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º··Õè 1

º·¹íÒ

1.1 ¤ÇÒÁà»“¹ÁÒ

μÑé§áμˆã¹Í´Õμ¨¹¶Ö§»’¨ Ø̈ºÑ¹ ¤ÇÒÁ¡‰ÒÇË¹‰Ò·Ò§à·¤â¹âÅÂÕä´‰·íÒãË‰¡ÒÃÊ×èÍÊÒÃâ·Ã¤Á¹Ò¤Áà¢‰ÒÁÒÁÕ
º·ºÒ·ã¹ªÕÇÔμ»ÃÐ í̈ÒÇÑ¹¢Í§Á¹ØÉÂŒÁÒ¡ÂÔè§¢Öé¹ «Öè§¨ÐàËç¹ä´‰ÍÂˆÒ§ªÑ´à¨¹¨Ò¡ÇÔ¶ÕªÕÇÔμ¢Í§Á¹ØÉÂŒã¹ÂØ¤»’¨ Ø̈ºÑ¹
·ÕèàÅç§àËç¹¤ÇÒÁ¨íÒà»“¹¢Í§à·¤â¹âÅÂÕ·ÕèàÃÕÂ¡ÇˆÒ ÍÔ¹à·ÍÃŒà¹çμ (internet) «Öè§ÊÒÁÒÃ¶μÍºÊ¹Í§¤ÇÒÁμ‰Í§¡ÒÃ
ã¹¡ÒÃÊ×èÍÊÒÃä´‰ÍÂˆÒ§·ÑèÇ¶Ö§äÁˆÇˆÒ¡ÒÃÊ×èÍÊÒÃ¹Ñé¹¨Ðàª×èÍÁâÂ§ÃÐËÇˆÒ§ºØ¤¤Å·ÕèÍÂÙˆ¤¹ÅÐÊ¶Ò¹·Õè¡çμÒÁ áÅÐ´‰ÇÂ
¤ÇÒÁ¡‰ÒÇË¹‰Ò¢Í§à·¤â¹âÅÂÕ¡ÒÃÊ×èÍÊÒÃ¹Õé·íÒãË‰ §Ò¹»ÃÐÂØ¡μŒ (application) ·ÕèàÍ×éÍ»ÃÐâÂª¹ŒμˆÍÁ¹ØÉÂŒ
à¡Ô´¢Öé¹μÒÁÁÒÍÂ̂Ò§ÁÒ¡ÁÒÂ ÍÒ·Ôàªˆ¹ ¡ÒÃ»ÃÐªØÁÃˆÇÁ¼ˆÒ¹ÃÐººÇÕ´Ô·ÑÈ¹Œ (video conference) ¡ÒÃàÃÕÂ¹
ÃÙ‰·Ò§ä¡ÅàªÔ§âμ‰μÍº (interactive distance learning) áÅÐ ¡ÒÃãË‰ºÃÔ¡ÒÃâ·Ã·ÑÈ¹Œ¼ˆÒ¹ÃÐººäÍ¾Õ (IPTV:

Internet Protocol Television) §Ò¹»ÃÐÂØ¡μŒàËÅ̂Ò¹Õéä´‰¹íÒàÍÒà·¤¹Ô¤¡ÒÃÊ̂§¢‰ÍÁÙÅáºº ÁÑÅμÔ¤ÒÊμŒ (multicast)

ÁÒãª‰à¾×èÍ·íÒãË‰¡ÒÃÊ×èÍÊÒÃÊÒÁÒÃ¶¤ÃÍº¤ÅØÁ ¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÁÒ¡¡ÇˆÒË¹Öè§ÃÒÂ
¡ÒÃ·Õè¨ÐãË‰ºÃÔ¡ÒÃ§Ò¹»ÃÐÂØ¡μŒ´Ñ§·Õè¡Å̂ÒÇ¶Ö§ä´‰¹Ñé¹ ¼Ù‰ãË‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂ (provider) ¨íÒà»“¹μ‰Í§à¾ÔèÁ

ªÕ´¤ÇÒÁÊÒÁÒÃ¶¢Í§â¤Ã§¢ˆÒÂäÁ̂ÇˆÒ¨Ðà»“¹¡ÒÃÊ×èÍÊÒÃâ´Âãª‰àÊ‰¹ãÂáÊ§à»“¹¾ÒËÐ ¡ÒÃà¾ÔèÁáº¹´ŒÇÔ´·Œ¢Í§
·̂ÍÊ̂§ ËÃ×ÍáÁ‰áμˆ¡ÒÃÊ̂§ÊÑ­­Ò³ÃˆÇÁÊ×èÍ (multiplex) ¢Í§¢‰ÍÁÙÅ ¹Í¡¨Ò¡¡ÒÃà¾ÔèÁ¤ÇÒÁÊÒÁÒÃ¶¢Í§â¤Ã§
¢ˆÒÂáÅ‰Ç ¤ÇÒÁμˆÍà¹×èÍ§ã¹¡ÒÃÊ̂§¢‰ÍÁÙÅ¡çà»“¹ÍÕ¡Ë¹Öè§»’¨ Ñ̈Â·Õè¨íÒà»“¹μ‰Í§¾Ô¨ÒÃ³Ò ¡ÒÃà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹
ã¹â¤Ã§¢ˆÒÂÊÒÁÒÃ¶·íÒãË‰¡ÒÃÊ̂§¢‰ÍÁÙÅ¹Ñé¹äÁˆμˆÍà¹×èÍ§ «Öè§ÍÒ¨Ê̂§¼Å¡ÃÐ·ºâ´ÂμÃ§μˆÍ¼Ù‰ãª‰ (user) àªˆ¹ àÇÅÒ
·Õè¼Ù‰ãª‰μ‰Í§àÊÕÂä» ËÃ×Í ¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¢‰ÍÁÙÅ·Õèä´‰ÃÑº ã¹·Ò§à´ÕÂÇ¡Ñ¹¤ÇÒÁ¢Ñ´¢‰Í§¹ÕéÍÒ¨Ê̂§¼Å¡ÃÐ·º
μˆÍ¼Ù‰ãË‰ºÃÔ¡ÒÃ¡ÒÃàª×èÍÁâÂ§àÍ§ àª̂¹ ÊÙ­àÊÕÂ¤ÇÒÁ¹ˆÒàª×èÍ¶×Í¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ Ê̂Ç¹»ÃÐÁÇÅ¼ÅÂØμÔ¡ÒÃ·íÒ§Ò¹
áÅÐ ¡ÒÃÊÙ­àÊÕÂÃÒÂä´‰ «Öè§ÊÔè§àËÅ̂Ò¹ÕéÍÒ¨à¡Ô´¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§¢Í§Í§¤Œ»ÃÐ¡ÍºÀÒÂã¹â¤Ã§¢ˆÒÂà¾ÕÂ§á¤ˆ 1
Í§¤Œ»ÃÐ¡Íºà·̂Ò¹Ñé¹ [1] áÅÐÂÔè§¶‰Ò¤ÇÒÁ¢Ñ´¢‰Í§¹Ñé¹à¡Ô´ÀÒÂã¹á¡¹â¤Ã§¢ˆÒÂ (core network) ¼Å¡ÃÐ·º·Õè
μÒÁÁÒÍÒ¨Êˆ§¼Å¡ÃÐ·ºÍÂˆÒ§ÃØ¹áÃ§ä´‰ ´Ñ§¹Ñé¹à¾×èÍÅ´¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂ ¼Ù‰ãË‰
ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂ í̈Òà»“¹μ‰Í§àμÃÕÂÁ¡ÃÐºÇ¹¡ÒÃ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ (network failure recovery) ÊíÒËÃÑºÃÍ§
ÃÑº¤íÒÃ‰Í§¢Í (request) ¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃ

¼Ù‰ãË‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂÊ̂Ç¹ãË­̂ã¹»’¨ Ø̈ºÑ¹ä´‰¡íÒË¹´ãË‰Ë¹‰Ò·Õè¤ÇÒÁÃÑº¼Ô´ªÍºã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ¢Í§áμ̂
ÅÐÃÐ´ÑºªÑé¹ (layer) à»“¹ÍÔÊÃÐμˆÍ¡Ñ¹ ¹Ñè¹¤×ÍàÁ×èÍÁÕ¤ÇÒÁ¢Ñ´¢‰Í§à¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂ ÃÐ´ÑºªÑé¹ã´·ÕèμÃÇ¨ Ñ̈º
¤ÇÒÁ¢Ñ´¢‰Í§¹Ñé¹ä´‰ ¡ç¨ÐàÃÔèÁ¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§â´ÂäÁ̂¤íÒ¹Ö§¶Ö§ÃÐ´ÑºªÑé¹Í×è¹ ¡ÒÃ¡ÃÐ·íÒàªˆ¹¹ÕéÍÒ¨Ê̂§
¼ÅãË‰à¡Ô´¤ÇÒÁÊÑºÊ¹ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ã¹¡Ã³Õ·Õè¤ÇÒÁ¢Ñ´¢‰Í§¹Ñé¹¶Ù¡μÃÇ¨¨Ñºä´‰ã¹àÇÅÒ·Õèã¡Å‰à¤ÕÂ§¡Ñ¹
ÃÇÁä»¶Ö§¡ÒÃãª‰·ÃÑ¾ÂÒ¡Ã¢Í§â¤Ã§¢ˆÒÂ (network utilization) ÍÂˆÒ§äÁ̂ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ «Öè§¶×Íà»“¹»’­ËÒ
·Õè¤ÇÃ¤íÒ¹Ö§¶Ö§ã¹â¤Ã§¢ˆÒÂÂØ¤»’¨ Ø̈ºÑ¹
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1.2 §Ò¹ÇÔ Ñ̈Â·Õè¼̂Ò¹ÁÒ

¨Ò¡§Ò¹ÇÔ¨ÑÂÊ̂Ç¹ãË­̂ã¹Í´Õμ¾ºÇˆÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰¶Ù¡ÍÍ¡áººã¹ÅÑ¡É³Ð·Õèáμ¡μˆÒ§¡Ñ¹ â´ÂÁÕ
¨Ø´»ÃÐÊ§¤ŒËÅÑ¡à¾×èÍ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂà©¾ÒÐã¹áμˆÅÐÃÐ´ÑºªÑé¹

§Ò¹ÇÔ¨ÑÂ [2],[3],[4] áÅÐ [5] à»“¹§Ò¹ÇÔ¨ÑÂ·Õè¤Ô´¤‰¹ÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÊíÒËÃÑº·ÃÒ¿¿”¡
ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ ã¹ÃÐ´ÑºªÑé¹¡ÒÂÀÒ¾ (physical layer) ·Õèãª‰à·¤â¹âÅÂÕ WDM (Wavelength Division

Multiplexing) «Öè§à»“¹à·¤â¹âÅÂÕ·ÕèÊÒÁÒÃ¶Ê̂§¢‰ÍÁÙÅ¼ˆÒ¹àÊ‰¹ãÂ¹íÒáÊ§â´Âãª‰¤ÇÒÁÂÒÇ¤Å×è¹à»“¹¾ÒËÐ â´Âã¹
ÇÔ·ÂÒ¹Ô¾¹¸ŒàÅ̂Á¹Õé¨ÐàÃÕÂ¡ÃÇÁÇˆÒÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical transport layer)

