ŬɟɢɘəɎ ůŰɎŭɘŬ. 

ɀˊɞɟɞɨɛŮ ɜŬ ˊŮɟɘɛɏɜɞɡɛŮ, ůŰɞ ɎɛŮůɞ ɛɏɚɚɞɜ, ůɖɛŬɜŰɘəɏɠ ŬɚɚŬɔɏɠ əŬɘ ɓŮɚŰɘɩůŮɘɠ ˊɞɡ ɗŬ 
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Ŭɔɔɑɝɞɡɜ ɧɚŮɠ Űɘɠ ŮűŬɟɛɞɔɏɠ ůŮ ŬɡŰɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɆŰɞ Űɏɚɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ɔɑɜɞɜŰŬɘ ŬɜŬűɞɟɏɠ 

ɔɘŬ ˊɘɗŬɜɏɠ ɛŮɚɚɞɜŰɘəɏɠ ŮˊŮəŰɎůŮɘɠ. ȷɡŰɏɠ ɞɘ ŮˊŮəŰɎůŮɘɠ Ŭűɞɟɞɨɜ əɡɟɑɤɠ Űɘɠ ɑŭɘŮɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ. ɁɏŮɠ ɧɛɤɠ ŮɝŮɚɑɝŮɘɠ Űɧůɞ ůŰɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ŮɝɡˊɖɟŮŰɖŰɩɜ ɧůɞ əŬɘ 

ůŰɘɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ ŭɘəŰɨɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭɜɞɑɝɞɡɜ Űɞɜ ŭɟɧɛɞ ɔɘŬ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŬɡŰɐ Űɖ ůŰɘɔɛɐ 

ɗŬ ŬˊŬɘŰɞɨůŬɜ ɡˊŮɟɓɞɚɘəɞɨɠ ˊɧɟɞɡɠ. ɄŬɟɎɚɚɖɚŬ, ŮɝŮɚɑɝŮɘɠ ůŰɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ŭɖɛɘɞɡɟɔɞɨɜ ɐŭɖ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɧˊɤɠ ɖ ɢɟɐůɖ HTML 5 əŬɘ Űɞɡ ůŰɞɘɢŮɑɞɡ 

ócanvasô ˊɞɡ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ɢɟɐůɖ Űɖɠ əɎɟŰŬɠ ɔɟŬűɘəɩɜ ůŮ ŮűŬɟɛɞɔɏɠ ˊŮɟɘɖɔɖŰɩɜ 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ Űɞɡ ɢɟɐůŰɖ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɝŮɘŭɘəŮɡɛɏɜɞɠ ɔɘŬ ŰɏŰɞɘŮɠ 

ɚŮɘŰɞɡɟɔɑŮɠ. 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŬɡŰɧ ɗŬ ŬɜŬɚɨůɞɡɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ, ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɖ HDL ́ ɟɞɔɟŬɛɛɎŰɤɜ əŬɘ Űɞ ɓɞɖɗɖŰɘəɧ ŮɟɔŬɚŮɑɞ 

Űɖɠ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ əɡɛŬŰɞɛɞɟűɩɜ ůɖɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ əŬɗɩɠ 

əŬɘ ɧɚŬ ŰŬ ůŰɎŭɘŬ ɡɚɞˊɞɑɖůɐɠ Űɞɡɠ Ŭˊɧ Űɖɜ ɘŭɏŬ ɤɠ Űɖ ŭɖɛɘɞɡɟɔɑŬ. ŪŬ ŭɞɨɛŮ ŬɜŬɚɡŰɘəɎ Űɞɡɠ 

ɚɧɔɞɡɠ ˊɞɡ ůɢŮŭɘɎůŰɖəŮ ŬɡŰɐ ɖ ŮűŬɟɛɞɔɐ, ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, Űɞɜ Űɟɧˊɞ 

ɡɚɞˊɞɑɖůɖɠ əŬɗɩɠ əŬɘ Űɞɜ Űɟɧˊɞ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŬˊŬɘŰɐůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬɘ Űɏɚɞɠ Űɞɜ 

Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɆɡɜɞɚɘəɎ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬŭɘəŬůɑŬ 

ŬɜɎˊŰɡɝɐɠ əŬɘ ůɢŮŭɑŬůɖɠ ɛɑŬɠ ŭɘŬŭɘəŰɡŬəɐɠ ŮűŬɟɛɞɔɐɠ. 

 

1.1 ȾɑɜɖŰɟŬ əŬɘ ɆŰɧɢɞɘ Ɉɚɞˊɞɑɖůɖɠ 
 

Ƀ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ůŮ HDL ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊɟɞɔɟŬɛɛɎŰɤɜ ɔɘŬ Űɖɜ 

ˊŮɟɘɔɟŬűɐ əɡəɚɤɛɎŰɤɜ. ȰɜŬ ˊɟɧɔɟŬɛɛŬ HDL ˊŮɟɘɔɟɎűŮɘ ɏɜŬ ɣɖűɘŬəɧ ůɨůŰɖɛŬ əŬɘ ɛŬɠ 

ŮˊɘŰɟɏˊŮɘ Űɧůɞ Űɖɜ ŬɜɎɚɡůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɐ Űɞɡ ˊɟɘɜ Űɞ ŮɘůɎɔɞɡɛŮ ůŰɞ ɡɚɘəɧ ɧůɞ əŬɘ Űɖɜ 

ůɨɜɗŮůɐ Űɞɡ ůŮ ˊɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜŮɠ ˊɚŬəɏŰŮɠ ɢɤɟɑɠ Űɖɜ ŬˊŬɑŰɖůɖ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɞɡ 

ɞɚɞəɚɖɟɤɛɏɜɞɡ əɡəɚɩɛŬŰɞɠ. ȳˊɤɠ ɔɑɜŮŰŬɘ ˊɟɞűŬɜɏɠ, ɏɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɞɟɧůɖɛɞ ŬɡŰɐɠ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ əɩŭɘəŬ. ɀɏůɤ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɖ 

ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɎɛŮůŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ ɏɜŬ Ůɘəɞɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ. 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɔɚɩůůŮɠ HDL ɧˊɤɠ ɖ VHDL (Very High Speed Integrated Circuit HDL, 

ɞ́ɚɨ ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ ɞɚɞəɚɖɟɤɛɏɜɤɜ əɡəɚɤɛɎŰɤɜ HDL) əŬɘ ɖ Verilog, ŮɛŮɑɠ ɗŬ 

ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɖɜ VHDL. ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ɔɚɩůůŬ VHDL ŰŬ ŭɘŬɗɏůɘɛŬ ˊɟɞɔɟɎɛɛŬŰŬ 

ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ əɡɟɑɤɠ ŮɛˊɞɟɘəɎ əŬɘ ˊɎɜŰŬ ŰɞˊɘəɎ. ȳˊɤɠ 

ɔɑɜŮŰŬɘ ŮɨəɞɚŬ ŬɜŰɘɚɖˊŰɧ ŬɡŰɏɠ ɞɘ ɘŭɘɧŰɖŰŮɠ ˊɟɞəŬɚɞɨɜ ˊɞɚɚɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůŮ ɛɘŬ Űɧůɞ 

ůɖɛŬɜŰɘəɐ ŮűŬɟɛɞɔɐ. ȰŰůɘ ˊɟɞɏəɡɣŮ ɖ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŭɤɟŮɎɜ əŬɘ ŬɜɞɘɢŰɞɨ 

əɩŭɘəŬ ŮűŬɟɛɞɔɐɠ ˊɞɡ ɗŬ ˊɟɞůűɏɟŮɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŮɟɔŬɚŮɑŬ ůŮ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ.  

ȼ ŮűŬɟɛɞɔɐ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɢŮɘ ɤɠ ˊɟɩŰɞ ůŰɧɢɞ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

əŬɘ Űɞɜ ɏɚŮɔɢɞ ˊɟɞɔɟŬɛɛɎŰɤɜ HDL. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɘůŰɞůŮɚɑŭŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŭɘŬŰɐɟɖůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ əŬɗɩɠ əŬɘ Űɖɜ ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɐ 

Űɞɡɠ. ɈˊɞůŰɖɟɑɕɞɜŰŬɘ ŰɟŮɘɠ ɞɜŰɧŰɖŰŮɠ ɢɟɖůŰɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ŭɘəŬɘɩɛŬŰŬ, Űɞɜ ŮˊɘůəɏˊŰɖ, 

ŮɔɔŮɔɟŬɛɛɏɜɞɡ ɢɟɐůŰɖ əŬɘ ŭɘŬɢŮɘɟɘůŰɐ. ȺˊɘŰɟɏˊŮɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ŬɟɢŮɑɤɜ ůŮ 

əŮɘɛŮɜɞɔɟɎűɞ ɛŮ Ůɘŭɘəɏɠ ŮˊɘůɖɛɎɜůŮɘɠ, Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ŮɜůɤɛŬŰɤɛɏɜɞ 

ŮɟɔŬɚŮɑɞ ˊɟɞɓɞɚɐɠ əɡɛŬŰɞɛɞɟűɩɜ əŬɗɩɠ əŬɘ Űɖɜ ŭɘŬɛɞɑɟŬůɖ ŬɟɢŮɑɤɜ ɤɠ ŮɝŬɟŰɐɛŬŰŬ ɛŮŰŬɝɨ 

ɢɟɖůŰɩɜ. ũŮɜɘəɎ, ɖ ŮűŬɟɛɞɔɐ ɛŬɠ ůŰɞɢŮɨŮɘ ɜŬ ˊɟɞůűɏɟŮɘ ůŮ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ HDL Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ əŬɘ ŬɜɎɚɡůɖɠ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ Űɞɡɠ ůŮ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ. 



ȾŮűɎɚŬɘɞ 1 - ȺɘůŬɔɤɔɐ 
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ȼ ŮɛˊɞɟɘəɧŰɖŰŬ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ űɡůɘəɎ ɛɘŬ ŬɜŬɛŮɜɧɛŮɜɖ əŬŰɎůŰŬůɖ ɧŰŬɜ 

ŬɡŰɧ ŬɜŬˊŰɨůůŮŰŬɘ Ŭˊɧ ŮŰŬɘɟɑŮɠ ˊɞɡ ɏɢɞɡɜ ɤɠ ůəɞˊɧ Űɞ əɏɟŭɞɠ. ɇɏŰɞɘŬ ˊɟɞɔɟɎɛɛŬŰŬ 

ůŰɞɢŮɨɞɡɜ ůŮ əɞɘɜɧ ˊŬɟɧɛɞɘŬɠ ŮɛɓɏɚŮɘŬɠ, ůɡɜɐɗɤɠ ɎɚɚŮɠ ŮŰŬɘɟɑŮɠ ˊɞɡ ŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɔɘŬ 

Űɖɜ ˊŬɟŬɔɤɔɐ ŭɘəɩɜ Űɞɡɠ ˊɟɞɥɧɜŰɤɜ ɐ ɡˊɖɟŮůɘɩɜ. ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɧɛɤɠ ɏɜŬ əŮɜɧ ˊɟɞɠ Űɞ 

ɡˊɧɚɞɘˊɞ ŮɜŭɘŬűŮɟɧɛŮɜɞ əɞɘɜɧ ɧˊɤɠ ɖ ŬəŬŭɖɛŬɥəɐ əɞɘɜɧŰɖŰŬ ɧˊɞɡ ůəɞ́ɧɠ ŮɑɜŬɘ ɖ ɏɟŮɡɜŬ, ɖ 

ŬɜɎˊŰɡɝɖ əŬɘ ɖ ŮəˊŬɑŭŮɡůɖ əŬɘ ɧɢɘ Űɞ əɏɟŭɞɠ. ɆŮ ɏɜŬ ŰɏŰɞɘɞ əɞɘɜɧ ŰŬ ɘŭŬɜɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ 

ŭŮɜ ŮɑɜŬɘ ɛɧɜɞ ŭɤɟŮɎɜ ŬɚɚɎ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ŬɡŰɎ ɜŬ ɛŮɚŮŰɖɗɞɨɜ əŬɘ 

ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ˊŮɟŬɘŰɏɟɤ. ȰŰůɘ ɔɑɜŮŰŬɘ ˊɚɏɞɜ űŬɜŮɟɧɠ ɞ ˊɟɩŰɞɠ ůŰɧɢɞɠ əŬɘ Űɞ ɓŬůɘəɧ 

əɑɜɖŰɟɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. 

 Ƀ ŭŮɨŰŮɟɞɠ ůŰɧɢɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŰɡŬəɐ Űɖɠ űɨůɖ. ȼ ˊɟɩŰɖ ŮɛűŬɜɐɠ 

ŮˊɑŭɟŬůɖ ŬɡŰɐɠ Űɖɠ űɨůɖɠ ŮɑɜŬɘ ɖ ˊɟɞůɘŰɧŰɖŰŬ. ȼ ŮűŬɟɛɞɔɐ ˊɚɏɞɜ ɔɑɜŮŰŬɘ ˊɟɞůɓɎůɘɛɖ Ŭˊɧ 

ɞˊɞɘɞɜŭɐˊɞŰŮ ɡˊɞɚɞɔɘůŰɐ ɛŮ ůɨɜŭŮůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ əŬɘ ɡˊɞůŰɐɟɘɝɖ Ůɜɧɠ ůɨɔɢɟɞɜɞɡ 

ˊŮɟɘɖɔɖŰɐ ɢɤɟɑɠ Űɖɜ ŬˊŬɑŰɖůɖ ŮɔəŬŰɎůŰŬůɖɠ Ůˊɘˊɚɏɞɜ ˊɟɞɔɟŬɛɛɎŰɤɜ əŬɘ ɓɞɖɗɖŰɘəɩɜ 

ɓɘɓɚɘɞɗɖəɩɜ. Ⱥˊɑůɖɠ ɞɘ ŬˊŬɘŰɐůŮɘɠ ˊɧɟɤɜ ɔɘŬ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɎ ɚɘɔɧŰŮɟŮɠ Ŭˊɧ ɏɜŬ Űɞˊɘəɧ ˊɟɧɔɟŬɛɛŬ. ȷɡŰɧ ˊɟɞůɗɏŰŮɘ ˊɞɚɚɏɠ űɞɟɖŰɏɠ ůɡůəŮɡɏɠ 

ůŰɞɡɠ Űɟɧˊɞɡɠ ˊɟɧůɓŬůɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȾɎŰɘ ŰɏŰɞɘɞ ɗŬ ˊɟɞəŬɚɞɨůŮ ůɖɛŬɜŰɘəɏɠ ŭɡůəɞɚɑŮɠ 

ůŮ ɏɜŬ Űɞˊɘəɧ ˊɟɧɔɟŬɛɛŬ əŬɗɩɠ ɗŬ ŬˊŬɘŰɞɨɜŰŬɜ ɖ ɡˊɞůŰɐɟɘɝɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ȰŰůɘ ɔɑɜŮŰŬɘ ŮɛűŬɜɏɠ ɛɘŬ Ŭəɧɛɖ ɡˊŮɟɞɢɐ Űɞɡ ŭɘŬŭɘəŰɡŬəɞɨ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ȾŬɗɩɠ ɧɛɤɠ ŬɡŰɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Ŭˊɧ Űɖɜ űɨůɖ Űɞɡ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɢɟɖůŰɩɜ Űɞɡ, ŮˊɘŰŮɨɢɗɖəŬɜ ůŰɧɢɞɘ ˊɞɡ ŭŮɜ ˊɟɞɓɚɏűɗɖəŬɜ ůŰɖɜ Ŭɟɢɘəɐ 

ůɢŮŭɑŬůɖ. ȼ ŭɘŬɛɞɑɟŬůɖ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ  ŮɝŬɟŰɖɛɎŰɤɜ, ɧˊɤɠ ɏɜŬɠ ŬɗɟɞɘůŰɐɠ, ŮɑɜŬɘ 

ˊɚɏɞɜ ɛɘŬ Ŭˊɚɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ əɎɗŮ ɢɟɐůŰɖ. ɄŬɟɧɛɞɘŬ, ɖ ůɡɚɚɞɔɘəɐ ŬɜɎˊŰɡɝɖ 

ˊɟɞɔɟŬɛɛɎŰɤɜ ɔɑɜŮŰŬɘ ŮɨəɞɚŬ ˊɟɞůɗɏŰɞɜŰŬɠ ůɡɔɔɟŬűŮɑɠ ůŮ əɎˊɞɘɞ ɏɟɔɞ. ȷɡŰɏɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ 

ɛŬɠ ŮˊɏŰɟŮɣŬɜ ɜŬ ɗɏůɞɡɛŮ ůŰɧɢɞɡɠ ˊɞɡ ɛɘŬ Űɞˊɘəɐ ŮűŬɟɛɞɔɐ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ űŰɎůŮɘ ɛɧɜɞ ɛŮ 

ůɖɛŬɜŰɘəɏɠ ˊɟɞůɗɐəŮɠ ɐ ŮɝɤŰŮɟɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, ɧˊɤɠ ɏɜŬɜ ŭɘŬŭɘəŰɡŬəɧ Űɧˊɞ ůɡɕɐŰɖůɖɠ. 

 ɂŮəɘɜɐůŬɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ ɜŬ əŬɚɨɣɞɡɛŮ ɏɜŬ əŮɜɧ. ɇɞ əŮɜɧ ŬɡŰɧ 

ɓɟɘůəɧŰŬɜ Űɧůɞ ůŰɞɜ Űɟɧˊɞ ŭɘɎɗŮůɖɠ ˊŬɟɧɛɞɘɤɜ ŮűŬɟɛɞɔɩɜ ɧůɞ əŬɘ ůŰɞɜ Űɟɧˊɞ ˊɞɡ 

əŬɚɨˊŰɞɡɜ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡɠ. Ƀɘ ůŰɧɢɞɘ ˊɞɡ ŰɏɗɖəŬɜ əŬŰɎ Űɖɜ ůɢŮŭɑŬůɖ ŭŮɜ 

ɐŰŬɜ ɧɛɤɠ ɞɘ ɛɧɜɞɘ ˊɞɡ əŬɚɨűɗɖəŬɜ. ȾŬŰɎ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ŬɜŰɘɚɖűɗɐəŬɛŮ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɡɘɞɗɏŰɖůɖɠ ɜɏɤɜ ůŰɧɢɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ űɨůɖ Űɖɠ. ȼ ŰŮɚɘəɐ ɛɞɟűɐ Űɖɠ 

ŮűŬɟɛɞɔɐɠ əŬɚɨˊŰŮɘ ˊɚɏɞɜ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ˊɟɞɔɟŬɛɛŬŰɘůŰɐ ŬɚɚɎ ˊɟɞůűɏɟŮɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ 

ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɔɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ŭɞəɘɛɐɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɧɠ Űɞɡ. 

 

1.2 ɆɢŮŰɘəɎ ȺɟɔŬɚŮɑŬ 
 

ȼ ŮűŬɟɛɞɔɐ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ, ɧˊɤɠ ŮɝɖɔɐɗɖəŮ ˊŬɟŬˊɎɜɤ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ɜŬ 

əŬɚɨɣŮɘ ɏɜŬ əŮɜɧ. ȰŰůɘ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ, ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ɎɚɚŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ŮˊɘŰŮɚɞɨɜ Űɞ 

ɑŭɘɞ ɏɟɔɞ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ. ɄŬɟɧɚŬ ŬɡŰɎ ɡˊɎɟɢɞɡɜ ŮɟɔŬɚŮɑŬ ˊɞɡ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ůŰɧɢɞ ůŮ 

ŭɘŬűɞɟŮŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ əŬɗɩɠ əŬɘ ŮɟɔŬɚŮɑŬ ůŰɞ ɑŭɘɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ɧɛɤɠ ŭŮɜ əŬɚɨˊŰɞɡɜ 

ɧɚɞɡɠ Űɞɡɠ ůŰɧɢɞɡɠ ˊɞɡ ɏɢɞɡɛŮ ɗɏůŮɘ ŮɛŮɑɠ. ɇɏŰɞɘŬ ŮɟɔŬɚŮɑŬ ɏɢɞɡɜ ˊɚɏɞɜ ɗɏůŮɘ əɎˊɞɘŬ 

ˊɟɧŰɡˊŬ ˊɞɡ ŮɑɜŬɘ ɞɘəŮɑŬ ˊɟɞɠ Űɞɡɠ ɢɟɐůŰŮɠ əŬɘ ŬˊɞŰŮɚɏůŬɜ ŰŬɡŰɧɢɟɞɜŬ ɏɛˊɜŮɡůɖ ŬɚɚɎ əŬɘ 

ɛɏŰɟŬ ůɨɔəɟɘůɖɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ.  
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 ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ əŬɘ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɖɛɏɜŬ ˊɟɞɔɟɎɛɛŬŰŬ ŮɑɜŬɘ Űɞ 

ModelSim [1] Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Mentor Graphics. ɇɞ ModelSim ŮɑɜŬɘ ɏɜŬ Űɞˊɘəɧ ˊɟɧɔɟŬɛɛŬ 

ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ŬɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɘɠ ɔɚɩůůŮɠ VHDL, Verilog 

əŬɘ SystemC [2]. Ƀɘ ůɨɔɢɟɞɜŮɠ ŮəŭɧůŮɘɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ ɡˊɞůŰɖɟɑɕɞɡɜ ɛɧɜɞ Microsoft 

Windows əŬɘ Ůɜɩ ŭɑɜŮŰŬɘ ŭɞəɘɛŬůŰɘəɐ ɏəŭɞůɖ ɛŮ ˊŮɟɘɞɟɘůɛɧ ɢɟɐůɖɠ ůŰɘɠ 21 ɛɏɟŮɠ, ɖ 

ɞɚɞəɚɖɟɤɛɏɜɖɠ ɏəŭɞůɖɠ ŬˊŬɘŰŮɑ Űɖɜ ŬɔɞɟɎ ɎŭŮɘŬɠ ɢɟɐůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ Űɞ ModelSim 

ˊɟɞůűɏɟŮɘ ůŮ ɏɜŬɜ ŮɝɞɘəŮɘɤɛɏɜɞ ɢɟɐůŰɖ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎɚɡůɖɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ 

əɡəɚɩɛŬŰɞɠ ůŮ ɓɎɗɞɠ, Ůɜɩ ɡˊɎɟɢŮɘ ˊɚɞɨŰɞɠ ŭɘŭŬəŰɘəɞɨ ɡɚɘəɞɨ ɔɘŬ Űɞɡɠ ŬɟɢɎɟɘɞɡɠ ɢɟɐůŰŮɠ. 

ȷɝɘɞůɖɛŮɑɤŰɞ Ůˊɑůɖɠ ŮɑɜŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ Vivado Design Suite [3] Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Xilinx. ɇɞ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɔɟŬɛɛŬ ɓŬůɑɕŮŰŬɘ ůŰɞ ISE Simulator [4], Ůˊɑůɖɠ Ŭˊɧ Űɖɜ Xilinx, əŬɘ 

ůəɞˊŮɨŮɘ ɜŬ Űɞ ŬɜŰɘəŬŰŬůŰɐůŮɘ. ɇɞ Vivado Design Suite ŭŮɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ 

ŬɚɚɎ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬŭɘəŬůɑŬ Ŭˊɧ Űɖɜ ůɡɔɔɟŬűɐ ɤɠ ůŰɖɜ ůɨɜɗŮůɖ 

ˊɟɞɔɟŬɛɛɎŰɤɜ ůŮ ˊɚŬəɏŰŬ. ɈˊɞůŰɖɟɑɕŮɘ VHDL, Verilog əŬɘ SystemC Ůɜɩ ɛˊɞɟŮɑ ɜŬ 

ɚŮɘŰɞɡɟɔɐůŮɘ ůŮ Microsoft Windows ŬɚɚɎ əŬɘ Linux ɛŮ ˊŮɟɘɞɟɘůɛɧ ɧɛɤɠ ůŮ ůɡůŰɐɛŬŰŬ Űɤɜ 

64 bit. ɇɞ Vivado Design Suite ́ ɟɞůűɏɟŮŰŬɘ ůŮ ́ ɞɚɚɏɠ ŭɘŬűɞɟŮŰɘəɏɠ ŮəŭɧůŮɘɠ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ əŬɘ Űɞ əɧůŰɞɠ Űɖɠ əɎɗŮ ɏəŭɞůɖɠ ŬɚɚɎ əŬɘ ŭɞəɘɛŬůŰɘəɐ 

ɏəŭɞůɖ ɛŮ ɧɚŮɠ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ɖ ɞˊɞɑŬ ɡˊɧəŮɘŰŬɘ ůŮ ˊŮɟɘɞɟɘůɛɧ Űɤɜ 30 ɖɛŮɟɩɜ. 

ɈˊɞůŰɖɟɑɕŮŰŬɘ ɧŰɘ Űɞ Vivado Design Suite ɏɢɞɜŰŬɠ ŮɜůɤɛŬŰɤɛɏɜɞ ˊɟɞůɞɛɞɘɤŰɐ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůűɏɟŮɘ ˊɟɞůɞɛɞɑɤůɖ ɛɏɢɟɘ əŬɘ ŰɟŮɘɠ űɞɟɏɠ ɔɟɖɔɞɟɧŰŮɟŬ Ŭˊɧ Űɞ ISE Simulator [5]. ȷɝɑɕŮɘ 

ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Űɞ ISE Simulator ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ModelSim ɔɘŬ ˊɟɞůɞɛɞɑɤůɖ. ȾɚŮɑɜɞɜŰŬɠ 

Űɘɠ ŬɜŬűɞɟɏɠ ůŮ ŰɞˊɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ, ɗŬ ŬɟəŮůŰɞɨɛŮ ůŮ ɛɘŬ ŮˊɘűŬɜŮɘŬəɐ ŬɜɎɚɡůɖ Űɞɡ Icarus 

Verilog [6]. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɔɟŬɛɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ 

ůɨɜɗŮůɖɠ ɛŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ. ɈˊɞůŰɖɟɑɕŮɘ ɛɧɜɞ Űɖɜ ɔɚɩůůŬ Verilog ŬɚɚɎ ɛˊɞɟŮɑ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ Microsoft Windows, Linux, OpenSolaris, AIX, FreeBSD əŬɘ Mac OS X. 

ɇɞ Icarus Verilog ůŰɞɢŮɨŮɘ əɡɟɑɤɠ ůŰɖɜ ɑŭɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ əɩŭɘəŬ əŬɘ ˊɟɞŰɟɏˊŮɘ ůŰɖɜ 

ɢɟɐůɖ ŮɝɤŰŮɟɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ŭɘŬŭɘəŬůɑŮɠ ɧˊɤɠ ɖ ˊɟɞŮˊɘůəɧˊɖůɖ əɡɛŬŰɞɛɞɟűɩɜ ɛŮ 

GTKWave [7] ɖ Ŭəɧɛɖ əŬɘ ɖ ɞɚɞəɚɖɟɤɛɏɜɖ ůɨɜɗŮůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ɛŮ Yosys [8]. ũɑɜŮŰŬɘ 

ˊɚɏɞɜ űŬɜŮɟɧ ɧŰɘ ɡˊɎɟɢŮɘ ˊɚɐɗɞɠ Űɞˊɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖɜ 

ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɖ HDL ˊɟɞɔɟŬɛɛɎŰɤɜ ɛŮ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ŭɡɜŬŰɞŰɐŰɤɜ ˊɞɡ 

ˊɟɞůűɏɟɞɜŰŬɘ .   

 ɆŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ŭɘŬŭɘəŰɨɞɡ ɡˊɎɟɢɞɡɜ Ůˊɑůɖɠ ˊɞɚɚɎ ŮɟɔŬɚŮɑŬ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŮ 

ˊŬɟɧɛɞɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȳˊɤɠ ŮɑŭŬɛŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ, Űɞ Icarus Verilog 

ˊɟɞůűɏɟŮɘ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŮ Űɞˊɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ŮˊɘŰɟɏˊŮɘ 

ɚɧɔɞ Űɘɠ űɨůɖɠ Űɞɡ ɤɠ ˊɟɞůɞɛɞɘɤŰɐɠ ůŮ ŰŮɟɛŬŰɘəɧ, Űɖɜ ɢɟɐůɖ Űɞɡ ůŰɞ ŮɟɔŬɚŮɑɞ iVerilog [9]. 

ɇɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ŬɝɘɞˊɞɘŮɑ Űɖɜ ɢɟɐůɖ Űɞɡ ˊɟɞůɞɛɞɘɤŰɐ Icarus Verilog ˊɟɞůűɏɟɞɜŰŬɠ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ŭɞəɘɛɎůŮɘ əŬɘ ɜŬ ŮəŰŮɚɏůŮɘ Űɞɜ əɩŭɘəɎ Űɞɡ ɛŮ Űɖɜ ˊɟɞůɘŰɧŰɖŰŬ 

Űɧůɞ ůŰɖɜ ŰɞˊɞɗŮůɑŬ ɧůɞ əŬɘ ůŰɘɠ ůɡůəŮɡɏɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ŭɘŬŭɑəŰɡɞ. ɄŬɟɎɚɚɖɚŬ ɧɛɤɠ, 

Űɞ iVerilog ɛɞɘɟɎɕŮŰŬɘ əŬɘ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ Icarus Verilog. 

ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ŬɟɢɘəɎ ɧŰɘ ŭŮɜ ɡˊɞůŰɖɟɑɕŮŰŬɘ əɎˊɞɘɞ Ůɑŭɞɠ ˊɟɞɓɞɚɐɠ 

əɡɛŬŰɞɛɞɟűɩɜ əŬɘ ɞ ɛɧɜɞɠ Űɟɧˊɞɠ ˊɟɞɓɞɚɐɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮɑɜŬɘ ɖ ɏɝɞŭɧɠ Űɞɡɠ ˊɟɞɠ Űɞ 

ŰŮɟɛŬŰɘəɧ. Ⱥˊɑůɖɠ ŭŮɜ ɡˊɎɟɢŮɘ ɡˊɞůŰɐɟɘɝɖ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ɐ Űɖɜ ɢɟɐůɖ 

ŭɘŬűɞɟŮŰɘəɩɜ ŬɟɢŮɑɤɜ. Ⱥɜɩ űɡůɘəɎ, ɡˊɞůŰɖɟɑɕŮŰŬɘ əŬɘ ˊɎɚɘ ɛɧɜɞ ɖ ɔɚɩůůŬ Verilog. ȰɜŬ ˊɘɞ 

ɞɚɞəɚɖɟɤɛɏɜɞ ŮɟɔŬɚŮɑɞ ŮɑɜŬɘ Űɞ EDA Playground [10]. ɇɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ɡˊɞůŰɖɟɑɕŮɘ ŬɟəŮŰɏɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɔɚɩůůŮɠ Űɧůɞ ůŰɖɜ ˊŮɟɘɔɟŬűɐ ɡɚɘəɞɨ ɧůɞ əŬɘ ůŮ Ɏɚɚɞɡɠ ŰɞɛŮɑɠ. ɇŬɡŰɧɢɟɞɜŬ 

ˊɟɞůűɏɟŮɘ Űɖɜ Ůˊɘɚɞɔɐ ɛŮŰŬɝɨ ŭɘŬűɧɟɤɜ ŮɟɔŬɚŮɑɤɜ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɞůɗɐəɖ ɓɘɓɚɘɞɗɖəɩɜ, 

Ůˊɘɚɞɔɏɠ ɛŮŰŬɔɚɩŰŰɘůɖɠ ŬɚɚɎ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ŮɟɔŬɚŮɑɞ ˊɟɞɓɞɚɐɠ əɡɛŬŰɞɛɞɟűɩɜ. 
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ɄŬɟɎɚɚɖɚŬ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŮ ůɡɜŭŮɛɏɜɞɡɠ ɢɟɐůŰŮɠ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɞ ɏɟɔɞ Űɞɡɠ ŬɚɚɎ 

ˊɟɞůűɏɟŮɘ ŬəɧɛŬ əŬɘ ɛɘŬ ŭɞəɘɛŬůŰɘəɐ ŮɛˊŮɘɟɑŬ ŭɘŬɛɞɘɟŬůɛɞɨ əŬɘ ˊŬɟɎɚɚɖɚɖɠ ˊɟɞɓɞɚɐɠ 

əɩŭɘəŬ. ɇɞ EDA Playground ŮɑɜŬɘ ŬɜŰɘəŮɘɛŮɜɘəɎ Űɞ əɞɜŰɘɜɧŰŮɟɞ ŮɟɔŬɚŮɑɞ ůŮ ŬɡŰɧ ˊɞɡ 

ŬɜŬˊŰɨɝŬɛŮ ŬɚɚɎ əŬɘ ˊɎɚɘ ɓɚɏˊɞɡɛŮ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ. ɇɞ EDA Playground ŭŮɜ 

ɡˊɞůŰɖɟɑɕŮɘ ŭɤɟŮɎɜ ˊɟɞůɞɛɞɘɤŰɏɠ ɔɘŬ VHDL əŬɘ ˊŬɟɧŰɘ ɖ ɢɟɐůɖ Űɞɡ ŮɑɜŬɘ ŭɤɟŮɎɜ, ŭŮɜ ŮɑɜŬɘ 

ŬɜɞɘɢŰɞɨ əɩŭɘəŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɔɘŬ ůɡɜŮɟɔŬůɑŬ ˊɟɞɔɟŬɛɛŬŰɘůŰɩɜ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɚɞɔɘəɐ 

Űɖɠ ŮˊɑŭŮɘɝɖɠ əɩŭɘəŬ əŬɘ ɧɢɘ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ůɡɔɔɟŬűɐ Űɞɡ. ɄŬɟɎɚɚɖɚŬ ɓɚɏˊɞɡɛŮ ɧŰɘ Ůɜɩ 

ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ ŮɝɤŰŮɟɘəɏɠ ɓɘɓɚɘɞɗɐəŮɠ, ŭŮɜ ɡˊɎɟɢŮɘ Űɟɧˊɞɠ ɜŬ 

ŭɘŬɛɞɘɟŬůŰŮɑ əɎˊɞɘɞɠ ůɡɢɜɎ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞɠ əɩŭɘəŬɠ ɛŮŰŬɝɨ ɢɟɖůŰɩɜ. Ⱥɜɩ Űɞ ŮɟɔŬɚŮɑɞ 

ˊŬɟɞɡůɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ ŮɑɜŬɘ ůɑɔɞɡɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧ, ɓɚɏˊɞɡɛŮ ŬɟəŮŰɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ 

ˊɞɡ Űɞ ŭɘŬɢɤɟɑɕɞɡɜ Ŭˊɧ ŬɡŰɧ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭŮɜ ɡˊɎɟɢŮɘ Űɟɧˊɞɠ ŬɜɎˊŰɡɝɖɠ 

ůɖɛɎŰɤɜ ˊɎɜɤ Ŭˊɧ ɏɜŬ bit, ŭŮɜ ɡˊɎɟɢŮɘ ůɡɜŮɢɐɠ ŭŮɑəŰɖɠ ŬɜŬűɞɟɎɠ Űɘɛɩɜ ɩůŰŮ ɜŬ ɡˊɞɓɞɖɗɐůŮɘ 

Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ůɐɛŬŰɞɠ,  ɞ ŭŮɑəŰɖɠ ˊɞɡ ɗɏŰŮɘ ɞ ɢɟɐůŰɖɠ ɓɟɑůəŮŰŬɘ ɛɧɜɞ ůŰɖɜ ŬɚɚŬɔɐ Űɘɛɐɠ 

Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůɐɛŬŰɞɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ůɡɔəɟɑɜŮɘ ŰŬ ɡˊɧɚɞɘˊŬ ůɐɛŬŰŬ ůŰɖɜ ɑŭɘŬ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ. ũɑɜŮŰŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ɞɘ ɚŮˊŰɞɛɏɟŮɘŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ŬɟəŮŰɎ ŰŮɢɜɘəɏɠ əŬɘ 

ɢɟŮɘɎɕɞɜŰŬɘ ɑůɤɠ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ Ŭˊɧ əɎˊɞɘɞ ůɖɛŮɑɞ əŬɘ ɛŮŰɎ ɔɘŬ ɜŬ ɔɑɜɞɡɜ ŮɛűŬɜŮɑɠ. ȷɡŰɏɠ 

ɧɛɤɠ ɞɘ ɚŮˊŰɞɛɏɟŮɘŮɠ ŰŮɚɘəɎ ŭɖɛɘɞɡɟɔɞɨɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ˊɟɞůűɏɟɞɡɜ ŰŬ 

ɑŭɘŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɚɚɎ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ əŬɘ əŬŰŬɚɐɔɞɡɜ ɜŬ 

ŬɜŰɘəŬŰɞˊŰɟɑɕɞɡɜ ŭɘŬűɞɟŮŰɘəɧ əɞɘɜɧ ɢɟɖůŰɩɜ.   

 Ƀɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɞɨɜ ŰŮɚɘəɎ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ 

ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŮ ɖ ŭɘəɐ ɛŬɠ. ɄŬɑɟɜɞɜŰŬɠ Ŭˊɧ Űɘɠ ˊɘɞ ŮɜŭɘŬűɏɟɞɡůŮɠ ɘŭɏŮɠ ůɖɛŬɜŰɘəɎ 

ɛŬɗɐɛŬŰŬ, əŬŰŬűɏɟŬɛŮ ɜŬ ŬˊɞůŰɎɝɞɡɛŮ ŰŬ əŬɚɨŰŮɟŬ ůŰɞɘɢŮɑŬ Űɞɡɠ əŬɘ ɜŬ ŰŬ ˊɟɞůŬɟɛɧůɞɡɛŮ 

ůŰɞɡɠ ŭɘəɞɨɠ ɛŬɠ ůŰɧɢɞɡɠ. ɂŮˊŮɟɎůŬɛŮ ŭɡůəɞɚɑŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɎɚɚŬ ŮɟɔŬɚŮɑŬ ɏɢɞɡɜ 

ůŰŬɛŬŰɐůŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡɠ əŬɘ ɘŭɟɨůŬɛŮ ɜɏɞɡɠ ŰɞɛŮɑɠ ůŰɞɜ Űɟɧˊɞ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ŬɜɎɚɡůɖɠ HDL ˊɟɞɔɟŬɛɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɝŮˊŮɟɎůŬɛŮ Űɞ 

űɟɎɔɛŬ ŮɛűɎɜɘůɖɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ɛɞɟűɏɠ əɡɛŬŰɞɛɞɟűɩɜ ŭɖɛɘɞɡɟɔɩɜŰŬɠ Ŭˊɧ Űɖɜ Ŭɟɢɐ 

Űɞ ŭɘəɧ ɛŬɠ ŮɟɔŬɚŮɑɞ ˊɞɡ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ ɏɜŬ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ. 

ɄŬɟɎɚɚɖɚŬ, ŭɩůŬɛŮ ůŰɞɡɠ ɢɟɐůŰŮɠ ɜɏɞɡɠ Űɟɧˊɞɡɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ əŬɘ ɗɏůŬɛŮ ɜɏŬ ɧɟɘŬ ůŰɞɜ 

ůɡɚɚɞɔɘəɧ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ. ȳɚŬ ŬɡŰɎ, əɟŬŰɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ, ɧˊɤɠ ɖ ɢɟɐůɖ əŮɘɛŮɜɞɔɟɎűɞɡ, ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ əŬɘ ɏɟɔɤɜ əŬɗɩɠ əŬɘ ɖ 

Ůɜɖɛɏɟɤůɖ ůűŬɚɛɎŰɤɜ əŬŰɎ Űɖɜ ɛŮŰŬɔɚɩŰŰɘůɖ. ȹɖɛɘɞɡɟɔɐůŬɛŮ ŰŮɚɘəɎ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ 

ŮűŬɟɛɞɔɐ, ˊɞɡ ˊɟɞəŬɚŮɑ ŰŬ ŮɟɔŬɚŮɑŬ Űɞɡ Ůɑŭɞɡɠ Űɞɡ əŬɘ ŮˊɘŰɟɏˊŮɘ Űɞɡɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ HDL 

ɜŬ ɗɏůɞɡɜ ŬɜɩŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ Ŭˊɧ ŬɡŰɎ. 

 

1.3 ȹɘɎɟɗɟɤůɖ ȸɘɓɚɑɞɡ 
 

ɇɞ ɡˊɧɚɞɘˊɞ ɓɘɓɚɑɞ ŭɘŬɟɗɟɩɜŮŰŬɘ ɤɠ Ůɝɐɠ. ɆŰɞ əŮűɎɚŬɘɞ 2 ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ɗŮɤɟɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ əŬɗɩɠ əŬɘ ůŰŬ 

ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. ɆŰɞ əŮűɎɚŬɘɞ 3 ɔɑɜŮŰŬɘ ɖ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɖɠ 

ůɢŮŭɑŬůɖɠ əŬɘ ɡɚɞˊɞɑɖůɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȷɟɢɘəɎ ŮɝɖɔŮɑŰŬɘ ɖ ŭɘɎɟɗɟɤůɖ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ ɨˊŬɟɝɖ əɎɗŮ ˊɑɜŬəŬ, ɏˊŮɘŰŬ ɖ ŭɘɎɟɗɟɤůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ əŬŰŬɚɧɔɤɜ. ɇɞ 

əŮűɎɚŬɘɞ ůɡɜŮɢɑɕŮɘ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ ɡɚɞˊɞɑɖůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɧˊɞɡ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧɠ 

ɞ Űɟɧˊɞɠ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŬɜ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, ɏˊŮɘŰŬ ŮɝɖɔŮɑŰŬɘ ɖ ɡɚɞˊɞɑɖůɖ 

Űɞɡ ŮɟɔŬɚŮɑɞɡ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ Űɏɚɞɠ ŭɑɜɞɜŰŬɘ ɞɘ ɞŭɖɔɑŮɠ ŮɔəŬŰɎůŰŬůɖɠ. ɆŰɞ 
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əŮűɎɚŬɘɞ 4 ŮˊŮɝɖɔɞɨɜŰŬɘ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ŮűŬɟɛɞɔɐ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛɘŬ 

ŬɜŬůəɧˊɖůɖ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ůɢŮŰɘəɏɠ ɛŮ ŰŬ ɏɟɔŬ ɐ ˊɟɞɔɟɎɛɛŬŰŬ, ůɡɜŮɢɑɕɞɜŰŬɠ ůŰɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ůɢŮŰɘəɎ ɛŮ ŰŬ ŮɝŬɟŰɐɛŬŰŬ ɐ ɓɘɓɚɘɞɗɐəŮɠ əŬɘ Űɏɚɞɠ, ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ 

ŮˊɑˊŮŭŬ ɢɟɖůŰɩɜ əŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ Űɞɡɠ ŭɡɜŬŰɧŰɖŰŮɠ. ɇɞ əŮűɎɚŬɘɞ 5 ŮɑɜŬɘ ɞ Ůˊɑɚɞɔɞɠ Űɞɡ 

ɓɘɓɚɑɞɡ ɧˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ˊɟɞůűɏɟɞɜŰŬɘ ɛŮɟɘəɏɠ ˊɘɗŬɜɏɠ ŮˊŮəŰɎůŮɘɠ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ůŰɞ ɛɏɚɚɞɜ. 
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ȾŮűɎɚŬɘɞ 2 - ŪŮɤɟɖŰɘəɧ ɈˊɧɓŬɗɟɞ 
 

 ȳˊɤɠ ɏɔɘɜŮ űŬɜŮɟɧ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ɞɘ ůŰɧɢɞɘ ˊɞɡ ɗɏůŬɛŮ ɔɘŬ Űɖɜ 

ŮűŬɟɛɞɔɐ ɛŬɠ, ɏəŬɜŬɜ Űɞ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ ɛɘŬ ɎɛŮůɖ Ůˊɘɚɞɔɐ. ȼ ŬɜɎˊŰɡɝɖ ɛɘŬɠ 

ŮűŬɟɛɞɔɐɠ ůŮ ŬɡŰɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗɐůŮɘ ˊɞɚɚɏɠ ŭɘŬŭɟɞɛɏɠ. ɆŰɞɢŮɨɞɜŰŬɠ ůŮ 

ɛɘŬ ŮűŬɟɛɞɔɐ ɛŮ ŭɤɟŮɎɜ ŭɘɎɗŮůɖ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ, ŮˊɘɚɏɢɗɖəŮ ɖ ŭɘŬŭɟɞɛɐ ɛɏůŬ Ŭˊɧ 

ŮɟɔŬɚŮɑŬ ˊŬɟɧɛɞɘŬɠ űɨůɖɠ.   

 ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɚɞɘˊɧɜ, ɗŬ əɎɜɞɡɛŮ ɛɘŬ ŬɜŬůəɧˊɖůɖ Űɤɜ ŮɟɔŬɚŮɑɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. ȷɟɢɘəɎ ŮɝŮŰɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ 

ŮɟɔŬɚŮɑŬ ŭɘŬŭɘəŰɡŬəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ůŰŬ ɞˊɞɑŬ ɓŬůɑůŬɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ 

əŬɘ ɏˊŮɘŰŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ŮɝɤŰŮɟɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ŮɜůɤɛŬŰɩůŬɛŮ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ. 

 

2.1 ȸŬůɘəɎ ȺɟɔŬɚŮɑŬ ɄɟɞɔɟŬɛɛŬŰɘůɛɞɨ ȹɘŬŭɘəŰɨɞɡ 
 

 ɇŬ ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ɞɘ ɔɚɩůůŮɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ Űɘɠ ɞˊɞɑŮɠ ŬɜŬˊŰɨɝŬɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ. ȷɡŰɏɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ɓŬůɘəɏɠ 

ɔɚɩůůŮɠ ŭɘŬŭɘəŰɡŬəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɧɟɞɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

ɘůŰɞůŮɚɑŭɤɜ Ŭˊɚɩɜ ɐ ˊŮɟɑˊɚɞəɤɜ ɚŮɘŰɞɡɟɔɘɩɜ. 
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2.1.1 HTML  əŬɘ CSS 

 

ȼ HTML (HyperText Markup Language, ũɚɩůůŬ ɀɞɟűɞˊɞɑɖůɖɠ ɈˊŮɟəŮɘɛɏɜɞɡ) [11] 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ əɧɟɤɜ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɘůŰɞůŮɚɑŭɤɜ. ȸŬůɑɕŮŰŬɘ ůŰɖɜ ɢɟɐůɖ ůŰɞɘɢŮɑɤɜ 

ˊɞɡ ɗɏŰɞɜŰŬɘ Ŭˊɧ ŮŰɘəɏŰŮɠ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ˊɞɘəɑɚɞɡɜ Ŭˊɧ ɞɟɘůɛɧɠ Űɞɡ ŰɑŰɚɞɡ Űɖɠ ůŮɚɑŭŬɠ, 

ɞɟɘůɛɧɠ ˊŬɟŬɔɟɎűɤɜ əŬɘ ɜɏɤɜ ɔɟŬɛɛɩɜ ɤɠ Űɖɜ ůɐɛŬɜůɖ ɛɘŬɠ ŮɘəɧɜŬɠ əŬɘ ůŰɞɘɢŮɑɤɜ 

ůɢŮŭɘŬůɛɞɨ ɔɟŬűɘəɩɜ. ɀŮ Űɖɜ ɢɟɐůɖ ŬɡŰɩɜ Űɤɜ ůŰɞɘɢŮɑɤɜ, ŭɑɜŮŰŬɘ  ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘɔɟŬűɐɠ 

ɛɘŬ ůŮɚɑŭŬɠ ɛŮ Űɟɧˊɞ əŬŰŬɜɞɖŰɧ Ŭˊɧ ɏɜŬɜ ˊŮɟɘɖɔɖŰɐ. ȰŰůɘ ɖ HTML ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ Űɞ 

ɓŬůɘəɧ ŭɞɛɘəɧ ůŰɞɘɢŮɑɞ ɛɘŬɠ ɘůŰɞůŮɚɑŭŬɠ. 

 ȼ ɏəŭɞůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ ŮɑɜŬɘ ɖ HTML5 əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ 

ůɨɔɢɟɞɜɖ ɏəŭɞůɖ Ůɜɩ ˊŮɟɘɏɢŮɘ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŬˊŬɘŰɞɨɛŮ. ȼ 

ɏəŭɞůɖ ŬɡŰɐ ˊɟɞůűɏɟŮɘ ɜɏŬ ůŰɞɘɢŮɑŬ əŬɘ ɔɜɤɟɑůɛŬŰŬ ůŰɞɘɢŮɑɤɜ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɓŮɚŰɘɩɜŮɘ 

ɡˊɎɟɢɞɜŰŬ ůŰɞɘɢŮɑŬ. Ƀɘ ŭɘŬűɞɟɏɠ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮəŭɧůŮɘɠ ŮɑɜŬɘ ˊɞɚɚɏɠ [12] əŬɘ ɝŮűŮɨɔɞɡɜ 

Ŭˊɧ Űɞ ˊɚŬɑůɘɞ ŬɡŰɞɨ Űɞɡ ɓɘɓɚɑɞɡ. ɄŬɟɧɚŬ ŬɡŰɎ, ɛɑŬ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ˊɟɞůɗɐəɖ ˊɞɡ ŬɝɑɕŮɘ ɜŬ 

ŬɜŬűŮɟɗŮɑ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô. ɀŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɞɘɢŮɑɞ ɛŬɠ ŮˊɘŰɟɏˊŮŰŬɘ ɖ 

ɢɟɐůɖ ɔɟŬűɘəɩɜ ŬˊŮɡɗŮɑŬɠ ůŰɞɜ ˊŮɟɘɖɔɖŰɐ ɢɤɟɑɠ Űɖɜ ɢɟɐůɖ ŮɝɤŰŮɟɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ. ȼ 

Ŭɝɘɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ ŬˊɞŰɏɚŮůŮ Űɖɜ ɓɎůɖ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ˊɟɞɓɞɚɐɠ 

əɡɛŬŰɞɛɞɟűɩɜ 

 ȼ HTML ɚɞɘˊɩɜ, ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ɘůŰɞůŮɚɑŭŬ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ɧɛɤɠ ˊɟɏˊŮɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɛŮ 

ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ űɘɚɘəɧ ˊɟɞɠ Űɞɜ ɢɟɐůŰɖ ˊŮɟɘɓɎɚɚɞɜ. ɇɖɜ 

ˊŬɟɞɡůɑŬůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɜŬɚŬɛɓɎɜŮɘ ɛɘŬ ɎɚɚŬ ɔɚɩůůŬ, ɖ CSS (Cascading Style Sheets, 

ȹɘŬŭɞɢɘəɎ ūɨɚɚŬ ɆŰɡɚ). 

 ȼ ɔɚɩůůŬ CSS [13] ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ŮɛűɎɜɘůɖɠ Űɤɜ 

HTML ůŰɞɘɢŮɑɤɜ. ɄɟɞůűɏɟŮɘ ůŰɞɜ ˊŮɟɘɖɔɖŰɐ ˊɚɖɟɞűɞɟɑŮɠ ɧˊɤɠ Űɞ ɢɟɩɛŬ, Űɘɠ ŬˊɞůŰɎůŮɘɠ, Űɞ 

ɛɏɔŮɗɞɠ ɐ Ŭəɧɛɖ əŬɘ Űɖɜ ɞɟŬŰɧŰɖŰŬ Űɞɡ əɎɗŮ ůŰɞɘɢŮɑɞɡ. ȼ ɔɚɩůůŬ CSS ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɞɟŮŰɘəɩɜ əɚɎůŮɤɜ ɛŮ ɝŮɢɤɟɘůŰɞɨɠ əŬɜɧɜŮɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬˊɞɜɏɛɞɡɛŮ ŬɡŰɏɠ 

Űɘɠ əɚɎůŮɘɠ ůŰŬ ŭɘɎűɞɟŬ ůŰɞɘɢŮɑŬ HTML ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɞɜ Űɟɧˊɞ ŮɛűɎɜɘůɐɠ Űɞɡɠ. ɆŮ 

ůˊɎɜɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ əŬɜɧɜŮɠ ŬˊŮɡɗŮɑŬɠ ůŮ ůŰɞɘɢŮɑŬ. ȷɡŰɧ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ 

ůŮ ůŰɞɘɢŮɑŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɛɑŬ űɞɟɎ ůŰɖɜ ɘůŰɞůŮɚɑŭŬ ɧˊɤɠ Űɞ ůŰɞɘɢŮɑɞ óbodyô. ɆŮ ɎɚɚŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɏɢɞɡɛŮ əŬɜɧɜŮɠ ŮɝŬɑɟŮůɖɠ ůŮ ŭɘɎűɞɟŬ ůŰɞɘɢŮɑŬ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ůɡɜɐɗɤɠ 

ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɛŮ ɛɞɜŬŭɘəɐ ŮˊɘůɐɛŬɜůɖ ɛŮ Űɞ ɔɜɩɟɘůɛŬ óidô. ȼ ɢɟɐůɖ əɚɎůŮɤɜ ɔɘŬ Űɖɜ 

ŮűŬɟɛɞɔɐ əŬɜɧɜɤɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɧůɞ Űɖɜ Ůɨəɞɚɖ ůɡɜŰɐɟɖůɖ əɩŭɘəŬ, ɧůɞ əŬɘ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬˊɞůŰŬɚɗŮɑ ůŰɞɜ ɢɟɐůŰɖ.  

 ɆɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɏəŭɞůɖ CSS3 ɖ 

ɞˊɞɑŬ ɛŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊɏəŰŬůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɖɠ ɛŮ Űɖɜ ɢɟɐůɖ ŮɜɞŰɐŰɤɜ. ɀŮ 

ŬɡŰɏɠ Űɘɠ ŮɜɧŰɖŰŮɠ ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞůɗɏůɞɡɛŮ ɜɏɞɡɠ əŬɜɧɜŮɠ ůŰɘɠ əɚɎůŮɘɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ȺəŰɧɠ ɧɛɤɠ Ŭˊɧ Űɞɡɠ ɜɏɞɡɠ əŬɜɧɜŮɠ, ɖ ɔɚɩůůŬ CSS3 ɛŬɠ ŭɑɜŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ɜɏŮɠ ɣŮɡŭɞəɚɎůŮɘɠ. Ƀɘ ɣŮɡŭɞəɚɎůŮɘɠ ŬɡŰɏɠ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮˊɏəŰŬůɖ 

əɚɎůŮɤɜ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŬɡŰɏɠ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɞɠ ŮɑɜŬɘ ɖ ɣŮɡŭɞəɚɎůɖ óhoverô ɧˊɞɡ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ 

ŬɡŰɐ ŮɑɜŬɘ ŰŬ ůŰɞɘɢŮɑŬ ůŰŬ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɞ ŭŮɑəŰɖɠ ˊɞɜŰɘəɘɞɨ. ȾɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ 

ɣŮɡŭɞəɚɎůŮɘɠ ŮɛűŬɜɑůŰɖəŬɜ ůŮ ˊŬɚŬɘɧŰŮɟŮɠ ŮəŭɧůŮɘɠ ŬɚɚɎ ɛŮ Űɖɜ CSS3 ɏɔɘɜŮ 
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ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɧɠ ŬɡŰɩɜ ˊɞɡ ˊɟɞɦˊɐɟɢŬɜ əŬɘ Ůɑůɞŭɞɠ ɜɏɤɜ. ȰŰůɘ ɖ ɔɚɩůůŬ CSS3 ɛŬɠ ŭɑɜŮɘ 

ˊɚɏɞɜ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɘůɎɔɞɜŰŬɘ ůɡɜŮɢɩɠ ɜɏŮɠ ŮɜɧŰɖŰŮɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ  

ˊŮɟŬɘŰɏɟɤ ŬɜɎˊŰɡɝɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɖɠ. 

 Ƀɘ ɔɚɩůůŮɠ HTML əŬɘ CSS ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮɘůŬɔɤɔɐ ůŰɞɘɢŮɑɤɜ əŬɘ Űɖɜ 

ˊɟɞůŬɟɛɞɔɐ ůŰɞɜ Űɟɧˊɞ ŮɛűɎɜɘůɐɠ Űɞɡɠ. Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ŰŬ ɓŬůɘəɎ ŭɞɛɘəɎ 

ůŰɞɘɢŮɑŬ əɎɗŮ ɘůŰɞůŮɚɑŭŬɠ. ɀɘŬ ɘůŰɞůŮɚɑŭŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ ɛɧɜɞ Ŭˊɧ ŬɡŰɎ ŰŬ ůŰɞɘɢŮɑŬ 

ŮɎɜ ɞ ůəɞˊɧɠ Űɖɠ ŮɑɜŬɘ ɛɘŬ ůŰŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ɀɘŬ ŮűŬɟɛɞɔɐ ŭɘŬŭɘəŰɨɞɡ ɧɛɤɠ ŬˊŬɘŰŮɑ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞɜ ɢɟɐůŰɖ əŬɘ ɛɘŬ ŭɡɜŬɛɘəɐ ŭɘŮˊŬűɐ. 

 

2.1.2 JavaScript  

 

 ȼ ɔɚɩůůŬ JavaScript [14] ŮɑɜŬɘ ɛɘŬ ŭɘŮɟɛɖɜŮɡɛɏɜɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ 

ŮˊɘŰɟɏˊŮɘ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŭɘŬŭɘəŰɨɞɡ, Űɖɜ ŮəŰɏɚŮůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ɛŮŰɎ 

Űɖɜ ɛŮŰŬűɧɟŰɤůɖ Űɖɠ ůŮɚɑŭŬ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. ȼ ɘŭɘɧŰɖŰŬ ŬɡŰɐ ɛŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ˊɟɞůɗɏůɞɡɛŮ ɛɑŬ ŭɡɜŬɛɘəɐ əŬɘ ŭɘŬŭɟŬůŰɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɖɜ ɘůŰɞůŮɚɑŭŬ. 

 ɆŰɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ, ɞ Űɟɧˊɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɔɚɩůůŬ JavaScript 

ŮɑɜŬɘ əɡɟɑɤɠ ɢŮɘɟɘůɛɞɨ ɔŮɔɞɜɧŰɤɜ.  ȾŬŰɎ Űɖɜ ˊŮɟɘɐɔɖůɖ ůŰɖɜ ůŮɚɑŭŬ ɞ ɢɟɐůŰɖɠ ŭɖɛɘɞɡɟɔŮɑ 

ŭɘɎűɞɟŬ ɔŮɔɞɜɧŰŬ. ȰɜŬ ɔŮɔɞɜɧɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ ŬˊɞůŰɞɚɐ ɛɑŬɠ űɧɟɛŬɠ ɐ Űɞ ˊɏɟŬůɛŬ Űɞɡ 

ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ˊɎɜɤ Ŭˊɧ ɏɜŬ ůŰɞɘɢŮɑɞ HTML. ɆŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɧůɞ Űɞ 

Ŭɟɢɘəɧ ɧůɞ əŬɘ Űɞ ˊɟɧŰɡˊɞ ɛɞɜŰɏɚɞ ɔŮɔɞɜɧŰɤɜ. ȳˊɤɠ ˊŮɟɘɔɟɎűŮɘ ɞ ůɡɔɔɟŬűɏŬɠ ůŰɞ [15], Űɞ 

Ŭɟɢɘəɧ ɛɞɜŰɏɚɞ ɔŮɔɞɜɧŰɤɜ ɛŬɠ ˊɟɞůűɏɟŮɘ ŬɛŮůɧŰɖŰŬ, ŰŬɢɨŰɖŰŬ əŬɘ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɡ 

ˊŮɟɘůůɧŰŮɟɞɡɠ ˊŮɟɘɖɔɖŰɏɠ Ůɜɩ Űɞ ˊɟɧŰɡˊɞ ɛɞɜŰɏɚɞ ɔŮɔɞɜɧŰɤɜ ɛŬɠ ˊɟɞůűɏɟŮɘ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ ůɨɔɢɟɞɜɞɡɠ ˊŮɟɘɖɔɖŰɏɠ. ɈˊɎɟɢɞɡɜ 

ŭɨɞ ɓŬůɘəɞɑ Űɟɧˊɞɘ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ŰŬ ɔŮɔɞɜɧŰŬ. Ƀ ˊɟɩŰɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɖ ŮəŰɏɚŮůɖ ɛɘŬɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɧˊɤɠ ɖ ŮɛűɎɜɘůɖ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ HTML, ɖ ŮˊɘɓŮɓŬɑɤůɖ Űɤɜ ŮɘůŬɔɧɛŮɜɤɜ 

ůŰɞɘɢŮɑɤɜ ůŮ ɛɑŬ űɧɟɛŬ ɐ ɖ ůɢŮŭɑŬůɖ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ Űɞɡ ŮˊɘɚŮɔɛɏɜɞɡ əɨɛŬŰɞɠ. ɀŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ ŮˊɘŰɟɏˊɞɡɛŮ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ ɚŮɘŰɞɡɟɔɘɩɜ əŬɘ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ Űɖɜ 

ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. Ƀ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ŰŬ ɔŮɔɞɜɧŰŬ ŮɑɜŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɖɠ ŰŮɢɜɘəɐɠ AJAX (Asynchronous JavaScript and Extensible Markup Language, 

ȷůɨɔɢɟɞɜɖ JavaScript əŬɘ Ⱥ́ ŮəŰɎůɘɛɖ ũɚɩůůŬ ɆɐɛŬɜůɖɠ). ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ 

Ŭůɨɔɢɟɞɜɖ ŬɜŰŬɚɚŬɔɐ ŭŮŭɞɛɏɜɤɜ ɛŮŰŬɝɨ Ůɜɧɠ ɢɟɐůŰɖ əŬɘ Ůɜɧɠ ŮɝɡˊɖɟŮŰɖŰɐ. 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɛˊɞɟɞɨɛŮ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɛŮ ɔŮɔɞɜɧŰŬ ɧˊɤɠ ɖ 

ŬˊɞɗɐəŮɡůɖ ŬɚɚŬɔɩɜ ůŮ ɏɜŬ ŬɟɢŮɑɞ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ ɛɘŬɠ űɧɟɛŬɠ ˊɞɡ ɗŬ 

ˊɟɞəŬɚɞɨůŮ ŮˊŬɜɎɚɖɣɖ űɧɟŰɤůɖɠ Űɖɠ ůŮɚɑŭŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɘŬəɞˊɐ ůɡɔɔɟŬűɐɠ. ɀŮ 

ˊŬɟɧɛɞɘɞ Űɟɧˊɞ, ɖ ɑŭɘŬ ŰŮɢɜɘəɐ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎəŰɖůɖ ůŰɞɘɢŮɑɤɜ Ŭˊɧ Űɞɜ ŮɝɡˊɖɟŮŰɖŰɐ 

ŮˊɘŰɟɏˊɞɜŰɎɠ ɛŬɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɜ ɎɛŮůɖ ŮˊɑŭŮɘɝɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ɛɑŬ űɧɟɛŬ 

ŬɜŬɕɐŰɖůɖɠ. ũɑɜŮŰŬɘ ŮɨəɞɚŬ űŬɜŮɟɧ ɧŰɘ ŬɡŰɧɠ ɞ Űɟɧˊɞɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ɔŮɔɞɜɧŰɤɜ ɛŬɠ ŭɑɜŮɘ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞůűɏɟɞɡɛŮ ůŰɞɜ ɢɟɐůŰɖ ɛɘŬ ˊɘɞ ɎɛŮůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɢɤɟɑɠ ˊŮɟɘŰŰɏɠ 

ŭɘŬəɞˊɏɠ. 

 ɀŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɖɠ ɔɚɩůůŬɠ JavaScript ɞɚɞəɚɖɟɩɜɞɡɛŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɤɜ 

ɓŬůɘəɩɜ ŮɟɔŬɚŮɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɖɜ ́ ɚŮɡɟɎ Űɞɡ ɢɟɐůŰɖ. Ƀɘ ɔɚɩůůŮɠ HTML əŬɘ CSS 

ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ůŰɞɘɢŮɑŬ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ əŬɘ ɖ ɔɚɩůůŬ JavaScript ˊɟɞůɗɏŰŮɘ ŭɡɜŬɛɘəɏɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ůŮ ŬɡŰɎ. ȰŰůɘ ŭɖɛɘɞɡɟɔɞɨɛŮ Űɖɜ ůɡɜɞɚɘəɐ ŭɘŮˊŬűɐ ˊɞɡ ˊɟɞůűɏɟŮŰŬɘ ůŰɞɜ ɢɟɐůŰɖ. 
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ɄŬɟɎɚɚɖɚŬ ɧɛɤɠ, ɛɑŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŮűŬɟɛɞɔɐ, ŬˊŬɘŰŮɑ əŬɘ ɏɜŬɜ ɚŮɘŰɞɡɟɔɘəɧ ŮɝɡˊɖɟŮŰɖŰɐ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ ŬɡŰɧ Űɞ 

əŬɗɐəɞɜ əŬɘ ŬˊɞŰŮɚɞɨɜ ŰŬ ɓŬůɘəɎ ůɡůŰŬŰɘəɎ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

ŮɝɡˊɖɟŮŰɖŰɐ.  

 

2.1.3 PHP 

 

 ȼ ɔɚɩůůŬ PHP (PHP: Hypertext Preprocessor, PHP: ɄɟɞŮˊŮɝŮɟɔŬůŰɐɠ ɈˊŮɟəŮɘɛɏɜɞɡ) 

[16] ŮɑɜŬɘ ɛɑŬ ɔɚɩůůŬ ůŮɜŬɟɑɞɡ (script) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ 

ŭɘŬŭɘəŰɨɞɡ ɔɘŬ ɜŬ ˊɟɞůűɏɟŮɘ ɚŮɘŰɞɡɟɔɑŮɠ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. ȼ ɔɚɩůůŬ ŬɟɢɘəɎ ŬɜŬˊŰɨɢɗɖəŮ 

Ŭˊɧ Űɞɜ Rasmus Lerdorf ɛŮ ůəɞˊɧ Űɖɜ ůɡɚɚɞɔɐ ůŰŬŰɘůŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ 

ŮˊɘůəŮɣɘɛɧŰɖŰŬ Űɖɠ ˊɟɞůɤˊɘəɐɠ Űɞɡ ɘůŰɞůŮɚɑŭŬɠ. ȾŬŰɎ Űɖɜ 2ɖ ɏəŭɞůɖ ɏɔɘɜŮ ɖ ˊɟɞůɗɐəɖ Ůɜɧɠ 

ŮɟɔŬɚŮɑɞɡ ɔɘŬ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Ůɜɩ ůŰɖɜ 3ɖ ˊɚɏɞɜ ɏəŭɞůɖ ŮɑɢŬɛŮ Űɖɜ 

ůɡůůɩɟŮɡůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ əŬɘ ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ůŮ ɛɘŬ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

[17]. ɆŰɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɔɚɩůůŬ PHP 5 əŬɘ ůɡɔəŮəɟɘɛɏɜŬ 

Űɖɜ ɏəŭɞůɖ 5.5.33.  

 ȳˊɤɠ ŬɜŬűɏɟŬɛŮ ˊŬɟŬˊɎɜɤ, ɖ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ PHP ůŰɞɢŮɨŮɘ ůŰɖɜ ˊɟɞůɗɐəɖ 

ɚŮɘŰɞɡɟɔɘɩɜ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. ɄɟɞůűɏɟŮɘ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛɑŬɠ ɔɚɩůůŬɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ Ůˊɘˊɚɏɞɜ ŮɝŮɘŭɑəŮɡůɖ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ŭɘŬŭɘəŰɨɞɡ. ȹɑɜŮŰŬɘ ɏɛűŬůɖ  

ůŰɖɜ ɎɛŮůɖ əŬɘ ŬůűŬɚɐ ŭɘɎŭɟŬůɖ ɛŮ ɛɑŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ˊɟɞůűɏɟɞɜŰŬɘ 

ŮɜůɤɛŬŰɤɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ ŭɘŬŭɘəŰɡŬəɎ ŭŮŭɞɛɏɜŬ, ɧˊɤɠ 

ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ɐ Űɞɡ ŮˊɘůəɏˊŰɖ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1, ɖ PHP ɛˊɞɟŮɑ 

ɜŬ ɓɟŮɗŮɑ ɏɜɗŮŰɖ ůŮ əɩŭɘəŬ HTML ŬɟəŮɑ ɞ əɩŭɘəɎɠ Űɖɠ ɜŬ ŬɟɢɘəɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ůɐɛŬɜůɖ 

ñ<?phpò əŬɘ ɜŬ ŰŮɚŮɘɩɜŮɘ ɛŮ Űɖɜ ůɐɛŬɜůɖ ñ?>ò Ůɜɩ Űɞ ŬɟɢŮɑɞ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɨˊɞɡ ñ.phpò. 

ȰŰůɘ, ɛŬɠ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰɟɏɝɞɡɛŮ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɛɑŬ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɜŬ 

ŮɜůɤɛŬŰɩůɞɡɛŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ůŰɞɜ əɩŭɘəŬ HTML ˊɞɡ ɗŬ ɚɎɓŮɘ ɞ ɢɟɐůŰɖɠ. ɀɑŬ Ɏɚɚɖ ˊɞɚɨ 

ůɖɛŬɜŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ɖ ɢɟɐůɖ ůɡɜɧŭɞɡ. ȾŬɗɩɠ ɖ PHP ŮɑɜŬɘ ɛɑŬ ɔɚɩůůŬ ůŮɜŬɟɑɞɡ, Űɞ 

əɎɗŮ ůŮɜɎɟɘɞ ŮəŰŮɚŮɑŰŬɘ ɝŮɢɤɟɘůŰɎ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ. Ʉɞɚɚɏɠ űɞɟɏɠ ɧɛɤɠ ɢɟŮɘŬɕɧɛŬůŰŮ 

ŭŮŭɞɛɏɜŬ ɛŮŰŬɝɨ ůŮɜŬɟɑɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚɞɜŰŬɘ Ŭˊɧ ŬɡŰɎ. ȷɡŰɐ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

ˊɟɞůɗɏŰɞɡɜ ɞɘ ɡˊɖɟŮůɑŮɠ ɛˊɘůəɧŰɤɜ (cookies) əŬɘ ůɡɜŮŭɟɘɩɜ (sessions). ȾŬɗɩɠ ɖ ɡˊɖɟŮůɑŬ 

ɛˊɘůəɧŰɤɜ ŬˊɞɗɖəŮɨŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ɢɟɐůŰɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɧˊɤɠ ɖ ɛɜɖɛɧɜŮɡůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Ůɘůɧŭɞɡ Űɞɡ. ȼ ɡˊɖɟŮůɑŬ 

ůɡɜŮŭɟɘɩɜ ŬɜŰɑɗŮŰŬ, ŬˊɞɗɖəŮɨŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ, 

ˊŮɟɘɞɟɑɕɞɜŰŬɠ ůɖɛŬɜŰɘəɎ ŰŬ ɗɏɛŬŰŬ ŬůűɎɚŮɘŬɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ 

Űɖɠ. ȰŰůɘ ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ ɖ ɢɟɐůɖ ůɡɜŮŭɟɘɩɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘŬůɨɜŭŮůɖ Űɤɜ ůŮɜŬɟɑɤɜ 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ ɛŮ ˊɞɚɨ ɛŮɔɎɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ.  
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ȺɘəɧɜŬ 1: ȰɜɗŮŰɞɠ əɩŭɘəŬɠ PHP ůŮ əɩŭɘəŬ HTML 

 ɆŰɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ, ɏɔɘɜŮ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɡɜŬŰɞŰɐŰɤɜ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ŭɧɗɖəŮ ɓɎůɖ ůŰɖɜ ůɤůŰɐ ɞɟɔɎɜɤůɖ Űɞɡ əɩŭɘəŬ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ. ȼ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ PHP ŭɘŬɢɤɟɑůŰɖəŮ ůŮ ŭɨɞ ɓŬůɘəɞɨɠ ŰɞɛŮɑɠ ɩůŰŮ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɜŬ ŮɑɜŬɘ 

Ůɨəɞɚɖ əŬɘ ɎɛŮůɖ ɖ ŭɘŬŰɐɟɖůɖ əŬɘ ŮˊɏəŰŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. Ƀ ˊɟɩŰɞɠ ŰɞɛɏŬɠ ɓŬůɑɕŮŰŬɘ ůŰɞɜ 

ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ. ȹɖɛɘɞɡɟɔɐůŬɛŮ əɚɎůŮɘɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ 

əŬŰɖɔɞɟɑŮɠ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɏůŬ ůŰɞ ůɨůŰɖɛŬ. Ƀɘ əɚɎůŮɘɠ ŬɡŰɏɠ 

ɓŬůɑɕɞɜŰŬɘ ůŮ ɛŮɗɧŭɞɡɠ ˊɞɡ ŮəŰŮɚɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ŮˊɘůŰɟɏűɞɡɜ 

ůɡɔəŮəɟɘɛɏɜŮɠ Ůɝɧŭɞɡɠ. ȰŰůɘ ɖ əɎɗŮ ɛɏɗɞŭɞɠ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ ɏɜŬ ɛŬɨɟɞ əɞɡŰɑ ˊɞɡ ŮəŰŮɚŮɑ 

ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ, əŬŰŬɜŮɛɖɛɏɜɞ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ əŬŰɖɔɞɟɑŬ Űɞɡ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ 

ŬˊɚɞˊɞɘŮɑ ůɖɛŬɜŰɘəɎ Űɧůɞ Űɖɜ ůɡɜŰɐɟɖůɖ ɧůɞ əŬɘ Űɖɜ ˊɟɞůɗɐəɖ ɚŮɘŰɞɡɟɔɘɩɜ. Ƀ ŭŮɨŰŮɟɞɠ 

ŰɞɛɏŬɠ ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ɢɟɐůɖ Űɞɡ ˊɟɩŰɞɡ. ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɞɜ əɩŭɘəŬ ˊɞɡ ŭŮɜ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ůŮ ɝŮɢɤɟɘůŰɎ ůŮɜɎɟɘŬ, ŬɚɚɎ ˊɟɞůŭɘɞɟɑɕŮɘ əɎɗŮ űɞɟɎ Űɞɜ Űɟɧˊɞ ˊɞɡ Űɞ 

ůŮɜɎɟɘɞ ɗŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɘɠ Ůɘůɧŭɞɡɠ ˊɞɡ ŭɏɢɗɖəŮ əŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ɗŬ ˊŬɟɎɔŮɘ. Ƀ 

ŰɞɛɏŬɠ ŬɡŰɧɠ ŬɜŬɚŬɛɓɎɜŮɘ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, Űɖɜ űɧɟŰɤůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ɚŮɘŰɞɡɟɔɘɩɜ, Űɖɜ 

ŮɝŬůűɎɚɘůɖ ŬˊɞůŰŮɑɟɤůɖɠ Űɤɜ ŮɘůŬɔɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ, Űɖɜ ůɤůŰɐ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɘŰɖɛɎŰɤɜ 

əŬɘ ůŰɞɘɢŮɑɤɜ űɧɟɛŬɠ əŬɗɩɠ əŬɘ Űɖɜ ɢɟɐůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ˊɟɞɓɞɚɐ 

Űɤɜ ɕɖŰɞɨɛŮɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ūŬɑɜŮŰŬɘ ɚɞɘˊɧɜ ɧŰɘ ɛŮ Űɞɜ ˊɟɩŰɞ ŰɞɛɏŬ ŬɜŬˊŰɨɝŬɛŮ Űɞɜ 

ůəŮɚŮŰɧ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Ůɜɩ ɞ ŭŮɨŰŮɟɞɠ ŰɞɛɏŬɠ ŬˊɞŰŮɚŮɑ Űɞɜ ɘůŰɧ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞ ůɨůŰɖɛŬ 

əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ.  

 ȼ ɔɚɩůůŬ PHP ɛŬɠ ˊŬɟɏɢŮɘ ŰŮɚɘəɎ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ŭɘŬŭɘəŰɡŬəɧ ůɨůŰɖɛŬ, ŮɨəɞɚŬ 

ůɡɜŰɖɟɐůɘɛɞ əŬɘ ŮˊŮəŰɎůɘɛɞ. ɀŬɠ ŭɑɜŮɘ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ɏɜŬɜ ŮɜŮɟɔɧ ŮɝɡˊɖɟŮŰɖŰɐ, 

ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɘɠ ɡˊɖɟŮůɑŮɠ ˊɞɡ ŬˊɞůəɞˊɞɨɛŮ ɜŬ ˊɟɞůűɏɟɞɡɛŮ. ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ 

Űɧůɞ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ɧůɞ əŬɘ Űɞɡ ˊŮɟɘɖɔɖŰɐ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɏɠ ɔɘŬ Űɞɡɠ ůŰɧɢɞɡɠ ˊɞɡ ɗɏůŬɛŮ. 

ȾŬɗɩɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ Űɞɜ ɢɟɐůŰɖ, ŬˊŬɘŰŮɑŰŬɘ əŬɘ ɛɑŬ ɡˊɖɟŮůɑŬ ˊɞɡ 

ɗŬ ŭɩůŮɘ ɜɧɖɛŬ ůŮ ŬɡŰɐ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ. 

 

2.1.4 MySQL  

 

 ȼ SQL (Structured Query Language, ȹɞɛɖɛɏɜɖ ũɚɩůůŬ ȹɘŬŰɨˊɤůɖɠ ȺɟɤŰɐůŮɤɜ) [18] 

ŮɑɜŬɘ ɛɑŬ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ůɢŮŭɘŬůɛɏɜɖ ɔɘŬ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ ɛɑŬ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɏůɤ ůɡůŰɖɛɎŰɤɜ ŭɘŬɢŮɑɟɘůɖɠ ůɢŮůɘŬəɩɜ ɓɎůŮɤɜ 

ŭŮŭɞɛɏɜɤɜ. ȰɜŬ Ŭˊɧ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ɖ MySQL ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ŭɘŬŭɘəŰɨɞɡ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ, ɏɜŬ ůɨůŰɖɛŬ ɛŮɔɎɚɤɜ 

ŮˊɘŭɧůŮɤɜ əŬɘ ɛɘəɟɞɨ əɧůŰɞɡɠ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ [19].  
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 ȼ MySQL ŮˊɘŰɟɏˊŮɘ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ Űɖɜ ŬˊɞɗɐəŮɡůɖ ůŰɞɘɢŮɑɤɜ ůŮ ɛɑŬ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ ˊɟɞůˊɏɚŬůɐ Űɞɡɠ ɛɏůɤ SQL ŮɟɤŰɖɛɎŰɤɜ. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɛŬɠ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛɏůɤ Űɖɠ ɔɚɩůůŬɠ PHP ɖ ɞˊɞɑŬ 

ɛŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɗɏůɞɡɛŮ ŮɟɤŰɐɛŬŰŬ SQL ɛŮ ŬůűŬɚɐ əŬɘ ɎɛŮůɞ Űɟɧˊɞ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɖɠ ŭɘŮˊŬűɐɠ PDO (PHP Data Objects, PHP ȷɜŰɘəŮɑɛŮɜŬ ȹŮŭɞɛɏɜɤɜ) [20]. ȾŬɗɩɠ ɖ 

ŮűŬɟɛɞɔɐ ɛŬɠ ŬˊŬɘŰŮɑ Űɖɜ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ ɢɟɖůŰɩɜ ŬɚɚɎ əŬɘ Űɖɜ ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ, 

ɏɟɔɤɜ əŬɘ ŮɝŬɟŰɖɛɎŰɤɜ, ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟɐůɞɡɛŮ əɎˊɞɘŬ ŭŮŭɞɛɏɜŬ. ȰŰůɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ ůŰɞɘɢŮɑɤɜ ɢɤɟɘůɛɏɜŬ ůŮ əŬŰɖɔɞɟɑŮɠ 

ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ˊɑɜŬəŮɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ɆŮ ŬɡŰɞɨɠ Űɞɡɠ ˊɑɜŬəŮɠ 

ŭɘŬŰɖɟɞɨɛŮ ŭŮŭɞɛɏɜŬ ɧˊɤɠ Űɘɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɞɜ əɎɗŮ ɢɟɐůŰɖ, ŰŬ ůŰɞɘɢŮɑŬ 

əɎɗŮ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ ŬɟɢŮɑɞɡ əŬɗɩɠ əŬɘ ŬɡŰɎ əɎɗŮ ŭɖɛɞůɘŮɡɛɏɜɞɡ ŮɝŬɟŰɐɛŬŰɞɠ. 

ɄŬɟɎɚɚɖɚŬ ɧɛɤɠ ŬˊɞɗɖəŮɨɞɡɛŮ əŬɘ ůɡɜŭŮŰɘəɎ ůŰɞɘɢŮɑŬ ɧˊɤɠ Űɞɡɠ ůɡɔɔɟŬűŮɑɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ əɎɗŮ ɏɟɔɞ əŬɘ ŮɔɔɟŬűɏɠ ˊɞɡ ůɡɜŭɏɞɡɜ ŭɨɞ ˊɑɜŬəŮɠ. ɀɏůɤ Űɖɠ MySQL 

ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞůɗɏůɞɡɛŮ, ŰɟɞˊɞˊɞɘɐůɞɡɛŮ, ŬűŬɘɟɏůɞɡɛŮ əŬɘ ˊɟɞɓɎɚɞɡɛŮ ŬɡŰɏɠ Űɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ. ȰŰůɘ ɖ MySQL ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɘŬŰɐɟɖůɖ ɛɜɐɛɖɠ ůŰɞ ůɨůŰɖɛɎ ɛŬɠ əŬɘ Űɖɜ 

ɞɛŬɚɐ ůɡɜŮɢɐ ɟɞɐ ˊɚɖɟɞűɞɟɘɩɜ ɛŮŰŬɝɨ ɢɟɖůŰɩɜ əŬɘ ŮűŬɟɛɞɔɐɠ. 

 ɀŮ ŰŬ ˊŬɟŬˊɎɜɤ ŮɟɔŬɚŮɑŬ ŭɖɛɘɞɡɟɔɐůŬɛŮ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. 

ɀɑŬ ŮűŬɟɛɞɔɐ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ůɡɜŮɢɐ əɨəɚɞ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ ɚŮɘŰɞɡɟɔɘɩɜ 

ŮɝɡˊɖɟŮŰɖŰɐ əŬɘ ˊŮɟɘɖɔɖŰɐ ůɡɜŭɏɞɜŰŬɠ ŰŮɚɘəɎ Űɖɜ ɛɜɐɛɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Űɞɡ ɢɟɐůŰɖ. 

 

2.1.5 ɄɟɤŰɧəɞɚɚɞ HTTP 

 

 ɇɞ HTTP (Hypertext Transfer Protocol , ˊɟɤŰɧəɞɚɚɞ ɛŮŰŬűɞɟɎɠ ɡˊŮɟəŮɘɛɏɜɞɡ) [21] 

ŮɑɜŬɘ ɏɜŬ ˊɟɤŰɧəɞɚɚɞ ˊɞɡ ŬˊɞŰŮɚŮɑ ɟɘɕɘəɧ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŭɘŬŭɘəŰɨɞɡ. ȰŰůɘ Ŭűɞɨ ŮɑŭŬɛŮ Űɘɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ, ŬɝɑɕŮɘ ɜŬ 

ŬɜŬűŮɟɗɞɨɛŮ ůŮ ŬɡŰɧ Űɞ ˊɟɤŰɧəɞɚɚɞ əŬɗɩɠ ŮɘůɎɔŮɘ ɏɜɜɞɘŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Ůɡɟɏɤɠ ůŰɖɜ 

ŬɜɎɚɡůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. 

 Ƀɘ ɓŬůɘəɏɠ ɏɜɜɞɘŮɠ ˊɞɡ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ HTTP ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ ˊŮɚɎŰɖ - 

ŭɘŬəɞɛɘůŰɐ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ ŬɘŰɐɛŬŰɞɠ əŬɘ ŬɜŰŬˊɧəɟɘůɖɠ. ȼ ɞɜŰɧŰɖŰŬ Űɞɡ ˊŮɚɎŰɖ ŭɖɛɘɞɡɟɔŮɑ 

ŬɘŰɐɛŬŰŬ ůŰɖɜ ɞɜŰɧŰɖŰŬ Űɞɡ ŭɘŬəɞɛɘůŰɐ. Ƀ ŭɘŬəɞɛɘůŰɐɠ ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɞ ŬɑŰɖɛŬ əŬɘ 

ŮˊɘůŰɟɏűŮɘ ɛɑŬ ŬɜŰŬˊɧəɟɘůɖ ˊŮɟɘɏɢɞɜŰŬɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰɎůŰŬůɖ Űɖɠ ŬɑŰɖůɖɠ əŬɘ 

ůɡɜɐɗɤɠ ŭŮŭɞɛɏɜŬ ˊɞɡ ɕɖŰɐɗɖəŬɜ. ɆŰɞ ŭɘŬŭɑəŰɡɞ, ɖ ɞɜŰɧŰɖŰŬ Űɞɡ ˊŮɚɎŰɖ ŮɑɜŬɘ ɞ ˊŮɟɘɖɔɖŰɐɠ 

Űɞɡ ɢɟɐůŰɖ əŬɘ ɖ ɞɜŰɧŰɖŰŬ Űɞɡ ŭɘŬəɞɛɘůŰɐ ŮɑɜŬɘ ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ. ɇŬ ůɡɜɖɗɏůŰŮɟŬ ŬɘŰɐɛŬŰŬ 

ŮɑɜŬɘ ŬɡŰɎ ɔɘŬ Űɖɜ ɚɐɣɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ɛɑŬɠ ůŮɚɑŭŬɠ ɧˊɞɡ ɚŬɛɓɎɜɞɡɜ ɤɠ ŬɜŰŬˊɧəɟɘůɖ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ˊŮɟɘɖɔɖŰɐɠ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ ůŮɚɑŭŬɠ. ɇŬ ŭɘŬɗɏůɘɛŬ ŬɘŰɐɛŬŰŬ 

ˊɞɡ ˊŬɟɏɢŮɘ Űɞ HTTP ɢɤɟɑɕɞɜŰŬɘ ůŮ ɛŮɗɧŭɞɡɠ. Ƀɘ ɛɏɗɞŭɞɘ ˊŮɟɘɔɟɎűɞɡɜ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ 

ɗŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ŰŬ ŬɘŰɐɛŬŰŬ Ŭˊɧ Űɞɜ ŭɘŬəɞɛɘůŰɐ əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ ŬɜŬɛŮɜɧɛŮɜɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɞɜ ˊŮɚɎŰɖ. Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ əŬɘ 

ŬɝɑɕŮɘ ɜŬ ŭɞɨɛŮ ˊɞɘɞ ŬɜŬɚɡŰɘəɎ ŮɑɜŬɘ ɞɘ POST əŬɘ GET. ȼ ɛɏɗɞŭɞɠ POST ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ŬɘŰɐɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŭŮŭɞɛɏɜŬ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ Ŭˊɧ Űɞɜ ŭɘŬəɞɛɘůŰɐ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ 

ɓɟɑůəŮŰŬɘ ůɡɜɐɗɤɠ ůŰɖɜ ŬˊɞůŰɞɚɐ ɛɑŬɠ űɧɟɛŬɠ Ůɜɩ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɢɗŮɑ əŬŰɎ Űɖɜ ŬˊɞůŰɞɚɐ 

ŭŮŭɞɛɏɜɤɜ ɛɏůɤ AJAX. ɆɡɔəŮəɟɘɛɏɜŬ ɖ PHP ɚŬɛɓɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɛŮɗɧŭɞɡ POST ůŮ 
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ɏɜŬɜ ˊɑɜŬəŬ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ ñ$_POSTò. ȰŰůɘ ŮɎɜ ɞ ˊŮɚɎŰɖɠ əɎɜŮɘ ŬˊɞůŰɞɚɐ ɛɑŬɠ űɧɟɛŬɠ ɛŮ 

ɏɜŬ ůŰɞɘɢŮɑɞ ɞɜɞɛŬůɛɏɜɞ ñvariableò ˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ Űɘɛɐ ñvalueò, əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ 

ůŮɜŬɟɑɞɡ PHP ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɗŬ ɏɢɞɡɛŮ ˊɟɧůɓŬůɖ ůŰɖɜ Űɘɛɐ Űɞɡ ˊɑɜŬəŬ 

ñ$_POST[óvariableô]==ôvalueôò. ȼ ɛɏɗɞŭɞɠ GET ŬɜŰɑɗŮŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɎəŰɖůɖ 

ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ Űɖɜ ŭɘŬəɞɛɘůŰɐ. ȼ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ GET ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ ɛɏůɞ Űɞɡ 

ůɡɜŭɏůɛɞɡ ŬɚɚɎ ɛˊɞɟŮɑ əŬɘ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ŮˊɘɚŮɢɗŮɑ əŬŰɎ Űɖɜ ɢɟɐůɖ AJAX. ũɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ˊŮɟɘŮɢɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ɛɏɗɞŭɞ GET ɖ PHP ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ˊɑɜŬəŬ 

ñ$_GETò. ȰŰůɘ ɛŮŰŬɓŬɑɜɞɜŰŬɠ ůŰɞɜ ɗŮɤɟɖŰɘəɧ ůɨɜŭŮůɛɞ 

ñhttp://example.com/index.php?var=valueò Űɞ ůŮɜɎɟɘɞ PHP ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɗŬ ˊŮɟɘɏɢŮɘ Űɖɜ 

Űɘɛɐ ůŰɞɜ ˊɑɜŬəŬ ñ$_GET[óvarô]==ôvalueôò. ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ɏɢɞɜŰŬɠ ɏɜŬɜ ɚŮɘŰɞɡɟɔɘəɧ 

ŮɝɡˊɖɟŮŰɖŰɐ əŬɘ ŭɑɜɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɘɎŭɟŬůɖ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ, ɞɘ 

ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞɘ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŮ ˊɞɚɚɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. 

 

2.2 ȺɝɤŰŮɟɘəɎ ȺɟɔŬɚŮɑŬ ˊɞɡ ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 
 

 ɇŬ ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɞɨɜ ɛɏɟɞɠ Űɞɡ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŭɘŬŭɘəŰɨɞɡ ɔɘŬ ŭŮəŬŮŰɑŮɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ Űɞɡ ɔŮɔɞɜɧŰɞɠ, ɡˊɎɟɢɞɡɜ 

ˊɞɚɚɎ ɓɞɖɗɖŰɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɛŮ ůəɞˊɧ Űɖɜ ˊɟɞůɗɐəɖ Ůɜɧɠ ˊŮɟŬɘŰɏɟɤ 

ŬűŬɘɟŮŰɘəɞɨ Ůˊɘˊɏŭɞɡ. ɇɏŰɞɘŬ ŮɟɔŬɚŮɑŬ ˊɞɘəɑɚɞɡɜ Ŭˊɧ ŮɝɘŭŮɘəŮɡɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɤɠ 

ɓɘɓɚɘɞɗɐəŮɠ əŬɘ ˊɚŬɑůɘŬ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŮɝɤŰŮɟɘəɎ ŮɟɔŬɚŮɑŬ ŬɡŰɞɨ 

Űɞɡ Ůɑŭɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, ˊɟɞůɗɏŰɞɜŰŬɠ ůɨɔɢɟɞɜŮɠ əŬɘ 

ŭɞəɘɛŬůɛɏɜŮɠ ɚɨůŮɘɠ ɔɘŬ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ.   

 

 

2.2.1 ɄɚŬɑůɘɞ Bootstrap 

 

 ɇɞ Bootstrap [22] ŮɑɜŬɘ ɏɜŬ HTML, CSS əŬɘ JavaScript ˊɚŬɑůɘɞ. ɄŬɟɏɢŮɘ ɏŰɞɘɛŮɠ CSS 

əɚɎůŮɘɠ ɔŮɜɘəɐɠ ɢɟɐůɖɠ əŬɘ JavaScript ɔŮɔɞɜɧŰŬ ˊɎɜɤ ůŮ əɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ əɚɎůŮɘɠ ɔɘŬ 

ůɡɜɐɗŮɘɠ ɚŮɘŰɞɡɟɔɑŮɠ. ɀŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɓŬůɑůɞɡɛŮ Űɞɜ ɓŬůɘəɧ ůəŮɚŮŰɧ Űɞɡ 

ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ˊɎɜɤ ůŮ ɏɜŬ ŭɞəɘɛŬůɛɏɜɞ əŬɘ ɏɛˊŮɘɟɞ ůɨůŰɖɛŬ. ɇɞ 

ˊɚŬɑůɘɞ Bootstrap ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŮɑɜŬɘ ɖ 3ɖ ɏəŭɞůɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɏəŭɞůɖ Bootstrap 

3.3.6.  

 Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ Bootstrap ŮɑɜŬɘ ˊɞɚɚɏɠ ŬɚɚɎ ɡˊɎɟɢɞɡɜ əɎˊɞɘŮɠ Ŭˊɧ 

ŬɡŰɏɠ ˊɞɡ ŬɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɜ ɝŮɢɤɟɘůŰɎ. ȼ ˊɟɩŰɖ ŭɡɜŬŰɧŰɖŰɎ Űɞɡ, ˊɞɡ ɛŬɠ ɞŭɐɔɖůŮ əŬɘ 

ůŰɖ Ůˊɘɚɞɔɐ ŬɡŰɞɨ Űɞɡ ŮɟɔŬɚŮɑɞɡ, ŮɑɜŬɘ ɧŰɘ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůɤůŰɎ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ɞɗɧɜɖɠ 

Űɞɡ ɢɟɐůŰɖ. ȾŬɗɩɠ ɗŮɤɟɞɨɛŮ ɧŰɘ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ ɜŬ ˊɟɞůűɏɟŮɘ ůŮ əɎɗŮ 

ɢɟɐůŰɖ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůˊɏɚŬůɖɠ Űɖɠ Ŭˊɧ ˊɞɘəɘɚɑŬ ůɡůəŮɡɩɜ, ŮɑɜŬɘ űŬɜŮɟɧ ɔɘŬŰɑ ɛŬɠ 

ŮɜŭɘŬűɏɟŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛɘŬ ŰɏŰɞɘŬ ŭɡɜŬŰɧŰɖŰŬ. ɀɑŬ Ŭəɧɛɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ Bootstrap 

ŮɑɜŬɘ ɖ ɢɟɐůɖ ˊɚɏɔɛŬŰɞɠ. Ƀɘ ɓŬůɘəɏɠ əɚɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Bootstrap ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ɘůŰɞůŮɚɑŭŬɠ ˊɟɞŰŮɑɜɞɡɜ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ůŰɞɘɢŮɑɤɜ ůŮ ůŮɘɟɏɠ əŬɘ ůŰɐɚŮɠ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ˊɚɏɔɛŬ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊɞɚɨ əŬɚɐ ůɡɜŮɟɔɑŬ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ ɛŮ Űɖɜ 

ˊɟɩŰɖ ŭɡɜŬŰɧŰɖŰŬ ˊɞɡ ŬɜŬűɏɟŬɛŮ, ɖ ɢɟɐůɖ ˊɚɏɔɛŬŰɞɠ ɞŭɖɔŮɑ ŰŬɡŰɧɢɟɞɜŬ ůŮ ɛɘŬ ˊɞɚɨ 
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ɞɟɔŬɜɤɛɏɜɖ ŮɛűŬɜɘůɘŬəɎ ɘůŰɞůŮɚɑŭŬ ˊɞɡ ˊɟɞůűɏɟŮɘ ůŰɞɜ ɢɟɐůŰɖ Űɧůɞ Űɖɜ əŬɚŬɘůɗɖůɑŬ ˊɞɡ 

ŮˊɘɗɡɛɞɨɛŮ ɧůɞ əŬɘ Űɖɜ ŮɡəɞɚɑŬ əŬŰŬɜɧɖůɖɠ əŬɘ ŮɨɟŮůɖɠ Űɤɜ Ůˊɘɗɡɛɘɩɜ ɚŮɘŰɞɡɟɔɘɩɜ. ɇɏɚɞɠ, 

Űɞ Bootstrap ɛŬɠ ˊɟɞůűɏɟŮɘ ɏɜŬ ůɨɜɞɚɞ əɚɎůŮɤɜ əŬɘ JavaScript ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ əŬɘ ɛŬɠ ŬˊŬɚɚɎůůɞɡɜ Ŭˊɧ Űɞɜ ɢɟɧɜɞ ŮˊŬɜŬŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ ŬɚɚɎ 

ŰŬɡŰɧɢɟɞɜŬ ˊɟɞůűɏɟɞɜŰŬɘ ɛŮ ɞɟɔŬɜɤɛɏɜɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

ŮˊɏəŰŬůɐ əŬɘ ŮɝŮɘŭɑəŮɡůɐ Űɞɡɠ ůŰɘɠ ŭɘəɏɠ ɛŬɠ ŬɜɎɔəŮɠ. ɇɏŰɞɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɘəɑɚɞɡɜ Ŭˊɧ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɛˊɎɟŬɠ ˊɚɞɐɔɖůɖɠ ɛŮ ɡˊɞɛŮɜɞɨ ɤɠ Űɖɜ ůɤůŰɐ ůŰɞɑɢɘůɖ ůŰɞɘɢŮɑɤɜ əŬɘ Űɖɜ 

ŮˊŬɚɐɗŮɡůɖ Űɞɡ Űɨˊɞɡ ŭŮŭɞɛɏɜɤɜ ůŮ ɛɑŬ űɧɟɛŬ ŬˊɞůŰɞɚɐɠ ŭŮŭɞɛɏɜɤɜ. ȼ ɢɟɐůɖ Űɞɡ ˊɚŬɘůɑɞɡ 

Bootstrap ůŰɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ɛŬɠ ɏŭɤůŮ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ɢɟŮɘŬůŰɐəŬɛŮ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŬɠ ŮˊɏŰɟŮɣŮ Űɖɜ 

Ůɨəɞɚɖ əŬɘ ɎɛŮůɖ Űɟɞˊɞˊɞɑɖůɖ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɘɠ ŭɘəɏɠ ɛŬɠ ŬˊŬɘŰɐůŮɘɠ. 

 

2.2.2 ȸɘɓɚɘɞɗɐəɖ jQuery 

 

 ȼ jQuery [23] ŮɑɜŬɘ ɛɑŬ ˊɞɚɨ ŭɘŬŭŮŭɞɛɏɜɖ ɓɘɓɚɘɞɗɐəɖ ɔɘŬ Űɖɜ ɔɚɩůůŬ JavaScript. ȼ 

ɓɘɓɚɘɞɗɐəɖ ŬɡŰɐ ɛŬɠ ˊɟɞůűɏɟŮɘ ɏɜŬ ŬűŬɘɟŮŰɘəɧ ŮˊɑˊŮŭɞ ŬˊɚɞˊɞɘɩɜŰŬɠ ˊɞɚɚɏɠ JavaScript 

ɚŮɘŰɞɡɟɔɑŮɠ.  ɆɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, ŬɝɘɞˊɞɘɞɨɛŮ Űɖɜ ɏəŭɞůɖ jQuery 2.2 əŬɗɩɠ 

ŬɡŰɐ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞ Bootstrap 3. 

 ȺɘůɎɔɞɜŰŬɠ Űɖɜ ɓɘɓɚɘɞɗɐəɖ jQuery ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɔɚɩůůŬ 

JavaScript ɛɏůŬ Ŭˊɧ Űɖɜ jQuery. Ƀɘ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊŬɟŬɛɏɜɞɡɜ ɞɘ ɑŭɘŮɠ ŬɚɚɎ ŬˊɞűŮɨɔŮŰŬɘ 

ˊɚɏɞɜ ɖ ɢɟɐůɖ Ŭˊɚɩɜ JavaScript ůɡɜŬɟŰɐůŮɤɜ, ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ɛŮɗɧŭɤɜ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ 

ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ŬɚɚɎ ŬˊɞůəɞˊŮɑ ůŮ əŬɗŬɟɧŰŮɟɞ əɩŭɘəŬ əŬɘ Űɖɜ Ŭˊɞűɡɔɐ ɢɟɐůɖɠ ɛɖ 

ůɡɛɓŬŰɩɜ Űɨˊɤɜ ŭŮŭɞɛɏɜɤɜ ɤɠ Ůɑůɞŭɞ ɐ ɏɝɞŭɞ ůɡɜŬɟŰɐůŮɤɜ. ȰŰůɘ ˊɚɏɞɜ ɞɟɑɕɞɡɛŮ ɔŮɔɞɜɧŰŬ 

ŭŮɨŰŮɟɞɡ Ůˊɘˊɏŭɞɡ ɛɏůɤ Űɖɠ jQuery, ŮˊɘɚɏɔɞɡɛŮ ůŰɞɘɢŮɑŬ HTML ɤɠ ŬɜŰɘəŮɑɛŮɜŬ jQuery əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŮ ŬɡŰɎ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɗɏŰɞɜŰŬɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɗɐəɖ jQuery. ɇɞ ŬűŬɘɟŮŰɘəɧ 

ŮˊɑˊŮŭɞ ˊɞɡ ŮɘůɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɗɐəɖ ůŰɞɢŮɨŮɘ Űɧůɞ ůŰɖɜ ɎɛŮůɖ ˊɟɧůɓŬůɖ ůŮ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɚɐ JavaScript ɧůɞ əŬɘ ůŰɖɜ ŮɘůŬɔɤɔɐ ɢɟɐůɘɛɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ůɡɢɜɎ 

ɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ Ŭˊɚɐɠ JavaScript ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬŭɖɛɘɞɡɟɔŮɑ əɎɗŮ űɞɟɎ. 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɚɞɘˊɧɜ Űɖɜ ɓɘɓɚɘɞɗɐəɖ jQuery, ŬɜŬˊŰɨɝŬɛŮ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ 

JavaScript ůŮ əŬɗŬɟɐ əŬɘ ŮɨəɞɚŬ ůɡɜŰɖɟɐůɘɛɖ ɛɞɟűɐ ɢɤɟɑɠ ɜŬ ɢɟŮɘŬůŰɞɨɜ ůɡɛɓɘɓŬůɛɞɑ ůŰɞɡɠ 

ůŰɧɢɞɡɠ ˊɞɡ ɗɏůŬɛŮ.  

 

2.2.3 ȾŮɘɛŮɜɞɔɟɎűɞɠ Ace  

 

 Ƀ Ace [24] ŮɑɜŬɘ ɏɜŬɠ əŮɘɛŮɜɞɔɟɎűɞɠ ŬɜŮˊŰɡɔɛɏɜɞɠ ůŮ JavaScript. ȰɢŮɘ ŮɝŮɘŭɘəŮɡŰŮɑ ɔɘŬ 

Űɖɜ ɢɟɐůɖ Űɞɡ ůŰɖɜ ůɡɔɔɟŬűɐ əɩŭɘəŬ ɛŮ ŮˊɘůɖɛɎɜůŮɘɠ ůɡɜŰŬəŰɘəɞɨ ɔɘŬ ˊɎɜɤ Ŭˊɧ 110 

ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ. 

 ȼ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ůŰɞɢŮɨŮɘ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, ůŰɖɜ ůɡɔɔɟŬűɐ Űɞɡ əɩŭɘəŬ. 

ȰŰůɘ ɖ ɢɟɐůɖ Ůɜɧɠ əŮɘɛŮɜɞɔɟɎűɞɡ ɔɑɜŮŰŬɘ ɛɘŬ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ůɤůŰɐ ŭɘŮˊŬűɐ 

Űɞɡ ɢɟɐůŰɖ ɛŮ Űɞɜ əɩŭɘəɎ Űɞɡ. Ƀ əŮɘɛŮɜɞɔɟɎűɞɠ Ace ŮˊɘɚɏɢɗɖəŮ Űɧůɞ ɚɧɔɞ Űɞɡ Űɟɧˊɞɡ 

ŭɘŬɜɞɛɐɠ ɧůɞ əŬɘ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ˊɞɡ ˊɟɞůűɏɟŮɘ. ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ˊɞɚɘŰɘəɐ ˊɞɡ ɞɟɑůŬɛŮ 

ůŰɞɡɠ ůŰɧɢɞɡɠ ɛŬɠ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɤɜ Ace əŬɗɩɠ ˊɟɞůűɏɟŮŰŬɘ ŭɤɟŮɎɜ Űɧůɞ Űɞ ɑŭɘɞ Űɞ 
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ˊɟɧɔɟŬɛɛŬ, ɧůɞ əŬɘ ɞ ŬɜɞɘəŰɧɠ əɩŭɘəɎɠ Űɞɡ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŬˊɞŭŮɑɢɗɖəŮ ŰŮɚɘəɎ ŬˊŬɟŬɑŰɖŰɞ 

ɧŰŬɜ ŮɛűŬɜɑůŰɖəŬɜ ůɡɛɓŬŰɘəɏɠ ŬŭɡɜŬɛɑŮɠ ɛŮŰŬɝɨ Ace əŬɘ Bootstrap ɧˊɞɡ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɞɜ əɩŭɘəŬ Űɞɡ Ace ɛŬɠ ŮˊɏŰɟŮɣŬɜ ɜŬ Űɘɠ ɝŮˊŮɟɎůɞɡɛŮ. ɄŬɟɧɚɞ Űɞɡ Űɟɧˊɞɡ 

ŭɘŬɜɞɛɐɠ Űɞɡ ɧɛɤɠ, ɞ əŮɘɛŮɜɞɔɟɎűɞɠ Ace ˊŬɟŬɛɏɜŮɘ ɏɜŬ ˊɞɚɨ ŭɡɜŬŰɧ ŮɟɔŬɚŮɑɞ ɛŮ ɢɟɐůɘɛŮɠ 

ɚŮɘŰɞɡɟɔɑŮɠ. ɄɟɞůűɏɟŮɘ ŮˊɘůɖɛɎɜůŮɘɠ ɔɘŬ Űɘɠ ɔɚɩůůŮɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ, ˊɎɜɤ Ŭˊɧ 20 

ɗɏɛŬŰŬ ŮɛűɎɜɘůɖɠ, Ŭɟɑɗɛɖůɖ ɔɟŬɛɛɩɜ, ŬɜŬŭɑˊɚɤůɖ ɔɟŬɛɛɩɜ əŬɘ əɩŭɘəŬ, Ůɨəɞɚɖ ɛŮŰŬűɞɟɎ 

əɩŭɘəŬ Ŭˊɧ ŰɞˊɘəɎ ŬɟɢŮɑŬ ɛŮ Ůˊɘɚɞɔɐ, ɛŮŰŬűɞɟɎ əŬɘ ŬˊɧɗŮůɖ əŮɘɛɏɜɞɡ ɛŮ ɢɟɐůɖ ˊɞɜŰɘəɘɞɨ 

əŬɗɩɠ əŬɘ ˊɚɐɗɞɠ Ɏɚɚɤɜ ɚŮɘŰɞɡɟɔɘɩɜ. ȼ ɢɟɐůɖ ŰŮɚɘəɎ ŬɡŰɞɨ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ ɛŬɠ ŮűɞŭɑŬůŮ 

ɛŮ ɏɜŬ ŭɡɜŬŰɧ ŮɟɔŬɚŮɑɞ ˊɞɡ ŮɜůɤɛŬŰɩůŬɛŮ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ əŬɘ 

ˊɟɞůŬɟɛɧůŬɛŮ ɢɤɟɑɠ ŭɡůəɞɚɑŮɠ ůŰɞɡɠ ůŰɧɢɞɡɠ ɛŬɠ. 

 

2.2.4 GHDL  

 

 ɇɞ ŮɟɔŬɚŮɑɞ GHDL [25] ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ 

ɔɚɩůůŬɠ VHDL. ɇɞ GHDL ɛŮŰŬɔɚɤŰŰɑɕŮɘ Űɞɜ əɩŭɘəŬ VHDL ůŮ ɔɚɩůůŬ ɛɖɢŬɜɐɠ ŭɑɜɞɜŰŬɠ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ɔɟɖɔɞɟɧŰŮɟɖ ˊɟɞůɞɛɞɑɤůɖ Ŭˊɧ ŮɟɔŬɚŮɑŬ ˊɞɡ Űɞɜ ɛŮŰŬŰɟɏˊɞɡɜ ůŮ əɎˊɞɘŬ 

ŮɜŭɘɎɛŮůɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ. ȺɜůɤɛŬŰɩůŬɛŮ ɚɞɘˊɧɜ Űɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ůŰɖɜ 

ŮűŬɟɛɞɔɐ ɛŬɠ ɛŮ ůəɞˊɧ Űɖɜ ɎɛŮůɖ əŬɘ ɔɟɐɔɞɟɖ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. 

 ɇɞ GHDL ŮɑɜŬɘ ɏɜŬ Űɞˊɘəɧ ŮɟɔŬɚŮɑɞ. ɇɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɜ 

ŮɝɡˊɖɟŮŰɖŰɐ ˊɟɞůűɏɟɞɜŰŬɠ Űɘɠ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡ ůŰɞɜ ɢɟɐůŰɖ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɛŮŰŬűɧɟŰɤůɖɠ 

əŬɘ ŮɔəŬŰɎůŰŬůɐɠ Űɞɡ. ɆŰɞ ůɨůŰɖɛɎ ɛŬɠ, ŭɘŬŰɖɟɞɨɛŮ ɏɜŬɜ űɎəŮɚɞ ŬɟɢŮɑɤɜ ŮɟɔŬůɑŬɠ. ȰɜŬ 

ůŮɜɎɟɘɞ ŰŮɟɛŬŰɘəɞɨ ŮɚɏɔɢŮɘ ůɡɜŮɢɩɠ ŬɡŰɧɜ Űɞɜ űɎəŮɚɞ ɔɘŬ ŬɑŰɖůɖ ŮɟɔŬůɑŬɠ. ȳŰŬɜ ɏɜŬɠ 

ɢɟɐůŰɖɠ ɗɏɚŮɘ ɜŬ ɛŮŰŬɔɚɤŰŰɑůŮɘ ɏɜŬ ŬɟɢŮɑɞ ɐ ɜŬ ˊɟɞůɞɛɞɘɩůŮɘ ɏɜŬ ˊɟɧɔɟŬɛɛŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

ɏɜŬ ŬɟɢŮɑɞ ŬɑŰɖůɖɠ ŮɟɔŬůɑŬɠ ɛŮ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŮɜŰɞɚɏɠ ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬɔɚɩŰŰɘůɖ ɐ 

ˊɟɞůɞɛɞɑɤůɖ. ɇɧŰŮ Űɞ ůŮɜɎɟɘɞ ŰŮɟɛŬŰɘəɞɨ ɗŬ ŮəŰŮɚɏůŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ, ŮəŰŮɚɩɜŰŬɠ Űɞ 

ŮɟɔŬɚŮɑɞ GHDL ɛŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ Ůɘůɧŭɞɡɠ, əŬɘ ɗŬ ŬˊɞɛŬəɟɨɜŮɘ Űɞ ŬɟɢŮɑɞ ŮɟɔŬůɑŬɠ. ȰŰůɘ, 

ɏɢɞɡɛŮ ɏɜŬ ŭɡɜŬŰɧ əŬɘ ɔɟɐɔɞɟɞ Űɞˊɘəɧ ŮɟɔŬɚŮɑɞ, ˊɟɞůŬɟɛɞůɛɏɜɞ ɛŮ əŬŰɎɚɚɖɚɞ Űɟɧˊɞ ɩůŰŮ 

ɜŬ ɛŮŰŬűɏɟɞɜŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɞɘ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡ ůŰɖɜ ŭɘəɐ ɛŬɠ ŮűŬɟɛɞɔɐ, ůŮ ɏɜŬ 

ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ. 

 

2.2 Ɇɨɜɞɣɖ ȾŮűŬɚŬɑɞɡ 
 

ɄɟɞůɗɏŰɞɜŰŬɠ ŰŬ ŮɝɤŰŮɟɘəɎ ŮɟɔŬɚŮɑŬ Ůɜɧɠ ŬɜŮˊŰɡɔɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŰŬ ɓŬůɘəɎ 

ŮɟɔŬɚŮɑŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŭɘŬŭɘəŰɨɞɡ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ, ɏɢɞɡɛŮ ŰŬ ŭɞɛɘəɎ ɡɚɘəɎ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɛŬɠ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɎ ŰŬ ŭɞɛɘəɎ ɡɚɘəɎ, ŬɜŬˊŰɨɝŬɛŮ ɛɑŬ ŮűŬɟɛɞɔɐ ˊɞɡ 

əŬɚɨˊŰŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɞɡɠ ůŰɧɢɞɡɠ ˊɞɡ ɗɏůŬɛŮ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊɞɚɘŰɘəɐɠ ŮɚŮɨɗŮɟɞɡ 

ɚɞɔɘůɛɘəɞɨ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ. ŪŬ ŬɜŬɚɨůɞɡɛŮ ˊŬɟŬəɎŰɤ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŬɜ ŰŬ 

ˊŬɟŬˊɎɜɤ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ůɨɜɗŮůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ 

ŬɜŬˊŰɨɝŬɛŮ.
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ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
 

 ɆŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ ŬɜŬˊŰɨɝŬɛŮ Űɧůɞ Űɞɡɠ ůŰɧɢɞɡɠ əŬɘ ŰŬ əɑɜɖŰɟŬ ɔɘŬ Űɖɜ 
ɡɚɞˊɞɑɖůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ, ɧůɞ əŬɘ ŰŬ ŭɞɛɘəɎ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ. ɆŮ ŬɡŰɧ Űɞ 

əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɑŬ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŰŬ ɓŬůɘəɎ əŬɘ 

ŮɝɤŰŮɟɘəɎ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɖɜ ŮűŬɟɛɞɔɐ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɤɜ ůŰɧɢɤɜ ɛŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɗŬ ŬɜŬɚɨůɞɡɛŮ ŬɟɢɘəɎ Űɖɜ ŭɘɎɟɗɟɤůɖ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ əŬŰŬɚɧɔɤɜ ŬɟɢŮɑɤɜ, ɗŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŮ ɛɑŬ ɚŮˊŰɞɛŮɟɐ 

ŮɝɏŰŬůɖ ůŰɞɜ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ əŬɘ ɡɚɞˊɞɑɖůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɖɜ ŮűŬɟɛɞɔɐ 

ɛŬɠ əŬɘ Űɞ ŮɟɔŬɚŮɑɞ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ Űɏɚɞɠ ɗŬ ŭɩůɞɡɛŮ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɓɐɛŬŰŬ 

ɔɘŬ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ůŮ ɏɜŬɜ ŮɝɡˊɖɟŮŰɖŰɐ. 

 

3.1 ȹɘɎɟɗɟɤůɖ Űɖɠ ȸɎůɖɠ ȹŮŭɞɛɏɜɤɜ 
 

 ȼ ůɢŮŭɑŬůɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ɓɐɛŬŰŬ ɡɚɞˊɞɑɖůɖɠ 

ɛɑŬɠ ŮűŬɟɛɞɔɐɠ. ȾŬŰɎ Űɖɜ ůɢŮŭɑŬůɖ ŬɡŰɐ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ˊɞɚɚɎ ɗɏɛŬŰŬ ɔɘŬ Űɞɜ Űɟɧˊɞ 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Űɘɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ɡɚɞˊɞɑɖůɖɠ. ȼ ůɤůŰɐ ůɢŮŭɑŬůɖ ɛɑŬɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ŬˊɞůəɞˊŮɑ ůŰɞɜ ŭɘŬɢɤɟɘůɛɧ ŭŮŭɞɛɏɜɤɜ ůŮ ˊɑɜŬəŮɠ ɛŮ Ůɡəɟɘɜɐ ůəɞˊɧ. ɆɡɔəŮəɟɘɛɏɜŬ ůŮ ɛɑŬ 

ŮűŬɟɛɞɔɐ ŭɘŬŭɘəŰɨɞɡ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ůɢŮŭɘɎůɞɡɛŮ Űɖɜ ɓɎůɖ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ɓŮɚŰɘůŰɞˊɞɘɐůɞɡɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ əŬɘ Űɟɞˊɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɠ ŮɚɎɢɘůŰŮɠ 

ŭɡɜŬŰɏɠ ŮɟɤŰɐůŮɘɠ. 
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 ȰɢɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ, ŭɘŬɢɤɟɑůŬɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɛŬɠ ůŮ ŮűŰɎ ˊɑɜŬəŮɠ. 

Ƀ əɎɗŮ ˊɑɜŬəŬɠ ɏɢŮɘ ɛɑŬ ɝŮɢɤɟɘůŰɐ əŬŰɖɔɞɟɑŬ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɡˊɎɟɢɞɡɜ ŭɘŬəɟɘŰɞɑ ůɨɜŭŮůɛɞɘ 

ɛŮŰŬɝɨ Űɞɡɠ. ũŮɜɘəɎ, ɡˊɎɟɢŮɘ ɏɜŬ ɛɞŰɑɓɞ ůŰɞɜ Űɟɧˊɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞɡɠ ˊɑɜŬəŮɠ Űɖɠ 

ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŬɠ. Ƀ əɎɗŮ ˊɑɜŬəŬɠ ˊŮɟɘɏɢŮɘ ɏɜŬ ɔɜɩɟɘůɛŬ ŰŬɡŰɞˊɞɑɖůɖɠ ˊɞɡ ɞɜɞɛɎɕɞɡɛŮ 

ñidò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ əŬɘ ˊŬɑɟɜŮɘ Űɘɛɏɠ ɛŮ ŬɡŰɧɛŬŰɖ Ŭɨɝɖůɖ 

ůŮ əɎɗŮ əŬŰŬɢɩɟɘůɖ. ȺɎɜ ɡˊɎɟɢŮɘ ůɨɜŭŮůɛɞɠ ɛŮ Ɏɚɚɞɜ ˊɑɜŬəŬ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɏɜŬ ɔɜɩɟɘůɛŬ 

ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ñidò Űɞɡ Ɏɚɚɞɡ ˊɑɜŬəŬ. ȼ ɚɞɔɘəɐ ˊɞɡ ŬəɞɚɞɡɗɞɨɛŮ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ɝɏɜɞɡ 

əɚŮɘŭɘɞɨ. ɀɑŬ ŮűŬɟɛɞɔɐ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ˊɞɚɚɏɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ůɡɜŭɏůɛɤɜ ɛŮŰŬɝɨ ˊɘɜɎəɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɝɏɜŬ əɚŮɘŭɘɎ ůŰɖɜ ɑŭɘŬ Űɖɜ 

ɓɎůɖ əŬɗɩɠ əɎŰɘ ŰɏŰɞɘɞ ɗɏŰŮɘ ˊŮɟɘɞɟɘůɛɞɨɠ ůŰɞ Ůɑŭɞɠ Űɖɠ ɛɖɢŬɜɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɖ ŮűŬɟɛɞɔɐ ɛŬɠ. ȼ Ůˊɘɟɟɞɐ ŬɡŰɐɠ Űɖɠ ŬˊɧűŬůɖɠ ŮɑɜŬɘ ɖ  ŬɜɎɔəɖ 

ɔɘŬ ɏɚŮɔɢɞ əŬŰɎ Űɖɜ əŬŰɎɟɔɖůɖ ŮɔɔɟŬűɩɜ ɔɘŬ ŮɝŬɟŰɩɛŮɜŮɠ ŮɔɔɟŬűɏɠ ůŮ Ɏɚɚɞɡɠ ˊɑɜŬəŮɠ ŬɚɚɎ 

əŬɘ ɖ ŬˊŮɝɎɟŰɖůɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŬɠ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ. ȾŬɗɩɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ ůɤůŰɐ ůɢŮŭɑŬůɖ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ɞ ɏɚŮɔɢɞɠ əŬŰɎɟɔɖůɖɠ ŮɝŬɟŰɩɛŮɜɤɜ 

Űɘɛɩɜ ŬˊɚɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɎ Ůɜɩ ɚɧɔɞ Űɖɠ űɨůɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɏɢɞɡɛŮ ˊɞɚɨ ɛɘəɟɧ 

ŬɜŬɛŮɜɧɛŮɜɞ ˊɚɐɗɞɠ ŰɏŰɞɘɤɜ ŮɟɤŰɖɛɎŰɤɜ. ȷɜŰɑɗŮŰŬ, ɖ ɘəŬɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ Űɖɠ ŮűŬɟɛɞɔɐɠ 

ůŮ ˊɚɐɗɞɠ ŮɝɡˊɖɟŮŰɖŰɩɜ ɛŮ ɡˊɞůŰɐɟɘɝɖ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ ŮˊɘŰɟɏˊŮɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ 

ˊɚɐɗɞɠ ŮɜŭɘŬűŮɟɧɛŮɜɤɜ Űɖɜ ŭɞəɘɛɐ əŬɘ ˊɘɗŬɜɩɠ ɡˊɞůŰɐɟɘɝɖ əŬɘ ɛŮɚɚɞɜŰɘəɐ ŮˊɏəŰŬůɖ Űɖɠ. 

ȰŰůɘ ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ɛŬɠ ŮˊɘűɏɟŮɘ ŬɡŰɐ ɖ Ůˊɘɚɞɔɐ ɡˊŮɟŰŮɟɞɨɜ Űɤɜ 

ɛŮɘɞɜŮəŰɖɛɎŰɤɜ. 

 Ƀɘ ˊɑɜŬəŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2 ɧˊɤɠ əŬɘ ɛŮŰŬɝɨ Űɞɡɠ 

ŭɘŬůɡɜŭɏůŮɘɠ. ūŬɑɜŮŰŬɘ ɧˊɤɠ ŮɝɖɔɐůŬɛŮ ˊŬɟŬˊɎɜɤ Űɞ ñidò ɤɠ PK (ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ) əŬɘ ɤɠ 

FK (ɝɏɜɞ əɚŮɘŭɑ) ŰŬ ɔɜɤɟɑůɛŬŰŬ ŭɘŬůɨɜŭŮůɖɠ. Ƀɘ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ 

ɞɘ ˊɑɜŬəŮɠ ŮɑɜŬɘ ɞɘ ɢɟɐůŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŰŬ ɏɟɔŬ ɐ ˊɟɞɔɟɎɛɛŬŰŬ, ɞɘ ɢɟɐůŰŮɠ ɛŮ ŭɘəŬɘɩɛŬŰŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ əɎɗŮ ɏɟɔɞɡ, ŰŬ ŬɟɢŮɑŬ əɎɗŮ ɏɟɔɞɡ, ŰŬ ŬɟɢŮɑŬ ŮˊɘůəŮˊŰɩɜ, ɞɘ ɓɘɓɚɘɞɗɐəŮɠ ɐ 

ŮɝŬɟŰɐɛŬŰŬ əŬɘ Űɏɚɞɠ ŰŬ ŬɟɢŮɑŬ Ůɜɖɛɏɟɤůɖɠ ɓɘɓɚɘɞɗɖəɩɜ ɐ ŮɝŬɟŰɖɛɎŰɤɜ. ɄŬɟŬəɎŰɤ ɗŬ 

ŮɝɖɔɐůɞɡɛŮ ŬɜŬɚɡŰɘəɎ Űɞɜ ŮůɤŰŮɟɘəɧ ůɢŮŭɘŬůɛɧ əɎɗŮ ˊɑɜŬəŬ əŬɗɩɠ əŬɘ Űɞɜ Űɟɧˊɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ.  
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ȺɘəɧɜŬ 2: ȼ ŭɞɛɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

 

3.1.1 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ users 

 

 Ƀ ˊɑɜŬəŬɠ users ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əɎɗŮ 

ɚɞɔŬɟɘŬůɛɞɨ ɢɟɐůŰɖ. ȼ əɎɗŮ ŮɔɔɟŬűɐ ůŰɞɜ ˊɑɜŬəŬ ŬɡŰɧ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬɜ ɝŮɢɤɟɘůŰɧ 

ɚɞɔŬɟɘŬůɛɧ. Ƀ ˊɑɜŬəŬɠ ŬɡŰɧɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ůɡůŰɐɛŬŰɞɠ ɢɟɖůŰɩɜ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ɔɜɤɟɘůɛɎŰɤɜ Űɧůɞ ɔɘŬ Űɖɜ ŮˊɘŰɏɚŮůɖ 

ŬɜŬɔəŬɑɤɜ ɚŮɘŰɞɡɟɔɘɩɜ, ɧůɞ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ŬɚɚɎ əŬɘ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ Űɞɜ ɢɟɐůŰɖ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ ɗŬ ŬɜŬɚɨůɞɡɛŮ Űɞ əɎɗŮ ɔɜɩɟɘůɛŬ ɝŮɢɤɟɘůŰɎ ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3. 
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ȺɘəɧɜŬ 3: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ users 

 ȷɟɢɘəɎ ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ŰŬɡŰɞˊɞɑɖůɖɠ ñidò. ȷɡŰɧ Űɞ ɔɜɩɟɘůɛŬ ˊŬɑɟɜŮɘ ɛɞɜŬŭɘəɐ 

Űɘɛɐ ɔɘŬ əɎɗŮ ŮɔɔɟŬűɐ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ. Ƀ Űɨˊɞɠ Űɞɡ ɔɜɤɟɑůɛŬŰɞɠ ñidò 

ŮɑɜŬɘ ñint(10)ò, ŭɖɚŬŭɐ ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ ɛɏɢɟɘ 10 ɣɖűɑŬ. ȰɜŬ ɔɜɩɟɘůɛŬ ñintò 

ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ ɛŮ 4 Byte, ɏŰůɘ ɏɢŮɘ ɤɠ ɛɏɔɘůŰɖ Űɘɛɐ Űɖɜ 2,147,483,647 əŬɘ ɤɠ ŮɚɎɢɘůŰɖ Űɖɜ 

-2,147,483,648. ɇɞ ŮˊɧɛŮɜɞ ɔɜɩɟɘůɛŬ Űɞɡ ˊɑɜŬəŬ ŮɑɜŬɘ Űɞ ñusernameò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ 

ŮɑɜŬɘ Űɨˊɞɡ ñvarchar(25)ò, ɛŮŰŬɓɚɖŰɧ ˊŮŭɑɞ ɢŬɟŬəŰɐɟɤɜ ɛŮ ɛɏɔɘůŰɞ ɛɏɔŮɗɞɠ 25 ɢŬɟŬəŰɐɟɤɜ.  

ɉɟɖůɘɛɞˊɞɘɞɨɛŮ əɤŭɘəɞˊɞɑɖůɖ utf8_general_ci ůŮ ɧɚŬ ŰŬ ɔɜɤɟɑůɛŬŰŬ ñvarcharò ɔɘŬ Űɖɜ 

ůɤůŰɐ əŬŰŬɢɩɟɘůɖ Ůɚɚɖɜɘəɩɜ ɢŬɟŬəŰɐɟɤɜ. ȰˊŮɘŰŬ ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ñpasswordò.   ɇɞ 

ɔɜɩɟɘůɛŬ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɞɡ əɤŭɘəɞɨ ɢɟɐůŰɖ Ŭűɞɨ Űɞɜ ˊŮɟɎůɞɡɛŮ 

Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ əŬŰŬŰŮɛŬɢɘůɛɞɨ MD5 [26]. ȷɜ əŬɘ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Ŭɚɔɧɟɘɗɛɞɘ, Űɞ MD5 

ŮɑɜŬɘ ɡˊŮɟŬɟəŮŰɧ ɔɘŬ Űɖɜ ŬůűɎɚŮɘŬ ˊɞɡ ɗɏɚɞɡɛŮ. ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ñvarchar(32)ò əŬɗɩɠ 

ɖ ɏɝɞŭɞɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ MD5 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 32 ɣɖűɑŬ ůɡɜŭɡŬůɛɞɨ Ŭɟɘɗɛɩɜ əŬɘ 

ɢŬɟŬəŰɐɟɤɜ. ɇɞ ŮˊɧɛŮɜɞ ɔɜɩɟɘůɛŬ ñtypeò ŮɑɜŬɘ Űɨˊɞɡ ñtinyint(1)ò. Ƀ Űɨˊɞɠ ŬɡŰɧɠ ŬˊɞɗɖəŮɨŮɘ 

ŬəɏɟŬɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮ ɢɟɐůɖ Ůɜɧɠ Byte ŮˊɘŰɟɏˊɞɜŰŬɠ Űɘɛɏɠ Ŭˊɧ 0 ɤɠ 255. ɇɞ ɔɜɩɟɘůɛŬ ñtypeò 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ Űɨˊɞ ɢɟɐůŰɖ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŭɘəŬɘɩɛŬŰŬ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ ɢɟɐůŰɖ ɛŮ Űɖɜ 

Űɘɛɐ 0 ɐ ŭɘŬɢŮɘɟɘůŰɐ ɛŮ Űɖɜ Űɘɛɐ 1. ɇɞ ɔɜɩɟɘůɛŬ ñemailò ŮɑɜŬɘ Űɨˊɞɡ ñvarchar(50)ò 

ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ůɡɔəɟɎŰɖůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ e-mail Űɞɡ ɢɟɐůŰɖ. ɇɞ ɛɏɔŮɗɞɠ 50 ɢŬɟŬəŰɐɟɤɜ 

ŮɑɜŬɘ ɛɑŬ ɢɟɡůɐ Űɞɛɐ əŬɗɩɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɏɔəɡɟŮɠ ŭɘŮɡɗɨɜůŮɘɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ əɎŰɤ Ŭˊɧ 50 

ɢŬɟŬəŰɐɟŮɠ. ɇɞ ɔɜɩɟɘůɛŬ ñtelephoneò ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɟɞŬɘɟŮŰɘəɎ ɔɘŬ Űɖɜ ůɡɔəɟɎŰɖůɖ Ůɜɧɠ 

ŰɖɚŮűɤɜɘəɞɨ Ŭɟɘɗɛɞɨ. ȾŬɗɩɠ ɞɘ Ŭɟɘɗɛɞɑ ŬɡŰɞɑ ŮɑɜŬɘ 10 ɣɖűɑɤɜ ŬɚɚɎ əŬɘ ɛŮɔŬɚɨŰŮɟɞɘ Űɞɡ 

2,147,483,647, ŮˊɘɚɏɝŬɛŮ Űɖɜ ɢɟɐůɖ Űɨˊɞɡ ñbigint(10)ò. Ƀ Űɨˊɞɠ ñbigintò ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ɢɟɐůɖ 8 Bytes ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɘɛɩɜ əŬɚɨˊŰɞɜŰŬɠ ŮɨəɞɚŬ Űɘɠ ŬɜɎɔəŮɠ ůɡɔəɟɎŰɖůɖɠ Ůɜɧɠ 

Ŭɟɘɗɛɞɨ 10 ɣɖűɑɤɜ. ȾŬɗɩɠ Űɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ŮɑɜŬɘ ˊɟɞŬɘɟŮŰɘəɧ, ŮˊɘŰɟɏˊŮŰŬɘ ɖ ɢɟɐůɖ əŮɜɞɨ 

ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ɇɞ ɔɜɩɟɘůɛŬ ñactivatedò ŮɑɜŬɘ Űɨˊɞɡ ñtinyint(1)ò 

əŬɗɩɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ůɖɛŬɑŬ ŮˊɘůɐɛŬɜůɖɠ. ȼ ŮˊɘůɐɛŬɜůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Űɘɛɐ 0 

ŮɑɜŬɘ ɧŰɘ ɞ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŮˊɘɓŮɓŬɘɩůŮɘ Űɖɜ ŭɘŮɨɗɡɜůɖ e-mail Űɞɡ, Ůɜɩ ɖ Űɘɛɐ 1 ŮˊɘůɖɛɎɜŮɘ 

ɧŰɘ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ ŮˊɘɓŮɓŬɘɩůŮɘ ŮˊɘŰɡɢɩɠ Űɖɜ ŭɘŮɨɗɡɜůɖ e-mail ˊɞɡ ɏŭɤůŮ ůŰɞ ůɨůŰɖɛŬ. ɇɞ 

ɔɜɩɟɘůɛŬ òthemeò ŮɑɜŬɘ Űɨˊɞɡ ñtinyint(2)ò. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɔɜɩɟɘůɛŬ ůɡɔəɟŬŰŮɑ Űɞ 

ŮˊɘɚŮɔɛɏɜɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ ɔɘŬ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ əŮɘɛɏɜɞɡ. ȾŬɗɩɠ ɡˊɎɟɢɞɡɜ 24 ŭɘŬɗɏůɘɛŬ 
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ɗɏɛŬŰŬ, ɞ Űɨˊɞɠ ñtinyintò ɛŮ 2 ɣɖűɑŬ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ Űɘɛɏɠ. ɇɏɚɞɠ, 

Űɞ ɔɜɩɟɘůɛŬ ñavailable_spaceò ŮɑɜŬɘ Űɨˊɞɡ ñint(6)ò əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ ŭɘŬɗɏůɘɛɞ ɢɩɟɞ 

ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɔɘŬ əɎɗŮ ɢɟɐůŰɖ ůŮ MegaBytes. Ƀ ˊɑɜŬəŬɠ ñusersò ɚɞɘˊɧɜ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŰŬ ɔɜɤɟɑůɛŬŰŬ ˊɞɡ ůɡɜŰŮɚɞɨɜ ɏɜŬ ɚɞɔŬɟɘŬůɛɧ ɢɟɐůŰɖ. ɇŬ ɔɜɤɟɑůɛŬŰŬ ŬɡŰɎ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɧůɞ Űɘɠ Űɘɛɏɠ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɧůɞ əŬɘ Űɘɠ Űɘɛɏɠ ˊɞɡ 

Ůˊɘűɏɟɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ɢɟɐůŰɖ. 

 

3.1.2 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ user_activation 

 

 Ƀ ˊɑɜŬəŬɠ ñuser_activationò ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɤɜ əɤŭɘəɩɜ 

ŮɜŮɟɔɞˊɞɑɖůɖɠ əɎɗŮ ɚɞɔŬɟɘŬůɛɞɨ ɢɟɐůŰɖ. ȾŬɗɩɠ ɖ ŮɜŮɟɔɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ɛɑŬ űɞɟɎ ɔɘŬ əɎɗŮ 

ɚɞɔŬɟɘŬůɛɧ, ɛˊɞɟɞɨɛŮ ɜŬ ŬűŬɘɟɏůɞɡɛŮ Űɖɜ ŮɔɔɟŬűɐ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ. 

ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɝŮɢɤɟɘůŰɧ ˊɑɜŬəŬ Ŭˊɧ ŬɡŰɧɜ Űɤɜ ɢɟɖůŰɩɜ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɤɜ 

ůɢŮŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɐɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȺɘəɧɜŬ 4: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ user_activation 

ɇɞ ˊɟɩŰɞ ɔɜɩɟɘůɛŬ Űɞɡ ˊɑɜŬəŬ ŮɑɜŬɘ Űɞ ɔɜɩɟɘůɛŬ ŰŬɡŰɞˊɞɑɖůɖɠ ñidò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ 

ŬˊɞŰŮɚŮɑ Űɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ Űɞɡ ˊɑɜŬəŬ əŬɘ ŮɑɜŬɘ Űɨˊɞɡ ñint(10)ò ɛŮ ŬɡŰɧɛŬŰɖ Ŭɨɝɖůɖ Űɘɛɐɠ. 

ɇɞ ŭŮɨŰŮɟɞ ɔɜɩɟɘůɛŬ Űɞɡ ˊɑɜŬəŬ ŮɑɜŬɘ Űɞ ñuser_idò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ŮɑɜŬɘ Űɨˊɞɡ ñint(10)ò 

əŬɘ ŬˊɞŰŮɚŮɑ ɝɏɜɞ əɚŮɘŭɑ ůɡɜŭɏɞɜŰŬɠ ŬɡŰɧɜ Űɞɜ ˊɑɜŬəŬ ɛŮ Űɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ Űɞɡ ˊɑɜŬəŬ 

ɢɟɖůŰɩɜ. ɇɏɚɞɠ, Űɞ ɔɜɩɟɘůɛŬ ñactive_codeò ŮɑɜŬɘ Űɨˊɞɡ ñvarchar(6)ò əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬɜ 

ŰɡɢŬɑɞ ŮɝŬɣɐűɘɞ əɤŭɘəɧ, ůɡɜŭɡŬůɛɞɨ Űɤɜ ɛɞɜɞɣɐűɘɤɜ Ŭɟɘɗɛɩɜ əŬɘ əŮűŬɚŬɑɤɜ ɚŬŰɘɜɘəɩɜ 

ɢŬɟŬəŰɐɟɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ e-mail Űɞɡ əɎɗŮ 

ɢɟɐůŰɖ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ əɤŭɘəɧɠ ŬɡŰɧɠ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛɧɜɞ ŰɡɢŬɑɞɠ əŬɘ ɧɢɘ ɛɞɜŬŭɘəɧɠ 

ɔɘŬ əɎɗŮ ɢɟɐůŰɖ, ŰŬ ɏɝɘ ɣɖűɑŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ əŬɗɡůŰŮɟɐůŮɘɠ əɎɗŮ ŭɞəɘɛɐɠ 

əŬɗɘůŰɞɨɜ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɏɔŮɗɞɠ ŬɟəŮŰɧ ɔɘŬ ɛɑŬ əŬɚɐ ŮɝŬůűɎɚɘůɖ Űɖɠ ůɤůŰɐɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡ əŬɘ Űɖɠ ŭɡůəɞɚɑŬɠ ˊŬɟɎəŬɛɣɐɠ Űɞɡ. 

 

3.1.2 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ projects 

 

 Ƀ ˊɑɜŬəŬɠ ñprojectsò ˊŮɟɘɏɢŮɘ ŰŬ ɔɜɤɟɑůɛŬŰŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ əɎɗŮ ɏɟɔɞ ɐ 

ˊɟɧɔɟŬɛɛŬ. ȼ əɎɗŮ ŮɔɔɟŬűɐ ˊŮɟɘɔɟɎűŮɘ ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ ɏɟɔɞ. ɈˊɐɟɝŮ ɖ Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ 

Ŭˊɞűɡɔɐ ŭɖɛɘɞɡɟɔɑŬɠ ŬɡŰɞɨ Űɞɡ ˊɑɜŬəŬ əŬɗɩɠ ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŮˊɘŰɟɏɣɞɡɛŮ ɛɧɜɞ ɏɜŬ ɏɟɔɞ 

ůŮ əɎɗŮ ɢɟɐůŰɖ ɐ Űɖɜ ɢɟɐůɖ əŬŰŬɚɧɔɤɜ əŬɘ ɡˊɞəŬŰŬɚɧɔɤɜ ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŮ ɞ ɢɟɐůŰɖɠ 

ɜŬ ɗŮɤɟɐůŮɘ ɤɠ ŭɘŬűɞɟŮŰɘəɎ ɏɟɔŬ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɛɤɠ ŬɡŰɧɜ Űɞɜ ˊɑɜŬəŬ ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ, ŬɜɞɑɔɞɡɛŮ Űɞɜ ŭɟɧɛɞ ɔɘŬ ɏɜŬ ůɨɜɞɚɞ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŭɘŬűɞɟŮŰɘəɎ ŭŮɜ ɗŬ 
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ɐŰŬɜ ˊɟɞůɘŰɏɠ.  ɆɡɔəŮəɟɘɛɏɜŬ ŮˊɘŰɟɏˊɞɡɛŮ Űɖɜ ŮɛűɎɜɘůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɏɟɔɤɜ ɛŮ Űɞɜ 

Űɟɧˊɞ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ, Űɖɜ ŮˊɑŭŮɘɝɖ ɐ Ŭˊɧəɟɡɣɖ ŬɡŰɩɜ Ŭˊɧ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ əŬɗɩɠ əŬɘ Űɖɜ 

ˊɟɞůɗɐəɖ ˊŮɟɘɔɟŬűɐɠ ɔɘŬ ɛɑŬ ˊɘɞ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɞɡ ůəɞˊɞɨ əɎɗŮ ɏɟɔɞɡ. ɄŬɟŬəɎŰɤ 

ŮɝɖɔɞɨɛŮ Űɞ əɎɗŮ ɔɜɩɟɘůɛŬ ɝŮɢɤɟɘůŰɎ ɧˊɤɠ ŬɡŰɎ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5. 

 

ȺɘəɧɜŬ 5: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ projects 

 ȳˊɤɠ əɎɗŮ ˊɑɜŬəŬɠ, ɏŰůɘ əŬɘ ɞ ñprojectsò ɏɢŮɘ ŬɟɢɘəɎ ɏɜŬ ɔɜɩɟɘůɛŬ ŰŬɡŰɞˊɞɑɖůɖɠ ñidò. 

ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɏɢŮɘ ɛɞɜŬŭɘəɏɠ Űɘɛɏɠ ɔɘŬ əɎɗŮ ŮɔɔɟŬűɐ Űɞɡ ˊɑɜŬəŬ əŬɗɩɠ ɖ Űɘɛɐ Űɞɡ 

ŬɡɝɎɜŮŰŬɘ ŬɡŰɧɛŬŰŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ. ɇɞ ɔɜɩɟɘůɛŬ ñnameò ŮɑɜŬɘ 

Űɨˊɞɡ ñvarchar(50)ò əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɜ ŰɑŰɚɞ Űɞɡ ɏɟɔɞɡ. ȰɢɞɜŰŬɠ ŭɘŬɗɏůɘɛɞɡɠ 50 

ɢŬɟŬəŰɐɟŮɠ ŮˊɘŰɟɏˊɞɡɛŮ ɏɜŬɜ ˊŮɟɘŮəŰɘəɧ ŬɚɚɎ ɧɢɘ ɡˊŮɟɓɞɚɘəɎ ˊŮɟɘɞɟɘůɛɏɜɞ ŰɑŰɚɞ. ɇɞ 

ɔɜɩɟɘůɛŬ ñdescriptionò ŮɑɜŬɘ Űɨˊɞɡ ñtextò əŬɘ ˊŮɟɘɏɢŮɘ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ ɏɟɔɞɡ. Ƀ Űɨˊɞɠ 

ñtextò ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŮɘɛɏɜɞɡ ɏɤɠ 255 ɢŬɟŬəŰɐɟɤɜ, ɛɏɔŮɗɞɠ ˊɞɡ ɗŮɤɟɞɨɛŮ 

ɘəŬɜɞˊɞɘɖŰɘəɧ ɔɘŬ Űɖɜ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Ůɜɧɠ ɏɟɔɞɡ. ɇɞ ŮˊɧɛŮɜɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ 

ñshort_codeò, Űɨˊɞɡ ñvarchar(50)ò. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɔɜɩɟɘůɛŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ůɡɔəɟɎŰɖůɖ Űɞɡ ɞɜɧɛŬŰɞɠ əŬŰŬɚɧɔɞɡ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɏɟɔɞ. ɇɞ ñshort_codeò 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ŰɑŰɚɞ ɛŮŰŬɔɚɤŰŰɑɕɞɜŰŬɠ Űɞɡɠ Ůɚɚɖɜɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ ůŮ ŬɜŰɑůŰɞɘɢɞɡɠ 

ɚŬŰɘɜɘəɞɨɠ əŬɘ ŰŬ əŮɜɎ ůŮ əɎŰɤ ˊŬɨɚŮɠ, ɏŰůɘ ɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ Űɞ ůɨůŰɖɛŬ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ɗŬ 

ɛˊɞɟɏůŮɘ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ əŬɘ ˊɟɞůˊŮɚɎůŮɘ Űɞɜ ŬɜŰɑůŰɞɘɢɞ əŬŰɎɚɞɔɞ. ɇɏɚɞɠ, ɏɢɞɡɛŮ Űɞ 

ɔɜɩɟɘůɛŬ ñpublicò, Űɨˊɞɡ ñtinyint(1)ò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ůɖɛŬɑŬ ůɐɛŬɜůɖɠ ɛŮ 

Űɖɜ Űɘɛɐ 1 ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ɏɟɔɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞůˊŮɚŬůŰŮɑ Ŭˊɧ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ əŬɘ Űɖɜ Űɘɛɐ 

0 ɧŰɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞůˊŮɚŬůŰŮɑ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ůɡɔɔɟŬűŮɑɠ əŬɘ ŭɘŬɢŮɘɟɘůŰɏɠ. ȰŰůɘ ŭɘŬŰɖɟɞɨɛŮ 

ůŰɞɜ ˊɑɜŬəŬ ñprojectsò Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ əɎɗŮ ɏɟɔɞ. ȳˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ 

ɧɛɤɠ, ɏɜŬ ɏɟɔɞ ɏɢŮɘ ɜɧɖɛŬ ɛɧɜɞ ɧŰŬɜ ɏɢŮɘ ˊŮɟɘŮɢɧɛŮɜɞ əŬɘ ůɡɔɔɟŬűɏŬ. 

 

3.1.3 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ project_files 

 

 Ƀ ˊɑɜŬəŬɠ ñproject_filesò ˊŮɟɘɏɢŮɘ ŰŬ ɔɜɤɟɑůɛŬŰŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ əɎɗŮ ŬɟɢŮɑɞ 

ɛɏůŬ ůŮ əɎɗŮ ɏɟɔɞ. ɄŬɟɧɛɞɘŬ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊɑɜŬəŬ ñprojectsò ɡˊɐɟɝŮ ɖ Ůˊɘɚɞɔɐ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ əɚɐůŮɘɠ ůɡůŰɐɛŬŰɞɠ ɔɘŬ ɜŬ ɓɟɞɨɛŮ ŰŬ ŬɟɢŮɑŬ əɎɗŮ ɏɟɔɞɡ. 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɛɤɠ Űɞɜ ˊɑɜŬəŬ ñproject_filesò ŬˊɞəŰɞɨɛŮ ˊɟɧůɓŬůɖ ůŮ ɚŮɘŰɞɡɟɔɑŮɠ ɧˊɤɠ 

ɖ ůɐɛŬɜůɖ ŬɜɎɔəɖɠ ɔɘŬ ŮˊŬɜɎɚɖɣɖ ɛŮŰŬɔɚɩŰŰɘůɖɠ Űɞɡ ŬɟɢŮɑɞɡ ɛŮŰɎ Ŭˊɧ ŬɚɚŬɔɏɠ əŬɗɩɠ əŬɘ 

Űɖɜ ůɨɜŭŮůɐ Űɞɡ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ŮɝɎɟŰɖɛŬ əŬɘ Ůɜɖɛɏɟɤůɖ ɔɘŬ ɨˊŬɟɝɖ əŬɘɜɞɨɟɘŬɠ ɏəŭɞůɖɠ. 

ɄŮɟɘɔɟɎűɞɡɛŮ ůŰɖɜ ůɡɜɏɢŮɘŬ ŰŬ ɔɜɤɟɑůɛŬŰŬ Űɞɡ ˊɑɜŬəŬ ɧˊɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 6. 
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ȺɘəɧɜŬ 6: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ project_files 

 ɇɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ əŬŰɎ əŬɜɧɜŬ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɞɜ ˊɑɜŬəŬ 

ñproject_filesò ɤɠ Űɞ ɔɜɩɟɘůɛŬ ñidò. ɇɞ ŭŮɨŰŮɟɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ ñnameò, Űɨˊɞɡ 

ñvarchar(50)ò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ůɡɔəɟŬŰŮɑ Űɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ɛŮ Űɖɜ əŬŰɎɚɖɝɐ Űɞɡ. ȷɜ 

əŬɘ ŮɑɜŬɘ ůˊɎɜɘɞ ɜŬ ɢɟŮɘŬůŰɞɨɜ 50 ɢŬɟŬəŰɐɟŮɠ ɔɘŬ Űɖɜ ɞɜɞɛŬůɑŬ Ůɜɧɠ ŬɟɢŮɑɞɡ, ŮɑɜŬɘ ˊɘɗŬɜɧ ůŮ 

ŮɝŬɟŰɐɛŬŰŬ ɛŮ ɞɜɞɛŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ɇɞ ŮˊɧɛŮɜɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ 

ñproject_idò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ŮɑɜŬɘ Űɨˊɞɡ ñint(10)ò əŬɗɩɠ ˊŮɟɘɏɢŮɘ Űɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ Űɞɡ 

ɏɟɔɞɡ ůŰɞ ɞˊɞɑɞ ŬɜɐəŮɘ Űɞ ŬɟɢŮɑɞ. ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɔɜɩɟɘůɛŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɚɞɔɘəɐ ɝɏɜɞɡ əɚŮɘŭɘɞɨ ůɡɜŭɏɞɜŰŬɠ 1 ɏɟɔɞ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ñprojectsò ɛŮ 

n ŬɟɢŮɑŬ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ñproject_filesò. ɇɞ ɔɜɩɟɘůɛŬ ñcompiledò ŮɑɜŬɘ Űɨˊɞɡ ñtinyint(1)ò əŬɘ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŭŮɑəŰɖɠ ɛŮŰŬɔɚɩŰŰɘůɖɠ. ɀŮ Űɖɜ Űɘɛɐ 0 űŬɑɜŮŰŬɘ ɧŰɘ ŭŮɜ ɏɢŮɘ ɔɑɜŮɘ ɛŮŰŬɔɚɩŰŰɘůɖ, 

ɛŮ Űɖɜ Űɘɛɐ 1 űŬɑɜŮŰŬɘ ɧŰɘ ɏɢŮɘ ɔɑɜŮɘ ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ɛŮ Űɖɜ Űɘɛɐ 2 űŬɑɜŮŰŬɘ ɧŰɘ ɏɢŮɘ ɔɑɜŮɘ 

ŬɚɚŬɔɐ Űɤɜ ˊŮɟɘŮɢɞɛɏɜɤɜ Űɞɡ ŬɟɢŮɑɞɡ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɛŮŰŬɔɚɩŰŰɘůɖ. ɇɞ ɔɜɩɟɘůɛŬ 

ñcomponentò ŮɑɜŬɘ Űɨˊɞɡ ñint(10)ò əŬɘ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɝɏɜɞ əɚŮɘŭɑ ůŰɞɜ ˊɑɜŬəŬ ɓɘɓɚɘɞɗɖəɩɜ əŬɘ 

ŮɝŬɟŰɖɛɎŰɤɜ. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɗŬ ɏɢŮɘ Űɖɜ Űɘɛɐ 0 ŮɎɜ Űɞ ŬɟɢŮɑɞ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ Ůɜɩ ɗŬ űɏɟŮɘ Űɖɜ Űɘɛɐ Űɞɡ ˊɟɤŰŮɨɞɜ əɚŮɘŭɘɞɨ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮɔɔɟŬűɐɠ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 

ñlibrariesò ŮɎɜ Űɞ ŬɟɢŮɑɞ ɏɢŮɘ ˊɟɞůŰŮɗŮɑ ůŰɞ ɏɟɔɞ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ŮɝŬɟŰɐɛŬŰŬ. ɃɡůɘŬůŰɘəɎ 

Űɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ůɡɜŭɏŮɘ Űɞ ŬɟɢŮɑɞ ɛŮ Űɞ ŮɝɎɟŰɖɛŬ ɐ ɓɘɓɚɘɞɗɐəɖ Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞɐɟɗŮ. 

ɇɏɚɞɠ, Űɞ ɔɜɩɟɘůɛŬ ñversionò ŮɑɜŬɘ Űɨˊɞɡ òsmallint(4)ò. Ƀ Űɨˊɞɠ ñsmallintò ůɡɔəɟŬŰŮɑ 

ŬəŬɑɟɞɡɠ ůŮ 2 Byte ŮˊɘŰɟɏˊɞɜŰŬɠ Űɘɛɏɠ Ŭˊɧ 32,768 ɤɠ -32,768. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ˊŮɟɘɏɢŮɘ Űɖɜ 

ɏəŭɞůɖ Űɞɡ ŬɟɢŮɑɞɡ ŮɎɜ ŮɑɜŬɘ ŬɜŰɑɔɟŬűɞ ɓɘɓɚɘɞɗɐəɖɠ ɐ ŮɝŬɟŰɐɛŬŰɞɠ, Ŭɚɚɘɩɠ ɏɢŮɘ Űɖɜ Űɘɛɐ 0. 

ȼ ůɡɔəɟɎŰɖůɖ Űɖɠ ɏəŭɞůɖɠ ůŰɞɜ ˊɑɜŬəŬ Űɞɡ ŬɟɢŮɑɞɡ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ůɨɜŭŮůɛɞ ɔɘŬ Űɖɜ 

ŬɜŰɑůŰɞɘɢɖ ŮɔɔɟŬűɐ Űɞɡ ˊɑɜŬəŬ ñlibrariesò ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůɜɖɛɏɟɤůɖ Űɞɡ ɢɟɐůŰɖ ɔɘŬ Űɖɜ 

ɨˊŬɟɝɖ ɜɏɤɜ ŮəŭɧůŮɤɜ ůŰɞ ŮɝɎɟŰɖɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ. ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ˊɤɠ ɞ ˊɑɜŬəŬɠ 

ñproject_filesò ŭŮɜ ˊŮɟɘɏɢŮɘ ɛɧɜɞ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ Űɤɜ ŬɟɢŮɑɤɜ ɛŬɠ ŬɚɚɎ əŬɘ 

ůŰɞɘɢŮɑŬ ˊɞɡ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɟɞɢɤɟɖɛɏɜɤɜ ɚŮɘŰɞɡɟɔɘɩɜ.  

 

3.1.4 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ sid_files 

 

 Ƀ ˊɑɜŬəŬɠ ñsid_filesò ŬˊɞůəɞˊŮɑ ůŰɖɜ ŭɘŬŰɐɟɖůɖ ŮɔɔɟŬűɩɜ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ 

ŮˊɘůəŮˊŰɩɜ. ȾŬɗɩɠ ɞɘ ŮˊɘůəɏˊŰŮɠ ɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ, ŭŮɜ ɡˊɎɟɢŮɘ ůɨɜŭŮůɖ ůŮ 

əɎˊɞɘɞ ɏɟɔɞ ɐ ŮɝɎɟŰɖɛŬ. ȷɜŰɑɗŮŰŬ, ŰŬ ŬɟɢŮɑŬ ŬɡŰɎ ŮɑɜŬɘ ůɡɜŭŮɛɏɜŬ ŬˊŮɡɗŮɑŬɠ ɛŮ Űɞɜ 
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ŮˊɘůəɏˊŰɖ ɛɏůɤ Űɞɡ ŬɜŬɔɜɤɟɘůŰɘəɞɨ Űɞɡ Ŭɟɘɗɛɞɨ SID. ȰŰůɘ ɓɚɏˊɞɡɛŮ əŬɘ ůŰɖɜ ȺɘəɧɜŬ 7 ˊɤɠ 

ɞ ˊɑɜŬəŬɠ ŬɡŰɧɠ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɞɜ ˊɑɜŬəŬ ñproject_filesò ɛŮ ɏɚɚŮɘɣɖ ˊɞɚɚɩɜ ŭŮɡŰŮɟŮɨɤɜ 

ɔɜɤɟɘůɛɎŰɤɜ ŬɚɚɎ əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ɔɜɤɟɑůɛŬŰɞɠ ñsidò, Űɨˊɞɡ ñint(10)ò. ɇɞ ɜɏɞ ŬɡŰɧ 

ɔɜɩɟɘůɛŬ ŮɑɜŬɘ ˊɞɡ ůɡɜŭɏŮɘ Űɞ əɎɗŮ ŬɟɢŮɑɞ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ŮˊɘůəɏˊŰɖ. ɄŬɟɧɚɞ Űɤɜ 

ˊŮɟɘɞɟɘůɛɏɜɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ ůŰɞɡɠ ŮˊɘůəɏˊŰŮɠ, ɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŬɟɢŮɑɤɜ 

Űɞɡɠ ɛŮ Űɟɧˊɞ ůɡɛɓŬŰɧ ɛŮ Űɞ ɡˊɧɚɞɘˊɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ. ȰŰůɘ Ŭɜ əŬɘ űŬɘɜɞɛŮɜɘəɎ 

Ŭˊɞəɞɛɛɏɜɞɠ, ɞ ˊɑɜŬəŬɠ ñsid_filesò ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɛɑŬ ůɤůŰɐ ˊɟɩŰɖ ŮˊŬűɐ 

ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, ˊɟɞůűɏɟɞɜŰŬɠ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ ɔɘŬ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ůɡɜŬɜŰɎ ɏɜŬɠ ŮˊɘůəɏˊŰɖɠ. 

 

ȺɘəɧɜŬ 7: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ sid_files 

 

3.1.5 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ projects_editors 

 

 Ƀ ˊɑɜŬəŬɠ ñprojects_editorsò ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ŭɘŬůɨɜŭŮůɖɠ. ȺˊɘŰɟɏˊŮɘ Űɖɜ ůɨɜŭŮůɖ 

ɢɟɖůŰɩɜ ɛŮ ŰŬ ɏɟɔŬ. ɄŬɟɧɚɞ ˊɞɡ əɎŰɘ ŰɏŰɞɘɞ ŮɑɜŬɘ ŮűɘəŰɧ ɛŮ Űɖɜ ɢɟɐůɖ ɔɜɤɟɘůɛɎŰɤɜ Űɖɠ 

ɚɞɔɘəɐɠ ɝɏɜɞɡ əɚŮɘŭɘɞɨ, ɗŬ ɢɟŮɘŬɕɧŰŬɜ ůɖɛŬɜŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡɠ əŬɘ ŭŮɜ ɗŬ 

ŮˊɏŰɟŮˊŮ Űɖɜ ŮɘůŬɔɤɔɐ ɓŬɗɛɑŭɤɜ ŭɘəŬɘɤɛɎŰɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɑɜŬɘ ŭɡɜŬŰɧ ůŮ əɎɗŮ ɏɟɔɞ ɜŬ 

ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ñeditorò ɧ́ɞɡ ɗŬ əɟŬŰɐůɞɡɛŮ Űɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ ɔɘŬ Űɞɜ ŬɜŰɑůŰɞɘɢɞ 

ɢɟɐůŰɖ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ñusersò. ȷɡŰɧ ɧɛɤɠ ŭŮɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɘůŬɔɤɔɐ ˊɞɚɚŬˊɚɩɜ 

ůɡɔɔɟŬűɩɜ. ȾɎŰɘ ŰɏŰɞɘɞ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ɢɤɟɑɕɞɜŰŬɠ ŰŬ ˊɟɤŰŮɨɤɜ əɚŮɘŭɘɎ Űɞɡɠ ɛŮ 

ŮɟɤŰɖɛŬŰɘəɎ ò;ò. ȷɡŰɐ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ ɧɛɤɠ ɞŭɖɔŮɑ ůŰɖɜ ŬɜɎɔəɖ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Űɞɡ ɔɜɤɟɑůɛŬŰɞɠ Űɧůɞ ɔɘŬ Űɖɜ ɑŭɘŬ Űɖɜ ŬɜɎɔɜɤůɖ ɧůɞ əŬɘ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ. 

 

ȺɘəɧɜŬ 8: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ projects_editors 
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ȰŰůɘ ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ ɏɜŬ ˊɑɜŬəŬɠ ŭɘŬůɨɜŭŮůɖɠ ɛˊɞɟŮɑ ˊɞɚɚɏɠ űɞɟɏɠ ɜŬ ŬˊɚɞˊɞɘɐůŮɘ 

ŬˊŬɘŰɖŰɘəɏɠ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ˊɘɜɎəɤɜ ŮˊɘŰɟɏˊɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ ŮɘůŬɔɤɔɐ Ůˊɘˊɚɏɞɜ 

ůŰɞɘɢŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ əŬɚɨŰŮɟŬ Űɞ Ůɑŭɞɠ ůɨɜŭŮůɖɠ Űɤɜ ŮɔɔɟŬűɩɜ.  

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 8 ɞ ˊɑɜŬəŬɠ ñprojects_editorsò ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɞɡ əŬɜɧɜŬ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɔɜɩɟɘůɛŬ ñidò ɤɠ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ. ɇɞ ŭŮɨŰŮɟɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ 

ñuser_idò, Űɨˊɞɡ ñint(10)ò. ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ůɡɜŭɏŮɘ Űɖɜ ŮɔɔɟŬűɐ ɛŮ Űɞɜ ˊɑɜŬəŬ ñusersò 

ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɠ Űɞ ŬɜŰɑůŰɞɘɢɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ Űɖɠ ŮɔɔɟŬűɐɠ Űɞɡ ɢɟɐůŰɖ. ɇɞ ŮˊɧɛŮɜɞ 

ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ ñproject_idò, Űɨˊɞɡ ñint(10)ò. ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ, ŬɡŰɧ Űɞ ɔɜɩɟɘůɛŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ŮɔɔɟŬűɏɠ Űɞɡ ˊɑɜŬəŬ ñprojectsò. ɇɞ ɔɜɩɟɘůɛŬ ñuser_typeò, Űɨˊɞɡ 

ñtinyint(1)ò ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɘůŬɔɤɔɐ Ůˊɘˊɚɏɤɜ ˊɚɖɟɞűɞɟɑŬɠ ůŰɖɜ ŭɘŬůɨɜŭŮůɖ. ɆɡɔəŮəɟɘɛɏɜŬ 

ɛŮ Űɖɜ Űɘɛɐ 1 ŮˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ɖ ůɨɜŭŮůɖ ŬɡŰɐ ŮɑɜŬɘ ɛŮŰŬɝɨ Ŭɟɢɘəɞɨ ɘŭɘɞəŰɐŰɖ əŬɘ ɏɟɔɞɡ, 

ŬɜŰɑɗŮŰŬ ɛŮ Űɖɜ Űɘɛɐ 0 ŮˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ɖ ůɨɜŭŮůɖ ŮɑɜŬɘ ɛŮŰŬɝɨ Ůˊɘˊɚɏɞɜ ůɡɔɔɟŬűɏŬ əŬɘ 

ɏɟɔɞɡ. ȰŰůɘ Űɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůˊɘɓɞɚɐ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘəŬɘɤɛɎŰɤɜ əŬɘ 

Ůˊɘˊɏŭɤɜ ŭɘŬůɨɜŭŮůɖɠ. 

 

3.1.6 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ libraries  

 

 Ƀ ˊɑɜŬəŬɠ ñlibrariesò ˊŮɟɘɏɢŮɘ ɔɜɤɟɑůɛŬŰŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ əɎɗŮ ɓɘɓɚɘɞɗɐəɖ ɐ 

ŮɝɎɟŰɖɛŬ. ɄŬɟɧɛɞɘŬ ɛŮ Űɞɜ ˊɑɜŬəŬ ŬɟɢŮɑɤɜ, ɞ ˊɑɜŬəŬɠ ñlibrariesò ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ůɡɔəɟɎŰɖůɖ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɛŬɠ ŭɑɜɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ˊɞɚɚɏɠ ɢɟɐůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȺɎɜ 

ŬɡŰɏɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ŭŮɜ ɡˊɐɟɢŬɜ ůŰɞɡɠ ůŰɧɢɞɡɠ Űɖɠ ŮűŬɟɛɞɔɐɠ, ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ əɚɐůŮɘɠ ůɡůŰɐɛŬŰɞɠ ɔɘŬ ɜŬ ˊɟɞůˊŮɚɎůɞɡɛŮ ŰŬ ŬɟɢŮɑŬ ɓɘɓɚɘɞɗɖəɩɜ əŬɘ 

ŮɝŬɟŰɖɛɎŰɤɜ. ɄŬɟŬəɎŰɤ ɗŬ ŮɝŮŰɎůɞɡɛŮ Űɖɜ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ ñlibrariesò ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 9. 

 

 

ȺɘəɧɜŬ 9: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ libraries 

 ȷɟɢɘəɎ ɓɚɏˊɞɡɛŮ ɧŰɘ Űɞ ˊɟɩŰɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ ɤɠ ůɡɜɐɗɤɠ Űɞ ñidò ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ 

ŬɜŬɔɜɤɟɘůŰɘəɧ ɔɜɩɟɘůɛŬ əŬɘ ˊɟɤŰŮɨɤɜ əɚŮɘŭɑ Űɞɡ ˊɑɜŬəŬ. ɇɞ ŭŮɨŰŮɟɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ 
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ñnameò, Űɨˊɞɡ ñvarchar(50)ò ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ɧɜɞɛŬ əŬɘ əŬŰɎɚɖɝɖ əɎɗŮ ŬɟɢŮɑɞɡ ɓɘɓɚɘɞɗɐəɖɠ. 

ȰˊŮɘŰŬ ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ñapprovedò, Űɨˊɞɡ ñtinyint(1)ò. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɔɜɩɟɘůɛŬ 

ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 0 ɧŰŬɜ ɖ ɓɘɓɚɘɞɗɐəɖ ŮəəɟŮɛŮɑ Űɖɜ ɏɔəɟɘůɖ Ůɜɧɠ ŭɘŬɢŮɘɟɘůŰɐ əŬɘ Űɖɜ Űɘɛɐ 1 

ɧŰŬɜ ɏɢŮɘ ŮɔəɟɘɗŮɑ. Ƀɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ɓɟɞɡɜ əŬɘ ɜŬ ŮɘůɎɔɞɡɜ ůŰŬ ɏɟɔŬ Űɞɡɠ ɛɧɜɞ 

ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ɏɢɞɡɜ ŮɔəɟɘɗŮɑ. ɇɞ ŮˊɧɛŮɜɞ ɔɜɩɟɘůɛŬ ŮɑɜŬɘ Űɞ ñowner_idò, Űɨˊɞɡ ñint(10)ò. 

ɇɞ ɔɜɩɟɘůɛŬ ŬɡŰɧ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɝɏɜɞ əɚŮɘŭɑ ůŰɞɜ ˊɑɜŬəŬ ñusersò ɧˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ñidò 

Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮɔɔɟŬűɐɠ. ȼ ůɨɜŭŮůɖ ŮɑɜŬɘ Űɨˊɞɡ 1 ɢɟɐůŰɖ ɛŮ n ɓɘɓɚɘɞɗɐəŮɠ. ɇɞ ɜɧɖɛŬ Űɖɠ 

ůɨɜŭŮůɖɠ ŮɑɜŬɘ ɜŬ ɛŬɠ ŮˊɘŰɟɏɣŮɘ ɜŬ ůɡɔəɟŬŰɐůɞɡɛŮ Űɞɜ ɢɟɐůŰɖ ˊɞɡ ŬɟɢɘəɎ ŭɖɛɘɞɨɟɔɖůŮ əŬɘ 

ŭɖɛɞůɑŮɡůŮ Űɖɜ ɓɘɓɚɘɞɗɐəɖ. ɄŬɟɧɛɞɘŬ Űɞ ɔɜɩɟɘůɛŬ ñfile_idò, Űɨˊɞɡ ñint(10)ò ůɡɜŭɏŮɘ ŬɡŰɧɜ 

Űɞɜ ˊɑɜŬəŬ ɛŮ Űɞɜ ñproject_filesò ˊŮɟɘɏɢɞɜŰŬɠ Űɞ ñidò Űɞɡ ŬɟɢŮɑɞɡ Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞɐɟɗŮ ɖ 

ɓɘɓɚɘɞɗɐəɖ. ɇɞ ɔɜɩɟɘůɛŬ ñversionò ŮɑɜŬɘ Űɨˊɞɡ ñsmallint(4)ò əŬɘ ůɡɔəɟŬŰŮɑ Űɖɜ ɏəŭɞůɖ Űɖɠ 

ɓɘɓɚɘɞɗɐəɖɠ. ɇɞ ɔɜɩɟɘůɛŬ ñpending_suggestionò, Űɨˊɞɡ ñtinyint(1)ò ˊŬɑɟɜŮɘ Űɘɠ Űɘɛɏɠ 0 əŬɘ 1. 

ȼ Űɘɛɐ 0 ůɖɛŬɑɜŮɘ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ˊɟɧŰŬůɖ ɔɘŬ ŬɚɚŬɔɏɠ Ůɜɩ ŬɜŰɑɗŮŰŬ, ɖ Űɘɛɐ 1 ůɖɛŬɑɜŮɘ 

ɧŰɘ ɡˊɎɟɢŮɘ ˊɟɧŰŬůɖ ɔɘŬ ŬɚɚŬɔɏɠ. ɇɏɚɞɠ, Űɞ ɔɜɩɟɘůɛŬ ñdownloadsò ɛŮ Űɨˊɞ ñint(10)ò 

ůɡɔəɟŬŰŮɑ Űɞɜ Ŭɟɘɗɛɧ ˊɞɡ ɞɘ ɢɟɐůŰŮɠ ɏɢɞɡɜ ŮɘůɎɔŮɘ Űɖɜ ɓɘɓɚɘɞɗɐəɖ ůŮ əɎˊɞɘɞ ɏɟɔɞ Űɞɡɠ. 

ȿŮɘŰɞɡɟɔɩɜŰŬɠ ɛŮ Űɖɜ ɚɞɔɘəɐ ɧŰɘ ɞɘ ɢɟɐůɘɛŮɠ ɓɘɓɚɘɞɗɐəŮɠ ŮɘůɎɔɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ, 

ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ŬɡŰɧ Űɞ ɔɜɩɟɘůɛŬ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ŬɜŬɕɐŰɖůɖɠ. ȰŰůɘ, ɛŮ Űɞɜ ˊɑɜŬəŬ ñlibrariesò ɛˊɞɟɞɨɛŮ ɜŬ ˊŮɟɘɔɟɎɣɞɡɛŮ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɖɜ 

əɎɗŮ ɓɘɓɚɘɞɗɐəɖ. ɀŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨɜɞɚɞ ɔɜɤɟɘůɛɎŰɤɜ ŬˊɞůəɞˊɞɨɛŮ ůŰɖɜ ůɡɔəɟɎŰɖůɖ 

ŭŮŭɞɛɏɜɤɜ Űɧůɞ ɔɘŬ Ŭˊɚɏɠ ɧůɞ əŬɘ ɔɘŬ ˊɘɞ ˊɟɞɖɔɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ 

ˊɟɞɖɔɛɏɜɞ ůɨůŰɖɛŬ ɓɘɓɚɘɞɗɖəɩɜ.  

 

3.1.7 ɄŮɟɘɔɟŬűɐ Űɞɡ ɄɑɜŬəŬ librar y_updates 

 

 Ƀɘ ɓɘɓɚɘɞɗɐəŮɠ ŭŮɜ ŮɑɜŬɘ ůŰŬŰɘəɏɠ ŬɚɚɎ ŬɜŬɓŬɗɛɑɕɞɜŰŬɘ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ůɡɜŮɢɩɠ. 

ȼ ŭɘɧɟɗɤůɖ ˊɘɗŬɜɩɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ ˊŮɟŬɘŰɏɟɤ ŬɜɎˊŰɡɝɖ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ 

ůɡɔɔɟŬűɏŬ Űɧůɞ ɔɘŬ ɗɏɛŬŰŬ ˊɜŮɡɛŬŰɘəɐɠ ɘŭɘɞəŰɖůɑŬɠ ɧůɞ əŬɘ ɔɘŬ ɗɏɛŬŰŬ ɞɘəŮɘɧŰɖŰŬɠ ɛŮ Űɞɜ 

əɩŭɘəŬ əŬɘ Űɞɜ ůəɞˊɧ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ. ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞɜ ˊɑɜŬəŬ ñlibrary_updatesò 

ɔɘŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ ŬɡŰɐɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ. Ƀ ˊɑɜŬəŬɠ ŬɡŰɧɠ ɏɢŮɘ ɤɠ ůəɞˊɧ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ 

ŭɘŬŰɐɟɖůɖɠ ˊɟɞůɤɟɘɜɩɜ ŬɜŰɘɔɟɎűɤɜ. ɇŬ ˊɟɞůɤɟɘɜɎ ŬɡŰɎ ŬɜŰɑɔɟŬűŬ ŮɑɜŬɘ ɞɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ 

ŬɜŬɓɎɗɛɘůɖ Ŭˊɧ Űɞɡɠ ɘŭɘɞəŰɐŰŮɠ Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ. ũɘŬ Űɖɜ ɨˊŬɟɝɖ ɧɛɤɠ ɛɑŬɠ ɞɛŬɚɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɓɘɓɚɘɞɗɖəɩɜ, ŰɏŰɞɘŮɠ ˊɟɞŰɎůŮɘɠ ŮɚɏɔɢɞɜŰŬɘ əŬɘ ŮɔəɟɑɜɞɜŰŬɘ ɐ 

ŬˊɞɟɟɑˊŰɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ŭɘŬɢŮɘɟɘůŰɏɠ. ȰŰůɘ ɖ ɨˊŬɟɝɖ ˊɟɞůɤɟɘɜɩɜ ŬɟɢŮɑɤɜ ɛɏɢɟɘ ɜŬ 

ɞɚɞəɚɖɟɤɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ.  

 

ȺɘəɧɜŬ 10: ȼ ŭɞɛɐ Űɞɡ ˊɑɜŬəŬ library_updates 
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Ƀ ˊɑɜŬəŬɠ ñlibrary_updatesò ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟɑŬ ɔɜɤɟɑůɛŬŰŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 10. ȷɟɢɘəɎ ɏɢɞɡɛŮ Űɞ ˊɟɤŰŮɨɞɜ əɚŮɘŭɑ,  ñidò ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ůɡɜɐɗɤɠ ɔɘŬ Űɖɜ 

ŰŬɡŰɞˊɞɑɖůɖ əɎɗŮ ŮɔɔɟŬűɐɠ ůŰɞɜ ˊɑɜŬəŬ. ȰˊŮɘŰŬ ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ñlib_idò, Űɨˊɞɡ 

ñint(10)ò ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɝɏɜɞ əɚŮɘŭɑ ůɡɜŭɏɞɜŰŬɠ ɛŮ Űɞɜ ˊɑɜŬəŬ ñlibrariesò ůŰɞ ŬɜŰɑůŰɞɘɢɞ 

ñidò. ȰŰůɘ ŭɖɛɘɞɡɟɔɞɨɛŮ Űɖɜ ůɨɜŭŮůɖ ɛŮŰŬɝɨ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ əŬɘ ɓɘɓɚɘɞɗɐəɖɠ ůŰɖɜ ɞˊɞɑŬ 

ŬɜŰɘůŰɞɘɢŮɑ. ɇɏɚɞɠ ɏɢɞɡɛŮ Űɞ ɔɜɩɟɘůɛŬ ñlibraryò, Űɨˊɞɡ ñvarchar(50)ò ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ɧɜɞɛŬ 

Űɞɡ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ. ȰŰůɘ, ɛŮ ɏɜŬɜ Ŭˊɚɧ ɏɚŮɔɢɞ Űɞɡ ˊɑɜŬəŬ ŬɡŰɞɨ ɛˊɞɟɞɨɛŮ ɜŬ ɓɟɞɨɛŮ 

ɎɛŮůŬ Űɘɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ŬɚɚŬɔɏɠ ɔɘŬ əɎɗŮ ɓɘɓɚɘɞɗɐəɖ əŬɗɩɠ əŬɘ Űɞ ŬɟɢŮɑɞ ˊɞɡ Űɘɠ ˊŮɟɘɏɢŮɘ. 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ŬˊɞəŰɞɨɛŮ ɛɘŬ Ŭɟɢɘəɐ ŮɘəɧɜŬ 

Űɞɡ Űɟɧˊɞɡ ɞɟɔɎɜɤůɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭŮɜ 

Ŭɜɐəɞɡɜ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ ɖ ůɡɔəɟɎŰɖůɐ Űɞɡɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ɇɏŰɞɘŬ ŭŮŭɞɛɏɜŬ ˊŬɑɟɜɞɡɜ Űɖɜ ɛɞɟűɐ ŬɟɢŮɑɤɜ əŬɘ ɧˊɤɠ ɗŬ 

ŭɞɨɛŮ ůŰɞ ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ, ŮɑɜŬɘ ɞɟɔŬɜɤɛɏɜŬ ůŮ ŭɞɛɏɠ əŬŰŬɚɧɔɤɜ. 