ã¹§Ò¹ÇÔ¨ÑÂ [2] ä´‰¹íÒàÊ¹Íá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒã¹¡Ã³Õ·Õèâ¤Ã§¢ˆÒÂ
à¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹â´Â¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰¡Ñº·Ø¡à«¡àÁ¹μŒ (segment) ¢Í§àÊ‰¹·Ò§Ã‰Í§¢Í ¡ÒÃÍÍ¡
áººã¹ÅÑ¡É³Ð¹Õé¨ÐÂÖ´âË¹´μÑÇáÂ¡ (splitting node) à¾×èÍáº̂§àÊ‰¹·Ò§Ã‰Í§¢ÍÍÍ¡à»“¹à«¡àÁ¹μŒ «Öè§áμˆ
ÅÐ à«¡àÁ¹μŒ¨íÒà»“¹μ‰Í§ä´‰ÃÑº¡ÒÃ»„Í§¡Ñ¹ ¡ÒÃÍÍ¡áºº¹Ñé¹¨Ð¤íÒ¹Ö§¶Ö§¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÃÐËÇˆÒ§
àÊ‰¹·Ò§»„Í§¡Ñ¹à¾×èÍÅ´¡ÒÃãª‰·ÃÑ¾ÂÒ¡Ã¢Í§â¤Ã§¢ˆÒÂ ã¹¡Ã³Õ·ÕèºÒ§à«¡àÁ¹μŒäÁˆÁÕâË¹´»ÅÒÂ·Ò§ÍÂÙˆÀÒÂ
ã¹ ¡ÒÃÊíÒÃÍ§¤ÇÒÁ¨ØÊíÒËÃÑº à«¡àÁ¹μŒàËÅ̂Ò¹Õé ¨ÐäÁˆÁÕ¤ÇÒÁ í̈Òà»“¹àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃÊíÒÃÍ§¤ÇÒÁ
¨ØÊíÒËÃÑºàÊ‰¹·Ò§»„Í§¡Ñ¹ÃÐËÇˆÒ§ âË¹´μ‰¹·Ò§ ¶Ö§ âË¹´»ÅÒÂ·Ò§â´ÂμÃ§ ´Ñ§¹Ñé¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹
ÊíÒËÃÑº·Ø¡ à«¡àÁ¹μŒÍÒ¨·íÒãË‰¡ÒÃãª‰·ÃÑ¾ÂÒ¡Ãâ¤Ã§¢ˆÒÂäÁ̂àËÁÒÐÊÁ¹Ñ¡

ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ [3] áÅÐ [4] ä´‰ÁÕ¡ÒÃàÊ¹Íá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§â´Âãª‰ÇÔ¸Õ¡ÒÃ¡ÒÃ¤íÒ¹Ç³
ËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·Õè¤Å‰ÒÂ¤ÅÖ§¡Ñ¹ ¹Ñè¹¤×Í ÍÒÈÑÂ¡ÒÃÇÔà¤ÃÒÐËŒàÊ‰¹·Ò§Ã‰Í§¢ÍáººÁÑÅμÔ¤ÒÊμŒã¹ÅÑ¡É³Ð¢Í§
ãº (leaf) ¶Ö§ ãº â´Â·ÕèáμˆÅÐ¤Ùˆãº¨Ðμ‰Í§ÁÕàÊ‰¹·Ò§»„Í§¡Ñ¹äÇ‰ÃÍ§ÃÑºã¹¡Ã³Õ·ÕèàÊ‰¹·Ò§ÃÐËÇˆÒ§¤Ùˆãº¹Õéà¡Ô´
¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹ ¨Ò¡¹Ñé¹ Ö̈§¹íÒàÊ‰¹·Ò§»„Í§¡Ñ¹àËÅ̂Ò¹Õéä»ËÒàÊ‰¹·Ò§·ÕèÊÒÁÒÃ¶¤ÃÍº¤ÅØÁä´‰·Ø¡ãº (spanning

path) áÅÐ à»“¹àÊ‰¹·Ò§·ÕèÊÑé¹·ÕèÊØ´ (shortest path) ÊíÒËÃÑºàÊ‰¹·Ò§Ã‰Í§¢Íª¹Ô´ÁÑÅμÔ¤ÒÊμŒ·ÕèÁÕâË¹´»ÅÒÂ
·Ò§ÍÂÙˆÃÐËÇˆÒ§¤Ùˆãº ¡ÒÃÇÒ§àÊ‰¹·Ò§ÊíÒÃÍ§ã¹ÅÑ¡É³Ð¹Õé¨ÐäÁˆÊÒÁÒÃ¶ÇÒ§àÊ‰¹·Ò§ÊíÒÃÍ§ãË‰¡ÑºâË¹´´Ñ§¡Å̂ÒÇ
ä´‰´Ñ§¹Ñé¹ ¡ÒÃ·Õè¨Ð·íÒãË‰âË¹´»ÅÒÂ·Ò§¹Õéä´‰ÃÑº¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§¹‰ÍÂ·ÕèÊØ´ ¤×ÍâË¹´·Õè·íÒË¹‰Ò·Õè
à»“¹ãºÍ×è¹¨Ðμ‰Í§Ê̂§ÊÑ­­Ò³ (signaling) ä»ÂÑ§âË¹´ÃÐËÇˆÒ§¤Ùˆãº¹Ñé¹ãË‰à»ÅÕèÂ¹·ÔÈ·Ò§ã¹¡ÒÃÊ̂§¢‰ÍÁÙÅ «Öè§
¡ÒÃ¡ÃÐ·íÒàªˆ¹¹Õé·íÒãË‰à¡Ô´¤ÇÒÁÅ̂Òª‰Òã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ¹Í¡¨Ò¡¹Õé¡ÒÃ¤íÒ¹Ç³ËÒàÊ‰¹·Ò§»„Í§¡Ñ¹â´Â
¡ÒÃãª‰¢Ñé¹μÍ¹ÇÔ¸Õ (algorithm) áººàÊ‰¹·Ò§·ÕèÊÑé¹·ÕèÊØ´ ¨ÐäÁˆÊÒÁÒÃ¶ÃÑºÃÍ§ä´‰ÇˆÒ¡ÒÃãª‰·ÃÑ¾ÂÒ¡Ã¢Í§â¤Ã§
¢ˆÒÂÁÕ»ÃÐÊÔ·¸ÔÀÒ¾

ã¹§Ò¹ÇÔ¨ÑÂ [5] ä´‰àÊ¹Íá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹áºººÒ§Ê̂Ç¹ ¹Ñè¹¤×Í
¾Ô¨ÒÃ³Ò¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ à©¾ÒÐ¡ÒÃàª×èÍÁâÂ§·Õèãª‰ã¹¡ÒÃÊ̂§¢‰ÍÁÙÅÊíÒËÃÑºËÅÒÂâË¹´»ÅÒÂ·Ò§à·̂Ò
¹Ñé¹ ÊíÒËÃÑº¡ÒÃàª×èÍÁâÂ§·ÕèÊ̂§¢‰ÍÁÙÅä»ÂÑ§âË¹´»ÅÒÂ·Ò§à¾ÕÂ§âË¹´à´ÕÂÇ àÁ×èÍà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹·íÒ
ãË‰âË¹´´Ñ§¡Å̂ÒÇäÁˆÊÒÁÒÃ¶ÃÑº¢‰ÍÁÙÅä´‰ âË¹´¹Ñé¹¨Ð·íÒ¡ÒÃ¤íÒ¹Ç³ËÒàÊ‰¹·Ò§ãËÁˆ·ÕèÊÒÁÒÃ¶àª×èÍÁâÂ§ä»
ÂÑ§Ê̂Ç¹¢Í§μ‰¹äÁ‰ (tree) à´ÔÁ ¶Ö§áÁ‰¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÅÑ¡É³Ð¹Õé¨ÐÊÒÁÒÃ¶Å´¡ÒÃãª‰¤ÇÒÁ¨Ø
ÊíÒÃÍ§ä´‰ã¹ÃÐ´ÑºË¹Öè§¡çμÒÁ ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÊíÒËÃÑºâË¹´»ÅÒÂ·Ò§ÂÑ§¤§μ‰Í§ãª‰¡ÒÃ¤íÒ¹Ç³áºº¾ÅÇÑμ
(dynamic) à¾×èÍËÒàÊ‰¹·Ò§àª×èÍÁâÂ§ä»ÂÑ§μ‰¹äÁ‰ «Öè§àÇÅÒ·Õèãª‰ã¹¡ÒÃ¤íÒ¹Ç³ÍÒ¨Ê̂§¼Å¡ÃÐ·ºμˆÍ·ÃÒ¿¿”¡
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ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ ·Õèμ‰Í§¡ÒÃ¤ÇÒÁàª×èÍ¶×Íä´‰ (reliability) ã¹ÃÐ´ÑºÊÙ§
ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ [6],[7] áÅÐ [8] à»“¹¡ÒÃ¹íÒàÊ¹ÍÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÊíÒËÃÑº·ÃÒ¿¿”¡

ª¹Ô´ÁÑÅμÔ¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹äÍ¾Õ (IP layer) â´Âãª‰à·¤â¹âÅÂÕ MPLS (Multi-Protocol Label Switching)

«Öè§à»“¹à·¤â¹âÅÂÕ·ÕèÁÕº·ºÒ·ã¹¡ÒÃãË‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂã¹ÂØ¤»’¨ Ø̈ºÑ¹
§Ò¹ÇÔ¨ÑÂ [7] áÅÐ [8] ä´‰¹íÒàÍÒà·¤¹Ô¤¡ÒÃ Ñ̈´àÊ‰¹·Ò§ãËÁˆÍÂˆÒ§ÃÇ´àÃçÇ (fast rerouting) ·Õè

¶Ù¡¹íÒàÊ¹Íã¹ [6] ÁÒ¾Ñ²¹ÒãË‰à¡Ô´»ÃÐÊÔ·¸ÔÀÒ¾ÁÒ¡ÂÔè§¢Öé¹ ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ [7] ä´‰¹íÒàÊ¹Íá¼¹
¡ÒÃ¡Ù‰¤ÇÒÁ ¢Ñ´¢‰Í§·ÕèÊÒÁÒÃ¶¡ÃÐ·íÒÀÒÂËÅÑ§¡ÒÃà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§â´ÂÊÃ‰Ò§à»“¹àÊ‰¹·Ò§»„Í§¡Ñ¹¢Öé¹ à¾×èÍ
ÃÍ§ÃÑº·ÃÒ¿¿”¡á·¹ ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§ÊíÒÃÍ§¹Ñé¹¨Ð¡ÃÐ·íÒâ´ÂâË¹´·Õè·íÒË¹‰Ò·Õèà»“¹âË¹´μÑÇÊ̂§ (upstream

node) ·ÕèÊÒÁÒÃ¶μÃÇ¨ Ñ̈º¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ä´‰ â´Â¡ÒÃ¡íÒË¹´àÊ‰¹·Ò§ÊíÒÃÍ§¹Ñé¹¨Ð¾Ô¨ÒÃ³Ò¡ÒÃãª‰
§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÊíÒËÃÑºâË¹´μÑÇÊ̂§·ÕèÁÕâË¹´μÑÇÃÑº (downstream node) ÁÒ¡¡ÇˆÒ 1 âË¹´
¡ÒÃá¡‰»’­ËÒ¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¹Õé¨íÒà»“¹μ‰Í§ãª‰¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¤íÒ¹Ç³·ÕèÃÇ´àÃçÇ «Öè§ã¹ºÒ§¡Ã³Õ
·Õèâ¤Ã§¢ˆÒÂÁÕ¤ÇÒÁ¤Ñº¤Ñè§¢Í§·ÃÒ¿¿”¡ÃÍº Ø̈´·Õèà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§ÊÙ§ ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹¨Ð·íÒä´‰ÂÒ¡áÅÐ
ãª‰àÇÅÒ¹Ò¹

ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ [8] à»“¹¡ÒÃÍÍ¡áºº¡ÒÃÇÒ§¤íÒÃ‰Í§¢Íª¹Ô´ÁÑÅμÔ¤ÒÊμŒãË‰ÁÕ¡ÒÃãª‰¡ÒÃàª×èÍÁâÂ§·Õè
¹‰ÍÂ·ÕèÊØ´ ¨Ø´»ÃÐÊ§¤Œ¢Í§¡ÒÃ¡ÃÐ·íÒàªˆ¹¹Õéà¾×èÍ¹íÒàÊ‰¹·Ò§´Ñ§¡Å̂ÒÇ ä»ãª‰ã¹¡ÒÃÍÍ¡áººàÊ‰¹·Ò§»„Í§¡Ñ¹
´‰ÇÂà·¤¹Ô¤ ¡ÒÃ Ñ̈´àÊ‰¹·Ò§ãËÁˆÍÂˆÒ§ÃÇ´àÃçÇ «Öè§ÂÔè§¤íÒÃ‰Í§¢Í¹Ñé¹ãª‰¡ÒÃàª×èÍÁâÂ§¹‰ÍÂà¾ÕÂ§ã´ ¤ÇÒÁ¨ØÊíÒÃÍ§
·Õèãª‰ã¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹´‰ÇÂà·¤¹Ô¤¹Õé¡ç¨Ð¹‰ÍÂμÒÁÅ§ä»´‰ÇÂ ÍÂˆÒ§äÃ¡çμÒÁ ¡ÒÃÍÍ¡áººã¹ÅÑ¡É³Ð
¹ÕéÂÑ§¢Ò´¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁÃÐËÇˆÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ «Öè§ÊÒÁÒÃ¶·íÒãË‰¤ÇÒÁ¨ØÊíÒÃÍ§â´Â
ÃÇÁ¢Í§â¤Ã§¢ˆÒÂÅ´Å§ä´‰ÍÕ¡

à¹×èÍ§¨Ò¡»’­ËÒ·Õèà¡Ô´¢Öé¹¨Ò¡¡ÒÃáº̂§Ë¹‰Ò·Õè¤ÇÒÁÃÑº¼Ô´ªÍºã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃáÂ¡¡Ñ¹ ã¹áμˆÅÐÃÐ´Ñº
ªÑé¹äÁˆÇˆÒ¨Ðà»“¹¤ÇÒÁ«íéÒ«‰Í¹¢Í§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ËÃ×Í ¡ÒÃÃº¡Ç¹¡Ñ¹¢Í§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ §Ò¹ÇÔ¨ÑÂ
[9],[10],[11] áÅÐ [12] ¨Ö§ä´‰àÊ¹Í¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§â´Â¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´Ñº
ªÑé¹ «Öè§·Ø¡§Ò¹ÇÔ¨ÑÂ·Õèä´‰Í‰Ò§¶Ö§Å‰Ç¹áÅ‰Çáμˆ¹íÒàÊ¹Íá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹
ËÅÒÂÃÐ´ÑºªÑé¹ à¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡ª¹Ô´ÂÙ¹Ô¤ÒÊμŒà·̂Ò¹Ñé¹

¨Ò¡§Ò¹ÇÔ¨ÑÂ·Õèä´‰¡Å̂ÒÇÁÒ·Ñé§ËÁ´ ¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃ»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹à¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡
ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¨Ö§à»“¹á¹Ç·Ò§·Õè§Ò¹ÇÔ¨ÑÂ¢‰Ò§μ‰¹ÂÑ§äÁˆä´‰¾Ô¨ÒÃ³Ò ·íÒãË‰¼Ù‰ÇÔ¨ÑÂÁÕ¤ÇÒÁÊ¹ã¨·Õè¨ÐàÊ¹Íá¼¹
¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶Ôμà¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ ·Õèμ‰Í§¡ÒÃ¤ÇÒÁàª×èÍ¶×Íä´‰ÊÙ§ â´Â¡ÒÃ
¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ ÊíÒËÃÑº¡ÒÃÍÍ¡áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμˆÅÐÃÐ´Ñº¢Ñé¹¨ÐÍ‰Ò§
ÍÔ§¨Ò¡à·¤¹Ô¤¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÁÕÍÂÙˆà´ÔÁ ÃÇÁä»¶Ö§¡ÒÃÍÍ¡áººãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰ã¹¡ÒÃÇÒ§
àÊ‰¹·Ò§»„Í§¡Ñ¹ÁÕ¤ˆÒ¹‰ÍÂ·ÕèÊØ´à¾×èÍÅ´»’­ËÒ¤ÇÒÁÊÔé¹à»Å×Í§ã¹¡ÒÃãª‰¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ

1.3 ¢Íºà¢μ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

ã¹â¤Ã§ÃˆÒ§ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¨Ð¹íÒàÊ¹Íá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹à¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡
ª¹Ô´ÁÑÅμÔ¤ÒÊμŒË¹Öè§à«ÊªÑ¹ã¹¡Ã³Õ·Õèâ¤Ã§¢ˆÒÂà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹ â´Â¨ÐÊÒÁÒÃ¶ÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´
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¢Öé¹ áÅÐ ÁÕ¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃÇÁμíèÒ·ÕèÊØ´ä´‰ ·Ñé§¹Õé¤ÇÒÁ¢Ñ´¢‰Í§´Ñ§¡Å̂ÒÇà»“¹¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹¨Ò¡
àÊ‰¹ãÂ¹íÒáÊ§¢Ò´ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§¢Ñ´¢‰Í§ ÍØ»¡Ã³Œ¨Ñ´ËÒàÊ‰¹·Ò§¢Ñ´¢‰Í§ ËÃ×Í ·Ò§à´Ô¹áÊ§àÊÕÂ
ËÒÂ ÍÂˆÒ§ã´ÍÂ̂Ò§Ë¹Öè§à·̂Ò¹Ñé¹ (single-type of failure) ã¹Ê̂Ç¹¢Í§¡ÒÃÍÍ¡áººá¼¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ¨Ð
¾Ô¨ÒÃ³Ò¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÃÐËÇˆÒ§ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical transport layer) áÅÐ ÃÐ´ÑºªÑé¹äÍ¾Õ (IP

layer) à·̂Ò¹Ñé¹ ÊíÒËÃÑºÊ̂Ç¹¢Í§¡ÒÃËÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèμíèÒ·ÕèÊØ´à¾×èÍãª‰ã¹¡ÒÃ»„Í§¡Ñ¹¹Ñé¹ ¨Ð¾Ô¨ÒÃ³Ò
¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ 2 ÃÙ»áºº ¹Ñè¹¤×Í ¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÃÐËÇˆÒ§ÃÐ´ÑºªÑé¹ áÅÐ ¡ÒÃ
ãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÀÒÂã¹ÃÐ´ÑºªÑé¹ à¾×èÍãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ¹Ñé¹ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÁÒ¡
·ÕèÊØ´ÀÒÂãμ‰ÊÀÒÇÐ¢Í§¡ÒÃàª×èÍÁâÂ§·ÕèÁÕ¤ÇÒÁ Ø̈ÊíÒÃÍ§¨íÒ¡Ñ´

1.4 ¢Ñé¹μÍ¹¡ÒÃ í́Òà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹»ÃÐàÀ·μˆÒ§æ ·Ñé§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐÃÐ´ÑºªÑé¹äÍ¾Õ ¾Ã‰ÍÁ
·Ñé§ÈÖ¡ÉÒÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹

2. ¡íÒË¹´ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹·Õè¨Ð·íÒ¡ÒÃÇÔ¨ÑÂ ¾Ã‰ÍÁ·Ñé§¡íÒË¹´ÃÙ»áºº¢Í§»’­ËÒ

3. ¤Ô´¤‰¹áºº í̈ÒÅÍ§·Õèãª‰ã¹¡ÒÃá¡‰»’­ËÒ ËÃ×Í ãª‰»ÃÐ¡Íºà¾×èÍ¡ÒÃá¡‰»’­ËÒ

4. à¢ÕÂ¹à»“¹â»Ãá¡ÃÁ¤ÍÁ¾ÔÇàμÍÃŒà¾×èÍãª‰·´ÊÍºáºº¨íÒÅÍ§

5. ÇÔà¤ÃÒÐËŒ áÅÐ»ÃÐàÁÔ¹»ÃÐÊÔ·¸ÔÀÒ¾¢Í§áºº¨íÒÅÍ§ â´Âà·ÕÂº¡Ñº¢Ñé¹μÍ¹ÇÔ¸ÕÁÒμÃ°Ò¹

6. ÊÃØ»¼Å¡ÒÃÇÔà¤ÃÒÐËŒ áÅÐ´íÒà¹Ô¹¡ÒÃ¨Ñ´·íÒÇÔ·ÂÒ¹Ô¾¹¸Œ©ºÑºÊÁºÙÃ³Œ

1.5 »ÃÐâÂª¹Œ·Õè¤Ò´Ç̂Ò¨Ðä´‰ÃÑº

1. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹à¡ÕèÂÇ¡Ñº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ

2. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹à¡ÕèÂÇ¡Ñº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÙ»áººμˆÒ§·Ñé§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ÃÐ´ÑºªÑé¹äÍ¾Õ

3. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹à¡ÕèÂÇ¡ÑºÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§â´Â¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹

4. á¹Ç·Ò§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèä´‰¶Ù¡¹íÒàÊ¹Íã¹§Ò¹ÇÔ¨ÑÂã¹Í´Õμ

5. ¡ÒÃ¹íÒ¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Íã¹ÇÔ·ÂÒ¹Ô¾¹¸ŒàÅ̂Á¹Õéä»ãª‰à¾×èÍá¡‰»’­ËÒ¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂ
ÍÕ¡·Ñé§ÂÑ§ªˆÇÂÅ´¡ÒÃãª‰·ÃÑ¾ÂÒ¡Ãâ¤Ã§¢ˆÒÂÅ§à¾×èÍà¾ÔèÁ¡ÒÃãª‰§Ò¹â¤Ã§¢ˆÒÂÍÂˆÒ§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾

6. ¡ÒÃ¹íÒ¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Íä»»ÃÑº»ÃØ§ áÅÐ ¾Ñ²¹Òà¾×èÍãË‰ÃÍ§ÃÑº¡Ñºà·¤â¹âÅÂÕã¹Í¹Ò¤μ
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1.6 â¤Ã§ÊÃ‰Ò§¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

º··Õè 2 ¡Å̂ÒÇ¶Ö§ËÅÑ¡¡ÒÃ¾×é¹°Ò¹·Õèãª‰ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œâ´Â¨Ðáº̂§à»“¹ 2 ËÑÇ¢‰Íä´‰á¡̂ »ÃÐàÀ·
¢Í§ÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ â´Â¨Ð¡Å̂ÒÇ¶Ö§ÅÑ¡É³Ð¾ÔàÈÉáÅÐ¤ÇÒÁáμ¡μˆÒ§¢Í§ÁÑÅμÔ¤ÒÊμŒã¹áμˆÅÐ»ÃÐàÀ· áÅÐ
¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ â´Â¨ÐÍ¸ÔºÒÂ¶Ö§»ÃÐàÀ·¢Í§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ÃÇÁä»¶Ö§¡ÒÃàμÃÕÂÁàÊ‰¹·Ò§¡ÒÃ¡Ù‰
¤ÇÒÁ¢Ñ´¢‰Í§ã¹»ÃÐàÀ·μˆÒ§æ