 

3.2 ȾŬŰɎɚɞɔɞɘ ȷɟɢŮɑɤɜ 
 

 ȼ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ɏɢŮɘ ɤɠ ɓŬůɘəɧ ůŰɧɢɞ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ, ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ 

ˊɟɞůɞɛɞɑɤůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ. ȷɡŰɏɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜɏɟɔŮɘŮɠ ˊɞɡ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ŬɟɢŮɑŬ. ȷˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬɟɢŮɑɤɜ VHDL ɏɤɠ Űɖɜ 

ŮɝŬɔɤɔɐ ɛŮŰŬɔɚɤŰŰɘůɛɏɜɤɜ ŬɟɢŮɑɤɜ əŬɘ ŬɟɢŮɑɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. ȳˊɤɠ 

ŮɑŭŬɛŮ ˊŬɟŬˊɎɜɤ, ɖ ůɤůŰɐ ŭɞɛɐ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ əŬŰŬɚɨŰɖɠ ɔɘŬ Űɖɜ ůɤůŰɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȼ ɚɞɔɘəɐ ŬɡŰɐ ɘůɢɨŮɘ əŬɘ ůŰɖɜ ŭɞɛɐ əŬŰŬɚɧɔɤɜ. ɄŬɟŬəɎŰɤ ɗŬ 

ŮɝɖɔɐůɞɡɛŮ Űɖɜ ŭɞɛɐ Űɤɜ əŬŰŬɚɧɔɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ȰɢɞɡɛŮ ɢɤɟɑůŮɘ ŬɟɢɘəɎ Űɞɡɠ 

əŬŰŬɚɧɔɞɡɠ ůŮ ɛɧɜɘɛɞɡɠ əŬɘ ˊɟɞůɤɟɘɜɞɨɠ. ȰˊŮɘŰŬ ŭɘŬəɟɑɜŮŰŬɘ ɖ əŬŰɖɔɞɟɑŬ ɢɟɐůɖɠ əɎɗŮ 

əŬŰŬɚɧɔɞɡ. ȷɟɢɘəɎ ɗŬ ŮˊŮəŰŮɑɜɞɡɛŮ Űɖɜ ŭɞɛɐ Űɤɜ ɛɧɜɘɛɤɜ əŬŰŬɚɧɔɤɜ ɛŮ ŰŬ ŬɟɢŮɑŬ ɢɟɖůŰɩɜ 

əŬɘ ɓɘɓɚɘɞɗɖəɩɜ. ɀŮŰɎ ɗŬ ŭɞɨɛŮ Űɞɜ Űɟɧˊɞ ŭɘŬŰɐɟɖůɖɠ Űɤɜ ˊɟɞůɤɟɘɜɩɜ əŬŰŬɚɧɔɤɜ 

əŬŰɖɔɞɟɘɞˊɞɘɖɛɏɜɤɜ ůŮ ŬɟɢŮɑŬ ŮˊɘůəŮˊŰɩɜ, ŬɟɢŮɑŬ ŮɟɔŬůɘɩɜ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ 

ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ Űɏɚɞɠ ůŮ ŬɟɢŮɑŬ ŬɜŬűɞɟɎɠ əŬŰɎůŰŬůɖɠ. 

 

3.2.1 ȷɟɢŮɑŬ ɉɟɖůŰɩɜ əŬɘ ȸɘɓɚɘɞɗɖəɩɜ 

 

 Ƀɘ ɛɧɜɘɛɞɘ əŬŰɎɚɞɔɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŭɘŬəɟɑɜɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɖ ɢɟɐůɖ ɔɘŬ Űɖɜ 

ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ ɢɟɖůŰɩɜ əŬɘ ɤɠ ˊɟɞɠ Űɖ ɢɟɐůɖ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ ɓɘɓɚɘɞɗɖəɩɜ. 

ȳˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ, ɞɘ əŬŰɎɚɞɔɞɘ ŬɡŰɞɑ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ Űɞɡ ɓŬůɘəɞɨ 

ɛɧɜɘɛɞɡ əŬŰŬɚɧɔɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŭɘŬŭɟɞɛɐ ñ/home/user/hdl-compiler/ò. 

 Ƀ əŬŰɎɚɞɔɞɠ ɢɟɖůŰɩɜ ˊŮɟɘɏɢŮɘ ŰŬ ŬɟɢŮɑŬ əɎɗŮ ɢɟɐůŰɖ. ȾŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ɚɞɔŬɟɘŬůɛɞɨ ɢɟɐůŰɖ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɟɞɛɐ ɏɜŬɠ ɜɏɞɠ əŬŰɎɚɞɔɞɠ ɛŮ 

ɞɜɞɛŬůɑŬ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞ ɧɜɞɛŬ Űɞɡ ɢɟɐůŰɖ. ȰŰůɘ, ŮɎɜ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ ŭɩůŮɘ ɤɠ ɧɜɞɛŬ 

ñUserò ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɞ əŬŰɎɚɞɔɞɠ ñ/home/user/hdl-compiler/User/ò. ȳŰŬɜ ɞ ɢɟɐůŰɖɠ 

ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ɏɟɔɞ, ŰɧŰŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ ɏɟɔɞɡ, əŬŰɎɚɚɖɚŬ 

Űɟɞˊɞˊɞɘɖɛɏɜɖ, ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ əŬɘ əŬŰɎɚɞɔɞɠ ůŰɞɜ ɞˊɞɑɞ ɗŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ŰŬ ŬɟɢŮɑŬ ŬɡŰɞɨ 

Űɞɡ ɏɟɔɞɡ. ȺɎɜ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ɢɟɐůŰɖɠ ñUserò ŭɖɛɘɞɡɟɔɐůŮɘ Űɞ ɏɟɔɞ ñProject 1ò, ɗŬ 
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ŭɖɛɘɞɡɟɔɖɗŮɑ əŬɘ ɞ əŬŰɎɚɞɔɞɠ ñ/home/user/hdl-compiler/User/Project_1/ò. ɆŮ ŬɡŰɧɜ Űɞɜ 

əŬŰɎɚɞɔɞ ɗŬ ˊɟɞůŰɑɗŮɜŰŬɘ ŰŬ ŬɟɢŮɑŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɐ ŮɘůɎɔŮɘ ůŰɞ ɏɟɔɞ ñProject 1ò ɞ ɢɟɐůŰɖɠ. 

Ⱥˊɑůɖɠ ůŮ ŬɡŰɧɜ Űɞɜ əŬŰɎɚɞɔɞ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŬɘ ŰŬ ŬɟɢŮɑŬ ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ 

ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ Űɞ ɑŭɘɞ ɏɟɔɞ. ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ əŬŰɎɚɞɔɞ ɔɘŬ Űɖɜ 

ɞɟɔɎɜɤůɖ Űɤɜ ŬɟɢŮɑɤɜ ɢɟɖůŰɩɜ ɛɏůŬ ůŰɞɜ ɞˊɞɑɞ ŬɜŬˊŰɨůůŮŰŬɘ ɖ ŭɞɛɐ əŬŰŬɚɧɔɤɜ ɔɘŬ Űɞɜ 

əɎɗŮ ɢɟɐůŰɖ əŬɘ Űɞ əɎɗŮ ɏɟɔɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ.  

 ɀɏůŬ ůŰɞɜ ɓŬůɘəɧ ɛɧɜɘɛɞ əŬŰɎɚɞɔɞ, ŭɘŬŰɖɟɞɨɛŮ əŬɘ ŭɨɞ Ŭəɧɛɖ əŬŰŬɚɧɔɞɡɠ ɔɘŬ Űɖɜ 

ɢɟɐůɖ ɓɘɓɚɘɞɗɖəɩɜ. ȷɟɢɘəɎ ɏɢɞɡɛŮ Űɞɜ əŬŰɎɚɞɔɞ ñ/home/user/hdl-compiler/libraries/ò ůŰɞɜ 

ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ ŰŬ ŬɟɢŮɑŬ ɓɘɓɚɘɞɗɖəɩɜ. ȾŬŰɎ Űɖɜ ŭɖɛɞůɑŮɡůɖ ɛɑŬɠ ɓɘɓɚɘɞɗɐəɖɠ, Űɞ ŬɟɢŮɑɞ 

ŬɜŰɘɔɟɎűŮŰŬɘ ůŮ ŬɡŰɧɜ Űɞɜ əŬŰɎɚɞɔɞ əŬɘ ŬɜŬɛɏɜŮɘ ɏɔəɟɘůɖ ɐ Ŭˊɧɟɟɘɣɖ Ŭˊɧ ɏɜŬɜ ŭɘŬɢŮɘɟɘůŰɐ. 

ȾŬŰɎ Űɖɜ ŮɘůŬɔɤɔɐ ɐ Ůɜɖɛɏɟɤůɖ ɛɑŬɠ ɓɘɓɚɘɞɗɐəɖɠ ůŮ ɏɜŬ ɏɟɔɞ, ɏɢɞɡɛŮ Űɖɜ ŬɜŰɘɔɟŬűɐ Űɞɡ 

ŬɟɢŮɑɞɡ ůŰɞɜ űɎəŮɚɞ Űɞɡ ɏɟɔɞɡ. Ƀ ŭŮɨŰŮɟɞɠ əŬŰɎɚɞɔɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɔɘŬ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ɓɘɓɚɘɞɗɖəɩɜ ŮɑɜŬɘ ɞ ñ/home/user/hdl-compiler/update_libraries/ò. ȳŰŬɜ ɞ 

ůɡɔɔɟŬűɏŬɠ ɛɑŬɠ ɓɘɓɚɘɞɗɐəɖɠ ˊɟɞŰŮɑɜŮɘ ɛɑŬ Űɟɞˊɞˊɞɑɖůɖ, Űɞ ŬɜŰɑůŰɞɘɢɞ ŬɟɢŮɑɞ Ŭˊɧ Űɞ 

ˊɟɞůɤˊɘəɧ Űɞɡ ɏɟɔɞ ŬɜŰɘɔɟɎűŮŰŬɘ ůŮ ŬɡŰɧɜ Űɞɜ əŬŰɎɚɞɔɞ əŬɘ ŬɜŬɛɏɜŮɘ ɏɔəɟɘůɖ ɐ Ŭˊɧɟɟɘɣɖ. 

ȺɎɜ ɔɑɜŮɘ ɏɔəɟɘůɖ Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ Ŭˊɧ ɏɜŬɜ ŭɘŬɢŮɘɟɘůŰɐ, Űɞ ŬɟɢŮɑɞ ɗŬ ɛŮŰŬűŮɟɗŮɑ əŬɘ 

ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ůŰɞɜ əŬŰɎɚɞɔɞ ɓɘɓɚɘɞɗɖəɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɧɟɟɘɣɖɠ, Űɞ 

ŬɟɢŮɑɞ ɗŬ ŭɘŬɔɟŬűŮɑ Ŭˊɧ Űɞɜ əŬŰɎɚɞɔɞ ˊɟɞŰɎůŮɤɜ. ȼ ŭɞɛɐ ŬɡŰɐ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɢɟɐůɖ Űɞɡ 

ɡˊɎɟɢɞɜŰɞɠ ɛɧɜɘɛɞɡ əŬŰŬɚɧɔɞɡ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ŬɟɢŮɑɤɜ ɔɘŬ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ. ɄŬɟɎɚɚɖɚŬ ˊɟɞůɗɏŰŮɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ əŬŰɎɚɖɣɖɠ Űɤɜ 

ɞɜɞɛɎŰɤɜ ñlibrariesò ñupdate_librariesò Ŭˊɧ ŰŬ ˊɘɗŬɜɎ ɞɜɧɛŬŰŬ ɢɟɖůŰɩɜ. ŪŮɤɟɞɨɛŮ ɧɛɤɠ ɧŰɘ 

ɞ ˊŮɟɘɞɟɘůɛɧɠ ŬɡŰɧɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏɞɠ ŭŮŭɞɛɏɜɞɡ Űɞɡ Ŭɟɘɗɛɞɨ ŭɘŬɗɏůɘɛɤɜ ɞɜɞɛɎŰɤɜ əɘ ɏŰůɘ 

ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ɢɟɐůɖɠ ɡˊɎɟɢɞɜŰɞɠ əŬŰŬɚɧɔɞɡ ɡˊŮɟŰŮɟŮɑ. 

 

3.2.2 ȷɟɢŮɑŬ ȺˊɘůəŮˊŰɩɜ 

 

 ɇŬ ŬɟɢŮɑŬ ŮˊɘůəŮˊŰɩɜ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ŭɞɛɐ ɛŮ ŰŬ ŬɟɢŮɑŬ ɢɟɖůŰɩɜ. ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ 

ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɑɜŬɘ ɧŰɘ ůŰŬ ŬɟɢŮɑŬ ŮˊɘůəŮˊŰɩɜ ɖ ɏɜɜɞɘŬ Űɞɡ ɢɟɐůŰɖ əŬɘ ɏɟɔɞ ůɡɛˊɑˊŰŮɘ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŬɟɢŮɑŬ ŮˊɘůəŮˊŰɩɜ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ ñ/tmp/VHDL/ò. ȳŰŬɜ ɏɜŬɠ 

ŮˊɘůəɏˊŰɖɠ ɏɟɢŮŰŬɘ ůŮ ˊɟɩŰɖ ŮˊŬűɐ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, Űɞɡ ˊŬɟɏɢŮŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ŬɚɚɎ 

ɛɞɜŬŭɘəɧɠ Ŭɟɘɗɛɧɠ ůɡɜɞŭɞɨ (session ID). ɇŬɡŰɧɢɟɞɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ əŬŰɎɚɞɔɞɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ɑŭɘɞ Ŭɟɘɗɛɧ ɤɠ ñ/tmp/VHDL/SID/ò. Ƀɘ ŮˊɘůəɏˊŰŮɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ Ůˊɘˊɚɏɞɜ ɏɟɔŬ əɘ ɏŰůɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɡŰɧɠ ɞ əŬŰɎɚɞɔɞɠ ŬˊŮɡɗŮɑŬɠ ɔɘŬ Űɖɜ 

ŭɘŬŰɐɟɖůɖ Űɤɜ ŬɟɢŮɑɤɜ Űɞɡɠ.  ɆŮ ɛŮɚɚɞɜŰɘəɏɠ ŮˊŬűɏɠ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ, ɞ ŮˊɘůəɏˊŰɖɠ, ŮɎɜ 

ŭŮɜ ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ ŭɘəɧ Űɞɡ ɚɞɔŬɟɘŬůɛɧ ŬəɧɛŬ, ɛˊɞɟŮɑ ɜŬ ůɡɜŭŮɗŮɑ ůŰɞɜ ˊɟɞůɤɟɘɜɧ ñSIDò 

ˊɞɡ Űɞɡ ŭɧɗɖəŮ ɛɏɢɟɘ Űɖɜ ŮˊɧɛŮɜɖ ŮˊŬɜŮəəɑɜɖůɖ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ. ɇɧŰŮ ŰŬ ŬɟɢŮɑŬ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŮ ˊɟɞůɤɟɘɜɞɨɠ əŬŰŬɚɧɔɞɡɠ ɗŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ 

ŮˊɘůəɏˊŰŮɠ ɜŬ ŭɞəɘɛɎůɞɡɜ əɎˊɞɘŮɠ ůɖɛŬɜŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ ŬɚɚɎ ɛŮ Űɞɜ 

ůɡɛɓɘɓŬůɛɧ ˊŮɟɘɞɟɘůɛɏɜɤɜ əŬɘ ˊɟɞůɤɟɘɜɩɜ ˊɧɟɤɜ.  
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3.2.3 ȷɟɢŮɑŬ ȺɟɔŬůɘɩɜ əŬɘ ȷɜŬűɞɟɎɠ ȾŬŰɎůŰŬůɖɠ 

 

 ɇɧůɞ ɞɘ ɢɟɐůŰŮɠ ɧůɞ əŬɘ ɞɘ ŮˊɘůəɏˊŰŮɠ ɏɢɞɡɜ ˊɟɧůɓŬůɖ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ əɎɜɞɡɜ ɢɟɐůɖ Űɞɡ ˊɟɞůɤɟɘɜɞɨ 

əŬŰŬɚɧɔɞɡ ñ/tmp/jobs/ò. ȳŰŬɜ ɏɜŬɠ ɢɟɐůŰɖɠ ɐ ŮˊɘůəɏˊŰɖɠ əɎɜŮɘ ŬɑŰɖůɖ ɔɘŬ ˊɟɞůɞɛɞɑɤůɖ ɐ 

ɛŮŰŬɔɚɩŰŰɘůɖ Ůɜɧɠ ŬɟɢŮɑɞɡ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŬɟɢŮɑɞ ŮɟɔŬůɑŬɠ ůô ŬɡŰɧɜ Űɞɜ ˊɟɞůɤɟɘɜɧ 

əŬŰɎɚɞɔɞ. ȾŬɗɩɠ Űɞ ůŮɜɎɟɘɞ ŰŮɟɛŬŰɘəɞɨ ñjob_scheduler.shò ŮəŰŮɚŮɑŰŬɘ, ŮɚɏɔɢŮɘ Űɞɜ əŬŰɎɚɞɔɞ 

ñ/tmp/jobs/ò ɔɘŬ ŬɟɢŮɑŬ ŮɟɔŬůɑŬɠ. ȳŰŬɜ ɏɜŬ ŬɟɢŮɑɞ ŮɟɔŬůɑŬɠ ɓɟŮɗŮɑ, ŮəŰŮɚŮɑŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ əŬɘ Űɞ ŬɟɢŮɑɞ ŬɡŰɧ ŬˊɞɛŬəɟɨɜŮŰŬɘ. ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɞɡůɘŬůŰɘəɎ Űɞɜ əŬŰɎɚɞɔɞ 

ñ/tmp/jobs/ò ɤɠ ɞɡɟɎ ŬɜŬɛɞɜɐɠ ɔɘŬ Űɘɠ ŮɟɔŬůɑŮɠ ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ. ũɘŬ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ ŰɟɏɢɞɡůŬɠ ŮɟɔŬůɑŬɠ ŬɚɚɎ əŬɘ Űɖɠ ɞɡɟɎɠ ŬɜŬɛɞɜɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ ŬɟɢŮɑɞ 

ŬɜŬűɞɟɎɠ əŬŰɎůŰŬůɖɠ. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɞ ůŮɜɎɟɘɞ ŰŮɟɛŬŰɘəɞɨ ůŰɞɜ 

əŬŰɎɚɞɔɞ ñ/tmp/status/ò əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ əŬŰɎůŰŬůɖ ŮɟɔŬůɑŬɠ. ɆŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮəŰŮɚŮɑŰŬɘ əɎˊɞɘŬ ŮɟɔŬůɑŬ ɡˊɎɟɢŮɘ ŬɜŰɑůŰɞɘɢɞ ɛɐɜɡɛŬ Ŭɚɚɘɩɠ ɛŬɠ ŭɑɜŮɘ Űɞ 

ŬɜŬɔɜɤɟɘůŰɘəɧ ñIDò Űɞɡ ŬɟɢŮɑɞɡ ŮɟɔŬůɑŬɠ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ əŬɘ Űɞɜ Ŭɟɘɗɛɧ ɡˊɞɚŮɘˊɧɛŮɜɤɜ 

ŬɟɢŮɑɤɜ ŮɟɔŬůɑŬɠ ůŰɖɜ ɞɡɟɎ ŬɜŬɛɞɜɐɠ. ȼ ŭɘŬŰɐɟɖůɖ əŬŰŬɚɧɔɤɜ əŬɘ ŬɟɢŮɑɤɜ ɔɘô ŬɡŰɏɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊŬűɐ Űɞɡ ůŮɜŬɟɑɞɡ ŰŮɟɛŬŰɘəɞɨ əŬɘ Űɤɜ ŮɟɔŬɚŮɑɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛŮ Űɖɜ ɡˊɧɚɞɘˊɖ ŮűŬɟɛɞɔɐ, ŬɜŮˊŰɡɔɛɏɜɖ ůŮ ŰŮɢɜɞɚɞɔɑŮɠ  ŭɘŬŭɘəŰɨɞɡ, 

ɔŮűɡɟɩɜɞɜŰŬɠ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ůɡɛɓŬŰɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɞɡɠ. 

 ȾɚŮɑɜɞɜŰŬɠ Űɖɜ ŭɞɛɐ Űɤɜ əŬŰŬɚɧɔɤɜ, ˊɘůŰŮɨɞɡɛŮ ɧŰɘ ŭŮɑɝŬɛŮ Űɞɜ Űɟɧˊɞ ɢɟɐůɖɠ Űɞɡ 

ŭŮɨŰŮɟɞɡ ɛɏɟɞɡɠ Űɤɜ ŬˊɞɗɖəŮɛɏɜɤɜ ŬɟɢŮɑɤɜ. ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɏɢɞɡɛŮ 

ɛɑŬ ˊɚɐɟɖ ŮɘəɧɜŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. ɆŰŬ ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ 

ɗŬ ŭɞɨɛŮ ˊɩɠ ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ 

ůɡɜɗɏŰɞɡɜ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ. 

 

3.3 ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
 

 ɆŮ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ ŬɜŬűɏɟŬɛŮ ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɄŬɟŬəɎŰɤ ɗŬ ŮɝɖɔɐůɞɡɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ŬɡŰɎ ŰŬ 

ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ůɨɜŰŬɝɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬŰɖɔɞɟɘɞˊɞɘɖɛɏɜŮɠ ɛŮ Űɞɜ ůəɞˊɧ ˊɞɡ ŮˊɘŰŮɚɞɨɜ ŬɚɚɎ əŬɘ ɛŮ Űɞɜ Űɟɧˊɞ 

ɡɚɞˊɞɑɖůɐɠ Űɞɡɠ. ȷɟɢɘəɎ əɎɜɞɡɛŮ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ 

Űɖɜ ɞɟɗɐ űɧɟŰɤůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ Űɖɜ ɛŮŰɎűɟŬůɖ Űɞɡ ůɡɜŭɏůɛɞɡ ůŰɖɜ ůŮɚɑŭŬ ˊɞɡ 

ɕɖŰɐɗɖəŮ. ȰˊŮɘŰŬ ŮɝŮŰɎɕɞɡɛŮ Űɞɜ Űɟɧˊɞ ɡɚɞˊɞɑɖůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. Ƀɘ ŮˊɧɛŮɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ɓɚɏˊɞɡɛŮ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɚɎůŮɘɠ əŬɘ ɛŮɗɧŭɞɡɠ. ɄɟɞɢɤɟɎɛŮ ɛŮŰɎ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ 

Űɟɧˊɞɡ ɡɚɞˊɞɑɖůɖɠ əŬɘ ɢɟɐůɖɠ Űɞɡ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ əŬɘ Űɏɚɞɠ ŮɝɖɔɞɨɛŮ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Ŭˊɧ ɗɏɛŬŰŬ ŬůűɎɚŮɘŬɠ. 
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3.3.1 ȷɟɢɘəɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ əŬŰɎ Űɖɜ ūɧɟŰɤůɖ 

 

 ȳˊɤɠ ŮɑŭŬɛŮ ůŰɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ ɖ PHP ŮɑɜŬɘ ɛɑŬ ɔɚɩůůŬ ůŮɜŬɟɑɞɡ. ȰŰůɘ, əɎɗŮ 

űɞɟɎ ˊɞɡ ɞ ɢɟɐůŰɖɠ űɞɟŰɩɜŮɘ ɛɑŬ ůŮɚɑŭŬ, ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ ɗŬ əɎɜŮɘ ɛɑŬ əŬɘɜɞɨɟɘŬ ŮəŰɏɚŮůɖ 

Űɞɡ ůŮɜŬɟɑɞɡ ɩůŰŮ ɜŬ ˊɟɞůűɏɟŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŬˊɞŰɏɚŮůɛŬ. ɉɟɖůɘɛɞˊɞɘɞɨɛŮ ɚɞɘˊɧɜ ůŰɖɜ 

ŮűŬɟɛɞɔɐ ɛŬɠ ŭɨɞ ŬɟɢŮɑŬ ˊɞɡ ɏɢɞɡɜ ɤɠ ůŰɧɢɞ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ əɎɗŮ ůŮɜŬɟɑɞɡ əŬɘ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ůɡɜŭɏůŮɤɜ ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ŮəŰŮɚɏůŮɤɜ. 

 ɇɞ ˊɟɩŰɞ ŬɟɢŮɑɞ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ ŮɑɜŬɘ Űɞ loader.php. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŬɟɢŮɑɞ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ůɤůŰɐ Ŭɟɢɘəɞˊɞɑɖůɖ Űɞɡ ůŮɜŬɟɑɞɡ.  

1. // Initiate session  
2. if  ( session_status ()  == PHP_SESSION_NONE)  {  
3. session_start ();  
4. }   

 

ȾɩŭɘəŬɠ 1: loader.php - ȰɚŮɔɢɞɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ůɡɜŮŭɟɑŬɠ 

ȷɟɢɘəɎ, ŮɚɏɔɢɞɡɛŮ ŮɎɜ ɡˊɎɟɢŮɘ ɐŭɖ ɖ ůɡɜŮŭɟɑŬ Ŭɚɚɘɩɠ Űɖɜ ŭɖɛɘɞɡɟɔɞɨɛŮ (ȾɩŭɘəŬɠ 1) ɩůŰŮ 

ɜŬ ɏɢɞɡɛŮ ŭɘŬɗɏůɘɛŮɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ˊɘɗŬɜɧɠ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ. 

1. # Set here the variables  
2. # -- START--  
3. $BASE="/tmp/VHDL/" ;  
4. $JOBDIRECTORY="/tmp/jobs/" ;  
5. $STATUSDIR="/tmp/status/" ;  
6. $protocol  = (! empty ( $_SERVER[ 'HTTPS' ])  && $_SERVER[ 'HTTPS' ]  !==  'off'  

||  $_SERVER[ 'SERVER_PORT']  == 443 )  ? "https://"  :  "http://" ;  
7. $BASE_URL = $protocol . $_SERVER[ 'SERVER_NAME']. "/vhdl" ;  
8. $BASE_DIR = "/home/user/hdl - compiler/" ;  
9. $BASE_SID = "/tmp/VHDL/" ;  
10. # -- END--  
11.   

12. //Check the existance of the BASE directory and the JOBDIRECTORY  
13. if  (  !  file_exists ( $BASE)  )   
14.   mkdir ( $BASE, 0777 , true );   
15. if  (  !  file_exists ( $JOBDIRECTORY)  )   
16.   mkdir ( $JOBDIRECTORY, 0777 , true );  
17. if  (  !  file_exists ( $STATUSDIR)  )   
18.   mkdir ( $STATUSDIR, 0777 , true );   

 

ȾɩŭɘəŬɠ 2: loader.php - ȷɟɢɘəɞˊɞɑɖůɖ əŬŰŬɚɧɔɤɜ 

ȰˊŮɘŰŬ, əŬɗɞɟɑɕɞɡɛŮ ɓŬůɘəɏɠ əŬɗɞɚɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞɡɠ əŬŰŬɚɧɔɞɡɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŬɚɚɎ əŬɘ Űɞɜ ŭɘŬŭɘəŰɡŬəɧ ůɨɜŭŮůɛɞ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ (ȾɩŭɘəŬɠ 2, ɔɟŬɛɛɏɠ 1-

9). ȷűɞɨ ɗɏůɞɡɛŮ ŬɡŰɏɠ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ, ˊɟɞɢɤɟɎɛŮ ůŰɞɜ ɏɚŮɔɢɞ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Űɤɜ 

ˊɟɞůɤɟɘɜɩɜ əŬŰŬɚɧɔɤɜ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡɠ ŮɎɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ (ȾɩŭɘəŬɠ 2, ɔɟŬɛɛɏɠ 

13-18).  
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1.  // Load Classes  

2.  require_once ( 'classes/Database.php' );  

3.  require_once ( 'classes/Messages.php' );  

4.  r equire_once ( 'classes/User.php' );  

5.  require_once ( 'classes/General.php' );  

6.  // init. objects  

7.  $db  = new Database ;  

8.  $messages  = new Messages ;  

9.  $gen  = new General ;  

 

ȾɩŭɘəŬɠ 3: loader.php - ȷɟɢɘəɞˊɞɑɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ 

ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɖ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ȷɟɢɘəɎ 

əŬɚɞɨɛŮ ŰŬ ŬɟɢŮɑŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ əɚɎůŮɘɠ (ȾɩŭɘəŬɠ 3, ɔɟŬɛɛɏɠ 2-5) əŬɘ 

Ŭɛɏůɤɠ ɛŮŰɎ ŭɖɛɘɞɡɟɔɞɨɛŮ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ. 

1.  // login pseudo user with session id  
2.  if ( isset ( $_SESSION[ 'SID' ])  && $_SESSION[ 'SID' ]> 0){  
3.    $_SESSION[ 'vhdl_user' ][ 'username' ]  = "Guest" ;  
4.    $_SESSION[ 'vhdl_user' ][ 'id' ]  = "0" ;  
5.    $_SESSION[ 'vhdl_user' ][ 'loged_in' ]  = 1;  
6.    $_SESSION[ 'vhdl_user' ][ 'type' ]  = 0;  
7.  }  
8.  if (  isset ( $_SESSION[ 'vhdl_user' ])  ){  
9.    $user  = new User ( $_SESSION[ 'vhdl_user' ]);  
10.  }  
11.  if (  ! isset ( $_SESSION[ 'vhdl_msg' ])  ){  
12.    $_SESSION[ 'vhdl_msg' ]  = array ();  
13.  }  

 

ȾɩŭɘəŬɠ 4: loader.php - ȷɟɢɘəɞˊɞɑɖůɖ ůɡɜŮŭɟɑŬɠ əŬɘ ŬɜŰɘəŮɘɛɏɜɞɡ ɢɟɐůŰɖ 

ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŬɜŰɘəŮɑɛŮɜɞɡ ɢɟɐůŰɖ ˊɟɏˊŮɘ ɜŬ ˊɟɞɖɔɖɗŮɑ ɞ ɏɚŮɔɢɞɠ 

ŮˊɘůəɏˊŰɖ. ȺɎɜ ɏɢɞɡɛŮ ůɨɜŭŮůɖ ŮˊɘůəɏˊŰɖ ɗŬ ɗɏůɞɡɛŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ Űɘɛɏɠ ůɡɜŮŭɟɑŬɠ 

(ȾɩŭɘəŬɠ 4, ɔɟŬɛɛɏɠ 2-7). ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɗɏŰɞɡɛŮ Űɘɠ Űɘɛɏɠ ůɡɜŮŭɟɑŬɠ əŬŰɎ Űɖɜ ůɨɜŭŮůɖ 

Ůɜɧɠ ɢɟɐůŰɖ. ȰŰůɘ, ɛˊɞɟɞɨɛŮ ɛŮŰɎ ɜŬ ŮɚɏɔɝɞɡɛŮ ŮɎɜ ɡˊɎɟɢŮɘ ůɡɜŭŮɛɏɜɞɠ ɢɟɐůŰɖɠ ɐ 

ŮˊɘůəɏˊŰɖɠ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɢɟɐůŰɖ (ȾɩŭɘəŬɠ 4, ɔɟŬɛɛɏɠ 8-10). 

ȷɛɏůɤɠ ɛŮŰɎ ɏɢɞɡɛŮ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɖɠ ůɡɜŮŭɟɑŬɠ ɛɖɜɡɛɎŰɤɜ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ 

ɡˊɎɟɢŮɘ ɐŭɖ (ȾɩŭɘəŬɠ 4, ɔɟŬɛɛɏɠ 11-13). ȼ ůɡɔəŮəɟɘɛɏɜɖ ůɡɜŮŭɟɑŬ ɛŮŰŬűɏɟŮɘ ɛɖɜɨɛŬŰŬ 

ŬɜŬŰɟɞűɞŭɧŰɖůɖɠ ˊɞɡ ŮɜɖɛŮɟɩɜɞɡɜ Űɞɜ ɢɟɐůŰɖ ɔɘŬ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ 

ŮˊɘɢŮɑɟɖůŮ. 

1.  require_once ( 'security.php' );  
2.  require_once ( 'post_handler.php' );  

 

3.  ?> 

 

ȾɩŭɘəŬɠ 5: loader.php - Ⱦɚɐůɖ ŬɟɢŮɑɤɜ ŬůűŬɚŮɑŬɠ əŬɘ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

ɇɏɚɞɠ ɏɢɞɡɛŮ Űɖɜ əɚɐůɖ Űɞɡ ŬɟɢŮɑɞɡ security.php, ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɖɠ ŬůűɎɚŮɘŬɠ ůŰɖɜ 

ŮűŬɟɛɞɔɐ ɛŬɠ əŬɘ Űɞɡ ŬɟɢŮɑɞɡ post_handler.php, ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ 

ɛŮ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ ŬˊɞůŰɞɚɐ űɧɟɛŬɠ (ȾɩŭɘəŬɠ 5). ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ Űɞ ŬɟɢŮɑɞ loader.php 

ŬˊɞŰŮɚŮɑ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ ɧˊɤɠ ɞɘ ůɡɜŮŭɟɑŮɠ, əŬɗɞɚɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ 

əɚɎůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ůŮ əɎɗŮ ŮəŰɏɚŮůɖ Ůɜɧɠ ůŮɜŬɟɑɞɡ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. 



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 

  

 

43 

 

 ɇɞ ŭŮɨŰŮɟɞ ŬɟɢŮɑɞ ˊɞɡ ɗŬ ŬɜŬɚɨůɞɡɛŮ ŮɑɜŬɘ Űɞ index.php. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŬɟɢŮɑɞ 

ŬˊɞŰŮɚŮɑ əɞɛɓɘəɧ ůɖɛŮɑɞ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ əŬɘ ŭɟɞɛɞɚɞɔŮɑ Űɖɜ ŬɑŰɖůɖ əɑɜɖůɖɠ ůŰɖɜ 

əŬŰɎɚɚɖɚɖ ůŮɚɑŭŬ. ȼ ŭɟɞɛɞɚɧɔɖůɖ Űɖɠ əɑɜɖůɖɠ ůŮ ɛɑŬ ɘůŰɞůŮɚɑŭŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ 

ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ. Ƀ ůɡɜɖɗɏůŰŮɟɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ŬˊŮɡɗŮɑŬɠ, ɛɏůɤ Űɖɠ ŭɘŮɨɗɡɜůɖɠ ŭɘŬŭɘəŰɨɞɡ 

ɧˊɞɡ ůŰɞɢŮɨŮɘ ůŮ ɝŮɢɤɟɘůŰɎ ŬɟɢŮɑŬ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ 

ˊɟɞůˊŮɚɎůŮɘ ŬˊŮɡɗŮɑŬɠ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ůŮɚɑŭŬ Ŭűɞɨ ɗŬ ɏɢŮɘ ɛɞɜŬŭɘəɐ ŭɘŬŭɘəŰɡŬəɐ 

ŭɘŮɨɗɡɜůɖ ůŰɞɢŮɨɞɜŰŬɠ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ŬɟɢŮɑɞ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ əɎɗŮ ŬɟɢŮɑɞ Űɖɠ ůŮɚɑŭŬɠ  

ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɏɢŮɘ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ůŰɘɔɛɘɧŰɡˊɞ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȰɜŬɠ Ɏɚɚɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ 

ɎɛŮůɖ ɚɐɣɖ Űɖɠ ɕɖŰɞɨɛŮɜɖɠ ůŮɚɑŭŬɠ ɛŮ Űɖɜ ŰŮɢɜɘəɐ AJAX əŬɘ Űɖɜ ŮɛűɎɜɘůɐ Űɖɠ ůŰɞ ɡˊɎɟɢɞɜ 

ˊŬɟɎɗɡɟɞ, ůɡɜɐɗɤɠ ɛɏůŬ ůŮ ɡˊɎɟɢɞɜ ůŰɞɘɢŮɑɞ HTML, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ŮˊŬɜŬűɧɟŰɘůɖɠ. ɀŮ 

ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɖ ɛŮŰŬɓɑɓŬůɖ Ŭˊɧ Űɖɜ ɛɑŬ ůŮɚɑŭŬ ůŰɖɜ Ɏɚɚɖ ŮɑɜŬɘ ɎɛŮůɖ əŬɘ 

ɛŮŰŬűɞɟŰɩɜɞɜŰŬɘ ɛɧɜɞ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬɚɚɎɕɞɡɜ. ȰŰůɘ ɧɛɤɠ ɢɟŮɘɎɕŮŰŬɘ əŬɘ ɖ ˊŮɟŬɘŰɏɟɤ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŭɟɞɛɞɚɧɔɖůɖɠ ůŮ JavaScript ɔɘŬ ɜŬ ŮˊɘŰɟŬˊŮɑ ůŰɞɜ ɢɟɐůŰɖ ɖ 

ŬˊŮɡɗŮɑŬɠ ɛŮŰɎɓŬůɖ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůŮɚɑŭŮɠ. Ƀ Űɟɧˊɞɠ ŭɟɞɛɞɚɧɔɖůɖɠ Űɖɠ əɑɜɖůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ ůŰɞɢŮɨŮɘ ůŮ ɏɜŬɜ ŮˊɘɚŮəŰɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ ŭɨɞ 

ˊŬɟŬˊɎɜɤ. ɉɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɚɞɔɘəɐ Űɞɡ ŭŮɨŰŮɟɞɡ Űɟɧˊɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ əɞɛɓɘəɧ 

ůɖɛŮɑɞ ɧˊɞɡ ŭɟɞɛɞɚɞɔŮɑ Űɖɜ əɑɜɖůɖ. Ƀɘ ŬɘŰɐůŮɘɠ ŭɟɞɛɞɚɧɔɖůɖɠ ɔɑɜɞɜŰŬɘ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŰɡŬəɐɠ ŭɘŮɨɗɡɜůɖɠ ɧˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ ɕɖŰɞɨɛŮɜɖ ůŮɚɑŭŬ ɤɠ ɛŮŰŬɓɚɖŰɐ ŬɘŰɐɛŬŰɞɠ $_GET 

ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɛŮŰŬɓŮɑ ɎɛŮůŬ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ůŮɚɑŭŬ.  

1.  <?php  
2.  // load necessary files  
3.  include ( 'loader.php' );  
4.   
5.  / / define actions allowed to any visitor  
6.  $allowed_actions  = array ( "project - file" );  
7.  if ( isset (  $_GET[ 'action' ]  )){  
8.    $allowed_for_visitor  = in_array ( $_GET[ 'action' ],  $allowed_actions );  
9.  } else {  
10.    $allowed_for_visitor  = false ;  
11.  }  
12.   
13.  / / display the appropriate (or requested) page for logged in and out 

users  
14.  if (  ( isset ( $_SESSION[ 'vhdl_user' ][ 'loged_in' ])  && $_SESSION[ 'vhdl_us-

er' ][ 'loged_in' ]== 1)  ||  $allowed_for_visitor  ){  
15.    if (  isset ( $_GET[ 'action' ])  ){  
16.      $included_file  = $_GET[ 'action' ]. '.php' ;  
17.    } else {  
18.      if ( $_SESSION[ 'vhdl_user' ][ 'id' ]  == '0' ){  
19.        $included_file ='loggedin_sid.php' ;  
20.      } else {  
21.        $included_file ='loggedin.php' ;  
22.      }  
23.    }   
24.  } else {  
25.    $included_file ='loggedout.php' ;  
26.  }  

 

 

ȾɩŭɘəŬɠ 6: index.php - Ⱦɚɐůɖ Űɞɡ loader.php əŬɘ ŭɟɞɛɞɚɧɔɖůɖ 
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ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ɛɏůɤ Űɞɡ əɧɛɓɞɡ ɗɏŰɞɡɛŮ Ůɚɏɔɢɞɡɠ əŬɘ űɑɚŰɟŬ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ ɧŰɘ ɖ 

ůŮɚɑŭŬ ɡˊɎɟɢŮɘ əŬɘ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ɔɘŬ Űɞɜ ɢɟɐůŰɖ. ȰŰůɘ ɛˊɞɟɞɨɛŮ ɜŬ əŬɚɏůɞɡɛŮ 

ůɡɔəŮəɟɘɛɏɜŬ ŬɟɢŮɑŬ əŬŰɎ Űɖɜ ɟɞɐ Űɖɠ əɑɜɖůɖɠ ɛɏůɤ Űɤɜ əɧɛɓɤɜ ˊɞɡ ɗŬ ŮəŰŮɚɏůɞɡɜ 

ŬˊŬɟŬɑŰɖŰŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ůŮ əɎɗŮ ŮˊŬűɐ ɛŮ Űɞɜ ɢɟɐůŰɖ əŬɘ ɜŬ ɝŮɢɤɟɑůɞɡɛŮ ŬɡŰɏɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Ŭˊɧ ŰŬ ŰŮɚɘəɎ ŬɟɢŮɑŬ ůŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ɡˊɖɟŮůɑŮɠ əɎɗŮ 

ůŮɚɑŭŬɠ. ȰŰůɘ, ŬɟɢɘəɎ ɏɢɞɡɛŮ Űɖɜ əɚɐůɖ Űɞɡ ŬɟɢŮɑɞɡ loader.php (ȾɩŭɘəŬɠ 6, ɔɟŬɛɛɐ 3) əŬɘ 

ɛŮŰɎ ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ŭɟɞɛɞɚɧɔɖůɖ. ɀŮɟɘəɏɠ ůŮɚɑŭŮɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊɟɧůɓŬůɖ Ŭˊɧ əɎɗŮ 

ŮˊɘůəɏˊŰɖ, ŮɑŰŮ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ ɐ ɧɢɘ, ɞɟɑɕɞɡɛŮ ŬɡŰɏɠ Űɘɠ ůŮɚɑŭŮɠ ůŮ ɏɜŬɜ ˊɑɜŬəŬ əŬɘ ɏˊŮɘŰŬ 

ůɡɔəɟɑɜɞɡɛŮ Űɖɜ ůŮɚɑŭŬ ˊɞɡ ɕɖŰɐɗɖəŮ ɛŮ ŬɡŰɏɠ ůŰɞɜ ˊɑɜŬəŬ (ȾɩŭɘəŬɠ 6, ɔɟŬɛɛɏɠ 6-11). ȼ 

ůɨɔəɟɘůɖ ɛŬɠ ŮˊɘůŰɟɏűŮɘ Űɘɛɏɠ ɣŮɡŭɐɠ ɐ Ŭɚɖɗɐɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮɚɏɔɢɞɡɛŮ ŮɎɜ ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ 

ůɡɜŭŮɛɏɜɞɠ ɐ ɞ ŮˊɘůəɏˊŰɖɠ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ˊɟɞůˊŮɚɎůŮɘ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ůŮɚɑŭŬ əŬɘ ŮɎɜ ɏɢŮɘ 

ɕɖŰɖɗŮɑ ůŮɚɑŭŬ, Űɖɜ ŮˊɘɚɏɔɞɡɛŮ, Ŭɚɚɘɩɠ ˊɟɞůűɏɟɞɡɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ŭɟɢɘəɐ ůŮɚɑŭŬ ɔɘŬ Űɞ 

Ůɑŭɞɠ Űɞɡ ɢɟɐůŰɖ ɐ ŮˊɘůəɏˊŰɖ (ȾɩŭɘəŬɠ 6, ɔɟŬɛɛɏɠ 14-26).  

1. //bring header and navbar  
2. include ( 'theme/header.php' );  
3. // display messages from the user's last interaction  
4. $messages - >display_msg ( $_SESSION[ 'vhdl_lang' ] , $_SESSION[ 'vhdl_msg' ]);  
5. / /bring the requested file  
6. include ( 'pages/' . $included_file );  
7. //bring the footer  
8. include ( 'theme/footer.php' );  
9.   

10. ?> 

 

ȾɩŭɘəŬɠ 7: index.php -Ⱦɚɐůɖ ŬɟɢŮɑɤɜ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ əŬɘ ŮɛűɎɜɘůɖ ɛɖɜɡɛɎŰɤɜ 

ɆŰɖɜ ůɡɜɏɢŮɘŬ əŬɚɞɨɛŮ ŰŬ ŬɟɢŮɑŬ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ header.php əŬɘ footer.php ŰŬ ɞˊɞɑŬ 

ˊŮɟɘəɚŮɑɞɡɜ Űɞ ŬɟɢŮɑɞ ˊɞɡ ŮˊɘůŰɟɏűŮɘ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɖɠ ůŮɚɑŭŬɠ ˊɞɡ ɕɖŰɐɗɖəŮ əŬɘ ŮɎɜ 

ɡˊɎɟɢŮɘ ɛɐɜɡɛŬ ŬɜɎŭɟŬůɖɠ, ŰɞˊɞɗŮŰŮɑŰŬɘ əŬŰɎɚɚɖɚŬ ůŰɖɜ ůŮɚɑŭŬ (ȾɩŭɘəŬɠ 7). 

ɃɚɞəɚɖɟɩɜŮŰŬɘ ɚɞɘˊɧɜ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɖ ŭɟɞɛɞɚɧɔɖůɖ ˊɟɞůűɏɟɞɜŰŬɠ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ŬɟɢŮɑɞ, ɛɏůŬ ůŰɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ, Ŭűɞɨ ɏɢŮɘ ŮɚŮɔɢɗŮɑ ɖ əɑɜɖůɖ əŬɘ ɏɢɞɡɜ 

ŬɟɢɘəɞˊɞɘɖɗŮɑ ɞɘ əŬŰɎɚɚɖɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

 ȰŰůɘ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ ɞɘ ˊɟɩŰŮɠ ŭɘŬŭɘəŬůɑŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ůŮ əɎɗŮ űɧɟŰɤůɖ. ȰɢɞɡɛŮ 

ɚɞɘˊɧɜ Űɞ ŬɟɢŮɑɞ loader.php, ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ɚŮɘŰɞɡɟɔɘɩɜ əŬɘ Űɞ 

ŬɟɢŮɑɞ index.php ɧˊɞɡ ŭɟɞɛɞɚɞɔɞɨɛŮ Űɖɜ əɑɜɖůɖ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ əŬɘ ŮɚŮɔɢɧɛŮɜɖ ɟɞɐ. 

ȸɚɏˊɞɜŰŬɠ ŬɡŰɎ ŰŬ ŬɟɢŮɑŬ, ɔɑɜŮŰŬɘ ɛɑŬ ŮɘůŬɔɤɔɐ Űɧůɞ ůŰɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ ɧůɞ əŬɘ ůŰɖɜ 

ɚɞɔɘəɐ ůɢŮŭɑŬůɖɠ əŬɘ ŬɜɎˊŰɡɝɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ɆŰŬ ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ ɗŬ ŭɞɨɛŮ 

ˊɞɘɞ ŬɜŬɚɡŰɘəɎ əɎˊɞɘŬ ɓɐɛŬŰŬ ˊɞɡ ůɡɜŬɜŰɎɛŮ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɟɞɐ əɑɜɖůɖɠ əŬɘ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ. 

 

3.3.2 ȷɜɎɚɡůɖ Űɤɜ ȹɘŬɢŮɘɟɘůŰɩɜ ȷɚɚɖɚŮˊɑŭɟŬůɖɠ 

 

 ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ɎɛŮůɖ ˊɚɞɐɔɖůɖ ůŮ 

ɛɑŬ ůŮɚɑŭŬ ŮɑŰŮ ɛŮ Űɖɜ ŬˊɞůŰɞɚɐ ɛɑŬɠ űɧɟɛŬɠ əŬɘ ŬɑŰɖůɖ ˊɚɖɟɞűɞɟɘɩɜ ɛɏůɤ AJAX. ɆŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ˊŮɟɘɔɟɎɣŬɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɛŮ Űɖɜ ɎɛŮůɖ 
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ˊɚɞɐɔɖůɖ. ɄŬɟŬəɎŰɤ ŮɝɖɔɞɨɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ Űɖɜ ɏɛɛŮůɖ ɐ ɎɛŮůɖ 

ŬˊɞůŰɞɚɐ űɧɟɛŬɠ əŬɘ Űɖɜ ŭɘŮˊŬűɐ ɔɘŬ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ AJAX. 

 ȷɟɢɘəɎ ŮɝŮŰɎɕɞɡɛŮ Űɞ ŬɟɢŮɑɞ post_handler.php. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ ˊŮɟɘɏɢŮɘ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ŭɘŬɢŮɑɟɘůɖ ŬˊɞůŰɞɚɐɠ ɛɑŬɠ űɧɟɛŬɠ. ȼ əɎɗŮ űɧɟɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ 

ˊŮɟɘɏɢŮɘ ɏɜŬ HTML ůŰɞɘɢŮɑɞ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ ñpost_actionò əŬɘ Űɘɛɐ ŬɜŰɑůŰɞɘɢɖ ɛŮ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮəŰŮɚŮɑ. ȰŰůɘ ɧˊɤɠ űŬɑɜŮŰŬɘ (ȾɩŭɘəŬɠ 8, ɔɟŬɛɛɐ 3) ɞ ˊɟɩŰɞɠ ɏɚŮɔɢɞɠ ˊɞɡ 

ɔɑɜŮŰŬɘ ŮˊɘɓŮɓŬɘɩɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ HTTP ŬɑŰɖůɖ POST əŬɘ ɧŰɘ ɏɢŮɘ ŰŮɗŮɑ ɛɑŬ Űɘɛɐ ůŰɞɜ ˊɑɜŬəŬ 

ñ$_POST[ópost_actionô]ò. ȷɛɏůɤɠ ɛŮŰɎ ɏɢɞɡɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ ůɡɜŭŮɛɏɜɞɡɠ ɢɟɐůŰŮɠ. 

ȺˊɘɓŮɓŬɘɩɜɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ (ȾɩŭɘəŬɠ 8, ɔɟŬɛɛɐ 4) əŬɘ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ ŭɞɛɐ ñswitchò ɧˊɞɡ ŮɚɏɔɢɞɡɛŮ Űɞ Ůɑŭɞɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ 

ŬɘŰɐɗɖəŮ (ȾɩŭɘəŬɠ 8, ɔɟŬɛɛɏɠ 5-10). ɀɑŬ ŭɞɛɐ ñif -else ifò ɗŬ ɐŰŬɜ Ůɝɑůɞɡ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ŬɚɚɎ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɖ ŭɞɛɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ˊɟɞůűɏɟŮɘ ɏɜŬɜ ˊɞɘɞ 

ŮɡŬɜɎɔɜɤůŰɞ əɩŭɘəŬ ˊɞɡ ŭɘŮɡəɞɚɨɜŮɘ ůŰɖɜ ůɡɜŰɐɟɖůɖ əŬɘ ŮˊɏəŰŬůɖ. 

 
1.  <?php  
2.  //handles the post requests  
3.  if ( $_SERVER[ 'REQUEST_METHOD']== 'POST'  && isset ( $_POST[ "post_action" ])  ){  
4.     if (  isset ( $_SESSION[ 'vhdl_user' ][ 'loged_in' ])  && $_SESSION[ 'vhdl_us-

er' ][ 'loged_in' ]== 1){  
5.       switch ( $_POST[ "post_action" ]){  
6.         case  "logout" :  
7.           [...]  
8.         break ;  
9.         [...]  
10.      }  
11.    }  
12.    switch ( $_POST[ "post_action" ]){  
13.      case  "login" :  
14.        [...]  
15.      break ;  
16.      [...]  
17.    }  
18.  }  
19.  ?> 

 

ȾɩŭɘəŬɠ 8: post_handler.php - ũŮɜɘəɐ ŭɞɛɐ Űɞɡ ŬɟɢŮɑɞɡ 

ɀŮ ˊŬɟɧɛɞɘŬ ŭɞɛɐ ŮɚɏɔɢɞɡɛŮ əŬɘ  Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ůŮ ɧɚɞɡɠ Űɞɡɠ 

ŮˊɘůəɏˊŰŮɠ, ɧˊɤɠ ɖ ɚŮɘŰɞɡɟɔɑŬ Ůɘůɧŭɞɡ ůŮ ɚɞɔŬɟɘŬůɛɧ (ȾɩŭɘəŬɠ 8, ɔɟŬɛɛɏɠ 12-17). ȰŰůɘ 

ŭɘŬɢɤɟɑɕɞɡɛŮ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬɜ 

ŮɨəɞɚŬ ůɡɜŰɖɟɐůɘɛɞ əɩŭɘəŬ ˊɞɡ ŬˊɚɞˊɞɘŮɑ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞůɗɐəɖɠ ɐ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɚŮɘŰɞɡɟɔɘɩɜ. 

 ɇɞ ŭŮɨŰŮɟɞ ŬɟɢŮɑɞ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮɑɜŬɘ Űɞ 

ñajax_handler.phpò. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɖɜ ɑŭɘŬ ɚɞɔɘəɐ ˊɞɡ ˊŬɟɞɡůɘɎůŬɛŮ ůŰɞ 

ñpost_handler.phpò ɛŮ ɚɑɔŮɠ ŭɘŬűɞɟɏɠ ˊɞɡ ŮɝɖɔɞɨɛŮ ˊŬɟŬəɎŰɤ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɟɢŮɑɞɡ ŮɑɜŬɘ 

ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬɘŰɐůŮɤɜ ɛɏůɤ AJAX. ɇŬ ŬɘŰɐɛŬŰŬ ŬɡŰɎ ˊŬɟŬəɎɛˊŰɞɡɜ Űɖɜ  əŬɜɞɜɘəɐ ɟɞɐ 

Űɖɠ əɑɜɖůɖɠ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ əŬɘ ɏŰůɘ  ŬˊɞűŮɨɔŮŰŬɘ ɖ űɧɟŰɤůɖ əŬɘ ŮəŰɏɚŮůɖ ŭɘɎűɞɟɤɜ 

ůŮɜŬɟɑɤɜ ˊɞɡ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧˊɤɠ Űɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ.  
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1.  <?php  
2.  // load necessary files  
3.  include ( 'loader.php' );  
4.   
5.  //handles the post requests  
6.  if ( $_SERVER[ 'REQUEST_METHOD']== 'POST'  && isset ( $_POST[ "ajax_action" ])  && 

isset ( $_SESSION[ 'vhdl_user' ][ 'loged_in' ])  && $_SESSION[ 'vhdl_us-

er' ][ 'loged_in' ]== 1){  
7.    switch ( $_POST[ "ajax_action" ]){  
8.      case  "select_users_like" :  
9.         [...]  
10.     break ;  
11.     [...]  
12.   }  
13.  } else {  
14.    header ( "Location:" . $BASE_URL);  
15.  }  
16.  ?> 

 

ȾɩŭɘəŬɠ 9: ajax_handler.php - ũŮɜɘəɐ ŭɞɛɐ Űɞɡ ŬɟɢŮɑɞɡ 

ȰŰůɘ, Űɞ ŬɟɢŮɑɞ ñajax_handler.phpò ɏɢŮɘ ɤɠ ˊɟɩŰɖ ŮɜŰɞɚɐ Űɖɜ əɚɐůɖ Űɞɡ ŬɟɢŮɑɞɡ ñloader.phpò 

(ȾɩŭɘəŬɠ 9, ɔɟŬɛɛɐ 3). ȾŬɚɩɜŰŬɠ Űɞ ŬɟɢŮɑɞ Ŭɟɢɘəɞˊɞɑɖůɖɠ, ɏɢɞɡɛŮ ˊɟɧůɓŬůɖ ůŰɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ, ɛŮŰŬɓɚɖŰɏɠ əŬɘ ůɡɜŮŭɟɑŮɠ ˊɞɡ ɗŬ ɢɟŮɘŬůŰɞɨɛŮ. Ƀɘ ŬɘŰɐůŮɘɠ AJAX ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɔɑɜɞɜŰŬɘ ůŮ HTTP ɛŮ Űɖɜ ɛɏɗɞŭɞ POST əŬɘ ˊŮɟɘɏɢɞɡɜ Űɖɜ ɛŮŰŬɓɚɖŰɐ 

ñajax_actionò ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ ñpost_actionò Űɞɡ ŬɟɢŮɑɞɡ 

ñpost_handler.phpò. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ŬɑŰɖůɖɠ POST əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ Űɘɛɐɠ ůŰɞɜ ˊɑɜŬəŬ ñ$_POST[óajax_actionô]ò (ȾɩŭɘəŬɠ 9, 

ɔɟŬɛɛɐ 6). ɆŰɞɜ ɑŭɘɞ ɏɚŮɔɢɞ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ɡˊɎɟɢŮɘ ůɡɜŭŮɛɏɜɞɠ ɢɟɐůŰɖɠ əŬɗɩɠ ɧɚŮɠ ɞɘ 

ŭɘŬɗɏůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ AJAX ˊɟɞůűɏɟɞɜŰŬɘ ɛɧɜɞ ůŮ ůɡɜŭŮɛɏɜɞɡɠ ɚɞɔŬɟɘŬůɛɞɨɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɢɟɐůŰɖɠ ŭŮɜ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ ɐ ŭŮɜ ɡˊɎɟɢŮɘ Űɘɛɐ ůŰɞɜ ˊɑɜŬəŬ 

ñ$_POST[óajax_actionô]ò, ɏɢɞɡɛŮ ŬɜŬəŬŰŮɨɗɡɜůɖ ůŰɖɜ Ŭɟɢɘəɐ ůŮɚɑŭŬ (ȾɩŭɘəŬɠ 9, ɔɟŬɛɛɏɠ 

13-15). ȼ Ůˊɘɚɞɔɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŭɞɛɐ ñswitchò ɔɘŬ Űɞɡɠ ɑŭɘɞɡɠ ɚɧɔɞɡɠ ˊɞɡ 

ŮɝɖɔɐůŬɛŮ ůŰɞ ŬɟɢŮɑɞ ñpost_handler.phpò. ȰŰůɘ ŭɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ˊɟɞůŬɟɛɞůɛɏɜɞ ůɨůŰɖɛŬ 

ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɘŰɐůŮɤɜ ɛɏůɤ AJAX ˊɞɡ ůɡɛɓŬŭɑɕŮɘ ůŰɖɜ ɚɞɔɘəɐ ŮɨəɞɚŬ 

ůɡɜŰɖɟɐůɘɛɞɡ əɩŭɘəŬ. 

 ɇŬ ŭɨɞ ŬɡŰɎ ŬɟɢŮɑŬ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŬɜɎɚɡůɖ ŬɘŰɐůŮɤɜ Űɞɡ ɢɟɐůŰɖ əŬɘ Ůˊɘɚɞɔɐ Űɖɠ 

ůɤůŰɐɠ ɚŮɘŰɞɡɟɔɑŬɠ. ɇŬ ŬɟɢŮɑŬ ŬɡŰɎ ˊŮɟɘɏɢɞɡɜ Űɖɜ ŭɞɛɐ əɎɗŮ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŮɑŰŮ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɚɞɔŬɟɘŬůɛɞɨ ɢɟɐůŰɖ ɐ ɔɘŬ Űɖɜ ŬɜŬɕɐŰɖůɖ Ůɜɧɠ ɏɟɔɞɡ. ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ůŮ ŬɡŰɎ ŰŬ ŬɟɢŮɑŬ ˊŮɟɘɏɢɞɡɜ ɓŬůɘəɧŰŮɟŬ ŭɞɛɘəɎ ɡɚɘəɎ. ɆŰɞ 

ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɓɚɏˊɞɡɛŮ Űɘɠ əɚɎůŮɘɠ ˊɞɡ ůɡɜɗɏŰɞɡɜ ŬɡŰɎ ŰŬ ɡɚɘəɎ ůŰɞ ɢŬɛɖɚɧŰŮɟɞ 

ŮˊɑˊŮŭɞ. 

 

3.3.3 ȷɜɎɚɡůɖ Űɤɜ ȾɚɎůŮɤɜ ˊɞɡ ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

 

 ȼ ɢɟɐůɖ əɚɎůŮɤɜ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭəɧɛɖ ɓɐɛŬ ˊɟɞɠ Űɖɜ ɚɞɔɘəɐ Űɞɡ 

ŮɨəɞɚŬ ůɡɜŰɖɟɐůɘɛɞɡ əɩŭɘəŬ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɝŮɢɤɟɘůŰɎ ŬɜŰɘəŮɑɛŮɜŬ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ɛŮ Ŭˊɚɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ ɏɢɞɡɛŮ ŭɘŬɢɤɟɑůŮɘ 

ˊŮɟɑˊɚɞəŬ ˊɟɞɓɚɐɛŬŰŬ ůŮ ɏɜŬ ůɨɜɞɚɞ Ŭˊɚɩɜ. Ƀɘ əɚɎůŮɘɠ ɚɞɘˊɧɜ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ŮɑɜŬɘ 
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ŭɘŬɢɤɟɘůɛɏɜŮɠ ɛŮ əɟɘŰɐɟɘŬ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰŮɚɞɨɜ. ȰɢɞɡɛŮ ŮˊɘɚɏɝŮɘ Űɖɜ ɢɟɐůɖ 

ŰŮůůɎɟɤɜ əɚɎůŮɤɜ, ɛɑŬ ɔɘŬ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɛɑŬ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ 

əŬɘ ŮɛűɎɜɘůɖ ɛɖɜɡɛɎŰɤɜ, ɛɑŬ ɔɘŬ ɚŮɘŰɞɡɟɔɑŮɠ ɚɞɔŬɟɘŬůɛɞɨ ɢɟɖůŰɩɜ əŬɘ ɛɑŬ ɔŮɜɘəɞɨ ůəɞˊɞɨ. 

 ȼ ˊɟɩŰɖ əɚɎůɖ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ ɞɜɞɛɎɕŮŰŬɘ ñDatabaseò əŬɘ ɓɟɑůəŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ 

ñDatabase.phpò. ȼ əɚɎůɖ ŬɡŰɐ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮəŰɏɚŮůɖ ŮɟɤŰɖɛɎŰɤɜ 

ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ɆŰɖɜ əɚɎůɖ ñDatabaseò ɓɟɑůəɞɡɛŮ ŰŬ ůŰɞɘɢŮɑŬ ůɨɜŭŮůɖɠ ůŰɖɜ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ (ȾɩŭɘəŬɠ 10, ɔɟŬɛɛɏɠ 10-13). ȰɢɞɜŰŬɠ ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ, əŬŰɎ Űɖɜ ɛɏɗɞŭɞ 

ŭɖɛɘɞɡɟɔɑŬɠ Űɖɠ əɚɎůɖɠ ŮˊɘɢŮɘɟɞɨɛŮ Űɖɜ ůɨɜŭŮůɖ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ 

ŬɜŰɘəŮɑɛŮɜɞ PDO ˊɞɡ ɞɜɞɛɎɕɞɡɛŮ ñ$connò (ȾɩŭɘəŬɠ 10, ɔɟŬɛɛɏɠ 15-19). ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɧ ɔɘŬ əɎɗŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɖɜ ɓɎůɖ. 

1.  <?php  
2.   
3.  class  Database {  
4.  // Database class variables  
5.  public  $conn ;  
6.   
7.  // Class constractor function  
8.  //  initialise the PDO connection  
9.  function  __construct (){  
10.    $db_host ="localhost" ;  // Host name  
11.    $db_username ="root" ;  // Mysql username  
12.    $db_password ="" ;  // Mysql password  
13.    $db_name="vhdl_compiler" ;  // Database name  
14.   
15.    try {  
16.      $this - >conn = new PDO( "mysql:host= $db_host ;dbname= $db_name;char-

set=utf8" , $db_username , $db_password );  
17.    } catch ( PDOException $pe ){  
18.      die ( 'Connection error:'  .  $pe - >getmessage ());  
19.    }  
20.  }  

 

ȾɩŭɘəŬɠ 10: Database.php - ȼ ɛɏɗɞŭɞɠ əŬŰŬůəŮɡɐɠ Űɖɠ əɚɎůɖɠ Database 

ȷɝɑɕŮɘ ŮɜŭŮɘəŰɘəɎ ɜŬ ŮɝŮŰɎůɞɡɛŮ ɛɑŬ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ Űɖɠ əɚɎůɖɠ ñDatabaseò ɧˊɤɠ Űɖɜ ɛɏɗɞŭɞ 

ŮˊɘɓŮɓŬɑɤůɖɠ ɢɟɐůŰɖ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɢŮɘ ɤɠ Ůɑůɞŭɞ Űɞ ɧɜɞɛŬ əŬɘ Űɞɜ əɤŭɘəɧ ˊɞɡ ɏŭɤůŮ ɞ 

ɢɟɐůŰɖɠ ɔɘŬ Űɖɜ ůɨɜŭŮůɐ Űɞɡ ůŰɖɜ ŮűŬɟɛɞɔɐ. Ƀ əɤŭɘəɧɠ ˊɞɡ ŭɧɗɖəŮ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ 

Űɖɜ ůɡɜɎɟŰɖůɖ əŬŰŬəŮɟɛŬŰɘůɛɞɨ md5 əŬɗɩɠ ůɡɔəɟŬŰɞɨɛŮ ɛŮ ŬɡŰɐ Űɖɜ ɛɞɟűɐ Űɞɡɠ əɤŭɘəɞɨɠ 

ɢɟɖůŰɩɜ (ȾɩŭɘəŬɠ 11, ɔɟŬɛɛɐ 4). ɆŰɖɜ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɞɨɛŮ Űɞ ŮɟɩŰɖɛŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɧŰŬɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ˊɟɞŮŰɞɘɛŬůɛɏɜŮɠ ŭɖɚɩůŮɘɠ ɛŮŰŬɓɚɖŰɩɜ əŬɗɩɠ ˊɟɞůɗɏŰɞɡɜ ɏɜŬ Ůˊɘˊɚɏɞɜ 

ŮˊɑˊŮŭɞ ŬůűɎɚŮɘŬɠ (ȾɩŭɘəŬɠ 11, ɔɟŬɛɛɏɠ 5-6). ȰˊŮɘŰŬ ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ɡˊɞɓɞɚɐ Űɞɡ 

ŮɟɤŰɐɛŬŰɞɠ əŬɘ ŮɎɜ ɔɑɜŮɘ ŮˊɘŰɡɢɩɠ ɚŬɛɓɎɜɞɡɛŮ Űɖɜ Ŭˊɧəɟɘůɖ əŬɘ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ Űɞɜ əɤŭɘəɧ 

(ȾɩŭɘəŬɠ 11, ɔɟŬɛɛɏɠ 8-10). ɇɏɚɞɠ, ŮɎɜ ɔɑɜŮɘ ŰŬɡŰɞˊɞɑɖůɖ Űɞɡ əɤŭɘəɞɨ ɛŮ ŬɡŰɧɜ ˊɞɡ ɏŭɤůŮ 

ɞ ɢɟɐůŰɖɠ, ŮˊɘůŰɟɏűŮŰŬɘ Űɞ ŬɜŬɔɜɤɟɘůŰɘəɧ ñidò Űɞɡ ɢɟɐůŰɖ, Ŭɚɚɘɩɠ ŮˊɘůŰɟɏűŮŰŬɘ 0 (ȾɩŭɘəŬɠ 

11, ɔɟŬɛɛɏɠ 11 əŬɘ 14). 
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1.  // Confirm username and password  
2.  //  on success returns user ID, else 0  
3.  function  confirm_user ( $username ,  $password )  {  
4.     $password  = md5( $password );  
5.     $query  = "SELECT * FROM users WHERE username = :username" ;   
6.     $statement  = $this - >conn - >prepare ( $query );   
7.   
8.     if (  $statement - >execute ( array ( ':username' =>$username ))  ){  
9.       $result  = $statement - >fetch ();  
10.      if ( $result [ 'password' ]  == $password ){  
11.        return  $result [ 'id' ];  
12.      }  
13.    }  
14.    return  0;  
15.  }  

 

ȾɩŭɘəŬɠ 11: Database.php - ȼ ɛɏɗɞŭɞɠ ŮˊɘɓŮɓŬɑɤůɖɠ ɢɟɐůŰɖ 

ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ɞɘ ɛɏɗɞŭɞɘ Űɖɠ əɚɎůɖɠ ñDatabaseò ɚŮɘŰɞɡɟɔɞɨɜ, ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

Ůɘůɧŭɞɡɠ, Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ŮɟɤŰɐɛŬŰɞɠ əŬɘ ůɡɜɐɗɤɠ ɛɑŬ ɛɘəɟɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɖɜ ˊɟɞůűɞɟɎ ůɡɔəŮəɟɘɛɏɜɤɜ Ůɝɧŭɤɜ. 

 

1.  class  Messages {  
2.     // Messages array  
3.     //success, info, warning, danger  
4.     $messages =array (  
5.       "en"  => array (  
6.         "fail_login"  => array ( "The Username or Password were 

wrong." , "danger" ),  
7.         "success_login"  => array ( "Logged in successfully." , "success" ),  
8.         [...]  
9.        ),  
10.      " gr "  => array (  
11.        " fail _login "  => array ("ɇɞ ɧɜɞɛŬ ɐ ɞ əɤŭɘəɧɠ ˊɞɡ ŭɩůŬŰŮ ŮɑɜŬɘ ɚɎ-

ɗɞɠ.", " danger " ),  
12.        "success_login"  => array ("ȺˊɘŰɡɢɐɠ Ůɑůɞŭɞɠ ɢɟɐůŰɖ.", "success" ),  
13.        [...]  
14.      )     
15.    );  
16.   
17.    // Text array  
18.    $text =array (  
19.      "en"  => array (  
20.        "home_header"  => "HDL Everywhere." ,  
21.         [...]  
22.      ),  
23.      "gr"  => array (  
24.        "home_header"  => "HDL ɄŬɜŰɞɨ.",  
25.         [...]  
26.      )     
27.    );  

 

ȾɩŭɘəŬɠ 12:Messages.php - Ƀɘ ˊɑɜŬəŮɠ ɛɖɜɡɛɎŰɤɜ əŬɘ əŮɘɛɏɜɞɡ Űɖɠ əɚɎůɖɠ Messages 

 ȼ ŭŮɨŰŮɟɖ əɚɎůɖ ˊɞɡ ɗŬ ŭɞɨɛŮ ŮɑɜŬɘ ɖ ñMessagesò ůŰɞ ŬɟɢŮɑɞ ñMessages.phpò. ȼ 

əɚɎůɖ ŬɡŰɐ ɏɢŮɘ ɤɠ ɓŬůɘəɧ ůŰɧɢɞ Űɖɜ ŭɘŬŰɐɟɖůɖ əŬɘ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ɛɖɜɡɛɎŰɤɜ əŬɘ Űɞɡ 

əŮɘɛɏɜɞɡ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɘɠ ůŮɚɑŭŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 
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ŭɨɞ ˊɑɜŬəŮɠ, ɏɜŬɜ ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ. ȷɟɢɘəɎ, ɞ ˊɑɜŬəŬɠ ˊɞɡ ůɡɔəɟŬŰŮɑ ŰŬ ɛɖɜɨɛŬŰŬ 

ŬɜɎŭɟŬůɖɠ ɞɜɞɛɎɕŮŰŬɘ ñ$messagesò əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ɡˊɞˊɑɜŬəŮɠ ɛŮ ɓɎůɖ Űɖɜ ɔɚɩůůŬ 

(ȾɩŭɘəŬɠ 12,ɔɟŬɛɛɏɠ 4-15). Ƀ əɎɗŮ ɡˊɞˊɑɜŬəŬɠ ɔɚɩůůŬɠ ˊŮɟɘɏɢŮɘ ɧɚŬ ŰŬ ɛɖɜɨɛŬŰŬ ůŰɖɜ 

ŬɜŰɑůŰɞɘɢɖ ɛŮŰɎűɟŬůɖ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ˊɟɞůɗɐəɖ ɜɏŬɠ ɔɚɩůůŬɠ. ɇŬ ɛɖɜɨɛŬŰŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ŬɜŬɔɜɤɟɘůŰɘəɧ əɚŮɘŭɑ əŬɘ ɏɜŬɜ ˊɑɜŬəŬ ɧˊɞɡ ůɡɔəɟŬŰɞɨɛŮ Űɞ ɛɐɜɡɛŬ 

əŬɘ Űɞɜ Űɨˊɞ ŮɛűɎɜɘůɐɠ Űɞɡ (ȾɩŭɘəŬɠ 12, ɔɟŬɛɛɏɠ 11-12). Ƀɘ Űɨˊɞɘ ŮɛűɎɜɘůɖɠ ˊɞɡ 

ɡˊɞůŰɖɟɑɕɞɜŰŬɘ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ ñalertò ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Bootstrap 

əŬɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ əŬŰɖɔɞɟɑŮɠ ñsuccessò ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ, ñinfoò ɛŮ ɛˊɚŮ ɢɟɩɛŬ, 

ñwarningò ɛŮ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ əŬɘ ñdangerò ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ. ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ 

ŭɘŬŰɖɟɞɨɛŮ Űɞɜ ˊɑɜŬəŬ əŮɘɛɏɜɤɜ ñ$textò ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɛŮ ɤɠ ɛɧɜɖ ŭɘŬűɞɟɎ Űɖɜ ɏɚɚŮɘɣɖ 

Űɨˊɞɡ ŮɛűɎɜɘůɖɠ (ȾɩŭɘəŬɠ 12, ɔɟŬɛɛɏɠ 18-27). Ƀ Űɨˊɞɠ ŮɛűɎɜɘůɖɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ůŰɞ 

əŮɑɛŮɜɞ Ŭűɞɨ ɖ ŮɛűɎɜɘůɐ Űɞɡ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɝŮɢɤɟɘůŰɎ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Ŭˊɧ Űɞ ɗɏɛŬ 

ŮɛűɎɜɘůɖɠ. 

1.   // Display messages  
2.   function  display_msg ( $lang, $msg_codes_array )  {  
3.     foreach ( $msg_codes_array  as  $msg_id ){  
4.       echo  '<div class="alert alert - ' . $this - >messages 

[ $lang ][ $msg_id ][ 1]. '">'  
5.            . '<a href="#" class="close" data - dismiss="alert" aria - la-

bel="close">&times;</a>'  
          . $this - >messages[ $lang ] [ $msg_id ][ 0]  

6.            . '</div>' ;  
7.     }  
8.     $_SESSION[ 'vhdl_msg' ]= array ();  
9.  }  

 

ȾɩŭɘəŬɠ 13: Messages.php - ɀɏɗɞŭɞɠ ŮɛűɎɜɘůɖɠ ɛɖɜɡɛɎŰɤɜ 

ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ ɛɖɜɡɛɎŰɤɜ, ɖ əɚɎůɖ ñMessagesò ˊŮɟɘɏɢŮɘ Űɖɜ ɛɏɗɞŭɞ 

ñdisplay_smgò. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŭɏɢŮŰŬɘ ɤɠ Ůɘůɧŭɞɡɠ Űɖɜ ŮˊɘɚŮɔɛɏɜɖ ɔɚɩůůŬ əŬɘ ɏɜŬɜ ˊɑɜŬəŬ 

ɛŮ ŰŬ əɚŮɘŭɘɎ Űɤɜ ɛɖɜɡɛɎŰɤɜ ɔɘŬ ŮɛűɎɜɘůɖ (ȾɩŭɘəŬɠ 13, ɔɟŬɛɛɐ 2). ȾɎɗŮ ɛɐɜɡɛŬ 

ŮɛűŬɜɑɕŮŰŬɘ, ůŰɖɜ əŬŰɎɚɚɖɚɖ ɔɚɩůůŬ, ůŮ ɏɜŬ ůŰɞɘɢŮɑɞ ñdivò ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ Bootstrap 

əɚɎůɖ ñalertò ɛŮ Űɞɜ əŬŰɎɚɚɖɚɞ Űɨˊɞ (ȾɩŭɘəŬɠ 13, ɔɟŬɛɛɏɠ 3-7). ȰˊŮɘŰŬ ŬŭŮɘɎɕɞɡɛŮ Űɖɜ 

ůɡɜŮŭɟɑŬ ñ$_SESSION[óvhdl_msgô]ò ɧˊɞɡ ŮɘůɎɔɞɜŰŬɘ ŰŬ ɛɖɜɨɛŬŰŬ ˊɟɞɠ ŮɛűɎɜɘůɖ ůŮ əɎɗŮ 

ŮəŰɏɚŮůɖ ůŮɜŬɟɑɞɡ (ȾɩŭɘəŬɠ 13, ɔɟŬɛɛɐ 8). ȰŰůɘ ɏɢɞɡɛŮ Űɖɜ əɚɎůɖ ñMessagesò ˊɞɡ 

ˊɟɞůűɏɟŮɘ Űɖɜ ŭɘŬŰɐɟɖůɖ əŬɘ ŮɛűɎɜɘůɖ ɛɖɜɡɛɎŰɤɜ ŬɜɎŭɟŬůɖɠ əŬɘ əŮɘɛɏɜɞɡ. ȼ əɚɎůɖ ŬɡŰɐ 

ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ŮˊɏɛɓɞɡɛŮ ŮɨəɞɚŬ əŬɘ ɎɛŮůŬ ůŰŬ ŭɘɎűɞɟŬ ɛɖɜɨɛŬŰŬ ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ 

ŬɚɚŬɔɐ Űɨˊɞɡ ŮɑŰŮ ɔɘŬ ˊɟɞůɗɐəɖ ɛɖɜɨɛŬŰɞɠ ɐ Ŭəɧɛɖ əŬɘ ˊɟɞůɗɐəɖ ɔɚɩůůŬɠ. 

 ȼ ŮˊɧɛŮɜɖ əɚɎůɖ ˊɞɡ ɗŬ ŬɜŬűɏɟɞɡɛŮ ɞɜɞɛɎɕŮŰŬɘ ñUserò əŬɘ ɓɟɑůəŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ 

ñUser.phpò. ȼ əɚɎůɖ ŬɡŰɐ ˊɟɞůűɏɟŮɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɢɟɐůŰɖ 

ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  
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1.  <?php  
2.  class  User {  
3.    // User class variables  
4.    $username , $id , $logged_in , $type ;  

 

5.    // Class constractor function  
6.    //  initialise the user variables through the session  
7.    function  __construct ( $vhdl_user ){  
8.      $this - >username = $vhdl_user [ 'username' ];  
9.      $this - >id = $vhdl_user [ 'id' ];  
10.     $this - >logged_in = $vhdl_user [ 'loged_in' ];  
11.     $this - >type = $vhdl_user [ 'type' ];  
12.   }  

 

ȾɩŭɘəŬɠ 14: User.php - Ƀɟɘůɛɧɠ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ɖ ɛɏɗɞŭɞɠ əŬŰŬůəŮɡɐɠ Űɖɠ əɚɎůɖɠ User 

ȼ əɚɎůɖ ñUserò ůɡɔəɟŬŰŮɑ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ɢɟɐůŰɖ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŰɖɜ ůɡɜŮŭɟɑŬ ñ$_SESSION[óvhdl_userô]ò. ȰŰůɘ, əŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ 

ŭɏɢŮŰŬɘ ɤɠ Ůɑůɞŭɞ Űɞɜ ˊɑɜŬəŬ ŬɡŰɐɠ Űɖɠ ůɡɜŮŭɟɑŬɠ əŬɘ ɛŮŰŬűɏɟŮɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ůŮ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ əɚɎůɖɠ (ȾɩŭɘəŬɠ 14). ɉɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ɛŮŰŬűɞɟɎ ŬɡŰɐɠ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ əŬɗɩɠ ŮɑɜŬɘ ˊɘɗŬɜɧ ɛɏůŬ ůŮ ɏɜŬ ůŮɜɎɟɘɞ ŮəŰɏɚŮůɖɠ ɜŬ ɢɟŮɘŬůŰŮɑ ɖ ŮˊɏɛɓŬůɖ ůŰɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ Ůɜɧɠ ɢɟɐůŰɖ, ɢɤɟɑɠ ɧɛɤɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ůɡɔəɟɎŰɖůɖ Űɤɜ ŬɚɚŬɔɩɜ ůŮ ɛɧɜɘɛɖ 

ɓɎůɖ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ůɡɔəɟɎŰɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ əɎɗŮ ɢɟɐůŰɖ, ɖ əɚɎůɖ ŬɡŰɐ ɛŬɠ ˊɟɞůűɏɟŮɘ 

əŬɘ əɎˊɞɘŮɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ ŬɡŰɎ ŰŬ ůŰɞɘɢŮɑŬ. 

1.  // Return true if the the user is the owner of the project, else return 

false  
2.  function  validate_ownership ( $editors ){  
3.    if ( $this - >type =='1' ){  
4.      $valid  = true ;   
5.    } else {  
6.      $valid  = false ;   
7.      foreach ( $editors  as  $editor ){  
8.        if (  $editor [ 'username' ]  == $this - >username && $editor [ 'user_type' ]  

== 1){  
9.          $valid  = true ;  
10.       }  
11.     }  
12.   }  
13.   return  $valid ;  
14.  }  

 

ȾɩŭɘəŬɠ 15: User.php - ȼ ɛɏɗɞŭɞɠ ŮˊŬɚɐɗŮɡůɖɠ ɘŭɘɞəŰɖůɑŬɠ Ůɜɧɠ ɏɟɔɞɡ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ 

ȼ ˊɟɩŰɖ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛɏɗɞŭɞɠ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮˊŬɚɐɗŮɡůɖ ɘŭɘɞəŰɖůɑŬɠ Ůɜɧɠ ɏɟɔɞɡ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɏɢŮɘ ɤɠ Ůɑůɞŭɞ ɏɜŬɜ ˊɑɜŬəŬ ɛŮ ɞɜɧɛŬŰŬ ůɡɔɔɟŬűɏɤɜ Űɞɡ ɏɟɔɞɡ əŬɘ 

Űɞɡ Űɨˊɞɡ ŭɘəŬɘɤɛɎŰɤɜ ůŮ ŬɡŰɧ Űɞ ɏɟɔɞ ɔɘŬ Űɞɜ əɎɗŮ ůɡɔɔɟŬűɏŬ (ȾɩŭɘəŬɠ 15, ɔɟŬɛɛɐ 2). ȺɎɜ 

ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ Űɨˊɞɡ ŭɘŬɢŮɘɟɘůŰɐ, ŰɧŰŮ ɗŮɤɟŮɑŰŬɘ ɘŭɘɞəŰɐŰɖɠ əɎɗŮ ɏɟɔɞɡ əŬɘ ŮˊɘůŰɟɏűɞɡɛŮ 

Ŭɚɖɗɏɠ (ȾɩŭɘəŬɠ 15, ɔɟŬɛɛɏɠ 3-4). ɆŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑˊŰɤůɖ, ɓɟɑůəɞɡɛŮ Űɖɜ əŬŰŬɢɩɟɘůɖ 

ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŭɧɗɖəŮ ɔɘŬ Űɞɜ ɢɟɐůŰɖ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ əŬɘ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ŮɎɜ ɏɢŮɘ 

ŭɘəŬɘɩɛŬŰŬ ɘŭɘɞəŰɐŰɖ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɏɟɔɞ (ȾɩŭɘəŬɠ 15, ɔɟŬɛɛɏɠ 7-11). 
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1.  // Return true if the the user is an editor to the project  
2.  function  validate_edit_rights ( $editors ){  
3.    if ( $this - >type =='1' ){  
4.      $valid  = true ;   
5.    } else {  
6.      $valid  = false ;   
7.      foreach ( $editors  as  $editor ){  
8.        if (  $editor [ 'username' ]  == $this - >username ){  
9.          $valid  = true ;  
10.       }  
11.     }  
12.   }  
13.   return  $valid ;  
14.  }  

 

ȾɩŭɘəŬɠ 16: User.php - ȼ ɛɏɗɞŭɞɠ ŮˊŬɚɐɗŮɡůɖɠ ŭɘəŬɘɤɛɎŰɤɜ ůɡɔɔɟŬűɏŬ 

ȼ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŮˊŬɚɐɗŮɡůɖ ŭɘəŬɘɤɛɎŰɤɜ ůɡɔɔɟŬűɏŬ Űɞɡ ɢɟɐůŰɖ ůŮ ɏɜŬ 

ɏɟɔɞ. ȰɢŮɘ Űɞɜ ɑŭɘɞ ˊɑɜŬəŬ ɤɠ Ůɑůɞŭɞ əŬɘ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ 

ŮɚɏɔɢɞɡɛŮ ŮɎɜ ɞ ɢɟɐůŰɖɠ ɡˊɎɟɢŮɘ ůŰɞɜ ˊɑɜŬəŬ ɢɤɟɑɠ ɜŬ ŮɝŮŰɎɕɞɡɛŮ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ 

ŭɘəŬɘɩɛŬŰŬ (ȾɩŭɘəŬɠ 16). ȰŰůɘ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɔɔɟŬűɏŬɠ əŬɘ 

ŮˊɘůŰɟɏűɞɡɛŮ Ŭɚɖɗɏɠ ɐ ɣŮɡŭɏɠ ŬɜŰɑůŰɞɘɢŬ. ȳˊɤɠ ɔɑɜŮŰŬɘ űŬɜŮɟɧ ɖ əɚɎůɖ ñUserò ɛŬɠ 

ˊɟɞůűɏɟŮɘ əɎˊɞɘŮɠ ɢɟɐůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ŬɚɚɎ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ əɡɟɑɤɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Ůɜɧɠ 

ˊɞɚɡˊɚɞəɧŰŮɟɞɡ ůɡůŰɐɛŬŰɞɠ ɢɟɖůŰɩɜ. ɆŰɞɢŮɨŮɘ ůŰɖɜ ŭɘŮɡəɧɚɡɜůɖ ˊɘɗŬɜɐɠ ɛŮɚɚɞɜŰɘəɐɠ 

ŮˊɏəŰŬůɖɠ ůŰɞɜ Űɟɧˊɞ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ əɎɗŮ ɢɟɐůŰɖɠ əŬɘ ůŰɖɜ ŭɘŮɨɟɡɜůɖ Űɤɜ 

ŭɘəŬɘɤɛɎŰɤɜ ˊɟɧůɓŬůɖɠ ůŮ ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ɢɟɖůŰɩɜ. 

ɇɏɚɞɠ, ɓɚɏˊɞɡɛŮ Űɖɜ əɚɎůɖ ñGeneralò ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ŬɟɢŮɑɞ ñGeneral.phpò. ȼ 

əɚɎůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ɚŮɘŰɞɡɟɔɘɩɜ ɔŮɜɘəɐɠ ɢɟɐůɖɠ ˊɞɡ ŭŮɜ 

əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ Ŭɚɚɞɨ. ȰɜŬ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɐɠ Űɖɠ əɚɎůɖɠ ŬˊɞŰŮɚŮɑ ɞɡůɘŬůŰɘəɎ ɛɑŬ 

ɓɘɓɚɘɞɗɐəɖ ŮˊɏəŰŬůɖɠ ˊɟɞůŬɟɛɞůɛɏɜɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ. ȺɜŭŮɘəŰɘəɎ, 

əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ əɚɎůɖ ñGeneralò ŮɑɜŬɘ ɖ ñextract_fileò ˊɞɡ ŮɝɎɔŮɘ 

ŬɟɢŮɑŬ Ŭˊɧ ɏɜŬ ůɡɛˊɘŮůɛɏɜɞ ŬɟɢŮɑɞ əŬɘ ŭɖɛɘɞɡɟɔŮɑ Űɘɠ əŬŰɎɚɚɖɚŮɠ ůŮɘɟɏɠ ůŰɖɜ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ (ȾɩŭɘəŬɠ 17, ɔɟŬɛɛɏɠ 1-23), ɖ ñsend_emailò ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ɛɐɜɡɛŬ, ŰɑŰɚɞ əŬɘ 

ŭɘŮɨɗɡɜůɖ e-mail ɤɠ Ůɑůɞŭɞ ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ e-mail (ȾɩŭɘəŬɠ 17, 

ɔɟŬɛɛɏɠ 26-29) əŬɘ ɖ ñcreate_short_codeò ˊɞɡ ɛŮŰŬŰɟɏˊŮɘ ɛɑŬ ůɡɛɓɞɚɞůŮɘɟɎ  ůŮ ɏɔəɡɟɞ ɧɜɞɛŬ 

ŬɟɢŮɑɞɡ ɐ əŬŰŬɚɧɔɞɡ (ȾɩŭɘəŬɠ 18). 
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1. function  extract_file ( $file ,  $directory ,  $project_id ){  
2.   $zip  = new ZipArchive ;  
3.   $db  = new Database ;  
4.  
5.   if  ( $zip - >open ( $file )  === true )  {  
6.     for ( $i  = 0;  $i  < $zip - >numFiles ;  $i ++)  {  
7.       $filearray  = $zip - >getNameIndex ( $i );  
8.       $fileinfo  = pathinfo ( $filearray );  
9.       $absolute_dir  = $directory ;  
10.  
11.      if (  isset (  $fileinfo [ 'extension' ]  )  ){  
12.        if (  $db - >add_file ( $fileinfo [ 'basename' ],  $project_id )  >0 ){  
13.          copy ( "zip://" . $file . "#" . $filearray ,  

$absolute_dir . "/" . $fileinfo [ 'basename' ]);  
14.        } else {  
15.          return  false ;  
16.        }  
17.      }  
18.    }                     
19.    $zip - >close ();  
20.    return  true ;  

21.  }  
22.  return  false ;  
23. }  
24.  [...]  
25. // Send Email  
26. function  send_email ( $message ,  $subject ,  $mail ){  

27.  $headers  = 'From: noreply@spam.vlsi.gr' . " \ r \ n" . 'Reply - To: nore-

ply@spam.vlsi.gr' . " \ r \ n" . 'X - Mailer: PHP/' . phpversion ();  
28.  return  mail ( $mail ,  $subject ,  $message ,  $headers );  
29. }  

 

ȾɩŭɘəŬɠ 17: General.php - Ƀɘ ɛɏɗɞŭɞɘ extract_file əŬɘ send_email 

 
1.  // Return the shortcode of a string  
2.  function  create_short_code ( $string ){  
3.    $replace_pairs  = array (  
4.      " "  => " - " ,  
5.      "Ŭ" => "a" ,  
6.      "ɓ" => "b" ,  
7.      [...]  
8.    );  
9.    $string  = trim ( $string , " " );  
10.   $string  = strtr ( $string ,  $replace_pairs );  
11.   $string  = strtolower ( $string );  
12.   $string  = preg_replace ( "/[^a - z0 - 9\ - \ .]/" , "" , $string );  
13.   $string  = preg_replace ( "/ - +/" , " - " , $string );  
14.   return  $string ;  
15.  }  

 

ȾɩŭɘəŬɠ 18: General.php - ȼ ɛɏɗɞŭɞɠ create_short_code 
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ũɑɜŮŰŬɘ ɚɞɘˊɧɜ űŬɜŮɟɧ ɧŰɘ ɖ əɚɎůɖ ñGeneralò ŮɑɜŬɘ ɏɜŬ ŭɡɜŬŰɧ ŮɟɔŬɚŮɑɞ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ 

ˊɞɡ ˊɟɞůűɏɟŮɘ ɏɜŬ ůɨɜɞɚɞ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ. ȺɑɜŬɘ űɡůɘəɎ ˊɘɗŬɜɧ əɎˊɞɘŮɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ Ŭˊɧ Űɖɜ əɚɎůɖ ñGeneralò ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ ɛɏůŬ Ŭˊɧ 

ɛŮɚɚɞɜŰɘəɏɠ ŮˊŮəŰɎůŮɘɠ ɝŮɢɤɟɘůŰɏɠ əŬŰɖɔɞɟɑŮɠ əŬɘ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ.  

 ȺɑŭŬɛŮ Űɘɠ ŰɏůůŮɟɘɠ əɚɎůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɖ ŮűŬɟɛɞɔɐ ɛŬɠ ŬɜŬɚɡŰɘəɎ. ɀɏůŬ Ŭˊɧ 

Űɖɜ ŬɜɎɚɡůɐ Űɞɡɠ ɏɔɘɜŮ ɝŮəɎɗŬɟɖ ɖ ɚŮɘŰɞɡɟɔɑŬ əɎɗŮ əɚɎůɖɠ əŬɘ Űɖɜ əŬŰɖɔɞɟɑŬ ɚŮɘŰɞɡɟɔɘɩɜ 

ˊɞɡ Űɖɠ ŬɜŰɘůŰɞɘɢɞɨɜ. ȺɝɖɔɐůŬɛŮ Űɞɜ Űɟɧˊɞ əŬɘ Űɖɜ ɚɞɔɘəɐ ůɢŮŭɘŬůɛɞɨ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ 

ɛŮɗɧŭɤɜ əŬɘ ŮɑɜŬɘ ˊɚɏɞɜ ŮɡŭɘɎəɟɘŰɞɠ ɞ Űɟɧˊɞɠ ˊɞɡ ɖ ɢɟɐůɖ ŬɡŰɩɜ Űɤɜ əɚɎůŮɤɜ ɛŬɠ 

ŮɝɡˊɖɟŮŰŮɑ Űɧůɞ ůŰɖɜ ˊŬɟɞɨůŬ əŬŰɎůŰŬůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɧůɞ əŬɘ ůŮ ˊɘɗŬɜɏɠ ŮˊŮəŰɎůŮɘɠ. ɆŰɞ 

ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɗŬ ŭɞɨɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɛűɎɜɘůɖɠ əŬɘ Űɞɜ Űɟɧˊɞ ˊɞɡ ɞɘ ŭɘŮɟɔŬůɑŮɠ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɛŬɠ ˊɟɞůűɏɟɞɜŰŬɘ ůŰɞɜ ɢɟɐůŰɖ. 

 

3.3.4 Ɉɚɞˊɞɑɖůɖ əŬɘ ɉɟɐůɖ Űɞɡ ŪɏɛŬŰɞɠ ȺɛűɎɜɘůɖɠ 

 

   

1.  <! DOCTYPE html > 
2.  <html>  
3.  <head>  
4.  <title> <?php  $messages - >text [ $_SESSION[ 'vhdl_lang' ] ][ 'title' ]  ?></title>  
5.   
6.    <meta  charset ="utf - 8" > 
7.    <meta  http - equiv ="Content - Type"  content ="text/html; charset=utf - 8"  />   
8.    <meta  http - equiv ="Content - Style - Type"  content ="text/css"  />   
9.    <meta  http - equiv ="Content - Script - Type"  content ="text/javascript"  />   
10.   <meta  name="viewport"  content ="width=device - width, initial - scale=1" > 
11.   
12.   <link  rel ="stylesheet"  type ="text/css"  href =" <?php  echo  $BASE_URL 

?>/theme/bootstrap/bootstrap.min.css" > 
13.   <link  rel ="stylesheet"  type ="text/css"  href =" <?php  echo  $BASE_URL 

?>/theme/bootstrap/bootstrap - theme.min.css" > 
14.   <link  rel ="stylesheet"  type ="text/css"  href =" <?php  echo  $BASE_URL 

?>/theme/css/style.css"  media ="screen"  />   
15.   
16.   <script  type ="text/javascript" >window.base_url =" <?php  echo  $BASE_URL;  

?>" ; </script>  
17.   <script  type ="text/javascript"  src ="https://code.jquery.com/jquery -

2.2.0.min.js" ></script>  
18.   
19.  </head>  
20.   
21.  <body>  
22.   <?php  require ( 'nav - bar.php' );  ?> 
23.   <div  id ="general - popup"  class ="hidden" ></div>  
24.   <div  class ="container" > 

 

ȾɩŭɘəŬɠ 19: header.php - Ƀ əɩŭɘəŬɠ Űɞɡ ŬɟɢŮɑɞɡ 

ɇɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŬɟɢŮɑɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞɜ Űɟɧˊɞ ˊɞɡ ɞɘ 

ůŮɚɑŭŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɢɟɐůŰɖ. ɉɟɖůɘɛɞˊɞɘɞɨɛŮ Űɧůɞ HTML əŬɘ CSS 

ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ əŬɘ ɛɞɟűɞˊɞɑɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ɧůɞ əŬɘ Űɖɜ ɔɚɩůůŬ JavaScript ɔɘŬ Űɖɜ 

ˊɟɞůɗɐəɖ ŭɡɜŬɛɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɎɜɤ ůŮ ŬɡŰɎ ŰŬ ůŰɞɘɢŮɑŬ. ɇɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ ŭɖɛɘɞɡɟɔŮɑ 
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ɏɜŬ ˊɚɏɔɛŬ ɔɨɟɤ Ŭˊɧ Űɘɠ Ůɝɧŭɞɡɠ ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ əŬɘ ˊɟɞůŬɟɛɧɕŮɘ ŰŬ ůŰɞɘɢŮɑŬ 

Űɞɡɠ ɩůŰŮ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ. ȼ ŬɜɎˊŰɡɝɖ Űɞɡ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ 

ɓŬůɑɕŮŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Bootstrap ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ. ȷˊɧ Űɞ 

ˊɚŬɑůɘɞ Bootstrap ɚŬɛɓɎɜɞɡɛŮ ɢɟɐůɘɛŮɠ əɚɎůŮɘɠ CSS əŬɘ ůɡɜŬɟŰɐůŮɘɠ JavaScript ˊɞɡ 

ˊɟɞůŬɟɛɧůŬɛŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ŭɘəɞɨ ɛŬɠ ɗɏɛŬŰɞɠ. Ƀɘ ɓɎůŮɘɠ Űɞɡ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ 

ɓɟɑůəɞɜŰŬɘ ůŮ ŰɟɑŬ ŬɟɢŮɑŬ əŬɘ ˊŮɟɘɓɎɚɚɞɡɜ əɎɗŮ ůŮɚɑŭŬ ˊɞɡ ŮˊɘůəɏˊŰŮŰŬɘ ɞ ɢɟɐůŰɖɠ.  

ɇɞ ˊɟɩŰɞ ŬɟɢŮɑɞ ɞɜɞɛɎɕŮŰŬɘ ñheader.phpò əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ˊɟɩŰŬ HTML ůŰɞɘɢŮɑŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɖ əɎɗŮ ůŮɚɑŭŬ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ɓɟɑůəɞɜŰŬɘ əɡɟɑɤɠ ɛŮŰŬɝɨ Űɤɜ ŮŰɘəŮŰɩɜ ŰɑŰɚɞɡ 

əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ ŰɑŰɚɞ Űɖɠ ůŮɚɑŭŬɠ, Űɖɜ əɤŭɘəɞˊɞɑɖůɖ ɛŮŰŬ-ůŰɞɘɢŮɑŬ əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ 

Űɤɜ ŬɟɢŮɑɤɜ CSS əŬɘ ŬˊŬɟŬɑŰɖŰɤɜ ŬɟɢŮɑɤɜ JavaScript (ȾɩŭɘəŬɠ 19, ɔɟŬɛɛɏɠ 4-19). Ⱥˊɑůɖɠ 

ůŰɞ ŬɟɢŮɑɞ ñheader.phpò ɝŮəɘɜɎɛŮ Űɖɜ ŮŰɘəɏŰŬ ůɩɛŬŰɞɠ əŬɘ ŮɘůɎɔɞɡɛŮ Űɞ ŮˊɧɛŮɜɞ ɓŬůɘəɧ 

ŬɟɢŮɑɞ ɗɏɛŬŰɞɠ, Űɞ ñnav-bar.phpò ˊɟɘɜ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ůŰɞɘɢŮɑɞɡ ŮɛűɎɜɘůɖɠ ɛɖɜɡɛɎŰɤɜ 

ŬɜɎŭɟŬůɖɠ əŬɘ Űɖɜ Ŭɟɢɐ Űɞɡ ůŰɞɘɢŮɑɞɡ ˊɞɡ ɗŬ ˊŮɟɘɏɢŮɘ Űɖɜ ɏɝɞŭɞ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ (ȾɩŭɘəŬɠ 

19, ɔɟŬɛɛɏɠ 22-24).  

1. <nav  class ="navbar navbar - default navbar - top" > 
2.   <div  class ="container - fluid" > 
3.     <div  class ="collapse navbar - collapse pull - left"  id ="navbar - header" > 
4.       <ul  class ="nav navbar - nav" > 
5.         <li  class ="dropdown" > 
6.           <a id ="search - nav - dropdown"  href ="javascript:void(0)"  

class ="dropdown - toggle"  data - toggle= "dropdown" >Projects <span  

class ="caret" ></span></a>  
7.           <ul  id ="search - nav - dropdown - ul"  class ="dropdown - menu" > 
8.            [...]  
9.           </ul>  
10.        </li>  
11.        <li  class ="navbar - form" > 
12.          <input  type ="hidden"  id ="nav - search - type"  value ="Projects" > 
13.          <input  type ="text"  class ="form - control nav - search - typeahead"  

autocomplete= "off"  placeholder ="Search"  id ="nav - search" > 
14.        </li>  
15.      </ul>  
16.    </div>  
17.    <div  class ="navbar - user pull - right" > 
18.      [...]  

19.    </div>  
20.  </div>  
21. </nav>  

 

ȾɩŭɘəŬɠ 20: nav-bar.php - ȼ ɔŮɜɘəɐ ŭɞɛɐ Űɖɠ ɛˊɎɟŬɠ ŮɟɔŬɚŮɑɤɜ ɛŮ Űɘɠ əɚɎůŮɘɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ˊɚŬɑůɘɞ Bootstrap 

ɆŰɞ ŬɟɢŮɑɞ ñnav-bar.phpò ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŮɟɔŬɚŮɑɤɜ Űɞɡ Bootstrap ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ɛˊɎɟŬɠ ŮɟɔŬɚŮɑɤɜ ůŰɖɜ əɞɟɡűɐ Űɖɠ ůŮɚɑŭŬɠ. ȷəɞɚɞɡɗɞɨɛŮ Űɖɜ ŭɞɛɐ ˊɞɡ 

ůɡɜɘůŰɎŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ŰɏŰɞɘŬɠ ɛˊɎɟŬɠ ˊɞɡ ˊŮɟɘəɚŮɑŮɘ,  ɛŮ Űɖɜ əɚɎůɖ ñcontainer-

fluidò, ŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ ˊɚɐɟɖ ɞɟɘɕɧɜŰɘŬ əɎɚɡɣɖ Űɖɠ ůŮɚɑŭŬɠ. Ȱ́ ŮɘŰŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŰŬ 

ůŰɞɘɢŮɑŬ ŰŬɝɘɜɞɛɖɛɏɜŬ ůŰɖɜ ŬɟɘůŰŮɟɐ əŬɘ ůŰɖɜ ŭŮɝɘɎ ˊɚŮɡɟɎ Űɖɠ ɛˊɎɟŬɠ ɛŮ Űɘɠ əɚɎůŮɘɠ ñpull-

leftò əŬɘ ñpull -rightò ŬɜŰɑůŰɞɘɢŬ (ȾɩŭɘəŬɠ 20). ɉɟɖůɘɛɞˊɞɘɞɨɛŮ Űɖɜ ŬɟɘůŰŮɟɐ ˊɚŮɡɟɎ Űɖɠ 

ɛˊɎɟŬɠ ŮɟɔŬɚŮɑɤɜ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ ɛɑŬɠ ŮůɤŰŮɟɘəɐɠ ɛɖɢŬɜɐɠ ŬɜŬɕɐŰɖůɖɠ ɏɟɔɤɜ, ɢɟɖůŰɩɜ 
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əŬɘ ŮɝŬɟŰɖɛɎŰɤɜ. ȼ ŭŮɝɘɎ ˊɚŮɡɟɎ Űɖɠ ɛˊɎɟŬɠ ŮɟɔŬɚŮɑɤɜ ˊŮɟɘɏɢŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ŮˊɘůəɏˊŰɖ. ȺɎɜ ɞ ŮˊɘůəɏˊŰɖɠ ŭŮɜ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ ůŮ ɏɜŬɜ 

ɚɞɔŬɟɘŬůɛɧ ɢɟɐůŰɖ, ɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮɑɜŬɘ ɏɜŬɠ ůɨɜŭŮůɛɞɠ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ 

ůŮɚɑŭŬ. ȺɎɜ ɡˊɎɟɢŮɘ ůɡɜŭŮɛɏɜɞɠ ɢɟɐůŰɖɠ, ˊɟɞůűɏɟɞɜŰŬɘ ůɨɜŭŮůɛɞɘ ɔɘŬ Űɖɜ Ŭɟɢɘəɐ ůŮɚɑŭŬ Űɞɡ 

ɢɟɐůŰɖ, Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɚɞɔŬɟɘŬůɛɞɨ Űɞɡ əŬɗɩɠ əŬɘ ɖ Ůˊɘɚɞɔɐ ɔɘŬ ŬˊɞůɨɜŭŮůɖ. ȺɎɜ ɞ 

ɚɞɔŬɟɘŬůɛɧɠ ŮɑɜŬɘ Űɨˊɞɡ ŭɘŬɢŮɘɟɘůŰɐ, ˊɟɞůűɏɟɞɜŰŬɘ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɢɟɐůŰɖ əŬɘ Ůˊɘˊɚɏɞɜ ɏɜŬɠ 

ůɨɜŭŮůɛɞɠ ɔɘŬ Űɖɜ ůŮɚɑŭŬ ŭɘŬɢŮɑɟɘůɖɠ. ȰŰůɘ ˊɟɞůűɏɟɞɡɛŮ əɎˊɞɘŮɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ůŮ əɎɗŮ 

ŮˊɘůəɏˊŰɖ ůŰɖɜ Ŭɟɢɐ əɎɗŮ ůŮɚɑŭŬɠ ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɏɜŬ ŮɨəɞɚŬ ˊɟɞůɓɎůɘɛɞ əŬɘ ŬɜŰɘɚɖˊŰɧ 

ůɖɛŮɑɞ ɢɤɟɑɠ Űɖɜ ˊŬɟŮɛˊɧŭɘůɖ əŬɘ Ůɛˊɚɞəɐ Űɞɡɠ ɛŮ Űɖɜ ɡˊɧɚɞɘˊɖ ůŮɚɑŭŬ. 

 

 

1.         <br  /><br  /><br  />  
2.         <div  class ="footer" > 
3.           <div  id ="copyright" > 
4.             <center>  
5.               Copyright 2014 - 2016 <br/>  
6.               Minas Dasygenis, <a href ="http://arch.icte.uowm.gr/mdasy-

genis" >http://arch.icte.uowm.gr/mdasygenis </a> . <br  />  
7.               Lymperidis Efstathios, <a 

href ="https://gr.linkedin.com/in/efstathios - lymperidis -

98b5747b" >https://gr.linkedin.com/in/efstathios - lymperidis -

98b5747b </a> . <br  / > 
8.  Licensed under the Apache License, Version 2.0 (the "License"). <br  />  
9.  http://www.apache.org/licenses/LICENSE - 2.0 <br  />  
10.            </center>  
11.           </div>  
12.           <br  />  
13.           <div  id ="download" > 
14.             <center> The source code is available [ <a 

href ="https://github.com/Stathislyb/hdl - compiler" >Here </a> ]. </center>  
15.           </div>  
16.         </div>  
17.       </div>  
18.   
19.     </div> <! -- end of container -- > 
20.     <script  type ="text/javascript"  src =" <?php  echo  $BASE_URL 

?>/theme/js/functions.js" ></script>  
21.     <script  type ="text/javascript"  src =" <?php  echo  $BASE_URL 

?>/theme/bootstrap/bootstrap.min.js" ></script>  
22.     <script  type ="text/javascript"  src =" <?php  echo  $BASE_URL 

?>/theme/js/bootstrap3 - typeahead.min.js" ></script>  
23.     <script  type ="text/javascript"  src =" <?php  echo  $BASE_URL 

?>/theme/js/validator.js" ></script>  
24.   </body>  
25.  </html>  

 

ȾɩŭɘəŬɠ 21: footer.php - Ƀ əɩŭɘəŬɠ Űɞɡ ŬɟɢŮɑɞɡ 

ɇɞ ŰŮɚŮɡŰŬɑɞ ŬɟɢŮɑɞ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɘɠ ɓɎůŮɘɠ Űɞɡ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ ŮɑɜŬɘ Űɞ ñfooter.phpò. ɇɞ 

ŬɟɢŮɑɞ ŬɡŰɧ ŮɘůɎɔŮŰŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ůŮɚɑŭŬɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɡɞ ɛɏɟɖ. ɇɞ ɛɏɟɞɠ ˊɞɡ 

ˊŮɟɘɏɢŮɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ɘŭɘɞəŰɖůɑŬɠ (ȾɩŭɘəŬɠ 21, ɔɟŬɛɛɏɠ 2-17) əŬɘ Űɞ ɛɏɟɞɠ ˊɞɡ əɚŮɑɜɞɡɛŮ 

Űɘɠ ŮŰɘəɏŰŮɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ůŮɚɑŭŬ. ɆŰɞ ŰŮɚŮɡŰŬɑɞ ŮɘůɎɔɞɡɛŮ ŰŬ ŬɟɢŮɑŬ JavaScript ́ ɞɡ 

ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮŰŬűɞɟŰɤɗɞɨɜ ůŰɞ ñheader.phpò (ȾɩŭɘəŬɠ 21, ɔɟŬɛɛɏɠ 19-25). ɇŬ 
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ŬɟɢŮɑŬ JavaScript ˊɞɡ ŮɘůɎɔɞɡɛŮ ůŰɞ ñheader.phpò ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ůɤůŰɐ 

ŭɘŬɛɧɟűɤůɖ ůŰɞɘɢŮɑɤɜ ɛɏůŬ ůŰɖɜ ůŮɚɑŭŬ. ȷɜŰɑɗŮŰŬ, ŬɡŰɎ ˊɞɡ ŮɘůɎɔɞɡɛŮ ůŰɞ ñfooter.phpò 

ɏɢɞɡɜ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ˊɟɞ ŬˊŬɘŰɞɨɛŮɜŬ ůŰɞɘɢŮɑŬ. Ⱥˊɑůɖɠ ŬɡŰɐ Űɖ ŰŮɢɜɘəɐ 

ŮˊɘŰɟɏˊŮɘ ůŮ ɛŮɟɘəɞɨɠ ˊŮɟɘɖɔɖŰɏɠ ɜŬ ŮɛűŬɜɑůɞɡɜ Űɖɜ ůŮɚɑŭŬ ˊɟɘɜ Ŭəɧɛɖ ɞɚɞəɚɖɟɩůɞɡɜ Űɖɜ 

ɛŮŰŬűɧɟŰɤůɖ Űɤɜ Ůˊɘˊɚɏɤɜ ŬɟɢŮɑɤɜ JavaScript. 

1.   //Add Event listeners when the document is fully loaded  

2.   $(  document  ). ready ( function ()  {  
3.   
4.     // Handle Navbar Search type change  

5.     $( "#search - nav - dropdown - ul li a" ). click ( function (){  
6.       [...]  
7.     });  
8.   
9.     $( '#select_all' ). click ( function ( event )  {   
10.       [...]  
11.    });  
12.   
13.    [...]  
14.   
15.  });  
16.   
17.  function  navbar_search_project ( e)  {  
18.    [...]  
19.  };  
20.   
21.  function  navbar_search_user ( e)  {  
22.    [...]  
23.  };  
24.   
25.  [...]  

 

ȾɩŭɘəŬɠ 22: functions.js - ȼ ɔŮɜɘəɐ ŭɞɛɐ Űɞɡ ŬɟɢŮɑɞɡ 

ȺəŰɧɠ Űɤɜ Űɟɘɩɜ ɓŬůɘəɩɜ ŬɟɢŮɑɤɜ Űɞɡ ɗɏɛŬŰɞɠ ŮɛűɎɜɘůɖɠ, ɏɢɞɡɛŮ əŬɘ ɏɜŬ ŬɟɢŮɑɞ ˊɞɡ 

ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ŮɘůŬɔɤɔɐ ɚŮɘŰɞɡɟɔɘɩɜ ůŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ 

ɞɜɞɛɎɕŮŰŬɘ ñfunction.jsò əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɏɟɖ. ɇɞ ˊɟɩŰɞ ɛɏɟɞɠ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŮ 

ɛɑŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ɓɘɓɚɘɞɗɐəɖ jQuery əŬɘ ŮˊɘəɡɟɩɜŮɘ ɧŰɘ ɞ əɩŭɘəŬɠ ɗŬ 

ŮəŰŮɚŮůŰŮɑ Ŭűɞɨ ɏɢŮɘ ɞɚɞəɚɖɟɤɗŮɑ ɖ űɧɟŰɤůɖ Űɖɠ ůŮɚɑŭŬɠ (ȾɩŭɘəŬɠ 22, ɔɟŬɛɛɐ 2). 

ȺůɤŰŮɟɘəɎ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŬɡŰɐɠ ɏɢɞɡɛŮ Űɘɠ ŭɖɚɩůŮɘɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ɔŮɔɞɜɧŰɤɜ (ȾɩŭɘəŬɠ 

22, ɔɟŬɛɛɏɠ 4-13). ȺɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮˊɘɓŮɓŬɘɩůɞɡɛŮ Űɖɜ ɨˊŬɟɝɖ Űɤɜ ůŰɞɘɢŮɑɤɜ HTML 

ɔɘŬŰɑ ůŮ ŭɘŬűɞɟŮŰɘəɐ ˊŮɟɑˊŰɤůɖ ɖ əɎɗŮ ŭɐɚɤůɖ ŬɜŰɘɛŮŰɩˊɘůɖɠ ɔŮɔɞɜɧŰɤɜ ɗŬ ɞŭɖɔɞɨůŮ ůŮ 

ŬˊɞŰɡɢɑŬ Ŭűɞɨ ŭŮɜ ɡˊɎɟɢŮɘ Űɞ ůŰɞɘɢŮɑɞ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ůɡɜŭɏůɞɡɛŮ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ŬɜŰɘɛŮŰɩˊɘůɖ. ɇɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ŬɟɢŮɑɞɡ ñfunctions.jsò ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɜŮɝɎɟŰɖŰŮɠ 

ůɡɜŬɟŰɐůŮɘɠ. Ƀɘ ůɡɜŬɟŰɐůŮɘɠ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ɔŮɔɞɜɧŰɤɜ 

əŬɘ ŬˊɞŰŮɚɞɨɜ ɢɟɐůɘɛŬ ˊŬəɏŰŬ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ˊɞɚɚɏɠ űɞɟɏɠ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ŰɛɐɛŬŰŬ əɩŭɘəŬ. 

 ɄŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎůŬɛŮ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ůɡɜŰŮɚɞɨɜ Űɞ ɗɏɛŬ ŮɛűɎɜɘůɖɠ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɛŬɠ. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŮɟɔŬɚŮɑŬ ɧˊɤɠ Űɞ ˊɚŬɑůɘɞ Bootstrap əŬɘ Űɞɜ 

əŮɘɛŮɜɞɔɟɎűɞ Ace ́ ɟɞůŬɟɛɧɕɞɜŰɎɠ ŰŬ ůŰɞ ŭɘəɧ ɛŬɠ ˊŮɟɘɓɎɚɚɞɜ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ɇŬɡŰɧɢɟɞɜŬ 

ɧɛɤɠ ŮɘůɎɔɞɡɜ Űɘɠ ŭɘəɏɠ Űɞɡɠ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ůɨůŰɖɛŬ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬŭɘəŬůɘɩɜ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ. 
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3.3.5 ɇŮɢɜɘəɏɠ Ɉɚɞˊɞɑɖůɖɠ Űɤɜ ŪŮɛɎŰɤɜ ȷůűɎɚŮɘŬɠ 

 

 ɆŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ ŬɜŬɚɨůŬɛŮ Űɞɡɠ Űɟɧˊɞɡɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɛŮ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ůɡɜŰŮɚɞɨɜ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ Űɧůɞ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɧůɞ əŬɘ ůŰɞɜ ɢɟɐůŰɖ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŮɝɖɔɐůɞɡɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ɏɜŬ ůɨɜɞɚɞ ŭɘŬŭɘəŬůɘɩɜ əŬɘ 

ŰŮɢɜɘəɩɜ, ůɡɜɡűŬůɛɏɜŬ ůŰɘɠ ˊŬɟŬˊɎɜɤ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɘůŬɔɤɔɐ ŭɘŬűɧɟɤɜ 

Ůˊɘˊɏŭɤɜ ŬůűɎɚŮɘŬɠ. 

 ȼ ˊɟɩŰɖ ŮˊŬűɐ ɛŮ Űɖɜ ŬůűɎɚŮɘŬ Űɖɠ ůŮɚɑŭŬɠ ɔɑɜŮŰŬɘ əŬŰɎ Űɖɜ űɧɟŰɤůɖ. ȳˊɤɠ ŮɑŭŬɛŮ 

ůŰɞ ŬɟɢŮɑɞ ñloader.phpò əŬɚŮɑŰŬɘ Űɞ ŬɟɢŮɑɞ ñsecurity.phpò ˊɟɘɜ Űɞɡɠ ŭɘŬɢŮɘɟɘůŰɏɠ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ɇɞ ñsecurity.phpò ɚŮɘŰɞɡɟɔŮɑ ɤɠ űɑɚŰɟɞ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ŬˊɞůŰɏɚɜɞɜŰŬɘ ůŰɞ ŮɝɡˊɖɟŮŰɖŰɐ ɛŮ Űɖɜ ɛɏɗɞŭɞ POST ŭŮɜ ˊŮɟɘɏɢɞɡɜ ŬˊŮɘɚɏɠ ˊɟɞɠ Űɖɜ 

ŬůűɎɚŮɘŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. 