º··Õè 3 ¡Å̂ÒÇ¶Ö§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í â´Â¨ÐàÃÔèÁ¨Ò¡ ËÅÑ¡¡ÒÃÍÍ¡áººãË‰¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í
ÊÒÁÒÃ¶ÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹¨Ò¡ àÊ‰¹ãÂ¹íÒáÊ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ àÊ‰¹·Ò§à´Ô¹áÊ§ áÅÐ
ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ ä´‰ ÃÇÁ·Ñé§μ‰Í§ÊÒÁÒÃ¶ÃÍ§ÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ä´‰·Ø¡ª¹Ô´ÍÕ¡´‰ÇÂ ¨Ò¡¹Ñé¹ ¨ÐÍ¸ÔºÒÂ
¶Ö§ÇÔ¸Õ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ·ÕèμíèÒ·ÕèÊØ´ â´Âãª‰ËÅÑ¡¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´
(optimization)

º··Õè 4 ¡Å̂ÒÇ¶Ö§¼Å¡ÒÃ·´ÊÍº·Õèä´‰¨Ò¡¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í â´Âà»ÃÕÂºà·ÕÂº¡Ñº¢Ñé¹μÍ¹ÇÔ¸Õ·ÕèÁÕÍÂÙˆ
à´ÔÁ ¹Í¡¨Ò¡¹Õé¨Ð¡Å̂ÒÇ¶Ö§¡ÒÃÇÔà¤ÃÒÐËŒ¼Å¡ÒÃ·´ÊÍº¢Í§¢Ñé¹μÍ¹ÇÔ¸Õ·Õèä´‰¹íÒàÊ¹Í

º··Õè 5 ¡Å̂ÒÇ¶Ö§º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð¢Í§ÇÔ·ÂÒ¹Ô¾¹¸ŒàÅ̂Á¹Õé



º··Õè 2

·ÄÉ®Õ·Õèà¡ÕèÂÇ¢‰Í§

2.1 ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ (multicast routing)

ËÑÇ¢‰Í¹Õé¨Ð¡Å̂ÒÇ¶Ö§»ÃÐàÀ·¢Í§¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ â´Â¨Ðáº̂§ÍÍ¡à»“¹·Ñé§
ÊÔé¹ 3 »ÃÐàÀ· [13] ¤×Í ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ (IP layer

multicast) ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒ (unicast) ã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ (multicast via optical layer unicast) áÅÐ ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical layer multicast) â´Â¨Ð¡Å̂ÒÇ¶Ö§ÃÒÂÅÐàÍÕÂ´¢Í§áμˆÅÐ»ÃÐàÀ·´Ñ§μˆÍä»¹Õé

2.1.1 ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ Ñ́ºªÑé¹äÍ¾Õ (IP layer multicast)

¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ»ÃÐàÀ·¹Õé¨Ðãª‰ËÅÑ¡¡ÒÃ Ñ̈´àÊ‰¹·Ò§¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ (In-

ternet Protocol: IP) ¹Ñè¹¤×Í¢‰ÍÁÙÅ¨Ðμ‰Í§¼ˆÒ¹¡ÒÃ»ÃÐÁÇÅ¼Åã¹ÃÙ»áººä¿¿„Ò ã¹ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ ´Ñ§ÃÙ»
·Õè 2.1 àÁ×èÍÁÕ¤íÒÃ‰Í§¢Í (request) ¨Ò¡âË¹´μ‰¹·Ò§ ä»ÂÑ§¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§ ¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃà´Ô¹·Ò§
¢Í§¢‰ÍÁÙÅ¹Ñé¹¨Ð¼ˆÒ¹¡ÒÃà»ÅÕèÂ¹ÃÙ»áºº¨Ò¡áÊ§à»“¹ä¿¿„Òà¾×èÍ·íÒ¡ÒÃ»ÃÐÁÇÅ¼Å·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ áÅÐ
àÁ×èÍÊÔé¹ÊØ´¡ÒÃ»ÃÐÁÇÅ¼Å´Ñ§¡Å̂ÒÇ ÃÙ»áºº¢Í§¢‰ÍÁÙÅ¨Ð¶Ù¡à»ÅÕèÂ¹ä»à»“¹áÊ§ÍÕ¡¤ÃÑé§à¾×èÍ¡ÒÃÊ̂§ä»ÂÑ§âË¹´
¶Ñ´ä»¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

ÃÙ»·Õè 2.1: ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡¢¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ
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àÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³Òã¹áμˆÅÐÃÐ´ÑºªÑé¹¾ºÇˆÒ ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¡ÒÃà´Ô¹·Ò§¢Í§¢‰ÍÁÙÅ¨ÐÍÂÙˆã¹
ÃÙ»áºº¢Í§¡ÒÃàª×èÍÁâÂ§·Ò§áÊ§ ËÃ×Í·ÕèàÃÕÂ¡ÇˆÒ ·Ò§à´Ô¹áÊ§ (light path) â´ÂáμˆÅÐ·Ò§à´Ô¹áÊ§¨Ðàª×èÍÁ
ÃÐËÇˆÒ§ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ÃÍº¢‰Ò§à·̂Ò¹Ñé¹ ã¹¡Ã³Õ¹Õé¶×ÍÇˆÒÁÕ·Ò§à´Ô¹áÊ§·Ñé§ËÁ´ 5 àÊ‰¹·Ò§ ã¹
¢³Ð·ÕèàÁ×èÍ¾Ô¨ÒÃ³Òã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¾ºÇˆÒ ¡ÒÃà´Ô¹·Ò§¢Í§¢‰ÍÁÙÅ¨ÐÍÂÙˆã¹ÃÙ»áºº¢Í§¡ÒÃà¢×èÍÁμˆÍÃÐËÇˆÒ§
ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ â´Â·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´μ‰¹·Ò§¨ÐÊÒÁÒÃ¶àËç¹·Ñé§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ÃÐËÇˆÒ§
·Ò§ áÅÐ ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´»ÅÒÂ·Ò§ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2.2

ÃÙ»·Õè 2.2: ÁØÁÁÍ§¢Í§¤íÒÃ‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹ÊíÒËÃÑº¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´Ñº
ªÑé¹äÍ¾Õ

¢‰Í´Õ¢Í§¡ÒÃ¨Ñ´àÊ‰¹·Ò§ã¹ÅÑ¡É³Ð¹Õé¤×Í âË¹´ÃÐËÇˆÒ§·Ò§¨ÐÊíÒà¹ÒªØ´¢‰ÍÁÙÅ·ÕèÊ̂§ÁÒ¨Ò¡μ‰¹·Ò§áÅÐ
à¡çºäÇ‰ã¹°Ò¹¢‰ÍÁÙÅ ´Ñ§¹Ñé¹ âË¹´ÃÐËÇˆÒ§·Ò§àËÅ̂Ò¹Õé¨ÐÊÒÁÒÃ¶·íÒμÑÇà»“¹μ‰¹·Ò§ä´‰àªˆ¹à´ÕÂÇ¡ÑºâË¹´μ‰¹
·Ò§ã¹¡Ã³Õ·ÕèÁÕâË¹´»ÅÒÂ·Ò§ãËÁ̂à¾ÔèÁ¢Öé¹ÁÒã¹â¤Ã§¢ˆÒÂ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ à¹×èÍ§¨Ò¡¡ÒÃÊ̂§¢‰ÍÁÙÅã¹
ÅÑ¡É³Ð¹Õé¨ÐÁÕà»ÅÕèÂ¹ÃÙ»áºº¢Í§¢‰ÍÁÙÅ¨Ò¡ä¿¿„Òà»“¹áÊ§ áÅÐ¨Ò¡áÊ§à»“¹ä¿¿„Ò ÃÇÁä»¶Ö§âË¹´ÃÐËÇˆÒ§
·Ò§¨Ðμ‰Í§·íÒ¡ÒÃ»ÃÐÁÇÅ¼Å·Ø¡¤ÃÑé§ ´Ñ§¹Ñé¹ ¡ÒÃÊ̂§¢‰ÍÁÙÅã¹ÅÑ¡É³Ð¹Õé¨Ðãª‰àÇÅÒÁÒ¡

2.1.2 ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅ
(multicast via optical layer unicast)

¡ÒÃ Ñ̈´àÊ‰¹·Ò§»ÃÐàÀ·¹Õé âË¹´μ‰¹·Ò§¨Ð¾Ô¨ÒÃ³Ò¡ÒÃÊ̂§¢‰ÍÁÙÅä»ÂÑ§áμˆÅÐâË¹´»ÅÒÂ·Ò§ã¹ÃÙ»áºº
ÂÙ¹Ô¤ÒÊμŒ·Õèà»“¹ÍÔÊÃÐμˆÍ¡Ñ¹ (independent) «Öè§¡ÒÃÊ̂§áººÂÙ¹Ô¤ÒÊμŒ¹Õé âË¹´μ‰¹·Ò§¨Ð·íÒ¡ÒÃÊ̂§¢‰ÍÁÙÅ
¼ˆÒ¹ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§μ¹àÍ§ ¨Ò¡¹Ñé¹¢‰ÍÁÙÅ¨Ð¶Ù¡Ê̂§¼ˆÒ¹·Ò§à´Ô¹áÊ§¨Ò¡ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§
μ‰¹·Ò§ ä»ÂÑ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§»ÅÒÂ·Ò§ ´Ñ§ÃÙ»·Õè 2.3

àÁ×èÍ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¡ÒÃ Ñ̈´àÊ‰¹·Ò§»ÃÐàÀ·¹Õéâ´ÂáÂ¡à»“¹ÁØÁÁÍ§¢Í§ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ÃÐ´Ñº
ªÑé¹äÍ¾Õ ¾ºÇˆÒã¹ªÑé¹ÍÍ¾μÔ¤ÍÅ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§μ‰¹·Ò§¨ÐàËç¹¡ÒÃàª×èÍÁâÂ§¢Í§·Ò§à´Ô¹áÊ§ä»
ÂÑ§ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§»ÅÒÂ·Ò§ â´ÂÃÐËÇˆÒ§·Ò§à´Ô¹áÊ§´Ñ§¡Å̂ÒÇ¢‰ÍÁÙÅ¨ÐäÁˆÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÃÙ»
áººà»“¹ä¿¿„Ò ¹Ñè¹ËÁÒÂ¤ÇÒÁÇˆÒ¢‰ÍÁÙÅ¨Ðà´Ô¹·Ò§¼ˆÒ¹ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§¢Í§âË¹´ÃÐËÇˆÒ§·Ò§à·ˆÒ
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ÃÙ»·Õè 2.3: ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ
¤ÍÅ

¹Ñé¹ àÁ×èÍ¾Ô¨ÒÃ³ÒÁØÁÁÍ§¢Í§ÃÐ´ÑºªÑé¹äÍ¾Õ¾ºÇˆÒ ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´μ‰¹·Ò§¨ÐàËç¹¡ÒÃàª×èÍÁ
âÂ§ä»ÂÑ§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´»ÅÒÂ·Ò§â´ÂμÃ§ â´Â·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´μ‰¹·Ò§¹Ñé¹¨Ð
äÁˆÊÒÁÒÃ¶ÁÍ§àËç¹ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´ÃÐËÇˆÒ§·Ò§ä´‰ à¹×èÍ§¨Ò¡¡ÒÃà´Ô¹¢Í§¢‰ÍÁÙÅ¨ÐäÁˆ¼ˆÒ¹¡ÒÃ
»ÃÐÁÇÅ¼Å·ÕèÃÐ´ÑºªÑé¹äÍ¾Õ ËÃ×Í ·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ÃÐËÇˆÒ§·Ò§ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2.4

¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
¹Ñé¹ÊÒÁÒÃ¶·íÒãË‰¡ÒÃ¤Çº¤ØÁ´ÙáÅâË¹´»ÅÒÂ·Ò§ÊÐ´Ç¡ÂÔè§¢Öé¹ à¹×èÍ§¨Ò¡áμˆÅÐ¤Ùˆμ‰¹·Ò§-»ÅÒÂ·Ò§¹Ñé¹à»“¹
ÍÔÊÃÐ«Öè§¡Ñ¹áÅÐ¡Ñ¹ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ ÊíÒËÃÑº¡Ã³Õ·Õè·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒÁÕâË¹´»ÅÒÂ·Ò§¨íÒ¹Ç¹
ÁÒ¡ í̈Ò¹Ç¹ÂÙ¹Ô¤ÒÊμŒ·Õè¨íÒà»“¹μ‰Í§ãª‰¨Ðà¾ÔèÁ¢Öé¹´‰ÇÂ ´Ñ§¹Ñé¹»ÃÔÁÒ³áº¹´ŒÇÔ´·Œ·Õèãª‰ÊíÒËÃÑºÂÙ¹Ô¤ÒÊμŒàËÅ̂Ò¹Õé
¨ÐÊÙ§ÁÒ¡

2.1.3 ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical layer multicast)

ÊíÒËÃÑº¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ»ÃÐàÀ·¹Õé¨Ðãª‰¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃáÂ¡áÊ§ (light

splitting) ¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà¾×èÍÊ̂§¢‰ÍÁÙÅ â´Â¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ¢ÒÍÍ¡¢Í§âË¹´·ÕèÁÕ¡ÒÃáÂ¡
áÊ§¹Ñé¹¨ÐÁÕ¤ÇÒÁμ‰Í§¡ÒÃ·ÕèàËÁ×Í¹¡Ñ¹ ´Ñ§ÃÙ»·Õè 2.5 ¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃÊ̂§¢‰ÍÁÙÅ»ÃÐàÀ·¹Õé¨ÐÁÕ¡ÒÃ·íÒÁÑÅμÔ¤ÒÊμŒ
·ÕèÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà·̂Ò¹Ñé¹

àÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³ÒÁØÁÁÍ§¢Í§¡ÒÃ Ñ̈´àÊ‰¹·Ò§»ÃÐàÀ·¹Õéã¹áμˆÅÐÃÐ´ÑºªÑé¹ ¾ºÇˆÒÊíÒËÃÑºÃÐ´ÑºªÑé¹
ÍÍ¾μÔ¤ÍÅ ¡ÒÃàª×èÍÁâÂ§ÃÐËÇˆÒ§ÍØ»¡Ã³ŒÇ§¨ÃáÊ§¢Í§âË¹´μ‰¹·Ò§¡Ñº¡ÅØˆÁ¢Í§ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§
¢Í§âË¹´»ÅÒÂ·Ò§¨ÐÁÕÃÙ»áººà»“¹μ‰¹äÁ‰ (light tree) ÊíÒËÃÑºã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¾ºÇˆÒÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§
¢Í§âË¹´μ‰¹·Ò§¨ÐàËç¹¡ÒÃàª×èÍÁâÂ§¡ÑºÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§¢Í§âË¹´»ÅÒÂ·Ò§â´ÂμÃ§ â´Â·Õè¨íÒ¹Ç¹¢Í§
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ÃÙ»·Õè 2.4: ÁØÁÁÍ§¢Í§¤íÒÃ‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹ÊíÒËÃÑº¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ
¡ÒÃÊ̂§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

ÃÙ»·Õè 2.5: ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
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ÃÙ»·Õè 2.6: ÁØÁÁÍ§¢Í§¤íÒÃ‰Í§¢Íã¹áμˆÅÐÃÐ´ÑºªÑé¹ÊíÒËÃÑº¡ÒÃ Ñ̈´àÊ‰¹·Ò§¢Í§·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

¡ÒÃàª×èÍÁâÂ§ÃÐËÇˆÒ§âË¹´μ‰¹·Ò§¡ÑºâË¹´»ÅÒÂ·Ò§¨Ðà¾ÔèÁ¢Öé¹ àÁ×èÍ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¹Ñé¹ÁÕ í̈Ò¹Ç¹
âË¹´»ÅÒÂ·Ò§ÁÒ¡¢Öé¹´Ñ§ÃÙ»·Õè 2.6

¡ÒÃ Ñ̈´àÊ‰¹·Ò§»ÃÐàÀ·¹Õéä´‰á¡‰ä¢¢‰Íº¡¾Ã̂Í§¢Í§¡ÒÃ Ñ̈´àÊ‰¹·Ò§¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ã¹¡Ã³Õ·Õè¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§ÁÕ¤ÇÒÁμ‰Í§¡ÒÃàËÁ×Í¹¡Ñ¹ â´Â¨ÐàËç¹ä´‰ÇˆÒáº¹´Œ
ÇÔ´·Œ·Õè¶Ù¡ãª‰ã¹¡ÒÃÊ̂§¢‰ÍÁÙÅáººμ‰¹äÁ‰ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Õé¨ÐÁÕ»ÃÔÁÒ³·Õè¹‰ÍÂ¡Ç̂Ò ÍÕ¡·Ñé§¡ÒÃÊ̂§¢‰ÍÁÙÅ
´‰ÇÂ¡ÒÃ¨Ñ´àÊ‰¹·Ò§»ÃÐàÀ·¹Õé¨Ðãª‰àÇÅÒ¹‰ÍÂ¡ÇˆÒ¡ÒÃ Ñ̈´àÊ‰¹·Ò§¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ à¹×èÍ§¨Ò¡¢‰ÍÁÙÅ¨ÐäÁˆ¶Ù¡
»ÃÐÁÇÅ¼Åã¹ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ÃÐËÇˆÒ§·Ò§

2.2 ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂÃÐ´ÑºªÑé¹ (multi-layer recovery)

ã¹ËÑÇ¢‰Í¹Õé ¨Ð¡Å̂ÒÇ¶Ö§·ÄÉ®ÕáÅÐàËμØ¼Å·Õèà¡ÕèÂÇ¢‰Í§ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÍÒ¨à¡Ô´¢Öé¹ä´‰ã¹â¤Ã§¢ˆÒÂ
â´Âãª‰¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ à¾×èÍãË‰·ÃÒ¿¿”¡·Õè¶Ù¡¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§´Ñ§
¡Å̂ÒÇÊÒÁÒÃ¶¶Ù¡Ê̂§μˆÍä»ÂÑ§»ÅÒÂ·Ò§ä ‰́ ·ÄÉ®Õ·Õè¨íÒà»“¹μ‰Í§¾Ô¨ÒÃ³Òã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂÃÐ´Ñº
ªÑé¹¹Ñé¹áº̂§ÍÍ¡à»“¹ 3 ËÑÇ¢‰Í [9] ¤×Í 1. ËÅÑ¡¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹ 2. ÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´
¢‰Í§ÃˆÇÁ¡Ñ¹¢Í§ËÅÒÂÃÐ Ñ́ºªÑé¹ áÅÐ 3. ¡ÅÂØ·¸Œ¢Í§¤ÇÒÁÍÂÙˆÃÍ´â´Â¾Ô¨ÒÃ³Ò¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂ
ÃÐ´ÑºªÑé¹ ´Ñ§ÃÙ»·Õè 2.7

2.2.1 ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμ̂ÅÐÃÐ Ñ́ºªÑé¹ (layer recovery)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¹Ñé¹áº̂§ÍÍ¡à»“¹ 2 »ÃÐàÀ· ¤×Í ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (op-

tical layer recovery) áÅÐ ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ (IP layer recovery) «Öè§¡ÒÃ¡Ù‰¤ÇÒÁ
¢Ñ´¢‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹¹Ñé¹¨Ð¢Öé¹ÍÂÙˆ¡Ñº¤ÇÒÁÊÒÁÒÃ¶¢Í§ÍØ»¡Ã³Œã¹áμˆÅÐÃÐ´ÑºªÑé¹ àªˆ¹ ¤ÇÒÁÊÒÁÒÃ¶ã¹
¡ÒÃÁÍ§àËç¹àÊ‰¹·Ò§¢Í§¢‰ÍÁÙÅ ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹¨ÐàËç¹àÊ‰¹·Ò§à´Ô¹¢Í§¢‰ÍÁÙÅã¹ÃÙ»áºº¢Í§·Ò§
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ÃÙ»·Õè 2.7: ËÑÇ¢‰Í·Õèà¡ÕèÂÇ¢‰Í§ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂÃÐ´ÑºªÑé¹

à´Ô¹áÊ§¨Ò¡ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§Ë¹Öè§ä»ÂÑ§ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ÍÕ¡μÑÇË¹Öè§ ã¹¢³Ð·Õèã¹ÃÐ´Ñº
ªÑé¹äÍ¾Õ àÊ‰¹·Ò§à´Ô¹¢Í§¢‰ÍÁÙÅ¨Ð¶Ù¡ÁÍ§àËç¹ã¹ÅÑ¡É³Ð¢Í§¡ÒÃàª×èÍÁâÂ§ÐËÇˆÒ§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§μ‰¹·Ò§
ä»ÂÑ§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§»ÅÒÂ·Ò§

2.2.1.1 ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical layer recovery)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà»“¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áºº§̂ÒÂ·ÕèÊØ´â´Â¨Ð¾Ô¨ÒÃ³Òà©¾ÒÐ
·Ò§à´Ô¹áÊ§·Õèà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹à·̂Ò¹Ñé¹ «Öè§àÁ×èÍÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§μ‰¹·Ò§¢Í§·Ò§à´Ô¹áÊ§ã´μÃÇ¨
¾º¤ÇÒÁ¢Ñ´¢‰Í§´Ñ§¡Å̂ÒÇ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§¹Ñé¹¨Ð·íÒ¡ÒÃÊÅÑº·Ò§à Ố¹áÊ§·Õèà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§ä»ÂÑ§
ÍÕ¡·Ò§à´Ô¹áÊ§Ë¹Öè§«Öè§ÁÕÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§»ÅÒÂ·Ò§ÍÑ¹à´ÕÂÇ¡Ñ¹ ´Ñ§ÃÙ»·Õè 2.8 ¨ÐàËç¹ä´‰ÇˆÒ·Ñé§
¡ÒÃμÃÇ¨¾º¤ÇÒÁ¢Ñ´¢‰Í§ áÅÐ ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ¨Ð¡ÃÐ·íÒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Ñé§ÊÔé¹ «Öè§¢‰Í´Õ¢Í§¡ÒÃ
¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹¹Õé ¤×Í ÁÕ¤ÇÒÁÃÇ´àÃçÇã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§à¹×èÍ§¨Ò¡¢‰ÍÁÙÅäÁˆ¨íÒà»“¹μ‰Í§¼ˆÒ¹
¡ÒÃ»ÃÐÁÇÅ¼Å·ÕèÃÐ´ÑºªÑé¹äÍ¾Õ«Öè§ í̈Òà»“¹μ‰Í§à»ÅÕèÂ¹ÃÙ»áºº¨Ò¡áÊ§à»“¹ä¿¿„Ò áμˆ¢‰ÍàÊÕÂà»ÃÕÂº¢Í§¡ÒÃ¡Ù‰
¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¤×Í ã¹¡Ã³Õ·Õè¡ÒÃàª×èÍÁâÂ§ í̈Òà»“¹μ‰Í§ãª‰·Ò§à´Ô¹áÊ§ËÅÒÂàÊ‰¹·Ò§ÃˆÇÁ
¡Ñ¹ ¡ÒÃàμÃÕÂÁàÊ‰¹·Ò§»„Í§¡Ñ¹ (protection path) à¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§¢Í§¡ÒÃàª×èÍÁâÂ§¹Õé¡ç¨Ðãª‰¤ÇÒÁ¨Ø
ÊíÒÃÍ§à¾ÔèÁ¢Öé¹μÒÁä»´‰ÇÂ áÅÐÂÔè§ä»¡ÇˆÒ¹Ñé¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹¹ÕéäÁˆÊÒÁÒÃ¶¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰·Ø¡
»ÃÐàÀ·
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ÃÙ»·Õè 2.8: ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical layer recovery)