1.  <?php  
2.   
3.  $security_breach  = false ;  
4.   
5.  / / Sanitize string POST data  
6.  $string_array  = array ( 'ajax_action' , 'username' ,  [...]);  
7.  foreach ( $string_array  as  $string_element ){  
8.     if (  isset ( $_POST[ $string_element ])  ){  
9.       $security_temp  = filter_var ( $_POST[ $string_element ],  FILTER_SANI-

TIZE_STRING );  
10.      if (  $_POST[ $string_element ]  !=  $security_temp  ){  
11.        $security_breach  = true ;  
12.      }  
13.    }  
14.  }  

 

ȾɩŭɘəŬɠ 23: security.php - ȷɟɢɘəɞˊɞɑɖůɖ əŬɘ ɏɚŮɔɢɞɠ ɔŮɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůɡɛɓɞɚɞůŮɘɟɩɜ 

ɇɞ ŬɟɢŮɑɞ ñsecurity.phpò ŬɟɢɘəɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ˊŬɟŬɓɑŬůɖ ŬůűɎɚŮɘŬɠ 

(ȾɩŭɘəŬɠ 23, ɔɟŬɛɛɐ 3). ȰˊŮɘŰŬ ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ɏɟŮɡɜŬ ŬɡŰɐɠ Űɖɠ ɡˊɧɗŮůɖɠ ŮɚɏɔɢɞɜŰŬɠ ŰŬ 

ˊɘɗŬɜɎ ŭŮŭɞɛɏɜŬ POST ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɛŬɠ. ȷɟɢɘəɎ ŮɚɏɔɢɞɡɛŮ ŰŬ ŭŮŭɞɛɏɜŬ 

ɔŮɜɘəɐɠ ɛɞɟűɐɠ ůɡɛɓɞɚɞůŮɘɟɩɜ ůɡɔəɟŬŰɩɜŰŬɠ Űɘɠ ˊɘɗŬɜɏɠ ɞɜɞɛŬůɑŮɠ ŬɡŰɩɜ ůŮ ɏɜŬɜ ˊɑɜŬəŬ 

əŬɘ ŮɚɏɔɢɞɜŰŬɠ Űɖɜ ɨˊŬɟɝɐ Űɞɡɠ ůŰɞɜ ˊɑɜŬəŬ ñ$_POST[]ò (ȾɩŭɘəŬɠ 23, ɔɟŬɛɛɏɠ 6-8). ȺɎɜ 

ŮɜŰɞˊɑůɞɡɛŮ Űɖ ɨˊŬɟɝɖ Űɘɛɐɠ ůŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɗɏůŮɘɠ Űɞɡ ˊɑɜŬəŬ, ŮˊɘɢŮɘɟɞɨɛŮ Űɖɜ 

ŬˊɧůŰŬɝɐ Űɖɠ Ŭˊɧ ɏɜŬ űɑɚŰɟɞ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɘɛɏɠ ůɡɛɓɞɚɞůŮɘɟɩɜ (ȾɩŭɘəŬɠ 23, ɔɟŬɛɛɐ 

9). ɉɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ ˊɟɞůɤɟɘɜɐ Űɘɛɐ ɔɘŬ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɞɡ űɑɚŰɟɞɡ əŬɘ ŮɚɏɔɢɞɡɛŮ ŮɎɜ 

ɡˊɎɟɢɞɡɜ ŬɚɚŬɔɏɠ ɧˊɞɡ ɗŬ ůɖɛŬɑɜɞɡɜ Űɖɜ ŬˊɞůŰɞɚɐ ɛɖ ɏɔəɡɟɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɘɗŬɜɐ 

ˊŬɟŬɓɑŬůɖ ŬůűɎɚŮɘŬɠ (ȾɩŭɘəŬɠ 23, ɔɟŬɛɛɏɠ 10-11). ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ŮɚɏɔɢɞɡɛŮ ůŰɖɜ 

ůɡɜɏɢŮɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ɔŮɜɘəɞɨ Űɨˊɞɡ ŬəɏɟŬɘɤɜ Ŭɟɘɗɛɩɜ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ 

űɑɚŰɟɞ. 
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1.  if (  isset ( $_POST[ 'selected_ids' ])  ){  
2.     $selected  = explode ( ' - ' , $_POST[ 'selected_ids' ]);  
3.     foreach  ( $selected  as  $file_id )  {  
4.       $file_id_sanitized  = filter_var ( $file_id ,  FILTER_SANITIZE_NUM-

BER_INT);  
5.       if ( $file_id_sanitized  !=  $file_id ){  
6.         $security_breach  = true ;  
7.       }         
8.     }  
9.  }  
10.  if (  isset ( $_POST[ 'email_edit' ]) )  {  
11.    $security_temp  =  filter_var ( $_POST[ "email_edit" ],  FILTER_VALI-

DATE_EMAIL);  
12.    if (  $_POST[ 'email_edit' ]  !=  $security_temp  ||  strlen (  

$_POST[ "email_edit" ])  >50 ){  
13.      $security_breach  = true ;  
14.      array_push ( $_SESSION[ 'vhdl_msg' ],  'invalid_mail' );  
15.    }  
16.  }  

 

ȾɩŭɘəŬɠ 24: security.php - ȰɚŮɔɢɞɠ ŬůűɎɚŮɘŬɠ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ selected_ids əŬɘ email_edit 

ɈˊɎɟɢɞɡɜ ɧɛɤɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ Űɘɛɏɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭŮɜ Ŭəɞɚɞɡɗɞɨɜ ɔŮɜɘəɏɠ ɛɞɟűɏɠ 

ŬɚɚɎ ɏɢɞɡɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɞɟűɞˊɞɑɖůɖ. ɇɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŰŬ 

ŭŮŭɞɛɏɜŬ ñselected_idsò əŬɘ ñemail_editò. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŰŬ ŭŮŭɞɛɏɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŬəɏɟŬɘɞɡɠ Ŭɟɘɗɛɞɨɠ ɢɤɟɘůɛɏɜŬ ɛŮ ˊŬɨɚŮɠ. ȰŰůɘ ŮˊɘɢŮɘɟɞɨɛŮ ˊɟɩŰŬ Űɖɜ ŭɘɎůˊŬůɖ Űɤɜ 

Ŭɟɘɗɛɩɜ əŬɘ ˊɟɞɢɤɟɞɨɛŮ ɛŮŰɎ ůŮ ɝŮɢɤɟɘůŰɧ ɏɚŮɔɢɞ ɔɘŬ Űɞɜ əŬɗɏɜŬ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ 

ŮɚɏɔɢɞɡɛŮ Űɖɜ ɔŮɜɘəɐ ɛɞɟűɐ ŬəɏɟŬɘɤɜ Ŭɟɘɗɛɩɜ (ȾɩŭɘəŬɠ 24, ɔɟŬɛɛɏɠ 1-9). ɆŰɖɜ ŭŮɨŰŮɟɖ 

ˊŮɟɑˊŰɤůɖ ɏɢɞɡɛŮ Űɞɜ Ůˊɘˊɚɏɞɜ ˊŮɟɘɞɟɘůɛɧ Űɤɜ ˊŮɜɐɜŰŬ ɢŬɟŬəŰɐɟɤɜ. ȼ ŮɝɏŰŬůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ɧˊɤɠ Űɘɠ ɔŮɜɘəɐɠ ɛɞɟűɐɠ ůɡɛɓɞɚɞůŮɘɟɩɜ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Ůɚɏɔɢɞɡ Űɞɡ 

Ŭɟɘɗɛɞɨ ɢŬɟŬəŰɐɟɤɜ ɧˊɞɡ ŮɎɜ Űɞ ŮˊɘŰɟŮˊɧɛŮɜɞ ɛɏɔŮɗɞɠ ɝŮˊŮɟŬůŰŮɑ, ɗŮɤɟŮɑŰŮ ˊŬɟŬɓɑŬůɖ 

ŬůűɎɚŮɘŬɠ (ȾɩŭɘəŬɠ 24, ɔɟŬɛɛɏɠ 10-16). 

1.  if (  $security_breach  ){  

2.    array_push ( $_SESSION[ 'vhdl_msg' ],  'invalid_POST' );  

3.    header ( "Refresh:0" );  

4.    exit ();  

5.  }  

 

ȾɩŭɘəŬɠ 25: security.php - ȷɜŰɘɛŮŰɩˊɘůɖ ˊɘɗŬɜɐɠ ˊŬɟŬɓɑŬůɖɠ ŬůűɎɚŮɘŬɠ 

ȷűɞɨ ɞɚɞəɚɖɟɩůɞɡɛŮ ɧɚɞɡɠ Űɞɡ Ůɚɏɔɢɞɡɠ, ˊɟɞɢɤɟɞɨɛŮ ůŰɖɜ ŮɝɏŰŬůɖ Űɖɠ Ŭɟɢɘəɐɠ ɡˊɧɗŮůɖɠ. 

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɏɢŮɘ ɓɟŮɗŮɑ əɎˊɞɘŬ ˊɘɗŬɜɐ ˊŬɟŬɓɑŬůɖ ŬůűɎɚŮɘŬɠ, ŮˊɘŰɟɏˊɞɡɛŮ Űɖɜ 

ůɡɜɏɢŮɘŬ Űɖɠ ɟɞɐɠ ŮəŰɏɚŮůɖɠ əŬɜɞɜɘəɎ. ȷɚɚɘɩɠ ŭɖɛɘɞɡɟɔɞɨɛŮ ɛɐɜɡɛŬ ŬɜɎŭɟŬůɖɠ ɩůŰŮ ɜŬ 

ŮɜɖɛŮɟɩůɞɡɛŮ Űɞɜ ɢɟɐůŰɖ, ˊɟɞɢɤɟɞɨɛŮ ůŰɖɜ ŮˊŬɜŬűɧɟŰɤůɖ Űɖɠ ůŮɚɑŭŬɠ əŬɘ ůŰŬɛŬŰɎɛŮ Űɖɜ 

ŮəŰɏɚŮůɖ ůŮɜŬɟɑɤɜ PHP (ȾɩŭɘəŬɠ 25, ɔɟŬɛɛɏɠ 1-5). ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ Űɞ ˊɟɩŰɞ ŮˊɑˊŮŭɞ 

ŬůűɎɚŮɘŬɠ ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬˊɞůŰɞɚɐɠ ɛɖ ŮˊɘŰɟŮˊɧɛŮɜɤɜ Űɨˊɤɜ ŭŮŭɞɛɏɜɤɜ 

ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ. 

 ɇɞ ŭŮɨŰŮɟɞ ŮˊɑˊŮŭɞ ŬůűɎɚŮɘŬ ɓɟɑůəŮŰŬɘ əŬŰɎ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŮ 

Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ȰɢɞɡɛŮ ŮɑɜŬɘ ŬɜŬűŮɟɗŮɑ ŮˊɘűŬɜŮɘŬəɎ ůŰɞɜ Űɟɧˊɞ ɡɚɞˊɞɑɖůɖɠ ŬɡŰɞɨ Űɞɡ 

Ůˊɘˊɏŭɞɡ ŬɚɚɎ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ Űɞ ŮɟŮɡɜɐůɞɡɛŮ ˊɞɘɞ ŭɘŮɝɞŭɘəɎ. ɇɞ ŮˊɑˊŮŭɞ ŬɡŰɧ ŬˊɞŰŮɚŮɑŰŬɘ 
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əŬŰɎ əɧɟɞɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ PDO ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ ŮɟɤŰɖɛɎŰɤɜ ůŰɖɜ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ. 

1.  // Select the user's information by search parameter  

2.  public  function  get_user_information ( $user ,  $search_type )  {  

3.    $query  = "SELECT * FROM users WHERE  " . $search_type . " = :user " ;   

4.    $statement  = $this - >conn - >prepare ( $query );   

5.    $statement - >execute ( array ( 'user'  => $user ));  

6.    return  $statement - >fetch ();  

7.  }  

 

ȾɩŭɘəŬɠ 26: Database.php - ȼ ɛɏɗɞŭɞɠ ɔŮɜɘəɐɠ ŬɜŬɕɐŰɖůɖɠ ɢɟɐůŰɖ Ŭˊɧ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

ũɘŬ Űɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɖɠ ŮɝɏŰŬůɖɠ Űɞɡ Ůˊɘˊɏŭɞɡ ŬɡŰɞɨ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɤɠ ˊŬɟɎŭŮɘɔɛŬ 

Űɖɜ ɛɏɗɞŭɞ ñget_user_informationò ˊɞɡ ŭɏɢŮŰŬɘ ɤɠ Ůɘůɧŭɞɡɠ ɏɜŬ ůŰɞɘɢŮɑɞ Űɞɡ ɢɟɐůŰɖ əŬɘ Űɞ 

Ůɑŭɞɠ ŬɡŰɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ ɩůŰŮ ɜŬ ŮˊɘůŰɟɏɣŮɘ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɞɨ Űɞɡ ɢɟɐůŰɖ. ɄŬɟɏɢŮɘ 

ɞɡůɘŬůŰɘəɎ ɛɑŬ ɔŮɜɘəɐ ŬɜŬɕɐŰɖůɖ ɢɟɐůŰɖ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ȿɧɔɞ ɧɛɤɠ Űɖɠ ɔŮɜɘəɧŰɖŰŬɠ, 

ɞ Űɨˊɞɠ Űɞɡ ůŰɞɘɢŮɑɞɡ ŬɜŬɕɐŰɖůɖɠ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ əɘ ɏŰůɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊŮɟɎůŮɘ Ŭˊɧ 

ůŰŬɗŮɟɧ űɑɚŰɟɞ ůŰɞ ˊɟɩŰɞ ŮˊɑˊŮŭɞ ŬůűɎɚŮɘŬɠ. ȰŰůɘ ɞ ɛɧɜɞɠ Űɟɧˊɞɠ ɔɘŬ Űɖɜ ŭɘŬůűɎɚɘůɖ Űɖɠ 

ŬůűɎɚŮɘŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ ŮɑɜŬɘ ɖ ŮɘůŬɔɤɔɐ Űɞɡɠ ůŰɞ ŮɟɩŰɖɛŬ SQL ɛɏůɤ 

Űɖɠ ˊɟɞŮŰɞɘɛŬůɑŬɠ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ PDO. ȼ ˊɟɞŮŰɞɘɛŬůɑŬ ɔɑɜŮŰŬɘ ŮɘůɎɔɞɜŰŬɠ ɏɜŬ ŭŮɑəŰɖ 

ɛɏůŬ ůŰɞ ŮɟɩŰɖɛŬ ɧˊɤɠ Űɞ ñ:userò (ȾɩŭɘəŬɠ 26, ɔɟŬɛɛɐ 3).  ɆŰɖɜ ůɡɜɏɢŮɘŬ əɎɜɞɡɛŮ Űɖɜ 

ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ŮɟɤŰɐɛŬŰɞɠ əŬɘ Űɞ ŮəŰŮɚɞɨɛŮ ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɠ Űɞɜ ŭŮɑəŰɖ ɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ 

(ȾɩŭɘəŬɠ 26, ɔɟŬɛɛɏɠ 4-5). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŭɘŬůűŬɚɑɕɞɡɛŮ ɧŰɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɗŬ 

ŬɜŰɘəŬŰŬůŰɐůɞɡɜ Űɞɜ ŭŮɑəŰɖ ɗŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ Ŭˊɧ Űɖɜ SQL ɤɠ ɛɑŬ Űɘɛɐ. ȰŰůɘ ŮɎɜ ɔɑɜŮɘ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɖ ŮɘůŬɔɤɔɐ ůŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɢɟɐůŰɖ ɛɑŬɠ Űɘɛɐɠ ɧˊɤɠ ñOR IF 1=1 DELETE FROM 

usersò, ůŮ ɛɑŬ Ŭˊɚɐ ŮɘůŬɔɤɔɐ Űɞɡ ŮɟɤŰɐɛŬŰɞɠ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɘŬɔɟŬűɐ ɧɚɤɜ Űɤɜ ɢɟɖůŰɩɜ. ɀŮ Űɖɜ ŰŮɢɜɘəɐ ɧɛɤɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Ůŭɩ, 

ɖ Űɘɛɐ ŬɡŰɐ ɗŬ ˊŮɟɘɞɟɘůŰŮɑ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɐ Űɖɠ, ŬˊɞəɚŮɘůŰɘəɎ ɤɠ Űɘɛɐ Űɞɡ ůŰɞɘɢŮɑɞɡ ˊɞɡ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ñ$search_typeò əŬɘ ɧɢɘ ɤɠ ɏɜŬ ůɡɜŮɢɏɠ ŮɟɩŰɖɛŬ. ȺˊɘůŰɟɏűɞɜŰŬɠ ůŰɞ Ŭɟɢɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɛŮɗɧŭɞɡ ñget_user_informationò, ɛˊɞɟɞɨɛŮ ˊɚɏɞɜ ɜŬ ŮɝɖɔɐůɞɡɛŮ Űɞɜ ɚɧɔɞ 

ˊɞɡ əɎˊɞɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞŮŰɞɘɛŬůŰɞɨɜ. ɇɏŰɞɘŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ ɖ 

ñ$search_typeò, ˊɟɏˊŮɘ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŮɟɩŰɖɛŬ ˊɟɘɜ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ɩůŰŮ ɜŬ ŮɑɜŬɘ 

ŭɡɜŬŰɧɠ ɞ ɞɟɘůɛɧɠ Űɞɡ Űɨˊɞɡ ŭŮŭɞɛɏɜɤɜ Űɞɡ ůŰɞɘɢŮɑɞɡ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ əŬŰɎ Űɖɜ 

ˊɟɞŮŰɞɘɛŬůɑŬ. ȷɡŰɏɠ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɧɛɤɠ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ ˊɞɡ 

əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ ɔɜɤɟɑůɛŬŰŬ Űɞɡ ˊɑɜŬəŬ əɘ ɏŰůɘ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɏɜŬɠ ŬɟəŮŰɎ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜɞɠ ɏɚŮɔɢɞɠ Űɤɜ Űɘɛɩɜ Űɞɡɠ. ũɑɜŮŰŬɘ ɚɞɘˊɧɜ űŬɜŮɟɧ ˊɤɠ ŰŬ ˊɟɩŰŬ ŭɨɞ ŮˊɑˊŮŭŬ 

ˊŮɟɘůŰɟɏűɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Űɞɑɢɞɡ ˊɟɞůŰŬůɑŬɠ Űɘɠ ɓɎůŮɤɠ ŭŮŭɞɛɏɜɤɜ. 

 ɇɞ ŰɟɑŰɞ ŮˊɑˊŮŭɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŰɞɢŮɨŮɘ ŬɜŰɑɗŮŰŬ ůŰɖɜ ŮɘůŬɔɤɔɐ ŬůűɎɚŮɘŬɠ 

ůŰɞɡɠ ɚɞɔŬɟɘŬůɛɞɨɠ ɢɟɖůŰɩɜ. ɇɞ ŮˊɑˊŮŭɞ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ɛɏůŬ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ɢɟɖůŰɩɜ əŬɘ 

ŮˊɘɓŮɓŬɘɩɜŮɘ ɧŰɘ ɖ əɎɗŮ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ Ůűɧůɞɜ ɞ ŮˊɘůəɏˊŰɖɠ ɏɢŮɘ ŰŬ əŬŰɎɚɚɖɚŬ 

ŭɘəŬɘɩɛŬŰŬ. ɆŰɞ ŬɟɢŮɑɞ ñindex.phpò ŮɑŭŬɛŮ ɛɑŬ ŮűŬɟɛɞɔɐ ŬɡŰɞɨ Űɞɡ Ůˊɘˊɏŭɞɡ ɧˊɞɡ ɔɑɜŮŰŬɘ 

ɏɚŮɔɢɞɠ ɔɘŬ ůɡɜŭŮɛɏɜɞ ɚɞɔŬɟɘŬůɛɧ ɢɟɐůŰɖ ˊɟɘɜ Űɖɜ ŭɘɎɗŮůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ůŮɚɑŭɤɜ. ȷɡŰɐ 

ŮɑɜŬɘ ɛɑŬ ůɡɢɜɐ ŮűŬɟɛɞɔɐ Űɞɡ Ůˊɘˊɏŭɞɡ ůŮ ˊɞɚɚɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. ɇɞ ŮˊɑˊŮŭɞ ŬɡŰɧ ɔŮɜɘəɎ əɎɜŮɘ 

ɢɟɐůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ůɡɜŮŭɟɑŬ ñ$_SESSION['vhdl_user']ò əŬŰɎ Űɖɜ 

Ůɑůɞŭɞ Ůɜɧɠ ɢɟɐůŰɖ. ȷɟɢɘəɎ ɏɢɞɡɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ ñ$_SESSION['vhdl_user'][' loged_in']ò ˊɞɡ 

ŮˊɘɓŮɓŬɘɩɜŮɘ ɏɢɞɜŰŬɠ Űɘɛɐ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɜ Űɘɛɐ ñ1ò, ɧŰɘ ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ ůŮ 

ɏɔəɡɟɞ ɚɞɔŬɟɘŬůɛɧ. Ƀ ɏɚŮɔɢɞɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŬɡŰɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ 



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
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ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ůŮ ɛɖ ůɡɜŭŮɛɏɜɞɡɠ ŮˊɘůəɏˊŰŮɠ. ȼ ŭŮɨŰŮɟɖ ɛŮŰŬɓɚɖŰɐ 

ŮɑɜŬɘ ɖ ñ$_SESSION['vhdl_user']['activated']ò ˊɞɡ ŮˊɘůɖɛŬɑɜŮɘ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ 

ɚɞɔŬɟɘŬůɛɞɨ ɛɏůɤ Űɞɡ e-mail ŮˊɘɓŮɓŬɑɤůɖɠ. ȼ ɛŮŰŬɓɚɖŰɐ ŬɡŰɐ ɏɢŮɘ Űɖɜ Űɘɛɐ 1 ŮɎɜ ɞ ɢɟɐůŰɖɠ 

ɏɢŮɘ ŮˊɘɓŮɓŬɘɩůŮɘ Űɞɜ ɚɞɔŬɟɘŬůɛɧ Űɞɡ ɐ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ ñSIDò ɚɞɔŬɟɘŬůɛɧ ŮˊɘůəɏˊŰɖ əŬɘ 0 

ŮɎɜ ɞ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŮˊɘɓŮɓŬɘɩůŮɘ Űɞɜ ɚɞɔŬɟɘŬůɛɧ Űɞɡ. ȰˊŮɘŰŬ ɏɢɞɡɛŮ Űɖɜ ɛŮŰŬɓɚɖŰɐ 

ñ$_SESSION['vhdl_user']['type']ò ˊɞɡ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 1 ɔɘŬ ɚɞɔŬɟɘŬůɛɞɨɠ Űɨˊɞɡ ŭɘŬɢŮɘɟɘůŰɐ 

əŬɘ 0 ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ. Ƀ ɏɚŮɔɢɞɠ ŬɡŰɐɠ Űɘɠ Űɘɛɐɠ ɔɑɜŮŰŬɘ əŬŰɎ əɧɟɞɜ ɔɘŬ Űɖɜ ɓŮɓŬɑɤůɖ ɧŰɘ ɞɘ 

ɚŮɘŰɞɡɟɔɑŮɠ ŭɘŬɢŮɘɟɘůŰɩɜ ŮəŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɚɞɔŬɟɘŬůɛɞɨɠ ɢɟɖůŰɩɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ŭɘəŬɘɩɛŬŰŬ. ɇɏɚɞɠ, ɏɢɞɡɛŮ Űɖɜ ɢɟɐůɖ ñ$_SESSION['vhdl_user']['username']ò əŬɘ 

ñ$_SESSION['vhdl_user']['id']ò ˊɞɡ ˊŬɑɟɜɞɡɜ ŬɜŰɑůŰɞɘɢŬ Űɘɠ Űɘɛɏɠ Űɞɡ ɞɜɧɛŬŰɞɠ əŬɘ Űɞɡ 

ŬɜŬɔɜɤɟɘůŰɘəɞɨ ñidò Űɞɡ ɢɟɐůŰɖ Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ůɡɜŭŮɛɏɜɞɡ ŮˊɘůəɏˊŰɖ ñSIDò ˊŮɟɘɏɢɞɡɜ 

Űɘɠ Űɘɛɏɠ ñGuestò əŬɘ ñ0ò. ȷɡŰɧ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ůɡɢɜɎ ɜŬ ŬˊɞɛɞɜɩůɞɡɛŮ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ Űɞɡɠ 

ůɡɜŭŮɛɏɜɞɡɠ ɢɟɐůŰŮɠ əŬɘ ɔɘŬ Űɞɡɠ ůɡɜŭŮɛɏɜɞɡɠ ŮˊɘůəɏˊŰŮɠ əɎɜɞɜŰŬɠ Űɞɜ ɏɚŮɔɢɞ ɔɘŬ Űɘɠ 

ůɡɔəŮəɟɘɛɏɜŮɠ Űɘɛɏɠ ˊɞɡ ŭɑɜɞɡɛŮ ůŰɖɜ ůɨɜŭŮůɖ ŮˊɘůəŮˊŰɩɜ. ɇɞ ŮˊɑˊŮŭɞ ŬɡŰɧ ŮɑɜŬɘ 

ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŭɘŬŭɞɢɘəɞɨɠ 

Ůɚɏɔɢɞɡɠ ŬˊɞɛɞɜɩɜɞɜŰŬɠ ůŰŬŭɘŬəɎ Űɘɠ ˊɞɘɞ ɚŮˊŰɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ɧˊɤɠ ŬɡŰɏɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ 

ůŮ ŭɘŬɢŮɘɟɘůŰɏɠ. 

 ɇɞ ŰŮɚŮɡŰŬɑɞ ŮˊɑˊŮŭɞ ŬůűɎɚŮɘŬɠ ŬűɞɟɎ ŰŬ ŬɟɢŮɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȾŬɗɩɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɟɞɏɠ əɑɜɖůɖɠ ɗɏɚɞɡɛŮ ɜŬ ˊŮɟɘɞɟɑůɞɡɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŮˊɑůəŮɣɖɠ Űɞɡ ɢɟɐůŰɖ ůŮ əŬŰŬɚɧɔɞɡɠ əŬɘ ŬɟɢŮɑŬ ŮəŰɧɠ Űɖɠ ɟɞɐɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɛŮ. 

1.  <?php  header ( "location: //" . $_SERVER[ "SERVER_NAME"]);  ?> 
 

ȾɩŭɘəŬɠ 27: index.php - ȾɩŭɘəŬɠ Űɞɡ ŬɟɢŮɑɞ ŬɜŬəŬŰŮɨɗɡɜůɖɠ 

ȰŰůɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůŮ əɎɗŮ əŬŰɎɚɞɔɞ ŮəŰɧɠ Űɞɡ Ŭɟɢɘəɞɨ ɏɜŬ ŬɟɢŮɑɞ ñindex.phpò ɛŮ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɞɛɐ ɩůŰŮ ɜŬ ŬɜŬəŬŰŮɡɗɨɜŮɘ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ Ŭɟɢɘəɐ ŭɘŮɨɗɡɜůɖ Űɞɡ 

ŮɝɡˊɖɟŮŰɖŰɐ (ȾɩŭɘəŬɠ 27). ȰŰůɘ ŬɟɢɘəɎ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ɞ ŮˊɘůəɏˊŰɖɠ ŭŮɜ ɏɢŮɘ ˊɟɧůɓŬůɖ 

ŬˊŮɡɗŮɑŬɠ ůŰɞɡɠ əŬŰŬɚɧɔɞɡɠ Űɘɠ ŮűŬɟɛɞɔɐɠ. 

1.  <?php   

2.  if (  ! isset ( $db )  ){  

3.    header ( "location: //" . $_SERVER[ "SERVER_NAME"]);   

4.    exit ();  

5.  }  

6.  ?> 

 

ȾɩŭɘəŬɠ 28: ȾɩŭɘəŬɠ ŬɜŬəŬŰŮɨɗɡɜůɖ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ əɎɗŮ ŬɟɢŮɑɞ ůŮɚɑŭŬɠ 

ȳůɞ ŬűɞɟɎ ŰŬ ŬɟɢŮɑŬ ůŰɞɜ əŬŰɎɚɞɔɞ ñ/pages/ò ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɞɜ əɞɟɛɧ ŮɛűɎɜɘůɖɠ əɎɗŮ 

ůŮɚɑŭŬɠ, ˊŮɟɘɏɢɞɡɛŮ ɏɜŬɜ ɏɚŮɔɢɞ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ůɤůŰɐɠ ɟɞɐɠ əɑɜɖůɖɠ. Ƀ ɏɚŮɔɢɞɠ 

ŬɡŰɧɠ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮɨɟŮůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɛŮ ůŰɞ ŬɟɢŮɑɞ ñloader.phpò Ŭˊɧ 

Űɖɜ əɚɎůɖ ñDatabaseò əŬɘ ˊɟɞəŬɚŮɑ ŬɜŬəŬŰŮɨɗɡɜůɖ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɧ 

ŭŮɜ ɡˊɎɟɢŮɘ (ȾɩŭɘəŬɠ 28). ȰŰůɘ ŬɟɢɘəɎ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ɞ ɢɟɐůŰɖɠ ŮˊɘůəɏˊŰŮŰŬɘ Űɖɜ ůŮɚɑŭŬ 

Ŭˊɧ Űɖɜ ůɤůŰɐ ɟɞɐ əɑɜɖůɖɠ Ůɜɩ ɏɢɞɡɛŮ Űɞ ŭŮɡŰŮɟŮɨɞɜ ˊɚŮɞɜɏəŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ 

ůŰɖɜ ůɨɜŭŮůɖ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ɀŮ Űɞ ŮˊɑˊŮŭɞ ŬɡŰɧ ŬůűŬɚɑɕɞɡɛŮ Űɖɜ ůɤůŰɐ ɟɞɐ 

əɑɜɖůɖɠ. 



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
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 ɀŮ ŰŬ ˊŬɟŬˊɎɜɤ ŮˊɑˊŮŭŬ ŬůűɎɚŮɘŬɠ əŬɚɨˊŰɞɡɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ ůŮ 

ŬɡŰɧɜ Űɞɜ ŰɞɛɏŬ. ɄɟɞɓɚɏˊɞɡɛŮ Űɧůɞ əŬəɧɓɞɡɚŮɠ ŮˊɘɗɏůŮɘɠ ɧůɞ əŬɘ ɚɎɗɖ ɢɟɐůɖɠ ˊɞɡ ɗŬ 

ɞŭɖɔɞɨůŬɜ ůŮ ˊɟɞɓɚɖɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ȰŰůɘ ɞɚɞəɚɖɟɩɜɞɡɛŮ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ əɞɟɛɞɨ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɛŬɠ, Ůɜɩ ůŰɞ ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɗŬ ŮɝɖɔɐůɞɡɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ Ůɜɧɠ ŮɟɔŬɚŮɑɞɡ 

ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ əŬɘ ˊɟɞůŬɟɛɧůŬɛŮ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛŬɠ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ 

əɡɛŬŰɞɛɞɟűɩɜ. 

 

3.4 Ɉɚɞˊɞɑɖůɖ Űɞɡ ȺɟɔŬɚŮɑɞɡ ɆɢŮŭɑŬůɖɠ ȾɡɛŬŰɞɛɞɟűɩɜ 
 

 ȰɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ŮɑɜŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ 

Űɤɜ ɏɟɔɤɜ. ũɘŬ ɜŬ ɏɢŮɘ ɧɛɤɠ ɜɧɖɛŬ ɖ ˊɟɞůɞɛɞɑɤůɖ ɢɟŮɘŬɕɧɛŬůŰŮ əɎˊɞɘɞɜ Űɟɧˊɞ ˊɟɞɓɞɚɐɠ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Ŭˊɧ Űɞ GHDL ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ 

ɏɜŬ ŬɟɢŮɑɞ VCD (Value Change Dump, ȰɜŭŮɘɝɖ ȷɚɚŬɔɐɠ ȷɝɑŬɠ)  [27]. ɇɞ ŬɟɢŮɑɞ ŬɡŰɧ ŬɟɢɘəɎ 

ŬɜŬűɏɟŮɘ əɎɗŮ ůɐɛŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ əɎˊɞɘŮɠ ůɢŮŰɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ əŬɘ ŬɜŬɗɏŰŮɘ ůŰɞ əŬɗɏɜŬ 

ɏɜŬ ŬɜŬɔɜɤɟɘůŰɘəɧ. ɆŰɞ əɡɟɑɤɠ ůɩɛŬ Űɞɡ ŬɟɢŮɑɞɡ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ɢɟɞɜɘəɏɠ Űɘɛɏɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɡˊɎɟɢɞɡɜ ŬɚɚŬɔɏɠ ůŰɖɜ Űɘɛɐ ŰɞɡɚɎɢɘůŰɞɜ Ůɜɧɠ ůɐɛŬŰɞɠ əŬɘ əɎŰɤ Ŭˊɧ Űɞɡɠ ɢɟɧɜɞɡɠ ŬɡŰɞɨɠ 

ŭɑɜŮŰŬɘ ŬɜɎ ůŮɘɟɎ Űɞ ŬɜŬɔɜɤɟɘůŰɘəɧ Űɞɡ ůɐɛŬŰɞɠ əŬɘ ɖ əŬɘɜɞɨɟɘŬ Űɘɛɐ Űɞɡ. ũɑɜŮŰŬɘ ɚɞɘˊɧɜ 

űŬɜŮɟɧ ɧŰɘ ɖ ˊɟɞɓɞɚɐ ŬɡŰɞɨ Űɞɡ ŬɟɢŮɑɞɡ ɤɠ ŬˊɞŰɏɚŮůɛŬ ˊɟɞůɞɛɞɑɤůɖɠ ɗŬ ˊŬɟŮɑɢŮ Űɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ɢɟɐůŰɖɠ ɛŮ ɏɜŬɜ ŮɝŬɘɟŮŰɘəɎ ŭɡůŬɜɎɔɜɤůŰɞ Űɟɧˊɞ. ȰŰůɘ 

ŬɜŬˊŰɨɝŬɛŮ Űɞ ŮɟɔŬɚŮɑɞ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɟɞɓɞɚɐ Űɤɜ ůɖɛɎŰɤɜ 

əŬɘ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡɠ ůŰɞɜ ɢɟɧɜɞ ˊɟɞůɞɛɞɑɤůɖɠ ɤɠ əɡɛŬŰɞɛɞɟűɏɠ. ɄŬɟŬəɎŰɤ ɗŬ 

ŬɜŬɚɨůɞɡɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ŬɡŰɧ Űɞ ŮɟɔŬɚŮɑɞ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ 

ŮɝŬɔɤɔɐɠ əŬɘ ɛŮŰŬűɞɟɎɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůɡɜŮɢɑɕɞɜŰŬɠ ůŰɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ɓŬůɘəɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ůɢŮŭɑŬůɖɠ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ əɚŮɑɜɞɜŰŬɠ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɡˊɧɚɞɘˊɤɜ 

ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɞ ŮɟɔŬɚŮɑɞ. 

 

3.4.1 ȺɝŬɔɤɔɐ əŬɘ ɀŮŰŬűɞɟɎ ȹŮŭɞɛɏɜɤɜ 

 

 ɇɞ ˊɟɩŰɞ ɓɐɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ ɔɘŬ Űɖɜ ˊɟɞɓɞɚɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ˊɟɞůɞɛɞɑɤůɖɠ ŮɑɜŬɘ ɖ ŮɝŬɔɤɔɐ Űɞɡɠ Ŭˊɧ Űɞ ŬɟɢŮɑɞ VCD əŬɘ ɖ ɛŮŰŬŰɟɞˊɐ Űɞɡɠ ůŮ ŮɨəɞɚŬ 

ŮˊŮɝŮɟɔɎůɘɛɖ ɛɞɟűɐ Űɧůɞ Ŭˊɧ ɏɜŬ ůŮɜɎɟɘɞ PHP ɧůɞ əŬɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ JavaScript ˊɞɡ 

ŰɟɏɢŮɘ ůŰɞɜ ˊŮɟɘɖɔɖŰɐ Űɞɡ ɢɟɐůŰɖ əŬɘ ɡɚɞˊɞɘŮɑ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ. ɇɞ ɓɐɛŬ ŬɡŰɧ 

ɔɑɜŮŰŬɘ ɧŰŬɜ ɞ ɢɟɐůŰɖɠ ɕɖŰɐůŮɘ Űɖɜ ˊɟɞɓɞɚɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. ɀɏůɤ AJAX 

ŬˊɞůŰɏɚɚɞɡɛŮ ůŰɞ ŬɟɢŮɑɞ ajax_handler.php Űɖɜ ŬɑŰɖůɖ ɔɘŬ ŬɜɎɔɜɤůɖ əŬɘ ɛŮŰɎűɟŬůɖ Űɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ VCD ŬɟɢŮɑɞɡ.  



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
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1.   $handle  = fopen ( $vcd_file ,  "r" );  
2.   if ( $handle ){  
3.     while  (( $line  = fgets ( $handle ))  !==  false )  {  
4.      // if the line is timescale definition, keep it to the time infor-

mation  
5.      if (   preg_match ( '/^  1 .*/' , $line )  === 1){  
6.        // trim unnecessary parts and keep the timescale units  
7.        $timescale  = trim ( str_replace ( '1' , "" , $line ));  
8.      }  
9.   
10.     // if the line is module definition, add that module to the path  
11.     if (   preg_match ( '/^ \ $scope module .*/' , $line )  === 1){  
12.       // trim unnecessary parts and keep the module's name  
13.       $line  = str_replace ( '$scope module ' , "" , $line );  
14.       $module  .=  "_ - _" . trim ( str_replace ( ' $end' , "" , $line ));  
15.     }  

 

ȾɩŭɘəŬɠ 29: ajax_handler.php - ȾɞɛɛɎŰɘ əɩŭɘəŬ ŮɝŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ VCD ŬɟɢŮɑɞ 

ȼ ɛŮŰɎűɟŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊŬɑɟɜŮɘ ŬɟɢɘəɎ Űɖɜ ɛɞɟűɐ Ůɜɧɠ ˊɑɜŬəŬ ɧˊɞɡ ůɡɔəɟŬŰɞɨɛŮ 

ɔɘŬ Űɞ əɎɗŮ ůɐɛŬ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ, Űɞ ɛɐəɞɠ Űɞɡ, Űɖɜ ɞɜŰɧŰɖŰŬ ůŰɖɜ ɞˊɞɑŬ ŬɜɐəŮɘ əŬɘ Űɞɡɠ 

ɢɟɧɜɞɡɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŬɚɚɎɕŮɘ Űɘɛɐ əŬɗɩɠ əŬɘ Űɖɜ Űɘɛɐ ˊɞɡ ˊŬɑɟɜŮɘ. ȺəŰɧɠ ŬɡŰɩɜ, 

ůɡɔəɟŬŰɞɨɛŮ əŬɘ əɎˊɞɘŬ ůŰɞɘɢŮɑŬ Űɖɠ ɑŭɘŬɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ɧˊɤɠ Űɞɜ ůɡɜɞɚɘəɧ ɢɟɧɜɞ 

ˊɟɞůɞɛɞɑɤůɖɠ, Űɞɜ Ŭɟɘɗɛɧ ɢɟɧɜɤɜ ɧˊɞɡ ɡˊɎɟɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ŬɚɚŬɔɐ Űɘɛɐɠ əŬɗɩɠ əŬɘ Űɖɜ 

ɢɟɞɜɘəɐ ɡˊɞŭɘŬɑɟŮůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɡɠ ɢɟɧɜɞɡɠ ˊɞɡ ɛŬɠ ŭɑɜɞɜŰŬɘ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ɔɑɜŮŰŬɘ ŮɝŮŰɎɕɞɜŰŬɠ əɎɗŮ ɔɟŬɛɛɐ Űɞɡ ŬɟɢŮɑɞɡ VCD əŬɘ ůɡɔəɟɑɜɞɜŰɎɠ Űɖɜ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŬɜŬɛŮɜɧɛŮɜŮɠ ɛɞɟűɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŭɖɚɩůŮɘɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ 

(ȾɩŭɘəŬɠ 29). ȾŬɗɩɠ ɖ ůɨɜɗŮůɖ Űɞɡ ˊɑɜŬəŬ ŬɡŰɞɨ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɢŮŰɘəɎ ɢɟɞɜɞɓɧɟŬ 

űŰɎɜɞɜŰŬɠ ůŰŬ ɛŮɟɘəɎ ŭŮɡŰŮɟɧɚŮˊŰŬ ɔɘŬ ˊɞɚɨ ɛŮɔɎɚŬ ŬɟɢŮɑŬ VCD, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɏɜŬ 

ŮɜŭɘɎɛŮůɞ ŬɟɢŮɑɞ Űɨˊɞɡ JSON (JavaScript Object Notation, Ɇɡɛɓɞɚɘůɛɧɠ ȷɜŰɘəŮɘɛɏɜɞɡ 

JavaScript) [28]. ɆŰɞ ŬɟɢŮɑɞ ŬɡŰɧ ůɡɔəɟŬŰɞɨɛŮ Űɞɜ ˊɑɜŬəŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɑɤůɖɠ 

ůŮ ɛɞɟűɐ JSON. ȰŰůɘ ɛˊɞɟɞɨɛŮ ŬɟɢɘəɎ ɜŬ ŮɚɏɔɝɞɡɛŮ ŮɎɜ ɡˊɎɟɢŮɘ ŬɚɚŬɔɐ ůŰɞ ŬɟɢŮɑɞ VCD 

Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ Űɞɡ ɛŮŰɎűɟŬůɖ əŬɘ ŮɎɜ ŭŮɜ ɡˊɎɟɢŮɘ əɎˊɞɘŬ ŬɚɚŬɔɐ ɜŬ ˊɎɟɞɡɛŮ ŬˊŮɡɗŮɑŬɠ 

ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ Ŭˊɧ Űɞ ŮɜŭɘɎɛŮůɞ ŬɟɢŮɑɞ JSON.  

1.  $vcd_timestamp  = $path . filemtime ( $vcd_file );  

2.  [...]  

3.  if ( file_exists ( $vcd_timestamp . '.json' )  ){  

4.    [...]  

5.  } else {  

6.    [...]  

7.    $fp  = fopen ( $vcd_timestamp . '.json' ,  'w' )  or  die ( "Unable to open 

file!" );  

8.    fwrite ( $fp ,  json_encode ( $data ));  

9.    fclose ( $fp );  

 

ȾɩŭɘəŬɠ 30: ajax_handler.php - Ƀ ɏɚŮɔɢɞɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŮɜŭɘɎɛŮůɞɡ ŬɟɢŮɑɞɡ JSON 

Ƀ ɏɚŮɔɢɞɠ ŬɡŰɧɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ PHP ůɡɜɎɟŰɖůɖɠ filemtime() ɖ ɞˊɞɑŬ 

ŮˊɘůŰɟɏűŮɘ Űɞɜ ɢɟɧɜɞ ůŰɞɜ ɞˊɞɑɞ ɏɔɘɜŮ ɖ ŰŮɚŮɡŰŬɑŬ ŬɚɚŬɔɐ ůŮ ɏɜŬ ŬɟɢŮɑɞ. ȾŬŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ ŮɜŭɘɎɛŮůɞɡ ŬɟɢŮɑɞɡ JSON ˊŬɑɟɜɞɡɛŮ Űɞɜ ɢɟɧɜɞ ŬɡŰɧ ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ VCD əŬɘ Űɞɜ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɤɠ ɞɜɞɛŬůɑŬ Űɞɡ JSON ŬɟɢŮɑɞɡ. ȰŰůɘ, ůŰɖɜ ŮˊɧɛŮɜɖ ŮəŰɏɚŮůɖ ɗŬ 

ɝŬɜŬˊɎɟɞɡɛŮ Űɞɜ ɢɟɧɜɞ ŰŮɚŮɡŰŬɑŬɠ ŬɚɚŬɔɐɠ Űɞɡ VCD ŬɟɢŮɑɞɡ əŬɘ ɗŬ ŮɚɏɔɝɞɡɛŮ ŬɟɢɘəɎ ŮɎɜ 

ɡˊɎɟɢŮɘ ŭɘŬɗɏůɘɛɞ JSON ŬɟɢŮɑɞ ɛŮ ɞɜɞɛŬůɑŬ Űɞɜ ɢɟɧɜɞ ˊɞɡ ɕɖŰɎɛŮ ɞˊɧŰŮ  ˊɟɞɢɤɟɎɛŮ 
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ŬɜɎɚɞɔŬ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ (ȾɩŭɘəŬɠ 30). ɇɏɚɞɠ ɞ ˊɑɜŬəŬɠ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ɛɞɟűɐ JSON 

ŮɎɜ ŭŮɜ ɏɢɞɡɛŮ ˊɎɟŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ŮɜŭɘɎɛŮůɞ ŬɟɢŮɑɞ əŬɘ ŮˊɘůŰɟɏűŮŰŬɘ ɤɠ ŬˊɎɜŰɖůɖ ůŰɞ 

AJAX ˊɞɡ ŮəŰɏɚŮůŮ Űɞ ůŮɜɎɟɘɞ. ȰŰůɘ Űɞ ˊɟɧɔɟŬɛɛŬ JavaScript ˊɞɡ ɗŬ ŮəŰŮɚɏůŮɘ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ, ɏɢŮɘ ˊɚɏɞɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɛɑŬ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɐ əŬɘ 

ŮˊŮɝŮɟɔɎůɘɛɖ ɛɞɟűɐ ɔɘô ŬɡŰɧ. 

 

3.4.2 ȷɜɎɚɡůɖ ɇŮɢɜɘəɐɠ ɆɢŮŭɑŬůɖɠ ȾɡɛŬŰɞɛɞɟűɩɜ 

 

ȼ əɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɟɔŬɚŮɑɞɡ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ ŮɑɜŬɘ ɖ ŮɛűɎɜɘůɖ Űɤɜ 

ůɖɛɎŰɤɜ ɤɠ əɡɛŬŰɞɛɞɟűɏɠ. ȼ ůɢŮŭɑŬůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô ˊɞɡ 

ŮɘůɎɔŮɘ ɖ HTML5. ɇɞ ůŰɞɘɢŮɑɞ ŬɡŰɧ ɛŬɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɢŮŭɘɎůɞɡɛŮ ˊɎɜɤ Űɞɡ 

ɔɟŬűɘəɎ ɛɏůɤ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ JavaScript. ȷɝɑɕŮɘ ɜŬ ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ˊŬɟɧɛɞɘŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ́ ɟɞůűɏɟŮɘ Űɞ ůŰɞɘɢŮɑɞ SVG Űɞ ɞˊɞɑɞ ɗŬ ŮɑɢŬɛŮ ˊɟɞŰɘɛɐůŮɘ ŮɎɜ ŭŮɜ ɢɟŮɘŬɕɧɛŬůŰŬɜ 

Űɘɠ Ůˊɘˊɚɏɞɜ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ, əŬɗɩɠ 

ŬˊɞůəɞˊɞɨɛŮ ůŮ ɏɜŬ ŬɟəŮŰɎ ŭɡɜŬɛɘəɧ ŮɟɔŬɚŮɑɞ Űɞɡ ɞˊɞɑɞɡ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɞɨɜ ŬɟəŮŰɏɠ ŬɚɚŬɔɏɠ əŬŰɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ ɛŮ Űɞɜ ɢɟɐůŰɖ, 

əŬŰŬɚɐɝŬɛŮ ŰŮɚɘəɎ ůŰɖɜ ɢɟɐůɖ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô.  

ȼ ŮɛűɎɜɘůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ. ɆŰɞ ˊɟɩŰɞ ɛɏɟɞɠ ɏɢɞɡɛŮ Űɞɡɠ 

ɔŮɜɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô ŬɚɚɎ əŬɘ Űɞɜ ŮɝɤŰŮɟɘəɧ 

ůɡɜŰɞɜɘůɛɧ Űɞɡ ŭŮɨŰŮɟɞɡ ɛɏɟɞɡɠ ɧˊɞɡ ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ůɢŮŭɑŬůɖ əɎɗŮ ŮˊɘɚŮɔɛɏɜɞɡ əɨɛŬŰɞɠ 

ɝŮɢɤɟɘůŰɎ.  

1.  var  time_interval =1;  
2.  var  x_multi_intervals =0;  
3.  var  first_timeframe =1;  
4.  var  time_frame = signal_data [ 'time_info' ][ 'duration' ]  /  ( sig-

nal_data [ 'time_info' ][ 'intervals' ] - 1);  
5.  var  second_divisions = [ "ds" ,  "cs" ,  "ms" ,  "µs" ,  "ns" ,  "ps" ,  "fs" ,  "as" ,  

"zs" ,  "yz" ];  
6.  var  second_div_index =second_divisions . indexOf ( signal_data [ 'time_in-

fo' ][ 'timescale' ]);  
7.  var  sub =scale_time_subdivisions ( time_frame , 0);  
8.  var  second_unit =second_divisions [ second_div_index - sub ];  
9.  max_limit = low_limit + Math . round (  signal_data [ 'time_info' ][ 'inter-

vals' ]*( $( "#simulation_zoom" ). val ()/ 100 )  );  
10.  if ( max_limit > signal_data [ 'time_info' ][ 'intervals' ]){  
11.    low_limit = low_limit -  ( max_limit -  signal_data [ 'time_info' ][ 'inter-

vals' ]);  
12.    max_limit = signal_data [ 'time_info' ][ 'intervals' ];  
13.  }  
14.   
15.  time_interval = max_limit -  low_limit ;  
16.  if (  time_interval > 9){  
17.    time_interval =Math . round ( time_interval / 9);  
18.  } else {  
19.    time_interval =1;  
20.  }  

 

ȾɩŭɘəŬɠ 31: waveforms_viewer.js - ȷɟɢɘəɞˊɞɘɐůŮɘɠ əŬɘ ɡˊɞɚɞɔɘůɛɞɑ ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ 
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Ƀɘ ɔŮɜɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɢɟɞɜɘəɐɠ ɡˊɞŭɘŬɑɟŮůɖɠ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ (ȾɩŭɘəŬɠ 31, ɔɟŬɛɛɏɠ 4-8), Űɞ ɛɘəɟɧŰŮɟɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ ˊɘɗŬɜɩɜ ŬɚɚŬɔɩɜ (ȾɩŭɘəŬɠ 31, ɔɟŬɛɛɐ 4), Űɖɜ ŮɚɎɢɘůŰɖ əŬɘ ɛɏɔɘůŰɖ ɢɟɞɜɘəɐ 

ůŰɘɔɛɐ ˊɞɡ ɗŬ ŮɛűŬɜɑůɞɡɛŮ ŬɜŬɚɧɔɤɠ Űɖɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ əŬɘ ɛŮŰŬŰɧˊɘůɖɠ (ȾɩŭɘəŬɠ 31, 

ɔɟŬɛɛɏɠ 9-20), Űɞ ɛɏɔŮɗɞɠ əɎɗŮ ˊŬɚɛɞɨ ůŮ pixel əŬɗɩɠ əŬɘ Űɞ ɨɣɞɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ Űɞ 

ůŰɞɘɢŮɑɞ ócanvasô ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ ɧɚɤɜ Űɤɜ ůɖɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ. ȰˊŮɘŰŬ 

ŬɟɢɘəɞˊɞɘɞɨɛŮ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ůɢŮŭɑŬůɖɠ ɧˊɤɠ Űɞ ɢɟɩɛŬ əŬɘ ɔɟŬɛɛŬŰɞůŮɘɟɎ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ, Űɞ ɛɏɔŮɗɞɠ əŮɜɩɜ ɛŮŰŬɝɨ ŭɘɎűɞɟɤɜ ůŰɞɘɢŮɑɤɜ əŬɗɩɠ əŬɘ Űɞ ŰŮɚɘəɧ ɛɏɔŮɗɞɠ 

Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô. ȷűɞɨ ɏɢɞɡɛŮ ˊɚɏɞɜ ŬɟɢɘəɞˊɞɘɐůŮɘ əŬɘ ɡˊɞɚɞɔɑůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ 

ɢɟŮɘŬůŰɞɨɛŮ, ɔɑɜŮŰŬɘ ɖ ůɢŮŭɑŬůɖ Űɞɡ ɢɟɞɜɘəɞɨ ˊɚɏɔɛŬŰɞɠ. ɇɏɚɞɠ, ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ůɢŮŭɑŬůɖ 

əɎɗŮ əɡɛŬŰɞɛɞɟűɐɠ ɝŮɢɤɟɘůŰɎ ˊɟɞůɗɏŰɞɜŰŬɠ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ 

ɛŮɔŬɚɨŰŮɟɞ Űɞɡ ɏɜŬ əŬɗɩɠ ŭɑɜɞɡɛŮ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ Ůˊɘɚɞɔɐ ŮˊɏəŰŬůɐɠ Űɞɡɠ. 

1.  for ( current_time =0; current_time <=duration ; current_time +=time _frame ){  

2.    if ( typeof  signal_data [ current_time ]  !=  'undefined' ){  

3.      old_value  = signal_data [ current_time ];  

4.      value  = signal_data [ current_time ];  

5.   

6.    } else {  

7.      value =- 1;  

8.    }  

9.    if (! isNaN ( current_time )  && current_time  >= low_limit * time_frame  && 

current_time  < max_limit * time_frame ){  

 

ȾɩŭɘəŬɠ 32: waveforms_viewer.js - Ƀ əɨɟɘɞɠ ɓɟɧɔɢɞɠ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ ŰŬ ŬɟɢɘəɎ ɓɐɛŬŰŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

Űɘɛɐɠ Űɞɡ ůɐɛŬŰɞɠ 

 Ƀ ůɢŮŭɘŬůɛɧɠ əɎɗŮ əɡɛŬŰɞɛɞɟűɐɠ ɔɑɜŮŰŬɘ ɛɏůŬ ůŮ ɏɜŬɜ ɓɟɧɔɢɞ. Ƀ ɓɟɧɔɢɞɠ ŬɡŰɧɠ 

ɝŮəɘɜɎŮɘ Ŭˊɧ Űɞ ɛɖŭɏɜ əŬɘ űŰɎɜŮɘ ɛɏɢɟɘ Űɖɜ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ɓɐɛŬ Űɞ 

ŮɚɎɢɘůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ ŬɚɚŬɔɩɜ (ȾɩŭɘəŬɠ 32, ɔɟŬɛɛɐ 1). ȰŰůɘ ˊŮɟɜɎɛŮ əɎɗŮ űɞɟɎ 

Ŭˊɧ ɛɑŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɟɞůɞɛɞɑɤůɖɠ ɛŮ ˊɘɗŬɜɐ ŬɚɚŬɔɐ. ȾŬɗɩɠ ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ůɐɛŬŰɞɠ 

ůɡɔəɟŬŰɞɨɛŮ ɛɧɜɞ Űɘɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɡˊɎɟɢŮɘ ŬɚɚŬɔɐ, ɛˊɞɟɞɨɛŮ ŮɨəɞɚŬ ɜŬ 

ŮɚɏɔɝɞɡɛŮ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ŮɎɜ ɡˊɎɟɢŮɘ ɜɏŬ Űɘɛɐ ůŰɞ ůɐɛŬ ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ 

ůŰɘɔɛɐ (ȾɩŭɘəŬɠ 32, ɔɟŬɛɛɏɠ 2-8). ȾŬŰŬɚɐɔɞɜŰŬɠ ɚɞɘˊɧɜ ůŰɖɜ Űɤɟɘɜɐ Űɘɛɐ Űɞɡ ůɐɛŬŰɞɠ 

ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ ŮɑɜŬɘ ůŰŬ ɢɟɞɜɘəɎ ˊɚŬɑůɘŬ ˊɞɡ ɗŬ ůɢŮŭɘŬůŰɞɨɜ 

əŬɘ ˊɟɞɢɤɟɞɨɛŮ ůŰɖɜ ůɢŮŭɑŬůɖ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ (ȾɩŭɘəŬɠ 32, ɔɟŬɛɛɐ 9).   
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1.   if ( signal_data [ 'length' ]== 1){  

2.     if ( value  == - 1){  

3.       value  = old_value ;  

4.     }  

5.     // fix the pulse height depending the value  

6.     if  ( value ==1){  

7.       pulse_height =- 10 ;  

8.     } else  if ( value ==0){  

9.       pulse_height =10 ;  

10.    } else  if ( value =='U' ){  

11.      // unknown value pulse height : 0, color : red  

12.      pulse_height  =0;  

13.      ctx . strokeStyle  = "#f00" ;  

14.    }  

15.    if ( old_pulse_height  == - 1){  

16.      old_pulse_height  = pulse_height ;  

17.    }  

18.     // create the horizontal pulse for this time frame  

19.     ctx . moveTo( x ,  y+ pulse_height );  

20.     ctx . lineTo ( x+x_interval ,  y+ pulse_height );  

21.     // create the vertical pulse for this time frame  

22.     ctx . moveTo( x ,  y+ old_pulse_height );  

23.     ctx . lineTo ( x ,  y+ pulse_height );  

 

ȾɩŭɘəŬɠ 33: waveforms_viewer.js - ɆɢŮŭɑŬůɖ ˊŬɚɛɩɜ ɔɘŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɏɜŬ 

ȼ ůɢŮŭɑŬůɖ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ůɢŮŭɑŬůɖ ůɐɛŬŰɞɠ ɛɐəɞɡɠ Ůɜɧɠ ɣɖűɑɞɡ əŬɘ 

ůɢŮŭɑŬůɖ ůɐɛŬŰɞɠ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ɛɐəɞɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ˊŬɑɟɜɞɡɛŮ Űɖɜ Űɤɟɘɜɐ Űɘɛɐ 

Űɞɡ ůɐɛŬŰɞɠ əŬɘ ɗɏŰɞɡɛŮ Űɞ ɨɣɞɠ ˊŬɚɛɞɨ ŬɜŰɑůŰɞɘɢŬ ɛŮ ŬɡŰɐ (ȾɩŭɘəŬɠ 33, ɔɟŬɛɛɏɠ 1-17). 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɞɨɛŮ Űɞɜ ɞɟɘɕɧɜŰɘɞ ˊŬɚɛɧ əŬɘ Űɖɜ əɎɗŮŰɖ ɔɟŬɛɛɐ ˊɞɡ Űɞɜ ŮɜɩɜŮɘ ɛŮ 

Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ˊŬɚɛɧ (ȾɩŭɘəŬɠ 33, ɔɟŬɛɛɏɠ 19-23). 

ɆŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɏɢɞɡɛŮ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɏɜŬ ɞ ůɢŮŭɘŬůɛɧɠ 

ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ. ȷɜŰɑ ɔɘŬ ˊŬɚɛɞɨɠ Űɞ ůɐɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɞɟɘɕɧɜŰɘŮɠ ɔɟŬɛɛɏɠ ˊɞɡ 

ˊɚŬɘůɘɩɜɞɡɜ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ Űɞɡ ůɐɛŬŰɞɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘɎ Űɞɡɠ ŮɎɜ ɡˊɎɟɢŮɘ ɢɩɟɞɠ ɔɘŬ 

Űɖɜ ŮɛűɎɜɘůɐ Űɞɡ. ȰŰůɘ, ŮɚɏɔɢɞɡɛŮ ŬɟɢɘəɎ ŮɎɜ ɡˊɎɟɢŮɘ ŬɚɚŬɔɐ Űɘɛɐɠ əŬɘ ŮɎɜ ŭŮɜ ɡˊɎɟɢŮɘ, 

ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɜ ŭɘŬɗɏůɘɛɞ ɢɩɟɞ əŬɘ ůɢŮŭɘɎɕɞɡɛŮ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ɔɟŬɛɛɏɠ (ȾɩŭɘəŬɠ 34, 

ɔɟŬɛɛɏɠ 1-3 əŬɘ 31-38). ȳŰŬɜ ɡˊɎɟɝŮɘ ŬɚɚŬɔɐ Űɘɛɐɠ ɛŮŰŬűɟɎɕɞɡɛŮ Űɖɜ Űɘɛɐ ůŰɞɜ Űɨˊɞ ˊɞɡ ɗŬ 

ŮɛűŬɜɘůŰŮɑ əŬɘ ɛŮŰɟɎɛŮ Űɞ ŬˊŬɟŬɑŰɖŰɞ ɛɏɔŮɗɞɠ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɐ Űɖɠ ůŮ pixel (ȾɩŭɘəŬɠ 34, 

ɔɟŬɛɛɏɠ 6-19). ȰˊŮɘŰŬ, ŮɎɜ ɡˊɎɟɢŮɘ ɢɩɟɞɠ, ŮɛűŬɜɑɕɞɡɛŮ Űɖɜ Űɘɛɐ Űɞɡ ůɐɛŬŰɞɠ, 

ŮˊŬɜŬɟɢɘəɞˊɞɘɞɨɛŮ Űɞɜ ŭɘŬɗɏůɘɛɞ ɢɩɟɞ əŬɘ ůɢŮŭɘɎɕɞɡɛŮ ɛɑŬ əɎɗŮŰɖ ɔɟŬɛɛɐ ɛŮ ɏɜŬɜ əɨəɚɞ 

ůŰɞ əɏɜŰɟɞ Űɖɠ ɩůŰŮ ɜŬ ůɖɛŮɘɩůɞɡɛŮ ɞˊŰɘəɎ Űɞ ůɖɛŮɑɞ ɧˊɞɡ ɏɔɘɜŮ ɖ ŬɚɚŬɔɐ (ȾɩŭɘəŬɠ 34, 

ɔɟŬɛɛɏɠ 20-28). ȷɝɑɕŮɘ Ůŭɩ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŮ əɎɗŮ ŬɚɚŬɔɐ ŮɛűŬɜɑɕɞɡɛŮ Űɖɜ ˊŬɚɘɎ Űɘɛɐ, 

ˊɟɎɔɛŬ ˊɞɡ ɛŬɠ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭɘŬɗɏůɘɛɞɡ ɢɩɟɞɡ əɘ ɏŰůɘ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ 

ˊɟɞůˊŮɟɜɎɛŮ Űɖɜ ˊɟɩŰɖ ŬɚɚŬɔɐ Űɘɛɐɠ (ȾɩŭɘəŬɠ 34, ɔɟŬɛɛɐ 5) Ůɜɩ ɡˊɎɟɢŮɘ əɩŭɘəŬɠ ůŰɖɜ 

ůɡɜɏɢŮɘŬ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ Űɘɛɐɠ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ 

ɗŬ ůɢŮŭɘŬůŰŮɑ. 
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1.   if ( value  == - 1){  

2.     value  = old_value ;  

3.     x_multi_intervals  = x_interval  + x_multi_intervals ;  

4.   } else {  

5.     if ( first_timeframe  !=  1){  

6.       data_type =$( "#waveform_data_type" ). val ();  

7.       if ( old_multivalue_named . match ( /bU.*/g )){  

8.         value_length =old_multivalue_named . length * 10 ;  

9.         data_val =old_multivalue_named . substr ( 1);  

10.      } else {  

11.        if ( data_type =='3' ){  

12.          data_val ="D" +parseInt ( old_multivalue_named . sub-

str ( 1), 2). toString ( 10);  

13.        } else  if ( data_type =='2' ){  

14.          data_val ="H" +parseInt ( old_multivalue_named . sub-

str ( 1), 2). toString ( 16);  

15.        } else {  

16.           data_val ="B" +old_multivalue_named . substr ( 1);  

17.        }  

18.        value_length =data_val . length * 8;  

19.      }  

20.      if ( value_length  < x_mult i_intervals ){  

21.        ctx . fillText ( data_val , x - x_multi_intervals +5, y+5);  

22.      }                             

23.    }  

24.    x_multi_intervals =x_interval ;  

25.    ctx . moveTo( x ,  y+10);  

26.    ctx . lineTo ( x ,  y - 10);  

27.    ctx . moveTo( x+1.5 ,  y - 1.5 );  

28.    ctx . arc ( x ,  y ,  3,  0,  2 *  Math . PI ,  false );  

29.  }  

30.   
31.  if (  old_value . match ( /bU.*/g )){  

32.    ctx . strokeStyle  = "#f00" ;  

33.  }  

34.   
35.  ctx . moveTo( x ,  y+10);  

36.  ctx . lineTo ( x+x_interval ,  y+10);  

37.  ctx . moveTo( x ,  y - 10);  

38.  ctx . lineTo ( x+x_interval ,  y - 10);  

 

ȾɩŭɘəŬɠ 34: waveforms_viewer.js - ɆɢŮŭɑŬůɖ ˊŬɚɛɩɜ ɔɘŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɏɜŬ 

ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ůɢŮŭɑŬůɖ əɡɛŬŰɞɛɞɟűɩɜ əɎɗŮ ůɐɛŬŰɞɠ ɛŮŰɎ Űɖɜ ɞˊɞɑŬ 

ŮˊɘůŰɟɏűɞɡɛŮ ůŰɞɜ ŮɝɤŰŮɟɘəɧ ɓɟɧɔɢɞ Űɞɡ ˊɟɩŰɞɡ ɛɏɟɞɡɠ Űɖɠ ůɢŮŭɑŬůɖɠ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ 

ɔɘŬ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘɞɟɗɩůŮɘɠ Űɤɜ Űɘɛɩɜ ɨɣɞɡɠ əŬɘ ˊɚɎŰɞɡɠ əŬɗɩɠ əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ 

ůŰɞɘɢŮɑɤɜ ɔɘŬ ŰŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ ɏɜŬ. ȰɜŬ Ŭəɧɛɖ ůŰɞɘɢŮɑɞ ˊɞɡ ŬɝɑɕŮɘ ɜŬ 

ŬɜŬűɏɟɞɡɛŮ Ůŭɩ ŮɑɜŬɘ ɧŰɘ ɧŰŬɜ ɞɚɞəɚɖɟɤɗŮɑ ɖ ůɢŮŭɑŬůɖ ɧɚɤɜ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ ůŰɞ 

ůŰɞɘɢŮɑɞ ócanvasô, ŬɜŰɘɔɟɎűɞɡɛŮ ŰŬ ˊŮɟɘŮɢɧɛŮɜŬ ŬɡŰɞɨ Űɞɡ ůŰɞɘɢŮɑɞɡ ůŮ ɏɜŬ ŭŮɨŰŮɟɞ Űɞ ɞˊɞɑɞ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŮɜŭɘɎɛŮůɖ ɛɜɐɛɖ əŬɘ ŮˊɘŰɟɏˊŮɘ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɗŬ ˊŮɟɘɔɟɎɣɞɡɛŮ 

ůŰɞ ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɢɤɟɑɠ Űɖɜ ůɡɜŮɢɐ ŮˊŬɜŬůɢŮŭɑŬůɖ ɧɚɤɜ Űɤɜ 

əɡɛŬŰɞɛɞɟűɩɜ. 
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3.4.3 ȷɜɎɚɡůɖ Ɉɚɞˊɞɑɖůɖɠ ȸŬůɘəɩɜ ȿŮɘŰɞɡɟɔɘɩɜ  

 

 Ƀɘ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ ŮˊɘŰɟɏˊɞɡɜ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ ŮɡəɞɚɧŰŮɟɖ 

ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ɞŭɖɔɞɨɛŮɜŮɠ Ŭˊɧ 

ɔŮɔɞɜɧŰŬ əŬɘ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ əɘɜɐůŮɘɠ Űɞɡ ɢɟɐůŰɖ. ɆɡɔəŮəɟɘɛɏɜŬ ɗŬ 

ˊŮɟɘɔɟɎɣɞɡɛŮ ˊŬɟŬəɎŰɤ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ, Űɖɠ ɢɟɞɜɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ, 

Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ˊɟɞůɤɟɘɜɐɠ əŬɘ ɛɧɜɘɛɖɠ ůɐɛŬɜůɖɠ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɘɩɜ əŬɗɩɠ əŬɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ ŬɜŰɘɔɟɎűɞɡ ɤɠ ŮɘəɧɜŬ. 

1.   // Slider's event listener  

2.   $( "# slider_button" ). mousedown( function ( event ){  

3.     if ( window . wave_data ){  

4.       $( 'body' ). on( 'mousemove' ,  function ( e)  {  

5.         // Calculate the slider's value  

6.         offset =e. pageX -  $( '#slider_main' ). offset (). left   -  

$( '.slider_button' ). outerWidth ()/ 2;  

7.         offset  = Math . round ( offset );  

8.         if ( offset <0){  offset  =1;  }  

9.         if ( offset >100 ){  offset  =100 ;  }  

10.        // move the slider and the info box  

11.        $( "#slider_button" ). css ( 'left' ,  offset +'px' );  

12.        // update the time scale value and redraw the data  

13.        $( "#simulation_zoom" ). val ( offset );  

14.        draw_wave ( wave_data );  

15.        // update the info value of the info box  

16.        $( "#slider_info" ). html ( offset  +'%' );  

17.        // prevent default behaviour of mouse drag  

18.        e. preventDefault ();  

19.      }). on( 'mouseup' ,  function ()  {  

20.        $( 'body' ). unbind (  "mousemove" );  

21.      });  

22.    }  

23.  });  

 

ȾɩŭɘəŬɠ 35: waveforms_viewer.js - ȷɜŰɘɛŮŰɩˊɘůɖ ɔŮɔɞɜɧŰɞɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ 

 ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɚɚŬɔɐɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ Ůɜɧɠ ɞɚɘůɗɖŰɐ 

ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ ˊɞɡ ɗŬ ŮɛűŬɜɑɕŮŰŬɘ. ȷɟɢɘəɎ ŮɘůɎɔɞɡɛŮ 

ɏɜŬ ɔŮɔɞɜɧɠ ɧˊɞɡ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɞ ɢɟɐůŰɖɠ ˊŬŰɐůŮɘ ˊɎɜɤ ůŰɞ əɞɡɛˊɑ Űɞɡ ɞɚɘůɗɖŰɐ əŬɘ 

ɏˊŮɘŰŬ, ŮɎɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ůɖɛɎŰɤɜ, ŬɜŰɘɛŮŰɤˊɑɕɞɡɛŮ Űɖɜ əɑɜɖůɖ Űɞɡ ˊɞɜŰɘəɘɞɨ əŬɘ əŬŰɎ 

ůɡɜɏˊŮɘŬ Űɞɡ ɞɚɘůɗɖŰɐ (ȾɩŭɘəŬɠ 35, ɔɟŬɛɛɏɠ 2-4). ɆŰɖɜ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɖɜ ɗɏůɖ Űɞɡ 

əɞɡɛˊɘɞɨ ˊɎɜɤ ůŰɞɜ ɞɚɘůɗɖŰɐ əŬɘ Űɖɜ ˊŮɟɘɞɟɑɕɞɡɛŮ ůŮ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 100 (ȾɩŭɘəŬɠ 35, 

ɔɟŬɛɛɏɠ 6-9). ȰˊŮɘŰŬ əɎɜɞɡɛŮ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ŭɘɧɟɗɤůɖ ůŰɖɜ ɗɏůɖ ŮɛűɎɜɘůɖɠ Űɞɡ əɞɡɛˊɘɞɨ, 

ŬɜŬɜŮɩɜɞɡɛŮ Űɖɜ Űɘɛɐ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ ɧˊɞɡ ůɡɔəɟŬŰŮɑ Űɖɜ Űɘɛɐ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ, 

ŮˊŬɜŬůɢŮŭɘɎɕɞɡɛŮ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ ůŰɖɜ ɜɏŬ əɚɑɛŬəŬ, ŬɜŬɜŮɩɜɞɡɛŮ Űɖɜ Űɘɛɐ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ŭɑˊɚŬ ůŰɞɜ ɞɚɘůɗɖŰɐ əŬɘ ŬˊɞŰɟɏˊɞɡɛŮ Űɖɜ ˊɟɞəŬɗɞɟɘůɛɏɜɖ ŮɜɏɟɔŮɘŬ Űɞɡ 

ˊŮɟɘɖɔɖŰɐ ɧŰŬɜ ůɨɟŮŰŬɘ Űɞ ˊɞɜŰɑəɘ (ȾɩŭɘəŬɠ 35, ɔɟŬɛɛɏɠ 11-18). ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ 

ˊɟɩŰɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ůɛɑəɟɡɜůɖ ɐ ɛŮɔɏɗɡɜůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ ŭɑɜŮɘ ůŰɞɜ 

ɢɟɐůŰɖ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮɝɏŰŬůɖɠ Űɤɜ ůɖɛɎŰɤɜ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ. 
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1.  $( "#WavesCanvas" ). mousedown( function ( event ){  
2.    [...]  
3.    isDown = true ;  
4.    delay_pos =0;  
5.    delay_neg =0;  
6.    mouse_down_x = event . pageX ;  
7.  });  
8.   
9.  $(  "#WavesCanvas"  ). mousemove( function (  event  )  {  
10.    if ( isDown ){  
11.      var  mouse_x = event . pageX ;  
12.      var  dif = mouse_down_x - mouse_x ;  
13.      if ( dif >0){  
14.        delay_pos = dif / 10 + delay_pos ;  
15.        if ( delay_pos >=1){  
16.          delay_pos =0;  
17.          dif =1;  
18.        } else {  
19.          dif =0;  
20.        }  
21.      }  
22.      if ( dif <0){  
23.        delay_neg = dif / 10 + delay_neg ;  
24.        if ( delay_neg <=- 1){  
25.          delay_neg =0;  
26.          dif =- 1;  
27.        } else {  
28.          dif =0;  
29.        }  
30.      }  

 

ȾɩŭɘəŬɠ 36: waveforms_viewer.js - ȷɟɢɘəɞˊɞɑɖůɖ ɛŮŰŬɓɚɖŰɩɜ ůŰɞ ˊɎŰɖɛŬ ˊɞɜŰɘəɘɞɨ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ ɞɛŬɚɞˊɞɑɖůɖɠ Űɖɠ 

ɢɟɞɜɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ 

 ȼ ɢɟɞɜɘəɐ ɛŮŰŬŰɧˊɘůɖ ŮɑɜŬɘ ɛɑŬ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɛŮŰɎ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ɢɟɞɜɘəɐɠ 

əɚɑɛŬəŬɠ ůŮ ˊɞůɞůŰɧ ɛɘəɟɧŰŮɟɞ Űɞɡ 100% Űɖɜ ɞɚɑůɗɖůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ əŬŰɎ Űɞɜ ɢɟɞɜɘəɧ 

ɎɝɞɜŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɞ ɢɟɐůŰɖɠ ˊŬŰɐůŮɘ əŬɘ ůɨɟŮɘ ŮɑŰŮ Űɞ ŭŮɝɘɧ ɐ Űɞ 

ŬɟɘůŰŮɟɧ əɞɡɛˊɑ Űɞɡ ˊɞɜŰɘəɘɞɨ ˊɎɜɤ ůŰɞ ůŰɞɘɢŮɑɞ ócanvasô. ɀŮ Űɞ ˊɎŰɖɛŬ Űɞ ˊɞɜŰɘəɘɞɨ 

ŬɟɢɘəɞˊɞɘɞɨɛŮ əɎˊɞɘŮɠ ɛŮŰŬɓɚɖŰɏɠ (ȾɩŭɘəŬɠ 36, ɔɟŬɛɛɏɠ 1-7) Űɘɠ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ 

əŬŰɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɞɡ. ȰŰůɘ əŬŰɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɞɡ ˊɞɜŰɘəɘɞɨ ˊɎɜɤ ůŰɞ ůŰɞɘɢŮɑɞ ócanvasô 

ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ Űɞ əɞɡɛˊɑ ŮɑɜŬɘ ˊŬŰɖɛɏɜɞ əŬɘ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɖɜ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ŭŮɑəŰɖ 

(ȾɩŭɘəŬɠ 36, ɔɟŬɛɛɏɠ 9-12). ȺɎɜ ɖ ɛŮŰŬŰɧˊɘůɖ ŮɑɜŬɘ ɗŮŰɘəɐ, ɞ ŭŮɑəŰɖɠ əɘɜŮɑŰŬɘ ˊɟɞɠ ŰŬ 

ŬɟɘůŰŮɟɎ Űɖɠ ɞɗɧɜɖɠ Ůɜɩ ŮɎɜ ŮɑɜŬɘ ŬɟɜɖŰɘəɐ ɞ ŭŮɑəŰɖɠ əɘɜŮɑŰŬɘ ˊɟɞɠ ŰŬ ŭŮɝɘɎ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ ɛŮŰŬɓɚɖŰɐ əŬɗɡůŰɏɟɖůɖɠ ɩůŰŮ ɖ ɞɚɑůɗɖůɖ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɞɛŬɚɐ. ɆɡɔəŮəɟɘɛɏɜŬ ˊŬɟŬŰɖɟɐůŬɛŮ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɢɟɧɜɞɡ əŬŰɎ ɏɜŬ ŮɚɎɢɘůŰɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ ˊɘɗŬɜɐɠ ŬɚɚŬɔɐɠ Űɘɛɐɠ ůɖɛɎŰɤɜ ůŰŬ ŭɏəŬ pixel ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ 

(ȾɩŭɘəŬɠ 36, ɔɟŬɛɛɏɠ 14-20 əŬɘ 23-29) ŮˊɘŰɟɏˊŮɘ ɛɑŬ ŬɟəŮŰɎ ɞɛŬɚɐ ɞɚɑůɗɖůɖ ˊɞɡ ˊŬɟɏɢŮɘ 

ŮˊŬɟəɩɠ Űɖɜ Ŭɑůɗɖůɖ ŬɜŬŰɟɞűɞŭɧŰɖůɖɠ Ŭˊɧ Űɖɜ əɑɜɖůɖ Űɞɡ ɢɟɐůŰɖ. 
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1.    mouse_down_x  = mouse_x ;  

2.    temp_low_limit  = low_limit  +dif ;  

3.    temp_max_limit  = max_limit  +dif ;  

4.    if ( temp_low_limit  < 0){  

5.      low_limit =0;  

6.    } else {  

7.      if ( temp_max_limit  > wave_intervals ){  

8.        low_limit  = wave_intervals  -  ( max_limit  -  low_limit );  

9.        max_limit  = wave_intervals ;  

10.     } else {  

11.       low_limit  = temp_low_limit ;  

12.       max_limit  = temp_max_limit ;  

13.     }  

14.   }  

15.   if ( dif != 0){  

16.     draw_wave ( wave_data );  

17.   }  

 

ȾɩŭɘəŬɠ 37: waveforms_viewer.js - Ɉˊɞɚɞɔɘůɛɧɠ ɜɏɤɜ ɞɟɑɤɜ ˊɟɞɓɞɚɐɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŮˊŬɜŬůɢŮŭɑŬůɖ ŮɎɜ ɡˊɎɟɢŮɘ 

ɢɟɞɜɘəɐ ɛŮŰŬŰɧˊɘůɖ 

ɆɡɜŮɢɑɕɞɜŰŬɠ, ɡˊɞɚɞɔɑɕɞɡɛŮ ŰŬ ɜɏŬ ɧɟɘŬ əɡɛŬŰɞɛɞɟűɩɜ ˊɞɡ ɗŬ ˊɟɞɓɎɚɚɞɜŰŬɘ əŬŰɎ Űɖɜ 

ůɢŮŭɑŬůɐ Űɞɡɠ əŬɘ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ŭŮɜ ɝŮˊŮɟɜɞɨɜ ŰŬ ɧɟɘŬ ˊɟɞůɞɛɞɑɤůɖɠ (ȾɩŭɘəŬɠ 37, 

ɔɟŬɛɛɏɠ 2-14). ɇɏɚɞɠ, ŮɎɜ ɡˊɎɟɢŮɘ ŮˊŬɟəɐ ɛŮŰŬəɑɜɖůɖ Űɞɡ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ɔɘŬ Űɖɜ ɞɚɑůɗɖůɖ, 

ŮˊŬɜŬůɢŮŭɘɎɕɞɡɛŮ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ (ȾɩŭɘəŬɠ 37, ɔɟŬɛɛɏɠ 15-17). ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ 

ɚŮɘŰɞɡɟɔɑŬ ɢɟɞɜɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ ɞɚɑůɗɖůɖ əŬŰɎ Űɞɜ ɢɟɞɜɘəɧ 

ɎɝɞɜŬ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ Ůɜɩ ˊŬɟŬɛɏɜŮɘ ůŮ ŮůŰɘŬůɛɏɜɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ. 

 Ƀɘ ůɖɛŬŰɞŭɧŰŮɠ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɘɩɜ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ɡɚɞˊɞɑɖůɖ ɛŮ əɎˊɞɘŮɠ ɛɘəɟɏɠ 

ŭɘŬűɞɟɏɠ. Ƀ ˊɟɞůɤɟɘɜɧɠ ůɖɛŬŰɞŭɧŰɖɠ əŬɚŮɑŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ əɑɜɖůɖɠ Űɞɡ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ 

ˊɎɜɤ Ŭˊɧ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ Ůɜɩ ɞ ɛɧɜɘɛɞɠ ůŰɞ ɔŮɔɞɜɧɠ ˊŬŰɐɛŬŰɞɠ Ůɜɧɠ əɞɡɛˊɘɞɨ Ŭˊɧ Űɞ 

ˊɞɜŰɑəɘ. Ⱥˊɑůɖɠ ɞ ɛɧɜɘɛɞɠ ůɖɛŬŰɞŭɧŰɖɠ ɛŮŰŬűɏɟŮŰŬɘ əŬɘ ůŰɞ ŭŮɨŰŮɟɞ ůŰɞɘɢŮɑɞ ócanvasô ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɟɞůɤɟɘɜɐ ɛɜɐɛɖ Ůɜɩ ɞ ˊɟɞůɤɟɘɜɧɠ ɛɏɜŮɘ ɛɧɜɞ ůŰɞ ŮɛűŬɜɏɠ ůŰɞɘɢŮɑɞ ócanvasô 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ əŬŰɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɞɡ ˊɞɜŰɘəɘɞɨ.  

1.  $( "#WavesCanvas" ). mousedown( function ( event ){  

2.    x=event . pageX -  $( '#WavesCanvas' ). offset (). left ;  

3.    canvas_width  = $( '#WavesCanvas' ). width ();  

4.    if ( x > 110  && x  < ( canvas_width - 20)){  

5.      draw_wave ( wave_data );  

6.      var  second_divisions  = [ "ds" ,  "cs" ,  "ms" ,  "µs" ,  "ns" ,  "ps" ,  "fs" ,  

"as" ,  "zs" ,  "yz" ];  

7.      var  second_div_index =second_divisions . indexOf ( wave_data [ 'time_in-

fo' ][ 'timescale' ]);  

8.      x_interval  =( canvas_width - 130 )  /  ( max_limit  -  low_limit )  ;  

9.      time_interval  = wave_data [ 'time_info' ][ 'duration' ]  /  (   

wave_data [ 'time_info' ][ 'intervals' ]  - 1);  

10.      timeframe  =(  (  Math . floor (( x - 110 )  /  x_interval )  + low_limit  )  *  

time_interval  );  

11.      sub =scale_time_subdivisions ( time_interval , 0);  

12.      timeframe_str  = timeframe  /  ( Math . pow( 1000 ,  sub ));  

 

ȾɩŭɘəŬɠ 38: waveforms_viewer.js - ũŮɔɞɜɧɠ ˊŬŰɐɛŬŰɞɠ ˊɞɜŰɘəɘɞɨ, Ŭɟɢɘəɞˊɞɑɖůɖ əŬɘ ɡˊɞɚɞɔɘůɛɧɠ ɛŮŰŬɓɚɖŰɩɜ ɔɘŬ Űɞɜ ɛɧɜɘɛɞ 

ůɖɛŬŰɞŭɧŰɖ Ůˊɘˊɚɏɤɜ ˊɚɖɟɞűɞɟɘɩɜ 
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ɇɏɚɞɠ, ɔɘŬ ɚɧɔɞɡɠ ŮɡəɟɑɜŮɘŬɠ əŬɘ əŬŰŬɜɧɖůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ, ŰŬ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ůɖɛŬŰɞŭɧŰɖ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ɢɟɩɛŬŰŬ ɧˊɞɡ ɞ ˊɟɞůɤɟɘɜɧɠ ŮɑɜŬɘ 

əɧəəɘɜɞɠ əŬɘ ɞ ɛɧɜɘɛɞɠ ŮɑɜŬɘ ɛˊɚŮ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŮɝŮŰɎůɞɡɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ɛɧɜɘɛɞɡ 

ůɖɛŬŰɞŭɧŰɖ. ȷɟɢɘəɎ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ɛɧɜɘɛɞɡ ůɖɛŬŰɞŭɧŰɖ ɏɢɞɡɛŮ Űɖɜ ŮˊŬɜŬůɢŮŭɑŬůɖ Űɤɜ 

əɡɛŬŰɞɛɞɟűɩɜ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ˊɟɞɖɔɞɨɛŮɜɤɜ ůɖɛŬŰɞŭɞŰɩɜ (ȾɩŭɘəŬɠ 38, ɔɟŬɛɛɐ 5). 

ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɐ ůŰɞɜ ˊɟɞůɤɟɘɜɧ ůɖɛŬŰɞŭɧŰɖ ɔɑɜŮŰŬɘ ɛŮ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ 

ócanvasô ɛŮ ŬɡŰɎ Űɞɡ ŭŮɨŰŮɟɞɡ ócanvasô ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɟɞůɤɟɘɜɐ ɛɜɐɛɖ. ȰˊŮɘŰŬ ɏɢɞɡɛŮ 

Űɞ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɢɟɞɜɘəɐɠ ɡˊɞŭɘŬɑɟŮůɖɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ əŬɗɩɠ əŬɘ Űɞɡ ɢɟɧɜɞɡ 

ˊɎɜɤ ůŰɞɜ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ɞ ŭŮɑəŰɖɠ ˊɞɜŰɘəɘɞɨ (ȾɩŭɘəŬɠ 38, ɔɟŬɛɛɏɠ 6-12). ɆŰɖɜ ůɡɜɏɢŮɘŬ 

ŬɟɢɘəɞˊɞɘɞɨɛŮ əɎˊɞɘŮɠ ɛŮŰŬɓɚɖŰɏɠ ɔɘŬ Űɖɜ ůɢŮŭɑŬůɖ ɧˊɤɠ ŰŬ ɢɟɩɛŬŰŬ, ɔɟŬɛɛŬŰɞůŮɘɟɏɠ əŬɘ 

ŬˊɞůŰɎůŮɘɠ. 

1.  $. each ( window . selected_signals ,  function (  i ,  index )  {  
2.    for ( current_time =0; current_time <=timeframe ; current_time +=time_inter-

val ){  
3.      if ( typeof  wave_data [ index ][ current_time ]  !=  'undefined' ){  
4.        wave_val = wave_data [ index ][ current_time ];  
5.        if ( wave_data [ index ][ 'length' ]> 1){  
6.          wave_val_bin = wave_val ;  
7.          data_type =$( "#waveform_data_type" ). val ();  
8.          if ( wave_val . match ( /bU.*/g )){  
9.            wave_val =wave_val . substr ( 1);  
10.         } else {  
11.           if ( data_type =='3' ){  
12.             wave_val ="D" +parseInt ( wave_val . substr ( 1), 2). toString ( 10);  
13.           } else  if ( data_type =='2' ){  
14.             wave_val ="H" +parseInt ( wave_val . substr ( 1), 2). toString ( 16);  
15.           } else {  
16.             wave_val ="B" +wave_val . substr ( 1);  
17.           }  
18.         }  
19.       }  
20.     }     
21.   }  

 

ȾɩŭɘəŬɠ 39: waveforms_viewer.js - ȺɨɟŮůɖ Űɘɛɐɠ ɔɘŬ əɎɗŮ ůɐɛŬ ɔɘŬ Űɞɜ ɛɧɜɘɛɞ ůɖɛŬŰɞŭɧŰɖ Ůˊɘˊɚɏɤɜ ˊɚɖɟɞűɞɟɘɩɜ 

ȰˊŮɘŰŬ ɓɟɑůəɞɡɛŮ Űɖɜ Űɘɛɐ Űɞɡ əɎɗŮ ŮˊɘɚŮɔɛɏɜɞɡ ůɐɛŬŰɞɠ ɔɘŬ Űɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ 

ɡˊɞɚɞɔɑůŬɛŮ ˊŬɟŬˊɎɜɤ. ũɘŬ ɜŬ Űɞ ŮˊɘŰɨɢɞɡɛŮ ŬɡŰɧ ŮɚɏɔɢɞɡɛŮ Űɘɠ ŬɚɚŬɔɏɠ Űɘɛɐɠ Ŭˊɧ Űɞɜ ɢɟɧɜɞ 

ɛɖŭɏɜ ɏɤɠ Űɞ ɢɟɧɜɞ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ əŬɘ əɟŬŰɎɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ Űɘɛɐ ˊɞɡ ɓɟɏɗɖəŮ ɤɠ Űɖɜ 

Űɘɛɐ Űɞɡ ůɐɛŬŰɞɠ (ȾɩŭɘəŬɠ 39). ȷɡŰɐ ɖ ŰŮɢɜɘəɐ ɔɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɗɩɠ ůɡɔəɟŬŰɞɨɛŮ ɛɧɜɞ 

Űɘɠ ŬɚɚŬɔɏɠ Űɘɛɩɜ əŬɘ ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɜŬ ɛɖɜ ˊŮɟɘɏɢŮɘ 

ŬɚɚŬɔɐ ɔɘŬ əɎɗŮ ůɐɛŬ. ȾŬŰɎ Űɖɜ ŬɜŬɕɐŰɖůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ əŬɘ ɖ ɛŮŰɎűɟŬůɖ Űɤɜ Űɘɛɩɜ ůŰɞɜ 

Űɨˊɞ ˊɞɡ ɏɢŮɘ ŮˊɘɚɏɝŮɘ ɞ ɢɟɐůŰɖɠ ɔɘŬ ŰŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɏɜŬ. 



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
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1.   ctx . fillText ( "Value : " +wave_val , x_canvas , y_canvas );  
2.   y_canvas =y_canvas +40 ;  
3.   if ( wave_data [ index ][ "expand" ]== 1){  
4.     for ( j =1; j <=wave_data [ index ][ "length" ]; j ++){  
5.       sub_wave_val =wave_val_bin . charAt ( j );  
6.       ctx . fillText ( "Value : " +sub_wave_val , x_canvas +15 , y_canvas );  
7.       y_canvas =y_canvas +40 ;  
8.     }  
9.   }  

 

ȾɩŭɘəŬɠ 40: waveforms_viewer.js - ȺɛűɎɜɘůɖ Űɘɛɐɠ ůɐɛŬŰɞɠ ůŰɞɜ ɛɧɜɘɛɞ ůɖɛŬŰɞŭɧŰɖ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɘɩɜ 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮɛűŬɜɑɕɞɡɛŮ Űɖɜ Űɘɛɐ əɎɗŮ ůɐɛŬŰɞɠ əɎŰɤ Ŭˊɧ Űɖɜ ɞɜɞɛŬůɑŬ Űɞɡ əŬɚɨˊŰɞɜŰŬɠ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ůɖɛɎŰɤɜ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɏɜŬ ˊɞɡ ɏɢɞɡɜ ŮˊŮəŰŬɗŮɑ ɧˊɞɡ 

ˊɟɞůɎˊŰɞɡɛŮ Űɖɜ Űɘɛɐ əɎɗŮ ɡˊɞůɐɛŬŰɞɠ əɎŰɤ Ŭˊɧ Űɞ ɧɜɞɛɎ Űɞɡ. ɇɏɚɞɠ ůɢŮŭɘɎɕɞɡɛŮ ɛɑŬ 

əɎɗŮŰɖ ɔɟŬɛɛɐ əŬŰɎ ɨɣɞɠ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô ůŰɞ ůɖɛŮɑɞ ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɞ ŭŮɑəŰɖɠ 

ˊɞɜŰɘəɘɞɨ əŬɘ ůɖɛŮɘɩɜɞɡɛŮ Ŭˊɧ əɎŰɤ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ŬɡŰɧɜ Űɞɜ ůɖɛŬŰɞŭɧŰɖ. 

ȰŰůɘ ɡɚɞˊɞɘɞɨɛŮ ɛɑŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ˊɞɡ ŭɑɜŮɘ ůŰɞɜ ɢɟɐůŰɖ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɎɟŮɘ ɎɛŮůŬ əŬɘ ŮɨəɞɚŬ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ Űɘɛɐ əɎɗŮ ůɐɛŬŰɞɠ ůŮ əɎɗŮ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ. 

ɈˊɎɟɢɞɡɜ ɛŮɟɘəɏɠ Ŭəɧɛɖ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɏɢɞɡɛŮ ɐŭɖ ŮɝŮŰɎůŮɘ ɛɏůŬ Ŭˊɧ ɎɚɚŮɠ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɖ Ůˊɘɚɞɔɐ Űɨˊɞɡ ŮɛűɎɜɘůɖɠ Űɤɜ Űɘɛɩɜ ɧˊɞɡ ɡˊɞůŰɖɟɑɕɞɜŰŬɘ ɞ ŭɡŬŭɘəɧɠ, ŭŮəŬŭɘəɧɠ 

əŬɘ ŭŮəŬŮɝŬŭɘəɧɠ Űɨˊɞɠ. ȼ ɡɚɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɏɔɘɜŮ ŮɛűŬɜɐɠ əŬŰɎ Űɖɜ ŮɛűɎɜɘůɖ 

Űɤɜ Űɘɛɩɜ ůŰŬ ůɐɛŬŰŬ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɞɡ ɏɜŬ. ɀɑŬ Ɏɚɚɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮɝŮŰɎůŰɖəŮ 

ŮˊɘűŬɜŮɘŬəɎ ŮɑɜŬɘ ɖ ŮˊɏəŰŬůɖ ůɖɛɎŰɤɜ ɛŮ ɛŮɔɎɚɞ ɛɐəɞɠ. ȼ ɡɚɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɏɢɞɡɜ ɝŮɢɤɟɘůŰɎ ɔŮɔɞɜɧŰŬ. ȳŰŬɜ ɏɜŬ Ŭˊɧ ŬɡŰɎ ŰŬ 

ɔŮɔɞɜɧŰŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɐɛŬ ůɖɛŮɘɩɜŮŰŬɘ ɤɠ ŮˊŮəŰŬɛɏɜɞ ɐ ůɡɛˊɡəɜɤɛɏɜɞ əŬɘ 

ŮˊŬɜŬůɢŮŭɘɎɕɞɡɛŮ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ. ɆŰɖɜ ůɢŮŭɑŬůɖ Űɤɜ əɡɛŬŰɞɛɞɟűɩɜ, ŰŬ ůɐɛŬŰŬ ˊɞɡ 

ɏɢɞɡɜ ŮˊŮəŰŬɗŮɑ ŮɘůɎɔɞɡɜ ɏɜŬ ɜɏɞ ůɐɛŬ ɛɐəɞɡɠ Ůɜɧɠ ɣɖűɑɞɡ ɔɘŬ əɎɗŮ ɝŮɢɤɟɘůŰɧ ŭɡŬŭɘəɧ 

ɣɖűɑɞ Űɞɡɠ əŬɘ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ůɐɛŬ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ˊɞɡ ŰŬ ˊŮɟɘɏɢŮɘ.  

1.  $( "#btn - download - image" ). click ( function ( event ){  
2.    var  canvas = document . getElementById ( "WavesCanvas" );  
3.    var  dataURL = canvas . toDataURL ( 'image/png' );  
4.    var  img = canvas . toDataURL ( "image/jpg" );  
5.    $( "#btn - download - image" ). attr ( 'href' ,  dataURL );  
6.  });  

 

ȾɩŭɘəŬɠ 41: waveforms_viewer.js - ȹɖɛɘɞɡɟɔɑŬ əŬɘ ɛŮŰŬűɧɟŰɤůɖ ŮɘəɧɜŬɠ Ŭˊɧ Űɞ ůŰɞɘɢŮɑɞ 'canvas' 

ɇɏɚɞɠ ɏɢɞɡɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ɚɐɣɖɠ ůŰɘɔɛɘɧŰɡˊɞɡ ɤɠ ŮɘəɧɜŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ 

Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ əŬŰɎ Űɞ ɞˊɞɑɞ ɞ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ əɞɡɛˊɑ əŬɘ ŭɖɛɘɞɡɟɔŮɑ ɛɑŬ ŮɘəɧɜŬ 

Űɨˊɞɡ jpg Ŭˊɧ Űɞ ůŰɞɘɢŮɑɞ ócanvasô ˊɞɡ ɛŮŰŬűɞɟŰɩɜŮŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ Űɞɡ ɢɟɐůŰɖ 

(ȾɩŭɘəŬɠ 41). 

 ɃɚɞəɚɖɟɩɜɞɡɛŮ ɏŰůɘ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ůɢŮŭɑŬůɖɠ 

əɡɛŬŰɞɛɞɟűɩɜ. ũɑɜŮŰŬɘ ˊɚɏɞɜ əŬŰŬɜɞɖŰɧ ɧŰɘ Űɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ŭŮɜ ŬˊɞůəɞˊŮɑ ɛɧɜɞ ůŰɖɜ 

ˊɟɞɓɞɚɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛɑŬɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɄŬɟɏɢŮɘ Ůˊɑ ˊɚɏɞɜ ˊɞɚɚŬˊɚɎ ůŰɞɘɢŮɑŬ əŬɘ 

ŮɘůɎɔŮɘ ɚŮɘŰɞɡɟɔŮɑŮɠ ˊɞɡ ˊɟɞůɗɏŰɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɘŮɟŮɨɜɖůɖɠ əŬɘ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ 

əɡɛŬŰɞɛɞɟűɩɜ ɔɘŬ ˊɘɞ ɎɛŮůɖ əŬɘ Ůɨəɞɚɖ ŬɜɎɚɡůɖ Űɞɡɠ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. 



ȾŮűɎɚŬɘɞ 3 - ȷɜɎˊŰɡɝɖ əŬɘ Ɉɚɞˊɞɑɖůɖ Űɖɠ ȺűŬɟɛɞɔɐɠ 
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3.5 ɃŭɖɔɑŮɠ ȺɔəŬŰɎůŰŬůɖɠ 
 

 ȼ ŮűŬɟɛɞɔɐ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ ŮɑɜŬɘ ɛɑŬ ŮűŬɟɛɞɔɐ ŭɘŬŭɘəŰɨɞɡ əɘ ɏŰůɘ ŬˊŬɘŰŮɑ Űɖɜ 

ŭɘŬŰɐɟɖůɖ Ůɜɧɠ ŮɝɡˊɖɟŮŰɖŰɐ ɔɘŬ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ. ȷɟɢɘəɎ, ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ UNIX Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɘɠ 

ŬˊŬɟŬɑŰɖŰŮɠ əɚɐůŮɘɠ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ůŮɜŬɟɑɤɜ ŰŮɟɛŬŰɘəɞɨ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɞɚɞəɚɖɟɤɛɏɜŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ LINUX  ɛˊɞɟɞɨɜ 

ŮɨəɞɚŬ ɜŬ əŬɚɨɣɞɡɜ ŬɡŰɏɠ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ.  

1.  wget  http://ghdl.free.fr/ghdl - 0.29 - i686 - pc - linux.tar  

2.  tar  - xvf  ghdl - 0.29 - i686 - pc - linux.tar  

3.  cd  ghdl - 0.29 - i686 - pc - linux  

4.  sudo  tar  - C /  - jxvf  ghdl - 0.29 - i686 - pc - linux.tar.bz2  

 

ȾɩŭɘəŬɠ 42: ȺɜŰɞɚɏɠ ŮɔəŬŰɎůŰŬůɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ GHDL 

ȾŬɗɩɠ ɖ ŮűŬɟɛɞɔɐɠ ɛŬɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ŮɝɤŰŮɟɘəɧ ˊɟɧɔɟŬɛɛŬ GHDL ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɓŮɓŬɘɤɗɞɨɛŮ ɧŰɘ ɡˊɎɟɢŮɘ əŬɘ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɛŬɠ. Ƀ ɏɚŮɔɢɞɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɔɑɜŮɘ 

ŬɜɞɑɔɞɜŰŬɠ ɏɜŬ ŰŮɟɛŬŰɘəɧ əŬɘ ŭɑɜɞɜŰŬɠ Űɖɜ ŮɜŰɞɚɐ óghdlô. ȺɎɜ ɛŬɠ ŮˊɘůŰɟŬűŮɑ ɛɐɜɡɛŬ ɧŰɘ ɖ 

ŮɜŰɞɚɐ ŭŮɜ ŬɜŬɔɜɤɟɑɕŮŰŬɘ, ŰɧŰŮ Űɞ ˊɟɧɔɟŬɛɛŬ ŭŮɜ ɏɢŮɘ ŮɔəŬŰŬůŰŬɗŮɑ. ȼ ŮɔəŬŰɎůŰŬůɖ Űɖɠ 

ŰŮɚŮɡŰŬɑŬɠ ɏəŭɞůɖɠ Űɞɡ GHDL ɔɑɜŮŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬˊɎɜɤ Ŭˊɧ Űɘɠ 4 ŭɘŬŭɞɢɘəɏɠ ŮɜŰɞɚɏɠ 

ůŮ ɏɜŬ ŰŮɟɛŬŰɘəɧ (ȾɩŭɘəŬɠ 42).  

1.  sudo  apt - get install mysql - server  
2.  sudo  mysql_secure_installation  

 
3.  sudo  apt - get install php - fpm php - mysql  

 

ȾɩŭɘəŬɠ 43: ȺɜŰɞɚɏɠ ŮɔəŬŰɎůŰŬůɖɠ Űɖɠ MySQL əŬɘ PHP 

ȷűɞɨ ɏɢɞɡɛŮ ŮɔəŬŰŬůŰɐůŮɘ Űɞ GHDL ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ Űɤɜ 

ɓŬůɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ əɎɗŮ ŮɝɡˊɖɟŮŰɖŰɐ. ɂŮəɘɜɩɜŰŬɠ ɛŮ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ MySQL ɖ 

ŮɔəŬŰɎůŰŬůɖ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 43, ɔɟŬɛɛɐ 1) əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɞˊɞɑŬɠ ɗŬ 

ɕɖŰɖɗŮɑ ɜŬ ŮɘůɎɔɞɡɛŮ ɏɜŬɜ əɤŭɘəɧ ɔɘŬ Űɖɜ ˊɟɧůɓŬůɖ Űɞɡ ɢɟɐůŰɖ órootô. ȰˊŮɘŰŬ ɛˊɞɟɞɨɛŮ ɜŬ 

ŮəŰŮɚɏůɞɡɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 43, ɔɟŬɛɛɐ 2) ɛŮ Űɖɜ ɞˊɞɑŬ ɗŬ ˊŮɟɎůɞɡɛŮ əɎˊɞɘŬ ɓɐɛŬŰŬ 

ŮɘůŬɔɤɔɐɠ ɛŮɔŬɚɨŰŮɟɖɠ ŬůűɎɚŮɘŬɠ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ɄŬɟɧɚɞ ˊɞɡ ůɡɜɘůŰɎŰŬɘ, ɖ ŭŮɨŰŮɟɖ 

ŮɜŰɞɚɐ ŭŮɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ Űɖɠ 

PHP ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 43, ɔɟŬɛɛɐ 3). 

 ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɗŬ əŬɚɨɣɞɡɛŮ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ HTTP. ȾŬɗɩɠ 

ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ Ůˊɘɚɞɔɏɠ ůŰŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ ŬɡŰɐ Űɖɜ ŬɜɎɔəɖ, 

ɗŬ ŭɩůɞɡɛŮ ɞŭɖɔɑŮɠ ɔɘŬ ŭɨɞ Ŭˊɧ ŰŬ ŭɖɛɞűɘɚɏůŰŮɟŬ ůŰɞɜ ŰɞɛɏŬ, Űɞ Apache əŬɘ Űɞ nginx. 

1.  sudo  apt - get install apache2  
2.  sudo  nano / etc / apache2 / apache2.conf  
3.  sudo  service  apache2  restart  

 

ȾɩŭɘəŬɠ 44: ȺɜŰɞɚɐ ŮɔəŬŰɎůŰŬůɖɠ, ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɟɡɗɛɑůŮɤɜ əŬɘ ŮˊŬɜŮəəɑɜɖůɖɠ Űɞɡ Apache 
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ȼ ŮɔəŬŰɎůŰŬůɖ Űɞɡ HTTP ŮɝɡˊɖɟŮŰɖŰɐ Apache ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 44, ɔɟŬɛɛɐ 

1). ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ɛˊɞɟɞɨɛŮ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɛŮ Űɘɠ ɟɡɗɛɑůŮɘɠ Űɞɡ 

ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 44, ɔɟŬɛɛɐ 2) əŬɘ ɜŬ ŮˊŬɜŮəəɘɜɐůɞɡɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛŮ Űɖɜ 

ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 44, ɔɟŬɛɛɐ 3). 

1.  sudo  apt - get  install  nginx  

2.  sudo  gedit  / etc / nginx / sites - available / default  

3.  sudo  service  nginx  start  

 

ȾɩŭɘəŬɠ 45: ȺɜŰɞɚɐ ŮɔəŬŰɎůŰŬůɖɠ, ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɟɡɗɛɑůŮɤɜ əŬɘ Ůəəɑɜɖůɖɠ Űɞɡ nginx 

ɄŬɟɧɛɞɘŬ, ɖ ŮɔəŬŰɎůŰŬůɖ Űɞɡ nginx ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 45, ɔɟŬɛɛɐ 1). ȼ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɟɡɗɛɑůŮɤɜ ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 45, ɔɟŬɛɛɐ 2) əŬɘ ɖ Ůəəɑɜɖůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 45, ɔɟŬɛɛɐ 3). ȰŰůɘ ɞɚɞəɚɖɟɩɜɞɡɛŮ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ. 

 ɆŰɖɜ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɟɨɗɛɘůɖ ŬɡŰɩɜ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ əŬɘ ɖ 

ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬɟɢŮɑɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ ůŰɞɡɠ əŬŰɎɚɚɖɚɞɡɠ əŬŰŬɚɧɔɞɡɠ. 

1.  sudo  mysql  
2.    CREATE DATABASE vhdl_compiler ;  
3.    USE vhdl_compiler ;  
4.    CREATE USER '<USERNAME>'@'localhost'  IDENTIFIED  BY '<PASSWORD>';  
5.    GRANT ALL PRIVILEGES ON vhdl_compiler .  *  TO '< USERNAME>'@'localhost' ;  
6.    ȺɉȽɇ; 
7.  sudo  mysql - u root  - p vhd_compiler < / var / www/ html / hdl / vhdl_com-

piler.sql  

 

ȾɩŭɘəŬɠ 46: ȺɜŰɞɚɏɠ ɟɨɗɛɘůɖɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ 

ȼ ɟɨɗɛɘůɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ŬɟɢɘəɎ ŬɜɞɑɔɞɜŰŬɠ ůŮ ɏɜŬ ŰŮɟɛŬŰɘəɧ Űɞ əɏɚɡűɞɠ 

mysql ɛŮ Űɖɜ ŮɜŰɞɚɐ (ȾɩŭɘəŬɠ 46, ɔɟŬɛɛɐ 1). ȺɜŰɧɠ Űɞɡ ɗŬ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ 

Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ əŬɘ ɜŬ Űɖɜ ɗɏůɞɡɛŮ ɤɠ Űɖɜ ɓɎůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ (ȾɩŭɘəŬɠ 46, 

ɔɟŬɛɛɏɠ 2-3). ȰˊŮɘŰŬ ŭɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬɜ ɢɟɐůŰɖ ŭɑɜɞɜŰŬɠ ɧɜɞɛŬ əŬɘ əɤŭɘəɧ əŬɘ Űɞɡ 

ɢɞɟɖɔɞɨɛŮ ɧɚŬ ŰŬ ŭɘəŬɘɩɛŬŰŬ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɛŬɠ (ȾɩŭɘəŬɠ 46, ɔɟŬɛɛɏɠ 4-5). ɇɏɚɞɠ 

ɛˊɞɟɞɨɛŮ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɜŬ ŬɜɞɑɝɞɡɛŮ Űɞ ŬɟɢŮɑɞ vhdl_compiler.sql əŬɘ ɜŬ ŬɜŰɘɔɟɎɣɞɡɛŮ 

əŬɘ ŮˊɘəɞɚɚɐůɞɡɛŮ ůŰɞ ŰŮɟɛŬŰɘəɧ Űɘɠ ŮɜŰɞɚɏɠ Űɞɡ ɐ ɜŬ ɓɔɞɨɛŮ Ŭˊɧ Űɞ əɏɚɡűɞɠ mysql əŬɘ ɜŬ 

ŭɩůɞɡɛŮ Űɖɜ ŮɜŰɞɚɐ ɔɘŬ ŬɡŰɧɛŬŰɖ ŮɘůŬɔɤɔɐ Űɞɡ ŬɟɢŮɑɞɡ ůŰɖɜ ɓɎůɖ ˊɞɡ ŭɖɛɘɞɡɟɔɐůŬɛŮ 

(ȾɩŭɘəŬɠ 46, ɔɟŬɛɛɏɠ 6-7). ɇɏɚɞɠ, ɛˊɞɟɞɨɛŮ ˊɚɏɞɜ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɛŮ Űɞ ŬɟɢŮɑɞ 

vhdl_compiler.sql Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ əŬŰɎɚɞɔɞ Űɤɜ ŬɟɢŮɑɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɞ HTTP ŮɝɡˊɖɟŮŰɖŰɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŮɑɜŬɘ ɞ nginx, ɗŬ ɢɟŮɘŬůŰŮɑ ɛɑŬ Ůˊɘˊɚɏɞɜ ɟɨɗɛɘůɖ 

ɔɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȷɟɢɘəɎ Űɞ ŬɟɢŮɑɞ .htaccess ɛˊɞɟŮɑ ɜŬ ŭɘŬɔɟŬűŮɑ Ŭˊɧ 

Űɞɜ Ŭɟɢɘəɧ əŬŰɎɚɞɔɞ Űɤɜ ŬɟɢŮɑɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ, Ŭűɞɨ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ȰˊŮɘŰŬ 

ŬɜɞɑɔɞɡɛŮ Űɞ ŬɟɢŮɑɞ ɟɡɗɛɑůŮɤɜ Űɞɡ nginx ɧˊɤɠ ŭŮɑɝŬɛŮ ˊŬɟŬˊɎɜɤ əŬɘ ɛŮŰŬűɏɟɞɡɛŮ ŰŬ 

ˊŮɟɘŮɢɧɛŮɜŬ Űɞɡ ŬɟɢŮɑɞɡ nginx_conf.txt ůŰɞ Űɏɚɞɠ Űɤɜ ɟɡɗɛɑůŮɤɜ óserver{}ô Ŭűɞɨ 

ŭɘɞɟɗɩůɞɡɛŮ ɧˊɞɡ ɢɟŮɘɎɕŮŰŬɘ Űɞɜ ɡˊɞɚɞəŬŰɎɚɞɔɞ ůŰɞɜ ɞˊɞɑɞ ɗŬ ˊŮɟŬůɗɞɨɜ ŰŬ ŬɟɢŮɑŬ Űɖɠ 

ŮűŬɟɛɞɔɐɠ. ȾɎɜɞɡɛŮ ŮˊŬɜŮəəɑɜɖůɖ Űɖɠ ɡˊɖɟŮůɑŬɠ nginx əŬɘ ŬˊɞɛŬəɟɨɜɞɡɛŮ Űɞ ŬɟɢŮɑɞ 

nginx_conf.txt Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ əŬŰɎɚɞɔɞ Űɤɜ ŬɟɢŮɑɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Apache, ɗŬ ɢɟŮɘŬůŰŮɑ ˊɘɗŬɜɩɠ ɜŬ ŭɘɞɟɗɩůɞɡɛŮ Űɞɜ 

ɡˊɞəŬŰɎɚɞɔɞ ůŰɞɜ ɞˊɞɑɞ ɗŬ ɛŮŰŬűɏɟɞɡɛŮ ŰŬ ŬɟɢŮɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ůŰɞ ŬɟɢŮɑɞ .htaccess. ȾŬɘ 
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ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ůŬɜ ˊɟɞəŬɗɞɟɘůɛɏɜɖ Űɘɛɐ ɗŮɤɟɞɨɛŮ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ ɗŬ ɓɟɑůəŮŰŬɘ Ŭˊɧ 

ůŰɞɜ ɡˊɞəŬŰɎɚɞɔɞ óvhdlô ɞˊɞɑɞɠ ɗŬ ŮɑɜŬɘ ůŰɞɜ ɟɘɕɘəɧ əŬŰɎɚɞɔɞ ɧˊɞɡ ɞ HTTP ŮɝɡˊɖɟŮŰɖŰɐɠ 

ˊɟɞůűɏɟŮɘ ůŰɞ ŭɘŬŭɑəŰɡɞ. ɇɏɚɞɠ ɛɏɜŮɘ ɖ ɛŮŰŬűɞɟɎ Űɤɜ ŬɟɢŮɑɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ ůŰɞɜ ŮˊɘɗɡɛɖŰɧ 

əŬŰɎɚɞɔɞ ɔɘŬ Űɖɜ ŭɘɎɗŮůɐ Űɞɡɠ ůŰɞ ŭɘŬŭɑəŰɡɞ əŬɘ ɖ ɟɨɗɛɘůɖ əɎˊɞɘɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡɠ. 

ȷɟɢɘəɎ, Űɞ ŬɟɢŮɑɞ /classes/Database.php ˊŮɟɘɏɢŮɘ ůŰɘɠ ɔɟŬɛɛɏɠ 10-13 ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ. ȺəŮɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗɞɨɜ ɞɘ ŰɏůůŮɟŮɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ɧɜɞɛŬ Űɞɡ 

ŮɝɡˊɖɟŮŰɖŰɐ (ůɡɜɐɗɤɠ ɛɏɜŮɘ ɤɠ ólocalhostô), Űɞ ɧɜɞɛŬ Űɞɡ ɢɟɐůŰɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, Űɞɜ 

əɤŭɘəɧ ŬɡŰɞɨ Űɞɡ ɢɟɐůŰɖ əŬɗɩɠ əŬɘ Űɞ ɧɜɞɛŬ Űɖɠ ɓɎůɖɠ (ˊɞɡ ŬəɞɚɞɡɗɩɜŰŬɠ ŬɡŰɏɠ Űɘɠ ɞŭɖɔɑŮɠ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬɛɏɜŮɘ óvhdl_compilerô). ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛˊɞɟɞɨɜ ŮˊɘɚŮəŰɘəɎ ɜŬ ŮɜɖɛŮɟɤɗɞɨɜ 

ŰŬ ŬɟɢŮɑŬ loader.php (ɔɟŬɛɛɏɠ 17-23) əŬɘ job_scheduler.sh (ɔɟŬɛɛɏɠ 20-23) ŮɎɜ ɞɘ ŮˊɘɗɡɛɖŰɞɑ 

əŬŰɎɚɞɔɞɘ ɔɘŬ ŰŬ ˊɟɞůɤɟɘɜɎ ŬɚɚɎ əŬɘ ɛɧɜɘɛŬ ŬɟɢŮɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɞɑ Ŭˊɧ 

Űɞɡɠ ˊɟɞŮˊɘɚŮɔɛɏɜɞɡɠ. ũɑɜŮŰŬɘ űŬɜŮɟɧ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɧŰɘ ɖ ŮɔəŬŰɎůŰŬůɖ 

Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ ŬˊŬɘŰŮɑ ɛɑŬ ŮɝɞɘəŮɑɤůɖ ɛŮ Űɖɜ ɢɟɐůɖ ŮɝɡˊɖɟŮŰɖŰɩɜ ŬɚɚɎ ˊɟɞůűɏɟŮɘ 

ŰŬɡŰɧɢɟɞɜŬ ˊɞɚɚɏɠ Ůˊɘɚɞɔɏɠ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ůŰɘɠ ŬɜɎɔəŮɠ Űɞɡ ɡˊɞůŰɖɟɑɕɞɜŰŬɠ 

ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ɔɘŬ ŰŬ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ Űɞɡ. ȰŰůɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ ŮɔəŬŰɎůŰŬůɖ əŬɘ 

ɟɨɗɛɘůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɀɏɜŮɘ ɖ ŮˊŬɜŮəəɑɜɖůɖ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ŮɎɜ ŭŮɜ ɏɢŮɘ ɔɑɜŮɘ ɛŮŰɎ Űɖɜ 

ŬɚɚŬɔɐ Űɤɜ ɟɡɗɛɑůŮɩɜ Űɞɡ ɩůŰŮ ɖ ŮűŬɟɛɞɔɐ ɜŬ ŮɑɜŬɘ ˊɚɏɞɜ ɚŮɘŰɞɡɟɔɘəɐ. 

 

3.6 Ɇɨɜɞɣɖ ȾŮűŬɚŬɑɞɡ 
 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ŬɜŬɚɨůŬɛŮ Űɞɜ Űɟɧˊɞ ůɢŮŭɑŬůɖɠ əŬɘ ŬɜɎˊŰɡɝɖɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. 