2.2.1.2 ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ Ñ́ºªÑé¹äÍ¾Õ (IP layer recovery)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ ¨Ð¾Ô¨ÒÃ³Ò¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¨Ò¡ÁØÁÁÍ§¢Í§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹
·Ò§μ‰¹·Ò§áÅÐ»ÅÒÂ·Ò§ â´ÂàÁ×èÍà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹·ÕèàÊ‰¹·Ò§ËÅÑ¡«Öè§·íÒãË‰ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§μ‰¹·Ò§äÁˆ
ÊÒÁÒÃ¶Ê̂§¢‰ÍÁÙÅä»ÂÑ§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§»ÅÒÂ·Ò§ä´‰ ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§μ‰¹·Ò§¨Ð·íÒ¡ÒÃà»ÅÕèÂ¹àÊ‰¹·Ò§
¢Í§¢‰ÍÁÙÅ¨Ò¡àÊ‰¹·Ò§à´ÔÁä»ÂÑ§àÊ‰¹·Ò§ãËÁˆ«Öè§ÂÑ§¤§Êˆ§¢‰ÍÁÙÅä»ÂÑ§ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§»ÅÒÂ·Ò§ä´‰ÍÂÙˆ ´Ñ§
ÃÙ»·Õè 2.9 ¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹¹Õé¨Ðãª‰àÇÅÒã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÁÒ¡¡ÇˆÒ¡ÒÃ¡Ù‰¤ÇÒÁ
¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ à¹×èÍ§¨Ò¡ ¢‰ÍÁÙÅ¨Ð¶Ù¡à»ÅÕèÂ¹ÃÙ»áºº¨Ò¡áÊ§à»“¹ä¿¿„Ò à¾×èÍà¢‰ÒÊÙˆ¡ÃÐºÇ¹
¡ÒÃ»ÃÐÁÅ¼Å·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹¹Õé¨ÐÊÒÁÒÃ¶¡Ù‰¤ÇÒÁ
¢Ñ´¢‰Í§ä´‰ËÅÒÂ»ÃÐàÀ·àª̂¹ ¤ÇÒÁ¢Ñ´¢‰Í§¢Í§àÊ‰¹ãÂáÊ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ ËÃ×Í ÍØ»¡Ã³Œ¨Ñ´
àÊ‰¹·Ò§ÃÐËÇˆÒ§·Ò§

à»“¹·Õè·ÃÒº¡Ñ¹´Õ¡Ñ¹ÇˆÒ ¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹à»“¹¡ÒÃàª×èÍÁâÂ§¨Ò¡ÍØ»¡Ã³Œ¨Ñ´ËÒàÊ‰¹·Ò§
Ë¹Öè§ä»ÂÑ§ÍÕ¡ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§Ë¹Öè§ ¹Ñè¹¤×Í¡ÒÃ·Õè¨Ðà¡Ô´¡ÒÃàª×èÍÁâÂ§´Ñ§¡Å̂ÒÇä´‰¹Ñé¹ ÍØ»¡Ã³Œ¨Ñ́ àÊ‰¹Ë¹Öè§¨Ð
·íÒ¡ÒÃÊ̂§¢‰ÍÁÙÅâ´Â¼ˆÒ¹¡ÒÃ»ÃÐÁÇÅ¼Åã¹ÃÙ»áººä¿¿„Ò¨Ò¡¹Ñé¹¨Ð¶Ù¡à»ÅÕèÂ¹ÃÙ»áºº¢‰ÍÁÙÅä»à»“¹ÃÙ»áºº¢Í§
áÊ§ à¾×èÍãË‰ÊÒÁÒÃ¶Ê̂§¼ˆÒ¹àÊ‰¹ãÂ¹íÒáÊ§ä´‰ àÁ×èÍ¢‰ÍÁÙÅ¶Ù¡Ê̂§ä»ÂÑ§âË¹´·Õèμ‰Í§¡ÒÃáÅ‰Ç ¢‰ÍÁÙÅ¨Ð¶Ù¡à»ÅÕèÂ¹
ÃÙ»áººä»à»“¹ä¿¿„ÒÍÕ¡¤ÃÑé§ à¾×èÍ·íÒ¡ÒÃ»ÃÐÁÇÅ¼Å·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ «Öè§¹Õè¶×Íà»“¹àÊ‰¹·Ò§à´Ô¹¢Í§¢‰Í
ÁÙÅ·ÕèÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§·Ñé§ 2 àËç¹ÇˆÒÊÒÁÒÃ¶àª×èÍÁâÂ§¡Ñ¹ä´‰ ¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ÍÒ¨»ÃÐ¡Íº
´‰ÇÂ ¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ ÁÒ¡¡ÇˆÒ 1 Í§¤Œ»ÃÐ¡Íº¢Öé¹
ä» ´Ñ§ÃÙ»·Õè 2.10 ¨ÐàËç¹ä´‰ÇˆÒ àÁ×èÍà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹Å̂Ò§à¾ÕÂ§ 1 Í§¤Œ»ÃÐ¡ÍºÍÒ¨Ê̂§¼ÅãË‰Í§¤Œ
»ÃÐ¡Íºâ¤Ã§¢ˆÒÂã¹ÃÐ´ÑºªÑé¹º¹¢Ñ´¢‰Í§ÁÒ¡¡ÇˆÒ 1 Í§¤Œ»ÃÐ¡Íºä´‰ ´Ñ§¹Ñé¹ SRLG ËÃ×Í Shared Risk Link
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ÃÙ»·Õè 2.9: ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ (IP layer recovery)

Group [14] ¨Ö§ä´‰¶Ù¡¹íÒàÊ¹Í¢Öé¹à¾×èÍ»ÃÐ¡Íº¡ÒÃ¾Ô¨ÒÃ³Òã¹¡ÒÃÍÍ¡áººàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ
SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§Ë¹Öè§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ º̂§ºÍ¡¶Ö§¡ÅØˆÁ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õè

ãª‰¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà´ÕÂÇ¡Ñº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áºº
àÊ‰¹·Ò§»„Í§¡Ñ¹ÍÒ¨¹íÒàÍÒ SRLG ¢Í§·Ø¡¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾ÕÁÒà»“¹¢‰Í¡íÒË¹´ã¹¡ÒÃËÒàÊ‰¹·Ò§
»„Í§¡Ñ¹¢Í§¤íÒÃ‰Í§¢Íä´‰ à¾×èÍ»„Í§¡Ñ¹¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÍÒ¨à¡Ô´¾Ã‰ÍÁ¡Ñ¹ÃÐËÇˆÒ§àÊ‰¹·Ò§ËÅÑ¡ áÅÐ àÊ‰¹·Ò§
»„Í§¡Ñ¹

2.2.2 ÃÙ»áºº¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹¢Í§ËÅÒÂÃÐ Ñ́ºªÑé¹ (inter-working between layers)

¨Ò¡·Õèä´‰¡Å̂ÒÇ¶Ö§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂ¢Í§áμˆÅÐÃÐ´ÑºªÑé¹ã¹ËÑÇ¢‰Í·ÕèáÅ‰Ç ËÑÇ¢‰Í¹Õé
¨Ð¡Å̂ÒÇ¶Ö§¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹¢Í§áμˆÅÐÃÐ´ÑºªÑé¹ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Ñé¹ «Öè§¨Ò¡ÃÙ»·Õè 2.7 ¨ÐàËç¹ÇˆÒ
ÃÙ»áºº¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹¢Í§ËÅÒÂÃÐ´ÑºªÑé¹¹Ñé¹áº̂§à»“¹ 2 »ÃÐàÀ· ¤×Í ¡ÒÃ·íÒ§Ò¹áººäÁˆ»ÃÐÊÒ¹¡Ñ¹
(uncoordinated approach) áÅÐ ¡ÒÃ·íÒ§Ò¹áººà»“¹ÅíÒ´Ñº (sequential approach) ´Ñ§¨Ð¡Å̂ÒÇ¶Ö§ÃÒÂÅÐàÍÕÂ´
μˆÍä»

2.2.2.1 ÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººäÁˆ»ÃÐÊÒ¹¡Ñ¹ (uncoordinated approach)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¹Õé¨ÐäÁˆÁÕ¢‰Í¡íÒË¹´ã´·Õè¨Ð´ÙáÅ¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμ̂ÅÐÃÐ Ñ́º
ªÑé¹ ¹Ñè¹¤×Í ÃÐ´ÑºªÑé¹ã´·ÕèμÃÇ¨ Ñ̈º¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂä´‰¡̂Í¹ ¨Ðà»“¹ÃÐ´ÑºªÑé¹·ÕèàÃÔèÁ·íÒ¡ÒÃ¡Ù‰
¤ÇÒÁ¢Ñ´¢‰Í§¡ˆÍ¹ ¡ÒÃÇÒ§ÃÙ»áººã¹ÅÑ¡É³Ð¹ÕéÁÕ¢‰Í´Õ¤×Í ªˆÇÂÅ´ÀÒÃÐã¹¡ÒÃ´ÙáÅáÅÐ¤Çº¤ØÁ¡ÒÃ¡Ù‰¤ÇÒÁ
¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ¢‰ÍàÊÕÂ¢Í§ÃÙ»áºº¹Õé¤×Í ÍÒ¨à¡Ô´¡ÒÃÃº¡Ç¹¡Ñ¹ÃÐËÇˆÒ§
¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹ ÃÇÁä»¶Ö§ ¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§à»“¹¨íÒ¹Ç¹ÁÒ¡à¹×èÍ§¨Ò¡áμˆ
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ÃÙ»·Õè 2.10: ÃÙ»áºº¢Í§»’­ËÒ·Õèà¡Ô´¨Ò¡¡ÒÃÇÒ§â¤Ã§¢ˆÒÂã¹·Ñé§ 2 ÃÐ´ÑºªÑé¹

ÅÐÃÐ´ÑºªÑé¹àÃÔèÁ·íÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹àÇÅÒ·Õèã¡Å‰à¤ÕÂ§¡Ñ¹ ã¹¡Ã³Õ·ÕèáμˆÅÐÃÐ´ÑºªÑé¹ÊÒÁÒÃ¶μÃÇ¨ Ñ̈º¤ÇÒÁ
¢Ñ´¢‰Í§ä´‰ã¹àÇÅÒ·Õèã¡Å‰à¤ÕÂ§¡Ñ¹ ´Ñ§ÃÙ»·Õè 2.11

2.2.2.2 ÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººà»“¹ÅíÒ Ñ́º (sequential approach)

ÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººà»“¹ÅíÒ´Ñº ¤×Í¡ÒÃ¡íÒË¹´ÅíÒ´Ñº¢Í§áμˆÅÐÃÐ´ÑºªÑé¹ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õè
à¡Ô´¢Öé¹ «Öè§¡ÒÃáº̂§ÅíÒ´ÑºãË‰ªÑ´à¨¹ã¹ÅÑ¡É³Ð¹ÕéªˆÇÂãË‰¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÁÒ¡ÂÔè§¢Öé¹ ¹Í¡
¨Ò¡¹ÕéÂÑ§ÊÒÁÒÃ¶Å´¡ÒÃãª‰¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂä´‰ÁÒ¡àÁ×èÍà·ÕÂº¡ÑºÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººäÁˆ»ÃÐÊÒ¹
¡Ñ¹ ¡ÒÃ¨Ð¡íÒË¹´ãË‰áμˆÅÐÃÐ´ÑºªÑé¹·íÒË¹‰Ò·Õè¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ä´‰¹Ñé¹ ¨íÒà»“¹μ‰Í§ÁÕª̂Ç§ í̈Ò¡Ñ´àÇÅÒ
(hold-off timer) ¤ˆÒË¹Öè§à¾×èÍºÍ¡¶Ö§ÃÐÂÐàÇÅÒÁÒ¡·ÕèÊØ´·ÕèÃÐ´ÑºªÑé¹Ë¹Öè§æ¨ÐÊÒÁÒÃ¶·íÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§
ä´‰ ¶‰ÒÃÐ´ÑºªÑé¹ã´äÁˆÊÒÁÒÃ¶¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰μÒÁÃÐÂÐàÇÅÒ·Õè¡íÒË¹´ ÃÐ´ÑºªÑé¹·ÕèÁÕË¹‰Ò·Õèã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´
¢‰Í§¶Ñ´ä»¨ÐàÃÔèÁ·íÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Ñ¹·Õ â´Â ÃÐ´ÑºªÑé¹·Õè·íÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÍÂÙˆà´ÔÁμ‰Í§ÂØμÔ¡ÃÐºÇ¹
¡ÒÃ·Ø¡ÍÂ̂Ò§ ÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººà»“¹ÅíÒ´ÑºÊÒÁÒÃ¶áº̂§ÍÍ¡ä´‰à»“¹ 2 »ÃÐàÀ· ¤×Í ÃÙ»áºº¡ÒÃ·íÒ
§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹Å̂Ò§¢Öé¹º¹ (bottom-up escalation) áÅÐ ÃÙ»áºº¡ÒÃ·íÒ§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹º¹Å§Å̂Ò§ (top-

down escalation)

� ÃÙ»áºº¡ÒÃ·íÒ§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹Å̂Ò§¢Öé¹º¹ (bottom-up escalation)

ÃÙ»áºº¡ÒÃ·íÒ§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹Å̂Ò§¢Öé¹º¹¹Õé à»“¹¡ÒÃ¡íÒË¹´ãË‰¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÃÑºË¹‰Ò·Õèã¹¡ÒÃá¡‰ä¢¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹¡̂Í¹ àÁ×èÍÃÐ´ÑºªÑé¹¹ÕéäÁˆÊÒÁÒÃ¶á¡‰ä¢
¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ä´‰ ËÃ×Í¡ÃÐºÇ¹¡ÒÃá¡‰ä¢ãª‰àÇÅÒÁÒ¡¡ÇˆÒ¤ˆÒªÕéÇÑ´àÇÅÒ·Õè¡íÒË¹´ ÃÐ´ÑºªÑé¹äÍ¾Õ
¨ÐÃÑºË¹‰Ò·Õèã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¶Ñ´ä» ¢‰Í´Õ¢Í§ÃÙ»áºº¹Õé¤×Í ¶‰Ò¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹ÊÒÁÒÃ¶á¡‰
ä¢ä´‰ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ àÇÅÒ·Õèãª‰ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¨ÐäÁ̂ÁÒ¡¹Ñ¡ àÁ×èÍà·ÕÂº¡Ñº¡ÒÃ¡Ù‰¤ÇÒÁàÊÕÂ
ËÒÂ´Ñ§¡Å̂ÒÇã¹ÃÐ´ÑºªÑé¹äÍ¾Õ
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ÃÙ»·Õè 2.11: ÃÙ»áºº¡ÒÃ·íÒ§Ò¹áººäÁˆ»ÃÐÊÒ¹¡Ñ¹

� ÃÙ»áºº¡ÒÃ·íÒ§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹º¹Å§Å̂Ò§ (top-down escalation)

ÃÙ»áºº¡ÒÃ·íÒ§Ò¹¨Ò¡ÃÐ´ÑºªÑé¹º¹Å§Å̂Ò§¹Õéà»“¹¡ÒÃ¡íÒË¹´ãË‰ÃÐ´ÑºªÑé¹äÍ¾ÕÃÑºË¹‰Ò·Õèã¹¡Ù‰¤ÇÒÁ
¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹¡̂Í¹ ¨Ò¡¹Ñé¹ Ö̈§à»“¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè¨Ð·íÒË¹‰Ò·Õè¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹¶Ñ´ä»
¡ÒÃ¡íÒË¹´ãË‰ÃÐ´ÑºäÍ¾Õ·íÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¡ˆÍ¹¹Ñé¹à¹×èÍ§¨Ò¡ ã¹ÃÐ´ÑºäÍ¾ÕÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§º¹
â¤Ã§¢ˆÒÂ¨Ð·ÃÒº¶Ö§¢‰ÍÁÙÅ¢Í§â¤Ã§¢ˆÒÂ ³ ¢³Ð¹Ñé¹ ÃÇÁä»¶Ö§»ÃÐàÀ·¢Í§·ÃÒ¿¿”¡«Öè§ÊÒÁÒÃ¶ Ñ̈´
ÅíÒ´Ñº¤ÇÒÁÊíÒ¤Ñ­ (priority) ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰¡̂Í¹ [15]

2.2.3 ¡ÅÂØ· Œ̧¢Í§¤ÇÒÁÍÂÙˆÃÍ´â´Â¾Ô¨ÒÃ³Ò¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂÃÐ Ñ́ºªÑé¹ (multi-layer surviv-
ability strategies)

¡ÅÂØ·¸Œ¢Í§¤ÇÒÁÍÂÙˆÃÍ´¢Í§â¤Ã§¢ˆÒÂâ´Â¾Ô¨ÒÃ³Ò¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººËÅÒÂÃÐ´ÑºªÑé¹áº̂§à»“¹ 2

»ÃÐàÀ· ¤×Í ¡ÅÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶Ôμ (static recovery technique) áÅÐ ¡ÅÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§
áºº¾ÅÇÑμ (dynamic recovery technique) â´Â¨Ð¡Å̂ÒÇ¶Ö§ÃÒÂÅÐàÍÕÂ´ Ñ́§μˆÍä»¹Õé

2.2.3.1 ¡ÅÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶Ôμ (static recovery technique)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶Ôμ à»“¹ÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÊÒÁÒÃ¶àμÃÕÂÁ¡ÒÃä´‰ã¹ÅÑ¡É³ÐÍÍ¿äÅ¹Œ
(offline configuration) ¹Ñè¹¤×ÍÃÙ»áºº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¨Ð¶Ù¡àμÃÕÂÁäÇ‰¡̂Í¹¡ÒÃãË‰ºÃÔ¡ÒÃ ÃÙ»áºº¡ÒÃ
àμÃÕÂÁ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶ÔμËÃ×Í·ÕèàÃÕÂ¡ÇˆÒ ¡ÒÃ»„Í§¡Ñ¹ (protection) ¹Ñé¹¨Ð¶Ù¡àμÃÕÂÁäÇ‰à¾×èÍ»„Í§¡Ñ¹
äÁˆãË‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¢Öé¹Ê̂§¼ÅμˆÍ·ÃÒ¿¿”¡ËÅÑ§¨Ò¡¡ÒÃà»”´ãË‰ºÃÔ¡ÒÃ ´Ñ§¹Ñé¹¡ÒÃ»„Í§¡Ñ¹¤ÇÒÁ¢Ñ´¢‰Í§´Ñ§
¡Å̂ÒÇ¨ÐäÁˆ·íÒãË‰·Í¾ÍâÅÂÕ (topology) ¢Í§â¤Ã§¢ˆÒÂà»ÅÕèÂ¹á»Å§ä»¨Ò¡·Í¾ÍâÅÂÕ¢³Ð¡̂Í¹àÃÔèÁãË‰ºÃÔ¡ÒÃ
¡ÒÃÊÃ‰Ò§¡ÒÃ»„Í§¡Ñ¹áººÊ¶Ôμáº̂§ÍÍ¡à»“¹ 3 »ÃÐàÀ·¤×Í
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� Duplicated protection

¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹ã¹ÅÑ¡É³Ð¹Õé¨Ð¾Ô¨ÒÃ³Ò¡ÒÃ»„Í§¡Ñ¹ã¹·Ø¡Í§¤Œ»ÃÐ¡Íº·Õèà¡ÕèÂÇ¢‰Í§¹Ñè¹¤×Í
¤íÒÃ‰Í§¢Í í̈Òà»“¹μ‰Í§ÁÕ¡ÒÃ»„Í§¡Ñ¹ÃÍ§ÃÑº·Ñé§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ÃÐ´ÑºªÑé¹äÍ¾Õ ¹Í¡¨Ò¡¹Õé
àÊ‰¹·Ò§»„Í§¡Ñ¹´Ñ§¡Å̂ÒÇ¨Ðμ‰Í§ÁÕ¡ÒÃ»„Í§¡Ñ¹¢Í§μÑÇàÍ§ÍÕ¡´‰ÇÂ ´Ñ§ÃÙ»·Õè 2.12.¡ ¨ÐàËç¹ä´‰ÇˆÒ
Í§¤Œ»ÃÐ¡Íº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè¨íÒà»“¹¤×Í àÊ‰¹·Ò§»„Í§¡Ñ¹à¾×èÍÃÍ§ÃÑº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ
·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹ÊíÒËÃÑº·Ò§à Ố¹áÊ§·Õèãª‰§Ò¹ áÅÐ ·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹ÊíÒËÃÑº·Ò§à Ố¹áÊ§¢Í§àÊ‰¹
·Ò§»„Í§¡Ñ¹

� Logical spare unprotected

¡ÒÃÊÃ‰Ò§¡ÒÃ»„Í§¡Ñ¹ã¹ÅÑ¡É³Ð¹Õé¨Ð¾Ô¨ÒÃ³Ò¡ÒÃ»„Í§¡Ñ¹à¾ÕÂ§àÊ‰¹·Ò§ËÅÑ¡à·̂Ò¹Ñé¹ «Öè§¨Ðáμ¡
μˆÒ§¨Ò¡¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹áºº Duplicated protection μÃ§·Õè ¨ÐäÁˆÁÕ¡ÒÃàμÃÕÂÁ·Ò§à´Ô¹áÊ§
»„Í§¡Ñ¹ÊíÒËÃÑº·Ò§à Ố¹áÊ§¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2.12.¢ ¹Í¡¨Ò¡¹Õé¡ÒÃÅÐ¡ÒÃàμÃÕÂÁ
¡ÒÃ»„Í§¡Ñ¹´Ñ§¡Å̂ÒÇ¨Ð·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¨íÒà»“¹μ‰Í§ãª‰Å´Å§ÍÕ¡´‰ÇÂ

� Common pool strategy

ÃÙ»áºº¡ÒÃÊÃ‰Ò§¡ÒÃ»„Í§¡Ñ¹ã¹ÅÑ¡É³Ð¹Õé¨Ð¡ÃÐ·íÒã¹ÅÑ¡É³Ðà´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃÊÃ‰Ò§¡ÒÃ»„Í§¡Ñ¹ã¹
ÃÙ»áºº Logical spare unprotected â´Â·Õè ¨Ð¹íÒ¤ÇÒÁ¨ØÊíÒÃÍ§·Õèãª‰ã¹¡ÒÃàμÃÕÂÁàÊ‰¹·Ò§»„Í§¡Ñ¹
à¾×èÍÃÍ§ÃÑº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ÁÒãª‰ÃˆÇÁ¡Ñº¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰ã¹¡ÒÃàμÃÕÂÁ·Ò§à´Ô¹áÊ§
»„Í§¡Ñ¹ÊíÒËÃÑº·Ò§à Ố¹áÊ§·Õèãª‰§Ò¹ ´Ñ§ÃÙ»·Õè 2.12.¤ «Öè§ Ø̈´»ÃÐÊ§¤Œ¢Í§¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹áºº¹Õé
¤×Í ¡ÒÃ·íÒãË‰¤ÇÒÁ¨ØÊíÒÃÍ§·Õè¨íÒà»“¹μ‰Í§àμÃÕÂÁà¾×èÍ»„Í§¡Ñ¹¤ÇÒÁ¢Ñ´¢‰Í§ÁÕ»ÃÔÁÒ³Å´Å§ àÁ×èÍà»ÃÕÂº
à·ÕÂº¡Ñº¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹ã¹ 2 ÃÙ»áºº·Õèä´‰¡Å̂ÒÇ¢‰Ò§μ‰¹