ɄɟɏˊŮɘ ˊɚɏɞɜ ɜŬ ŮɑɜŬɘ əŬŰŬɜɞɖŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ əŬɘ ɖ ɚɞɔɘəɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɚŮɘŰɞɡɟɔɘɩɜ. ȷɜŬɚɨůŬɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Ŭˊɧ Űɖɜ ɞɟɔɎɜɤůɖ Űɤɜ 

əŬŰŬɚɧɔɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ Űɖɜ ůɢŮŭɑŬůɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɤɠ Űɖɜ ŬɜɎˊŰɡɝɖ 

Űɞɡ əɩŭɘəŬ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ. ɇɏɚɞɠ, ŭɧɗɖəŮ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ŬɜŬɔɜɩůŰɖ ɜŬ 

ŬɝɘɞˊɞɘɐůŮɘ Űɖɜ ŮűŬɟɛɞɔɐ ůŮ ɏɜŬɜ ŮɝɡˊɖɟŮŰɖŰɐ ŬəɞɚɞɡɗɩɜŰŬɠ Űɘɠ ɞŭɖɔɑŮɠ ŮɔəŬŰɎůŰŬůɖɠ. ɆŰɞ 

ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ ɗŬ ˊŮɟɘɔɟɎɣɞɡɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ŮűŬɟɛɞɔɐ ɛŬɠ, ɏɢɞɜŰŬɠ 

əŬŰŬɜɞɐůŮɘ Űɞɜ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ ŬɡŰɩɜ, ɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Űɘɠ ˊŬɟŬəɞɚɞɡɗɐůɞɡɛŮ Ŭˊɧ 

Űɞɜ ŭɘəɧ ɛŬɠ ŮɝɡˊɖɟŮŰɖŰɐ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ ˊŮɚɎŰɖ ɧůɞ əŬɘ ŭɘŬəɞɛɘůŰɐ. 
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 ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ˊŮɟɘɔɟɎɣɞɡɛŮ Űɘɠ ɝŮɢɤɟɘůŰɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ 
əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡɠ. ȰɢɞɜŰŬɠ ɡˊɧɣɖ Űɞɜ 

Űɟɧˊɞ ˊɞɡ ɡɚɞˊɞɘɞɨɜŰŬɘ ŬɡŰɏɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɛˊɞɟɞɨɛŮ ˊɚɏɞɜ ɜŬ ɞɚɞəɚɖɟɩůɞɡɛŮ Űɖɜ 

ŬɜɎɚɡůɐ Űɞɡɠ Ŭˊɧ Űɖɜ ɞˊŰɘəɐ ɔɤɜɑŬ Űɞɡ ɢɟɐůŰɖ. ȰŰůɘ ɗŬ ŭɞɨɛŮ ŬɟɢɘəɎ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ˊɟɞůűɏɟɞɜŰŬɘ ůŰŬ ɏɟɔŬ əɎɗŮ ɢɟɐůŰɖ əŬɗɩɠ əŬɘ ŰŬ ˊŮɟɘŮɢɧɛŮɜŬ ŬɡŰɩɜ, ɧˊɤɠ ŰŬ ŬɟɢŮɑŬ Űɞɡɠ 

ŬɚɚɎ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŭɞɨɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ 

ŮűŬɟɛɧɕɞɡɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ ɓɘɓɚɘɞɗɖəɩɜ Ŭˊɧ Űɖɜ ŬɜɎɟŰɖůɖ ɏɤɠ Űɞɜ ɏɚŮɔɢɞ 

əŬɘ Ůɜɖɛɏɟɤůɖ ŬɡŰɩɜ əŬɗɩɠ əŬɘ Űɘɠ ɓɞɖɗɖŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɏɢɞɡɛŮ ˊɟɞůɎɣŮɘ ůŰɞ 

ůɨůŰɖɛɎ Űɞɡɠ ɧˊɤɠ ɖ ŰŬɝɘɜɧɛɖůɖ, ˊɟɞɓɞɚɐ əŬɘ ŬɜŬɕɐŰɖůɖ ŮɝŬɟŰɖɛɎŰɤɜ. ɇɏɚɞɠ, ɗŬ 

ˊŮɟɎůɞɡɛŮ ůŰŬ ŮˊɑˊŮŭŬ ɢɟɖůŰɩɜ, ɏɢɞɜŰŬɠ əŬŰŬɜɞɐůŮɘ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ 

ŮűŬɟɛɞɔɐ ɛŬɠ, ɧˊɞɡ ɗŬ ŬɜŬɚɨůɞɡɛŮ Űɘɠ ŭɘŬűɞɟɏɠ Űɞɡɠ ůŰŬ ŮˊɑˊŮŭŬ ˊɟɧůɓŬůɖɠ əŬɘ 

ŮɝɞɡůɘɞŭɧŰɖůɖɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ. ȰŰůɘ ůŰɞ Űɏɚɞɠ Űɞɡ əŮűŬɚŬɑɞɡ ɞ ŬɜŬɔɜɩůŰɖɠ ɗŬ ɏɢŮɘ ɛɑŬ 

ˊɚɐɟɖ ŮɘəɧɜŬ ɔɘŬ Űɞɜ Űɟɧˊɞ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɛŮ Űɧůɞ Űɞɜ ůəɞˊɧ Űɖɠ ŮűŬɟɛɞɔɐɠ ɧůɞ əŬɘ Űɞɡɠ 

ůŰɧɢɞɡɠ ˊɞɡ ɗɏůŬɛŮ. 

 

4.1 ȿŮɘŰɞɡɟɔɑŮɠ Ȱɟɔɤɜ 
 

 ɇŬ ɏɟɔŬ ɢɟɖůŰɩɜ ŬˊɞŰŮɚɞɨɜ Űɖɜ ɓŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. ȰɜŬ ɏɟɔɞ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ůɡɜɐɗɤɠ ɏɜŬ ˊɟɧɔɟŬɛɛŬ əŬɘ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ ŰɏŰɞɘɞ Ŭˊɧ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ˊɞɡ ˊɟɞůűɏɟɞɡɛŮ. ȹŮɜ ŬˊɞůəɞˊɞɨɛŮ ɧɛɤɠ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɢɟɐůɖɠ Űɞɡ. ȰŰůɘ ɏɜŬɠ 

ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɏɜŬ ɏɟɔɞ ɤɠ ɛɑŬ ˊɞɘɞ ŬɡɗŬɑɟŮŰɖ ɏɜɜɞɘŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ 
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ɏɜŬɠ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɖɟŮɑ ɏɜŬ ɏɟɔɞ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ ɢɟɐůɘɛɤɜ ŮɝŬɟŰɖɛɎŰɤɜ. Ƀ ɛɧɜɞɠ 

ˊŮɟɘɞɟɘůɛɧɠ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ɓɟɑůəŮŰŬɘ ůŰɞ ůɡɜɞɚɘəɧ ɛɏɔŮɗɞɠ Űɤɜ ŬɟɢŮɑɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ɏɜŬ ɏɟɔɞ. ȰɢɞɡɛŮ ɗɏůŮɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ ŬɡŰɧ ůŰŬ 20 MegaBytes əŬɗɩɠ Űɞ ɛɏɔŮɗɞɠ ŬɡŰɧ ɛˊɞɟŮɑ 

ŮɨəɞɚŬ ɜŬ ɡˊŮɟəŬɚɨɣŮɘ Űɘɠ ŬɜɎɔəŮɠ Ůɜɧɠ VHDL ˊɟɞɔɟɎɛɛŬŰɞɠ ɛŮ ŰŬ Ůˊɘˊɚɏɞɜ ŬɟɢŮɑŬ 

ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ŭŮɜ ŮˊɘŰɟɏˊŮɘ ɡˊŮɟɓɞɚɏɠ ůŮ ɢɟɧɜɞɡɠ 

ŮəŰɏɚŮůɖɠ əŬɘ Ŭɟɘɗɛɧ ŮɝŬɟŰɖɛɎŰɤɜ. ŪŬ ŬɜŬɚɨůɞɡɛŮ ˊŬɟŬəɎŰɤ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ 

ˊɟɞůűɏɟɞɡɛŮ ůŮ əɎɗŮ ɏɟɔɞ ɏɢɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ɢɟɐůɖ Űɞɡ. ȷɟɢɘəɎ ɗŬ ŭɞɨɛŮ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ, ŭɘŬɔɟŬűɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɏɟɔɞɡ Ůɜɩ ɛŮŰɎ ɗŬ 

ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ ŰŬ ŬɟɢŮɑŬ ˊɞɡ ˊŮɟɘɏɢŮɘ. ȰˊŮɘŰŬ ɗŬ ɛŮŰŬɓɞɨɛŮ 

ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮŰŬɔɚɩŰŰɘůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ, Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ŬɜɎɚɡůɖɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ Űɏɚɞɠ ůŰɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ŭɘŬɛɞɑɟŬůɖɠ Űɤɜ ɏɟɔɤɜ Űɧůɞ ɔɘŬ 

Űɖɜ ůɡɚɚɞɔɘəɐ ŬɜɎˊŰɡɝɖ ɧůɞ əŬɘ Űɖɜ Ŭˊɚɐ ŮˊɑŭŮɘɝɐ Űɞɡɠ. 

 

4.1.1 ȹɖɛɘɞɡɟɔɑŬ, ȹɘŬɔɟŬűɐ əŬɘ ȺˊŮɝŮɟɔŬůɑŬ Ȱɟɔɞɡ 

 

 ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ ůŮ əɎɗŮ ɏɟɔɞ ɗŬ ŭɞɨɛŮ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖɜ ŭɘŬŰɐɟɖůɖ Űɞɡ ɑŭɘɞɡ Űɞɡ ɏɟɔɞɡ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ɖ ŭɖɛɘɞɡɟɔɑŬ, ŭɘŬɔɟŬűɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɏɟɔɞɡ.  

 

 
ȺɘəɧɜŬ 11: Ƀɗɧɜɖ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɞɡ ɏɟɔɞɡ 
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ȼ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɏɟɔɞɡ ɔɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ůŮɚɑŭŬ Űɞɡ ɢɟɐůŰɖ əŬɘ ɏɢŮɘ ɤɠ ůəɞˊɧ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ɏɟɔɞɡ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ 

əŬŰŬɚɧɔɤɜ Űɞɡ ɏɟɔɞɡ ůŰɞɜ əŬŰŬɚɧɔɞɡ ŬɡŰɞɨ Űɞɡ ɢɟɐůŰɖ. ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɞ 

ɢɟɐůŰɖɠ ůɡɛˊɚɖɟɩɜŮɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ůŰɞɘɢŮɑŬ ůŮ ɛɑŬ űɧɟɛŬ ɩůŰŮ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ɏɟɔɞ 

ŮɨəɞɚŬ ŬɜŬɔɜɤɟɑůɘɛɞ əŬɘ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŮˊɘɗɡɛŮɑ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ɞɗɧɜɖ 

ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɞɡ ɏɟɔɞɡ ůŰɖɜ ȺɘəɧɜŬ 11. ȼ ŭɘŬɔɟŬűɐ Űɞɡ ɏɟɔɞɡ ɓɟɑůəŮŰŬɘ ɤɠ Ůˊɘɚɞɔɐ ůŰɖɜ 

ůŮɚɑŭŬ Űɞɡ ɏɟɔɞɡ əŬɘ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ ɛŮ ŭɘəŬɘɩɛŬŰŬ ɘŭɘɞəŰɐŰɖ ůŮ 

ŬɡŰɧ. Ɇəɞˊɧ Űɖɠ ŮɑɜŬɘ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŮɔɔɟŬűɩɜ Űɞɡ ɏɟɔɞɡ Ŭˊɧ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ɖ ŭɘŬɔɟŬűɐ Űɤɜ ŬɟɢŮɑɤɜ əŬɘ əŬŰŬɚɧɔɞɡ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬɡŰɧ. ɄŬɟɧɛɞɘŬ, ɖ ŮˊŮɝŮɟɔŬůɑŬ 

Ůɜɧɠ ɏɟɔɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Űɞɡ ɏɟɔɞɡ əŬɘ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ ɛɧɜɞ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ ɛŮ 

ŭɘəŬɘɩɛŬŰŬ ɘŭɘɞəŰɐŰɖ ůŮ ŬɡŰɧ. ȼ ŮˊŮɝŮɟɔŬůɑŬ ɏɢŮɘ ˊɞɚɚɎ əɞɘɜɎ ůŰɞɘɢŮɑŬ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Ůɜɧɠ ɏɟɔɞɡ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬɚɚŬɔɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŭɧɗɖəŬɜ ůŰɖɜ ŭɘɎɟəŮɘɎ Űɖɠ, Ŭˊɧ Űɞ 

ɧɜɞɛŬ Űɞɡ ɏɟɔɞɡ ɤɠ Űɞɡɠ ɢɟɐůŰŮɠ ˊɞɡ ɏɢɞɡɜ ˊɟɧůɓŬůɖ ůŮ ŬɡŰɧ əŬɘ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɞɡ. 

ȾŬɗɩɠ ɚɞɘˊɧɜ ɖ ŭɘŬɔɟŬűɐ Űɞɡ ɏɟɔɞɡ ɏɢŮɘ ɏɜŬ ɓɐɛŬ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ ɏɢŮɘ ůɢŮŭɧɜ 

ˊŬɜɞɛɞɘɧŰɡˊɖ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ, ˊŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɡɛŮ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ɏɟɔɞɡ. 

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  ȹɖɛɘɞɡɟɔɑŬ Ȱɟɔɞɡ  

ɄɟɤŰŬɔɤɜɘůŰɐɠ: ɉɟɐůŰɖɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡ ůŮɚɑŭŬ.  

Ⱥəˊɚɐɟɤůɖ: ȹɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ ɏɟɔɞ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɏŭɤůŮ ɞ ɢɟɐůŰɖɠ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ɢɟɐůŰɖɠ ˊɚɞɖɔŮɑŰŬɘ ůŰɖɜ Ůˊɘɚɞɔɐ óȹɖɛɘɞɡɟɔɑŬ Ɂɏɞɡ Ȱɟɔɞɡô. 

2. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɞɡ ɏɟɔɞɡ.  

3. Ƀ ɢɟɐůŰɖɠ ˊɚɖəŰɟɞɚɞɔŮɑ Űɞ ɧɜɞɛŬ Űɞɡ ɏɟɔɞɡ. 

4. Ƀ ɢɟɐůŰɖɠ ˊɚɖəŰɟɞɚɞɔŮɑ ŰŬ ɞɜɧɛŬŰŬ ɢɟɖůŰɩɜ ˊɞɡ ɗɏɚŮɘ ɜŬ ɏɢɞɡɜ ŭɘəŬɘɩɛŬŰŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ůŰɞ ɏɟɔɞ Űɞɡ əŬɘ ŮˊɘɚɏɔŮɘ Űɞɡɠ ɢɟɐůŰŮɠ Ŭˊɧ Űɖɜ ɚɑůŰŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ. 

5. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ ŮɎɜ Űɞ ɏɟɔɞ ɗŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ůŰɞ Ůɡɟɨ əɞɘɜɧ ɐ ɧɢɘ.  

6. Ƀ ɢɟɐůŰɖɠ ˊɚɖəŰɟɞɚɞɔŮɑ ɛɑŬ ˊŮɟɘɔɟŬűɐ Űɞɡ ɏɟɔɞɡ. 

7. Ƀ ɢɟɐůŰɖɠ ŬˊɞůŰɏɚɚŮɘ Űɖɜ űɧɟɛŬ ŭɖɛɘɞɡɟɔɑŬɠ ŮˊɘɚɏɔɞɜŰŬɠ óȹɖɛɘɞɡɟɔɑŬ Ȱɟɔɞɡô. 

8. ɇɞ ɏɟɔɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɘ ɞ ɢɟɐůŰɖɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

ɏɟɔɞɡ. 

ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

3Ŭ. ɇɞ ɧɜɞɛŬ ɏɟɔɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ ˊɏɜŰŮ (5) ɢŬɟŬəŰɐɟŮɠ. 

 3Ŭ1. ȺɛűŬɜɑɕŮŰŬɘ ůɢŮŰɘəɧ ɛɐɜɡɛŬ ɚɎɗɞɡɠ əɎŰɤ Ŭˊɧ Űɞ ˊŮŭɑɞ əŮɘɛɏɜɞɡ. 

3ɓ. ɇɞ ɧɜɞɛŬ Űɞɡ ɏɟɔɞɡ ŭŮɜ ŮɑɜŬɘ ɏɔəɡɟɞ ɧɜɞɛŬ əŬŰŬɚɧɔɞɡ. 

 3ɓ1. ȺɝɎɔŮŰŬɘ ɏɜŬ ɏɔəɡɟɞ ɧɜɞɛŬ əŬŰŬɚɧɔɞɡ Ŭˊɧ Űɞ ɧɜɞɛŬ ˊɞɡ ŭɧɗɖəŮ əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɡŰɧ ůŰɞɜ əŬŰɎɚɞɔɞ Ůɜɩ ŮɛűŬɜɑɕŮŰŬɘ ŬɡŰɧ ˊɞɡ ɏŭɤůŮ ɞ ɢɟɐůŰɖɠ ůŰɖɜ ůŮɚɑŭŬ. 

4Ŭ. ȹŮɜ ɡˊɎɟɢŮɘ ɢɟɐůŰɖɠ ɛŮ Űɞ ɧɜɞɛŬ ˊɞɡ ˊɚɖəŰɟɞɚɞɔɐɗɖəŮ. 

 4Ŭ1. ȼ ɚɑůŰŬ ɛŮ Űɞɡɠ ˊɘɗŬɜɞɨɠ ɢɟɐůŰŮɠ ŮɑɜŬɘ əŮɜɐ əŬɘ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ɩůŰŮ ɜŬ 

ŮˊɘɚŮɔŮɑ əɎˊɞɘɞɠ ɢɟɐůŰɖɠ. 

7Ŭ. Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ůɡɛˊɚɖɟɩůŮɘ ɧɚŬ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ˊŮŭɑŬ. 

 7Ŭ1. ɇɞ əɞɡɛˊɑ ŬˊɞůŰɞɚɐɠ űɧɟɛŬɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ɔəɟɘ Ŭˊɧɢɟɤůɖ əŬɘ ŭŮɜ 

ŮəŰŮɚŮɑ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ŬˊɞůŰɞɚɐɠ. 
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4.1.2 ȹɖɛɘɞɡɟɔɑŬ, ȹɘŬɔɟŬűɐ, ɀŮŰŬűɧɟŰɤůɖ əŬɘ ȺˊŮɝŮɟɔŬůɑŬ ȷɟɢŮɑɤɜ 

 

 

ȺɘəɧɜŬ 12: Ƀɗɧɜɖ Ůɜɧɠ ɏɟɔɞɡ ɔɘŬ ɢɟɐůŰɖ ɛŮ ŭɘəŬɘɩɛŬŰŬ ɘŭɘɞəŰɐŰɖ ůŮ ŬɡŰɧ 

Ƀ ɚɧɔɞɠ ˊɞɡ ɏɢŮɘ ɜɧɖɛŬ ɏɜŬ ɏɟɔɞ ŮɑɜŬɘ ɖ ŭɘŬŰɐɟɖůɖ ŬɟɢŮɑɤɜ ůŮ ŬɡŰɧ. ȹɑɜɞɡɛŮ ɚɞɘˊɧɜ 

ůŰɞɜ ɢɟɐůŰɖ ɏɜŬ ůɨɜɞɚɞ ɚŮɘŰɞɡɟɔɘɩɜ ɔɘŬ Űɖɜ ůɤůŰɐ əŬɘ Ůɨəɞɚɖ ŭɘŬŰɐɟɖůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ 

ŬɡŰɩɜ Űɤɜ ŬɟɢŮɑɤɜ. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ŬɟɢŮɑɤɜ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɞɗɧɜɖ Űɞɡ 

ɏɟɔɞɡ ůŰɞ ɞˊɞɑɞ Ŭɜɐəɞɡɜ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 12, ɖ ɞɗɧɜɖ Űɞɡ ɏɟɔɞɡ ˊŮɟɘɏɢŮɘ ɛɑŬ 

ɚɑůŰŬ ɛŮ ŰŬ ŬɟɢŮɑŬ Űɞɡ. ȼ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ɖ ɛŮŰŬűɧɟŰɤůɖ Ůɜɧɠ ŬɟɢŮɑɞɡ ɝŮəɘɜɎ əŬɗɩɠ ɞ 

ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞ ůɨɛɓɞɚɞ ůɡɜ (+) əɎŰɤ Ŭˊɧ Űɖɜ ɚɑůŰŬ Űɤɜ ŬɟɢŮɑɤɜ. ɆŮ ɏɜŬ ɜɏɞ ůŰɞɘɢŮɑɞ 

ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ŬɜŬŭɡɧɛŮɜɞɡ ˊŬɟŬɗɨɟɞɡ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɘůɎɔŮɘ Űɞ ɧɜɞɛŬ 

Űɞɡ ɜɏɞɡ ŬɟɢŮɑɞɡ ɐ ɜŬ ɛŮŰŬűɞɟŰɩůŮɘ Űɞ ŬɟɢŮɑɞ ˊɞɡ ŮˊɘɗɡɛŮɑ Ŭˊɧ Űɞ ůɨůŰɖɛɎ Űɞɡ. ȼ ŭɘŬɔɟŬűɐ 

ŬɟɢŮɑɤɜ ɔɑɜŮŰŬɘ ŬɟɢɘəɎ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡɠ Ŭˊɧ Űɖɜ ɚɑůŰŬ. ȰˊŮɘŰŬ, ŮˊɘɚɏɔɞɜŰŬɠ Űɖɜ óȷűŬɑɟŮůɖ 

ȺˊɘɚŮɔɛɏɜɤɜô, ŰŬ ŬɟɢŮɑŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ.  
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ȺɘəɧɜŬ 13: Ƀɗɧɜɖ ŮˊŮɝŮɟɔŬůɑŬɠ ŬɟɢŮɑɞɡ 

ȼ ˊɘɞ ɓŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŬɟɢŮɑɤɜ ŮɑɜŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ŬɡŰɐɠ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ. ɆŮ ŬɡŰɐ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ ˊŬɟŬŰɖɟɞɨɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ ACE ˊɞɡ ˊŬɟɏɢŮɘ ɏɜŬ ŮɨɢɟɖůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ Űɖɜ ůɡɔɔɟŬűɐ VHDL əɩŭɘəŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 13. Ⱥˊɑůɖɠ űŬɑɜŮŰŬɘ 

əŬɘ ɖ Ůˊɘɚɞɔɐ ɗɏɛŬŰɞɠ ˊɞɡ ˊɟɞůűɏɟɞɡɛŮ ɔɘŬ Űɞɜ əŮɘɛŮɜɞɔɟɎűɞ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ ˊɎɜɤ Ŭˊɧ 20 

ŭɘŬűɞɟŮŰɘəɎ ɗɏɛŬŰŬ ŮɛűɎɜɘůɖɠ. 

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  ȺˊŮɝŮɟɔŬůɑŬ ȷɟɢŮɑɞɡ  

ɄɟɤŰŬɔɤɜɘůŰɐɠ: ɉɟɐůŰɖɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Ůɜɧɠ ɏɟɔɞɡ.  

Ⱥəˊɚɐɟɤůɖ: ȷˊɞɗɖəŮɨɞɜŰŬɘ ɞɘ ŬɚɚŬɔɏɠ ˊɞɡ ɏəŬɜŮ ɞ ɢɟɐůŰɖɠ ůŰɞ ŬɟɢŮɑɞ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ůŰɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ ɗɏɚŮɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ Ŭˊɧ Űɖɜ ɚɑůŰŬ ŬɟɢŮɑɤɜ. 

2. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŬɟɢŮɑɞɡ.  

3. Ƀ ɢɟɐůŰɖɠ ˊɚɖəŰɟɞɚɞɔŮɑ Űɖɠ ŬɚɚŬɔɏɠ ˊɞɡ ŮˊɘɗɡɛŮɑ ůŰɞɜ əŮɘɛŮɜɞɔɟɎűɞ. 

4. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ óȷˊɞɗɐəŮɡůɖô. 

5. Ƀɘ ŬɚɚŬɔɏɠ ŬˊɞɗɖəŮɨɞɜŰŬɘ əŬɘ ŮˊɘůŰɟɏűŮŰŬɘ ŬɜŰɑůŰɞɘɢɞ ɛɐɜɡɛŬ ɢɤɟɑɠ Űɖɜ ŬɚɚŬɔɐ 

ůŮɚɑŭŬɠ ɩůŰŮ ɜŬ ůɡɜŮɢɑůŮɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ. 
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ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

1Ŭ. Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ ŬɡŰɧ Űɞ ɏɟɔɞ. 

 1Ŭ1. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ ˊɟɞɓɞɚɐɠ Űɞɡ ŬɟɢŮɑɞɡ ɢɤɟɑɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ. 

2Ŭ. Ƀ ɢɟɐůŰɖɠ ˊɟɞůˊŬɗŮɑ ɜŬ ɛŮŰŬɓŮɑ Ŭˊɧ Űɞɜ ůɨɜŭŮůɛɞ URL ůŰɖɜ ůŮɚɑŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŬɟɢŮɑɞɡ Ůɜɧɠ ɏɟɔɞɡ ůŰɞ ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ ˊɟɞɓɞɚɐɠ. 

 2Ŭ1. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬɓŬɑɜŮɘ ůŮ ɛɑŬ əŮɜɐ ůŮɚɑŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɧˊɞɡ ŮˊɘůŰɟɏűŮŰŬɘ 

ɛɐɜɡɛŬ ˊɞɡ ŮɜɖɛŮɟɩɜŮɘ ɧŰɘ ŮɑŰŮ Űɞ ŬɟɢŮɑɞ ŭŮɜ ɡˊɎɟɢŮɘ ɐ ɞ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ ŬɡŰɧ. 

 

4.1.3 ɀŮŰŬɔɚɩŰŰɘůɖ əŬɘ Ʉɟɞůɞɛɞɑɤůɖ 

 

 ȼ ɛŮŰŬɔɚɩŰŰɘůɖ əŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ əɎɗŮ ɏɟɔɞɡ ŬˊɞŰŮɚɞɨɜ ůŰɞɘɢŮɘɩŭŮɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ. ȷɡŰɏɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬˊɞŰŮɚɞɨɜ Ůɜ ŰɏɚŮɘ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ Ŭɟɢɘəɩɜ 

ůŰɧɢɤɜ Űɖɠ ŮűŬɟɛɞɔɐɠ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɞɗɧɜɖ əɎɗŮ ɏɟɔɞɡ ɛŮ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ŮəŰɏɚŮůɐɠ Űɞɡɠ. ȺůŰɘɎɕɞɜŰŬɠ ŬɟɢɘəɎ ůŰɖɜ ɛŮŰŬɔɚɩŰŰɘůɖ, ɓɚɏˊɞɡɛŮ ɧŰɘ ɖ 

ɚŮɘŰɞɡɟɔɑŬ ŮűŬɟɛɧɕŮŰŬɘ ɝŮɢɤɟɘůŰɎ ůŮ əɎɗŮ ŬɟɢŮɑɞ. ɄŬɟŬəɎŰɤ ŬəɞɚɞɡɗŮɑ ɖ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ 

ɔɘŬ Űɖɜ ɛŮŰŬɔɚɩŰŰɘůɖ əɎɗŮ ŬɟɢŮɑɞɡ. 

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  ɀŮŰŬɔɚɩŰŰɘůɖ ȷɟɢŮɑɞɡ  

ɄɟɤŰŬɔɤɜɘůŰɐɠ: ɉɟɐůŰɖɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Ůɜɧɠ ɏɟɔɞɡ.  

Ⱥəˊɚɐɟɤůɖ: ȼ ɛŮŰŬɔɚɩŰŰɘůɖ Űɞɡ ŬɟɢŮɑɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ əŬɘ ɞ ɢɟɐůŰɖɠ ŮɜɖɛŮɟɩɜŮŰŬɘ ɔɘŬ 

Űɞ ɔŮɔɞɜɧɠ ŬɡŰɧ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞ ŬɟɢŮɑɞ ˊɞɡ ɗɏɚŮɘ ɜŬ ɛŮŰŬɔɚɤŰŰɑůŮɘ Ŭˊɧ Űɖɜ ɚɑůŰŬ ŬɟɢŮɑɤɜ. 

2. Ƀ ɢɟɐůŰɖɠ ́ ŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ůŰɖɜ Ůˊɘɚɞɔɐ óɀŮŰŬɔɚɩŰŰɘůɖ ȺˊɘɚŮɔɛɏɜɤɜô.  

3. ɇɞ ŬɟɢŮɑɞ ŰɞˊɞɗŮŰŮɑŰŮ ůŰɖɜ ɞɡɟɎ ŬɜŬɛɞɜɐɠ ŮɟɔŬůɘɩɜ əŬɘ ŮˊɘůŰɟɏűŮŰŬɘ ŬɜŰɑůŰɞɘɢɞ 

ɛɐɜɡɛŬ ůŰɞɜ ɢɟɐůŰɖ. 

4. ɆŰɖɜ ůŮɚɑŭŬ Űɞɡ ɏɟɔɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɛɐɜɡɛŬ ŭɑˊɚŬ ůŰɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ 

ŮɜɖɛŮɟɩɜŮɘ Űɞɜ ɢɟɐůŰɖ ɧŰɘ Űɞ ŬɟɢŮɑɞ ŬɜŬɛɏɜŮɘ ɛŮŰŬɔɚɩŰŰɘůɖ. 

5. ȼ ɞɡɟɎ ŬɜŬɛɞɜɐɠ űŰɎɜŮɘ ůŰɖɜ ůŮɘɟɎ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ ŭɧɗɖəŮ əŬɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ 

ɛŮŰŬɔɚɩŰŰɘůɖ. 

6. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬɓŬɑɜɞɜŰŬɠ ůŰɖɜ ůŮɚɑŭŬ Űɞɡ ɏɟɔɞɡ ɓɚɏˊŮɘ Űɞ ɛɐɜɡɛŬ ŭɑˊɚŬ ůŰɞ ɧɜɞɛŬ 

Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ Űɞɜ ŮɜɖɛŮɟɩɜŮɘ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

1Ŭ. Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ ŬɡŰɧ Űɞ ɏɟɔɞ. 

 1Ŭ1. ɆŰɖɜ ɚɑůŰŬ ŬɟɢŮɑɤɜ ŭŮɜ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ əŬɘ ɛŮŰŬɔɚɩŰŰɘůɖɠ 

Űɤɜ ŬɟɢŮɑɤɜ. 

6Ŭ. ȼ ɛŮŰŬɔɚɩŰŰɘůɖ Űɞɡ ŬɟɢŮɑɞɡ ŬˊɞŰɡɔɢɎɜŮɘ ɚɧɔɞ ˊɟɞɓɚɖɛŬŰɘəɞɨ əɩŭɘəŬ. 

 6Ŭ1. ȹɑˊɚŬ ůŰɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůɢŮŰɘəɧ ɚɎɗɞɠ əŬɘ Ůˊɘɚɞɔɐ 

ŮˊɏəŰŬůɖɠ ɧˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ɏɝɞŭɞɠ Űɞɡ ɛŮŰŬɔɚɤŰŰɘůŰɐ ɛŮ Űɘɠ ůɢŮŰɘəɏɠ ŬɜŬűɞɟɏɠ ůŰɞ 

ˊɟɧɓɚɖɛŬ ˊɞɡ ŬɜŰɘɛŮŰɩˊɘůŮ. 
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6ɓ. ɇɞ ŬɟɢŮɑɞ ŮˊŮɝŮɟɔɎɕŮŰŬɘ əŬɘ ɞ əɩŭɘəɎɠ Űɞɡ ŬɚɚɎɕŮɘ. 

 6ɓ1. ȹɑˊɚŬ ůŰɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůɢŮŰɘəɎ ɛɐɜɡɛŬ ɩůŰŮ ɜŬ 

ŮɜɖɛŮɟɤɗŮɑ ɞ ɢɟɐůŰɖɠ ɧŰɘ ɖ ŰŮɚŮɡŰŬɑŬ ɛŮŰŬɔɚɩŰŰɘůɖ ŭŮɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɜɏɞ əɩŭɘəŬ. 

 

ȸɚɏˊɞɡɛŮ ɚɞɘˊɧɜ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ Űɧůɞ Ŭˊɚɐ ɧůɞ ɖ Ůˊɘɚɞɔɐ 

Ůɜɧɠ ŬɟɢŮɑɞɡ əŬɘ Űɞ ˊɎŰɖɛŬ Ůɜɧɠ əɞɡɛˊɘɞɨ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɧɛɤɠ ɖ ŮűŬɟɛɞɔɐ ɛŮŰŬɓŬɑɜŮɘ Ŭˊɧ 

ŭɘɎűɞɟŬ ůŰɎŭɘŬ əɟŬŰɩɜŰŬɠ Űɞɜ ɢɟɐůŰɖ ůŮ ůɡɜŮɢɐ Ůɜɖɛɏɟɤůɖ. ȰɢɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɖ 

ɛŮŰŬɔɚɩŰŰɘůɖ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ ŮɝɤŰŮɟɘəɧ ˊɟɧɔɟŬɛɛŬ GHDL, ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ɖ ɢɟɐůɖ Űɖɠ 

ɞɡɟɎɠ ŬɜŬɛɞɜɐɠ ɛɏůɤ Űɤɜ ůŮɜŬɟɑɤɜ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. ȰŰůɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ əŬɘ 

ɞɘ əŬɗɡůŰŮɟɐůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛŮŰŬɝɨ əɎɗŮ ɓɐɛŬŰɞɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏɢɟɘ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ ˊɟɞůɞɛɞɑɤůɖɠ 

Űɞɡ ɏɟɔɞɡ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ Ŭűɞɨ ɡˊɎɟɝŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ 

ɛŮŰŬɔɚɤŰŰɘůɛɏɜɞ ŬɟɢŮɑɞ. ȼ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Ůɜɧɠ ɏɟɔɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ. 

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  Ʉɟɞůɞɛɞɑɤůɖ Ȱɟɔɞɡ  

ɄɟɤŰŬɔɤɜɘůŰɐɠ: ɉɟɐůŰɖɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Ůɜɧɠ ɏɟɔɞɡ.  

Ⱥəˊɚɐɟɤůɖ: ȼ ˊɟɞůɞɛɞɑɤůɖ ɏɟɔɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ ˊɞɡ ɗŬ ˊɟɞůɞɛɞɘɤɗŮɑ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ 

ɛŮŰŬɔɚɤŰŰɘůɛɏɜŬ ŬɟɢŮɑŬ Űɞɡ ɏɟɔɞɡ. 

2. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɘɠ ˊɟɧůɗŮŰŮɠ Ůˊɘɚɞɔɏɠ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ŮˊɘɗɡɛŮɑ.  

3. Ƀ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ůŰɖɜ Ůˊɘɚɞɔɐ óɄɟɞůɞɛɞɑɤůɖ Ȱɟɔɞɡô. 

4. ɇɞ ɏɟɔɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ɞɡɟɎ ŬɜŬɛɞɜɐɠ ŮɟɔŬůɘɩɜ əŬɘ ŮˊɘůŰɟɏűŮŰŬɘ ůɢŮŰɘəɧ ɛɐɜɡɛŬ. 

5. ȼ ɞɡɟɎ ŬɜŬɛɞɜɐɠ űŰɎɜŮɘ ůŰɖɜ ůŮɘɟɎ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ ŭɧɗɖəŮ əŬɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ. 

6. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬɓŬɑɜɞɜŰŬɠ ůŰɖɜ ůŮɚɑŭŬ Űɞɡ ɏɟɔɞɡ ɓɚɏˊŮɘ Űɖɜ Ůˊɘɚɞɔɐ ˊɟɞɓɞɚɐɠ 

əɡɛŬŰɞɛɞɟűɩɜ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ. 

ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

1Ŭ. Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ ŬɡŰɧ Űɞ ɏɟɔɞ. 

 1Ŭ1. Ƀɘ Ůˊɘɚɞɔɏɠ ˊɟɞůɞɛɞɑɤůɖɠ ɏɟɔɞɡ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɜ ɢɟɐůŰɖ. 

1ɓ. ɇɞ ɏɟɔɞ ŭŮɜ ˊŮɟɘɏɢŮɘ ɛŮŰŬɔɚɤŰŰɘůɛɏɜŬ ŬɟɢŮɑŬ. 

 1ɓ1. Ƀɘ Ůˊɘɚɞɔɏɠ ˊɟɞůɞɛɞɑɤůɖɠ ɏɟɔɞɡ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞɜ ɢɟɐůŰɖ. 

 

4.1.4 ȿŮɘŰɞɡɟɔɑŮɠ Űɞɡ ȺɟɔŬɚŮɑɞɡ ɆɢŮŭɑŬůɖɠ ȾɡɛŬŰɞɛɞɟűɩɜ 

 

 ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ ˊɟɞůɞɛɞɑɤůɖ Ůɜɧɠ ɏɟɔɞɡ, ɔɑɜŮŰŬɘ ŭɡɜŬŰɐ ɖ ˊɟɞɓɞɚɐ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ɤɠ əɡɛŬŰɞɛɞɟűɏɠ. ȰɢɞɜŰŬɠ ŬɜŬɚɨůŮɘ Űɞɜ Űɟɧˊɞ ɡɚɞˊɞɑɖůɖɠ Űɤɜ 

ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ ŮɟɔŬɚŮɑɞɡ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ, ɛɏɜŮɘ ˊɚɏɞɜ ɜŬ ŬɜŬűɏɟɞɡɛŮ Űɞɜ Űɟɧˊɞ 

ˊɞɡ ɞ ɢɟɐůŰɖɠ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɜŰŬɘ.  

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 14, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ 

ɢɟɐůŰɖ ɤɠ ɏɜŬ ůɨɜɞɚɞ Ůˊɘɚɞɔɩɜ əŬɘ ɏɜŬ ŭɘŬŭɟŬůŰɘəɧ ůŰɞɘɢŮɑɞ ócanvasô. ȺɝɤŰŮɟɘəɎ Űɞɡ 

ŭɘŬŭɟŬůŰɘəɞɨ ůŰɞɘɢŮɑɞɡ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ ůɖɛɎŰɤɜ ˊɞɡ ɗŬ 

ŮɛűŬɜɘůŰɞɨɜ, Űɖɜ ŬɚɚŬɔɐ Űɖɠ ɢɟɞɜɘəɐɠ əɚɑɛŬəŬɠ, Űɖɜ ɛŮŰŬɓɑɓŬůɖ ůŮ ŭɘŬűɞɟŮŰɘəɧ Űɨˊɞ ˊɞɡ 
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ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ, Űɖɜ ɚɐɣɖ ůŰɘɔɛɘɧŰɡˊɞɡ ɤɠ ŮɘəɧɜŬ əŬɘ Űɖɜ ŮɛűɎɜɘůɖ ɐ Ŭˊɧəɟɡɣɖ 

ɞŭɖɔɘɩɜ ɢɟɐůɖɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ. ȺůɤŰŮɟɘəɎ Űɞɡ ŭɘŬŭɟŬůŰɘəɞɨ ůŰɞɘɢŮɑɞɡ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞɡɠ ŭŮɑəŰŮɠ Ůˊɘˊɚɏɤɜ ˊɚɖɟɞűɞɟɘɩɜ, ɜŬ ŮˊŮəŰŮɑɜŮɘ ɐ ůɡɛˊɡəɜɩůŮɘ ůɐɛŬŰŬ ɛŮ 

ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ əŬɗɩɠ əŬɘ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ ůŰɞɜ ɢɟɞɜɘəɧ ɎɝɞɜŬ ɧŰŬɜ ɖ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ŭŮɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ůɨɜɞɚɞ Űɞɡ ɢɟɧɜɞɡ ˊɟɞůɞɛɞɑɤůɖɠ. ɄŬɟŬəɎŰɤ ɗŬ ŭɞɨɛŮ ɛɑŬ ˊŮɟɑˊŰɤůɖ 

ɢɟɐůɖɠ ˊɞɡ ŬɝɘɞˊɞɘŮɑ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ. 

 

 

ȺɘəɧɜŬ 14: Ƀɗɧɜɖ Űɞɡ ŮɟɔŬɚŮɑɞɡ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ 

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  ȿɐɣɖ ȺɘəɧɜŬɠ ȾɡɛŬŰɞɛɞɟűɐɠ ɛŮ ɇɘɛɐ Űɞɡ ɆɐɛŬŰɞɠ ůŮ ɛɑŬ 

ɉɟɞɜɘəɐ ɆŰɘɔɛɐ 
ɄɟɤŰŬɔɤɜɘůŰɐɠ: ɉɟɐůŰɖɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ Ůɜɧɠ ɏɟɔɞɡ.  

Ⱥəˊɚɐɟɤůɖ: Ƀ ɢɟɐůŰɖɠ ɛŮŰŬűɞɟŰɩɜŮɘ Űɖɜ ŮɘəɧɜŬ əɡɛŬŰɞɛɞɟűɩɜ ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ 

əɎɗŮ ůɐɛŬŰɞɠ ˊɞɡ ŮˊɏɚŮɝŮ ůŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɧɜɞ ˊɟɞůɞɛɞɑɤůɖɠ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞ ŬɟɢŮɑɞ VCD ˊɞɡ ɗŬ ŮɝŮŰɎůŮɘ 

2. Ƀ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ůŰɖɜ Ůˊɘɚɞɔɐ óɄɟɞɓɞɚɐ ȾɡɛŬŰɞɛɞɟűɩɜô. 

3. ȺɛűŬɜɑɕŮŰŬɘ Űɞ ůŰɞɘɢŮɑɞ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ŮɟɔŬɚŮɑɞ ůɢŮŭɑŬůɖɠ əɡɛŬŰɞɛɞɟűɩɜ əŬɘ 

űɞɟŰɩɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ŬɟɢŮɑɞɡ VCD.  

4. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ ŰŬ ůɐɛŬŰŬ ˊɞɡ Űɞɜ ŮɜŭɘŬűɏɟɞɡɜ Ŭˊɧ Űɖɜ ɚɑůŰŬ ůɖɛɎŰɤɜ. 

5. Ƀ ɢɟɐůŰɖɠ ŮˊɘɚɏɔŮɘ Űɞɜ Űɨˊɞ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞ ŮɟɔŬɚŮɑɞ. 

6. Ƀ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ ˊɞɜŰɘəɘɞɨ ůŰɞɜ ɢɟɧɜɞ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ Űɞɜ 

ŮɜŭɘŬűɏɟŮɘ. 

7. ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɛɧɜɘɛɞɠ ŭŮɑəŰɖɠ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɘɩɜ ůŰɞ ůɖɛŮɑɞ ˊɞɡ ˊɎŰɖůŮ ɞ 

ɢɟɐůŰɖɠ. 

8. Ƀ ɢɟɐůŰɖɠ ˊŬŰɎŮɘ Űɖɜ Ůˊɘɚɞɔɐ óȿɐɣɖ ȺɘəɧɜŬɠô. 

9. ȰɜŬ ůŰɘɔɛɘɧŰɡˊɞ Űɞɡ ůŰɞɘɢŮɑɞɡ ócanvasô ɛŮŰŬűɞɟŰɩɜŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ Űɞɡ ɢɟɐůŰɖ ɤɠ 

ŮɘəɧɜŬ. 

ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

1Ŭ. Ƀ ɢɟɐůŰɖɠ ŭŮɜ ɏɢŮɘ ŭɘəŬɘɩɛŬŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ůŮ ŬɡŰɧ Űɞ ɏɟɔɞ. 

 1Ŭ1. Ƀɘ Ůˊɘɚɞɔɏɠ ˊɟɞɓɞɚɐɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞůɞɛɞɑɤůɖɠ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ 

ůŰɞɜ ɢɟɐůŰɖ. 
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6Ŭ. Ƀɘ ŭɘŬůŰɎůŮɘɠ əɎɗŮ ˊŬɚɛɞɨ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɏɠ əŬɘ ɞ ɢɟɐůŰɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɓɟŮɘ Űɞɜ 

ɢɟɧɜɞ ˊɞɡ Űɞɜ ŮɜŭɘŬűɏɟŮɘ. 

 6Ŭ1. Ƀ ɢɟɐůŰɖɠ ɛŮɘɩɜŮɘ Űɖɜ ɢɟɞɜɘəɐ əɚɑɛŬəŬ ɩůŰŮ Űɞ ɛɏɔŮɗɞɠ əɎɗŮ ˊŬɚɛɞɨ ɜŬ 

ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɞ. 

 6Ŭ2. Ƀ ɢɟɐůŰɖɠ ɛŮŰŬəɘɜŮɑ Űɘɠ əɡɛŬŰɞɛɞɟűɏɠ ůŰɞɜ ɢɟɞɜɘəɧ ɎɝɞɜŬ ɩůŰŮ ɜŬ 

ŮɛűŬɜɑɕŮŰŬɘ ɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ Űɞɜ ŮɜŭɘŬűɏɟŮɘ. 

 

4.1.5 ȹɡɜŬŰɧŰɖŰŮɠ ȹɘŬɛɞɑɟŬůɖɠ Ȱɟɔɤɜ 

  

 

ȺɘəɧɜŬ 15: ȷɟɢɘəɐ ɞɗɧɜɖ ůɡɜŭŮɛɏɜɞɡ ɢɟɐůŰɖ 

ȳˊɤɠ ŬɜŬűɏɟŬɛŮ ůŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, Űɞ ŭɘŬŭɘəŰɡŬəɧ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɘůŬɔɤɔɐ ůɡɚɚɞɔɘəɧŰɖŰŬɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɏɟɔɤɜ. ɆŮ əɎɗŮ ɏɟɔɞ ɖ 

ůɡɚɚɞɔɘəɧŰɖŰŬ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ŭɨɞ ɚŮɘŰɞɡɟɔɑŮɠ. ȼ ˊɟɩŰɖ ɚŮɘŰɞɡɟɔɑŬ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ Ŭˊɚɐɠ 

ˊɟɞůˊɏɚŬůɖɠ Űɞɡ ɏɟɔɞɡ əŬɘ Űɤɜ ŬɟɢŮɑɤɜ Űɞɡ Ŭˊɧ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ. ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ 

ɓɟɑůəŮŰŬɘ Ůɜ ɛɏɟŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɏɟɔɞɡ ɧˊɞɡ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɗɏůŮɘ Űɞ ɏɟɔɞ Űɞɡ ɤɠ ŭɖɛɧůɘɞ ɐ ɘŭɘɤŰɘəɧ. ȰɜŬ ɘŭɘɤŰɘəɧ ɏɟɔɞ ŭŮɜ ŮɑɜŬɘ 

ˊɟɞůɓɎůɘɛɞ Ŭˊɧ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ əŬɘ ŮɎɜ ɏɜŬɠ Ɏɚɚɞɠ ɢɟɐůŰɖɠ ˊɟɞůˊŬɗɐůŮɘ ɜŬ ŮˊɘůəŮűŰŮɑ Űɖɜ 

ŭɘŮɨɗɡɜůɖ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ ŰɏŰɞɘɞ ɏɟɔɞ ɗŬ ɚɎɓŮɘ ŬɜŰɑůŰɞɘɢɞ ɛɐɜɡɛŬ Ůɜɖɛɏɟɤůɖɠ. 

ȷɜŰɑɗŮŰŬ ɏɜŬ ŭɖɛɧůɘɞ ɏɟɔɞ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɞ Ŭˊɧ əɎɗŮ ɢɟɐůŰɖ əŬɘ ŮˊɘůəɏˊŰɖ. ȰɜŬ ŰɏŰɞɘɞ ɏɟɔɞ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ ˊɟɧůűŬŰŬ ɏɟɔŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ Ŭˊɧ Űɖɜ ɛˊɎɟŬ ŬɜŬɕɐŰɖůɖɠ. ȳŰŬɜ ɏɜŬɠ 

ŮˊɘůəɏˊŰɖɠ ŮˊɘůəŮűŰŮɑ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ ɏɟɔɞɡ, ɛˊɞɟŮɑ ɜŬ ŭŮɘ Űɞ ɧɜɞɛŬ, Űɖɜ ˊŮɟɘɔɟŬűɐ əŬɘ 

ŰŬ ŬɟɢŮɑŬ Űɞɡ ɏɟɔɞɡ ɢɤɟɑɠ ɧɛɤɠ əŬɛɑŬ ŭɡɜŬŰɧŰɖŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɐ ŮəŰɏɚŮůɖɠ ɚŮɘŰɞɡɟɔɘɩɜ ůŮ 

ŬɡŰɧ. Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɡŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŭŮɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ ŭɘŬɛɞɑɟŬůɖɠ ɏɟɔɤɜ. ȼ 
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ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɘůŬɔɤɔɐ ɚɞɔŬɟɘŬůɛɩɜ ɢɟɖůŰɩɜ ɤɠ ůɡɜŰɎəŰŮɠ Űɞɡ ɏɟɔɞɡ. ȰŰůɘ 

ˊɟɞůűɏɟŮɘ ůŮ Ɏɚɚɞɡɠ ɢɟɐůŰŮɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɡɛɓɎɚɞɡɜ ůŰɖɜ ŬɜɎˊŰɡɝɐ Űɞɡ ɏɢɞɜŰŬɠ 

ˊɟɧůɓŬůɖ ůŮ ɧɚŮɠ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɏɟɔɞɡ ŮəŰɧɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ əŬŰɎɟɔɖůɐɠ Űɞɡ. ɆŮ 

əɎɗŮ ɏɟɔɞ ɡˊɎɟɢŮɘ ɛɑŬ ɚɑůŰŬ ˊɞɡ ŮˊɘŭŮɘəɜɨŮɘ Űɞ ɧɜɞɛŬ Űɞɡ ɘŭɘɞəŰɐŰɖ əŬɘ Űɤɜ ůɡɜŰŬəŰɩɜ Űɞɡ. 

Ⱥˊɑůɖɠ, ŮɎɜ ɏɜŬɠ ɢɟɐůŰɖɠ ŮɑɜŬɘ ůɡɜŰɎəŰɖɠ ůŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɏɟɔŬ, ɏɢŮɘ ŭɘŬɗɏůɘɛɖ ɛɑŬ 

ɝŮɢɤɟɘůŰɐ ɚɑůŰŬ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡ ůŮɚɑŭŬ ɛŮ ŰŬ əɞɘɜɧɢɟɖůŰŬ ɏɟɔŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

15. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ ŬɡŰɩɜ ˊɞɡ ŬɜŬűɏɟŬɛŮ ˊŬɟŬˊɎɜɤ. ȺɑŭŬɛŮ ɐŭɖ 

ˊɤɠ ŮˊɖɟŮɎɕɞɡɜ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ŮˊɘŰɟɏˊɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ ŭɘəŬɘɩɛŬŰŬ 

ˊɟɧůɓŬůɖɠ əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ Ůˊɘɚɞɔɩɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɏɟɔɤɜ. ɆŰɞ 

ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ ɗŬ ŭɞɨɛŮ əɎˊɞɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊŮəŰŮɑɜɞɡɜ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ Űɖɜ 

ůɡɚɚɞɔɘəɧŰɖŰŬ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ŮűŬɟɛɞɔɐ ɛŬɠ ɛŮ ɛɑŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

 

4.2 ȿŮɘŰɞɡɟɔɑŮɠ ȺɝŬɟŰɖɛɎŰɤɜ 
 

 ȷɜŬˊŰɨůůɞɜŰŬɠ ɛɑŬ ˊŮɟɘɔɟŬűɐ VHDL, ŮɑɜŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɓɞɚɘəɐ ɖ ɢɟɐůɖ 

ŮɝŬɟŰɖɛɎŰɤɜ. ɇŬ ŮɝŬɟŰɐɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ ɓɘɓɚɘɞɗɐəɖ ɐ ůɡɜɎɟŰɖůɖ əŬɘ ŬˊɞŰŮɚɞɨɜ ɝŮɢɤɟɘůŰɎ əɞɛɛɎŰɘŬ əɩŭɘəŬ ˊɞɡ 

ŮəŰŮɚɞɨɜ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ. Ʉɞɚɚɏɠ űɞɟɏɠ əɎˊɞɘŬ ŮɝŬɟŰɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ɏɜŬɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɟɞɔɟŬɛɛɎŰɤɜ. ȼ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊɧəŰɖůɖɠ ŰɏŰɞɘɤɜ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ ɖ ɎɛŮůɖ ˊɟɞůɗɐəɖ Űɞɡɠ ůŮ ɏɜŬ ɏɟɔɞ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɐ ɜŬ ŮˊɘəŮɜŰɟɤɗŮɑ ůŰɞ əɞɛɛɎŰɘ ˊɞɡ əɎɜŮɘ Űɞ ˊɟɧɔɟŬɛɛɎ Űɞɡ ŭɘŬűɞɟŮŰɘəɧ. ȰŰůɘ 

ŬɜŬˊŰɨɝŬɛŮ ůŰɖɜ ŮűŬɟɛɞɔɐ ɛŬɠ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ ɔɘŬ ɜŬ 

ŭɩůɞɡɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ůŰɞɜ əɎɗŮ ɢɟɐůŰɖ ɜŬ ɛɞɘɟŬůŰŮɑ ŬɚɚɎ əŬɘ ɜŬ ŬˊɞəŰɐůŮɘ Ŭˊɧ Ɏɚɚɞɡɠ 

ɢɟɐůŰŮɠ ɢɟɐůɘɛŬ ŮɝŬɟŰɐɛŬŰŬ. ɄŬɟŬəɎŰɤ ɗŬ ŭɞɨɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɜɎɟŰɖůɖɠ əŬɘ ɚɐɣɖɠ 

ŮɝŬɟŰɖɛɎŰɤɜ Ŭˊɧ ɏɜŬɜ ɢɟɐůŰɖ əŬɘ Ůɜɖɛɏɟɤůɖɠ ŮɝŬɟŰɖɛɎŰɤɜ. ŪŬ ŮɝɖɔɐůɞɡɛŮ Ůˊɑůɖɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊɟɞɓɞɚɐ ŮɝŬɟŰɖɛɎŰɤɜ ɛŮ ɛɑŬ ɓŬɗɛɞɜɞɛɖɛɏɜɖ ŭɘɎŰŬɝɖ. 

 

4.2.1 ȷɜɎɟŰɖůɖ əŬɘ ȿɐɣɖ ȺɝŬɟŰɖɛɎŰɤɜ 

 

 ɇɞ əɎɗŮ ŮɝɎɟŰɖɛŬ ŭɖɛɞůɘɞˊɞɘŮɑŰŬɘ Ŭˊɧ əɎˊɞɘɞɜ ɢɟɐůŰɖ. ȾŬɗɩɠ ɞ ɢɟɐůŰɖɠ ŬɜŬˊŰɨůůŮɘ 

ɏɜŬ ŮɝɎɟŰɖɛŬ, ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ɝŮɢɤɟɘůŰɧ ŬɟɢŮɑɞ ɔɘô ŬɡŰɧ ɛɏůŬ ůŰɞ ɏɟɔɞ Űɞɡ. ȰŰůɘ 

Űɞ ŮɝɎɟŰɖɛɎ Űɞɡ ɔɑɜŮŰŬɘ ɛɑŬ ŬɡŰɧɜɞɛɖ ɞɜŰɧŰɖŰŬ. ȰˊŮɘŰŬ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŭɖɛɞůɘŮɨůŮɘ 

ŬɡŰɧ Űɞ ŬɟɢŮɑɞ ɤɠ ŮɝɎɟŰɖɛŬ Ŭˊɧ Űɖɜ ůŮɚɑŭŬ Űɞɡ.  
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ȺɘəɧɜŬ 16: Ƀɗɧɜɖ ŭɘŬɢŮɑɟɘůɖɠ ŮɝŬɟŰɖɛɎŰɤɜ 

ȾŬɗɩɠ ɖ ŬɡɗŬɑɟŮŰɖ ŭɖɛɞůɑŮɡůɖ ŬɟɢŮɑɤɜ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ŬɗɏɛɖŰɖ ɢɟɐůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɛŬɠ, Űɞ ŮɝɎɟŰɖɛŬ ŭŮɜ ɔɑɜŮŰŬɘ Ŭɛɏůɤɠ ɞɟŬŰɧ ˊɟɞɠ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ɢɟɐůŰŮɠ əŬŰɎ Űɖɜ ŭɖɛɞůɑŮɡůɐ Űɞɡ. ũɑɜŮŰŬɘ ɧɛɤɠ ŭɘŬɗɏůɘɛɞ ůŰɖɜ ɚɑůŰŬ 

ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ˊɟɞůűɏɟŮŰŬɘ ůŰɞɡɠ ŭɘŬɢŮɘɟɘůŰɏɠ. ȺəŮɑ ŰŬ ŮɝŬɟŰɐɛŬŰŬ ˊɞɡ ɛɧɚɘɠ 

ŭɖɛɞůɘɞˊɞɘɐɗɖəŬɜ ɗŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ɚɑůŰŬɠ əŬɘ ɗŬ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɏɔəɟɘůɖɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 16. ȼ ɏɔəɟɘůɖ Ůɜɧɠ ŮɝŬɟŰɐɛŬŰɞɠ Űɞ əŬɗɘůŰɎ ˊɟɞůɓɎůɘɛɞ 

Ŭˊɧ əɎɗŮ ɢɟɐůŰɖ əŬɗɩɠ əŬɘ Űɞɡ ŮˊɘŰɟɏˊŮɘ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ Űɧůɞ ůŰɖɜ ɚɑůŰŬ ɧɚɤɜ Űɤɜ 

ŮɝŬɟŰɖɛɎŰɤɜ ɧůɞ əŬɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ŬɜŬɕɐŰɖůɖɠ. ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɡɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ɢɟɐůɖɠ ɔɘŬ Űɖɜ ɏɔəɟɘůɖ Ůɜɧɠ ŮɝŬɟŰɐɛŬŰɞɠ.  

 

ɄŮɟɑˊŰɤůɖ ɉɟɐůɖɠ:  Ȱɔəɟɘůɖ ȺɝŬɟŰɐɛŬŰɞɠ  

ɄɟɤŰŬɔɤɜɘůŰɐɠ: ȹɘŬɢŮɘɟɘůŰɐɠ  

ɄɟɞɦˊɧɗŮůɖ: Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŮɑɜŬɘ ůɡɜŭŮɛɏɜɞɠ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ ŭɘŬɢŮɑɟɘůɖɠ 

ŮɝŬɟŰɖɛɎŰɤɜ.  

Ⱥəˊɚɐɟɤůɖ: ɇɞ ŮɝɎɟŰɖɛŬ ŮɔəɟɑɜŮŰŬɘ əŬɘ ɔɑɜŮŰŬɘ ŭɘŬɗɏůɘɛɞ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɢɟɐůŰŮɠ.  

ȸŬůɘəɧ ɆŮɜɎɟɘɞ: 

1. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ Űɞɡ ˊɞɜŰɘəɘɞɨ ůŰɞ ɧɜɞɛŬ Űɞɡ ŮɝŬɟŰɐɛŬŰɞɠ ˊɞɡ Űɞɜ 

ŮɜŭɘŬűɏɟŮɘ. 

2. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ůŮɚɑŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ŮɝŬɟŰɐɛŬŰɞɠ. 

3. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ˊŬŰɎŮɘ ɛŮ Űɞɜ ŭŮɑəŰɖ Űɞɡ ˊɞɜŰɘəɘɞɨ ůŰɖɜ Ůˊɘɚɞɔɐ óȰɔəɟɘůɖô. 

ȺɜŬɚɚŬəŰɘəɎ ůŮɜɎɟɘŬ: 

2Ŭ. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ˊŬɟŬŰɖɟŮɑ ˊɟɞɓɚɖɛŬŰɘəɧ əɩŭɘəŬ ůŰɞ ŮɝɎɟŰɖɛŬ. 

 2Ŭ1. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŭɘɞɟɗɩɜŮɘ Űɞɜ əɩŭɘəŬ. 

 2Ŭ2. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŮˊɘɚɏɔŮɘ ŬˊɞɗɐəŮɡůɖ. 

2ɓ. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ˊŬɟŬŰɖɟŮɑ ɧŰɘ Űɞ ŮɝɎɟŰɖɛŬ ŭŮɜ ŮɑɜŬɘ ɏɔəɡɟɞ əŬɘ ˊɟɏˊŮɘ ɜŬ 

ŬˊɞɟɟɘűɗŮɑ. 

 2ɓ1. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŮˊɘɚɏɔŮɘ óȹɘŬɢŮɑɟɘůɖô. 

 2ɓ2. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ɞɗɧɜɖ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ŮˊɘɚɏɔŮɘ 

óȺɝŬɟŰɐɛŬŰŬô. 

 2ɓ3. Ƀ ŭɘŬɢŮɘɟɘůŰɐɠ ŮˊɘɚɏɔŮɘ óȷˊɞɛɎəɟɡɜůɖô ůŰɞ ŮɝɎɟŰɖɛŬ ˊɞɡ Űɞɜ ŮɜŭɘŬűɏɟŮɘ. 

 


