2.2.3.2 ¡ÅÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áºº¾ÅÇÑμ (dynamic recovery technique)

¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¹Õé ¨Ðà»“¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§àÁ×èÍÁÕ¡ÒÃ¢Ñ´¢‰Í§à¡Ô´¢Öé¹ã¹â¤Ã§¢ˆÒÂÀÒÂ
ËÅÑ§¡ÒÃÊ̂§¢‰ÍÁÙÅ¤íÒÃ‰Í§¢ÍáÅ‰Ç ´Ñ§¹Ñé¹¡ÒÃ¨Ñ´¡ÒÃ¤ÇÒÁ¢Ñ´¢‰Í§´Ñ§¡Å̂ÒÇ í̈Òà»“¹μ‰Í§ãª‰ËÅÑ¡¡ÒÃ Ñ̈´ÊÃÃâ¤Ã§
¢ˆÒÂáººÍÍ¹äÅ¹Œ (online configuration) ¡ÒÃ Ñ̈´ÊÃÃâ¤Ã§¢ˆÒÂáººÍÍ¹äÅ¹Œ¹Õé¨ÐÁÕË¹‰Ò·Õè´ÙáÅ¡ÒÃ¨Í§
áÅÐÂ¡àÅÔ¡¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ã¹¡Ã³Õ·Õèâ¤Ã§¢ˆÒÂà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹ ÃÇÁä»¶Ö§ ¡ÒÃ´ÙáÅ·Í¾ÍâÅÂÕ
·Õèà»ÅÕèÂ¹ä»ã¹ÃÐËÇˆÒ§´íÒà¹Ô¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¹Õé¨íÒà»“¹μ‰Í§ãª‰à·¤¹Ô¤ËÃ×Í
¡ÃÐºÇ¹¡ÒÃ·ÕèÁÕ¤ÇÒÁäÇã¹¡ÒÃ¤íÒ¹Ç³ÊÙ§ à¾×èÍÅ´¼Å¡ÃÐ·º·ÕèÍÒ¨Ê̂§¼ÅμˆÍ·ÃÒ¿¿”¡
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ÃÙ»·Õè 2.12: ¡ÅÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººÊ¶Ôμ



º··Õè 3

¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹Ã̂ÇÁ¡Ñ¹ËÅÒÂÃÐ Ñ́ºªÑé¹áººÊ¶Ôμ
ÊíÒËÃÑº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ

º·¹Õé¨Ðà»“¹¡ÒÃ¡Å̂ÒÇ¶Ö§¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ â´Â¨ÐàÅ×Í¡¹íÒÇÔ¸Õ
¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèä´‰¡Å̂ÒÇ¶Ö§ã¹º··ÕèáÅ‰Ç ÁÒãª‰à¾×èÍÊÃ‰Ò§¢Ñé¹μÍ¹ÇÔ¸Õ·ÕèÊÒÁÒÃ¶ÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´
¨Ò¡ àÊ‰¹ãÂáÊ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ àÊ‰¹·Ò§à´Ô¹áÊ§ ËÃ×ÍÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ ¹Í¡¨Ò¡¹Õéá¹Ç·Ò§
¡ÒÃÍÍ¡áºº¨íÒà»“¹μ‰Í§ÊÒÁÒÃ¶ÃÍ§ÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ä´‰·Ñé§ 3 »ÃÐàÀ·ÍÕ¡´‰ÇÂ áÅÐà¹×èÍ§¨Ò¡ ·Ò§¼Ù‰
ÇÔ¨ÑÂÁØˆ§à¹‰¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§à©¾ÒÐ·ÃÒ¿¿”¡·Õèμ‰Í§¡ÒÃ¤ˆÒ¤ÇÒÁ¹ˆÒàª×èÍ¶×ÍÊÙ§ ´Ñ§¹Ñé¹á¹Ç·Ò§¡ÒÃÍÍ¡áºº
¨Ð¡ÃÐ·íÒã¹ÅÑ¡É³ÐÊ¶Ôμ

ËÅÑ¡¡ÒÃÍÍ¡áºº¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹áººÊ¶Ôμ¹Õé¨Ðáº̂§ÍÍ¡à»“¹ 2 ¢Ñé¹
μÍ¹´‰ÇÂ¡Ñ¹ ¹Ñè¹¤×Í ¡ÒÃÍÍ¡áººà¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§ áÅÐ ¡ÒÃÍÍ¡áººà¾×èÍÅ´»ÃÔÁÒ³¡ÒÃãª‰¤ÇÒÁ¨Ø
ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ â´Â¨Ð¡ÅˆÒÇ¶Ö§ÃÒÂÅÐàÍÕÂ´μ̂Í¨Ò¡¹Õé

3.1 ¡ÒÃÍÍ¡áººà¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§

¡̂Í¹¡ÒÃÍÍ¡áºº¡ÒÃÇÒ§àÊ‰¹·Ò§à¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§¹Ñé¹ ÊÔè§áÃ¡·Õè¨íÒà»“¹μ‰Í§¤íÒ¹Ö§¶Ö§¤×Í¢‰ÍÁÙÅ
·Õèμ‰Í§»„Í¹à¢‰Ò (input) ã¹¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í «Öè§¢‰ÍÁÙÅàËÅ̂Ò¹Ñé¹ÁÕ´Ñ§¹Õé

� ·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ (optical) áÅÐ äÍ¾Õ (IP)

ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ¹Õé¨Ðá·¹ ‰́ÇÂàÁμÃÔ¡«Œ¨ÑμØÃÑÊ·ÕèÁÕ¢¹Ò´à·̂Ò¡Ñº í̈Ò¹Ç¹âË¹´¢Í§ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ â´Â
·Õè¤ˆÒã¹áμˆÅÐμíÒáË¹ˆ§¢Í§àÁμÃÔ¡«Œ¨ÐÁÕ¤ˆÒà»“¹ 1 àÁ×èÍ¤ÙˆâË¹´ã¹ÃÐ´ÑºªÑé¹¹Ñé¹ÁÕ¡ÒÃàª×èÍÁâÂ§¶Ö§¡Ñ¹â´Â
μÃ§ áÅÐ ÁÕ¤ˆÒà»“¹ 0 àÁ×èÍäÁˆÁÕ¡ÒÃàª×èÍÁâÂ§ÃÐËÇˆÒ§¤ÙˆâË¹´

� ¤íÒÃ‰Í§¢Í
¤íÒÃ‰Í§¢Íã¹·Õè¹Õé¤×Í àÊ‰¹·Ò§·Õèàª×èÍÁ¨Ò¡âË¹´μ‰¹·Ò§ä»ÂÑ§âË¹´»ÅÒÂ·Ò§ ·Ñé§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ áÅÐ
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ â´Â·ÕèàÊ‰¹·Ò§àËÅ̂Ò¹Õé¨íÒà»“¹μ‰Í§ä´‰ÃÑº¡ÒÃ»„Í§¡Ñ¹à¾×èÍ¤ÇÒÁμˆÍà¹×èÍ§ã¹¡ÒÃÊ̂§¢‰Í
ÁÙÅã¹¡Ã³Õ·Õèà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§¢Öé¹ã¹â¤Ã§¢ˆÒÂ

� ¢‰ÍÁÙÅ SRLG

¢‰ÍÁÙÅ¹Õéà»“¹¢‰ÍÁÙÅ·ÕèÊíÒ¤Ñ­àÁ×èÍμ‰Í§¾Ô¨ÒÃ³Òâ¤Ã§¢ˆÒÂ·ÕèÁÕÃÐ´ÑºªÑé¹ÁÒ¡¡ÇˆÒ 1 ÃÐ´ÑºªÑé¹ ¢‰ÍÁÙÅ¹Õé¨ÐÍÂÙˆ
ÃÙ»áºº à«μ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¹Ñè¹¤×Í SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§Ë¹Öè§ã¹ÃÐ´ÑºªÑé¹
äÍ¾Õ ¨Ð»ÃÐ¡Íº´‰ÇÂ¡ÅØˆÁ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õèãª‰¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
à´ÕÂÇ¡Ñº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹
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� ¤ÇÒÁ¨ØÊíÒÃÍ§ÊÙ§ÊØ´·ÕèÊÒÁÒÃ¶ãª‰ä´‰
à¹×èÍ§¨Ò¡¤ÇÒÁ¨ØÊíÒÃÍ§ã¹áμˆÅÐ¡ÒÃàª×èÍÁã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÁÕ í̈Ò¡Ñ´ ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áºº í̈Òà»“¹
μ‰Í§ãª‰¤ˆÒ¤ÇÒÁ¨ØÊíÒÃÍ§ÊÙ§ÊØ´à»“¹μÑÇ¡íÒË¹´¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ â´Â·Õè¤ˆÒ¤ÇÒÁ¨ØÊíÒÃÍ§ã¹ÇÔ·ÂÒ
¹Ô¾¹¸Œ¹Õé¨Ðãª‰à»“¹ í̈Ò¹Ç¹Ë¹ˆÇÂ (capacity unit) «Öè§¨ÐÁÕ¤ˆÒà»“¹ í̈Ò¹Ç¹àμçÁºÇ¡à·̂Ò¹Ñé¹ ÊíÒËÃÑº
»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§áμˆÅÐ¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ ã¹¡ÒÃ·´ÅÍ§¨Ð¡íÒË¹´ãË‰ÁÕ
¤ˆÒà·ˆÒ¡Ñº 10 Ë¹ˆÇÂ

à¾×èÍ¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃ¡Å̂ÒÇÍ‰Ò§¶Ö§¢‰ÍÁÙÅμˆÒ§æã¹ÇÔ·ÂÒ¹Ô¾¹¸ŒàÅ̂Á¹Õé ¼Ù‰ÇÔ¨ÑÂ Ö̈§ãË‰¹ÔÂÒÁ¾ÒÃÒÁÔàμÍÃŒ
¢Öé¹ÁÒ´Ñ§áÊ´§ã¹μÒÃÒ§·Õè 3.1 à¾×èÍãª‰ã¹¡ÒÃàÃÕÂ¡¶Ö§μˆÍä»

μÒÃÒ§·Õè 3.1: μÒÃÒ§¹ÔÂÒÁ¾ÒÃÒÁÔàμÍÃŒ

� , � ¨íÒ¹Ç¹âË¹´áÅÐ¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
�� , �� àÁμÃÔ¡«ŒáÊ´§·Í¾ÍâÅÂÕ¢Í§â¤Ã§¢ˆÒÂã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ äÍ¾Õ
� à«μ¢Í§·Ò§à´Ô¹áÊ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè¶Ù¡ãª‰â´Â¤íÒÃ‰Í§¢Í
�� ÅíÒ´ÑºâË¹´¢Í§·Ò§à´Ô¹áÊ§·Õè � ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¢Í§¤íÒÃ‰Í§¢Í, �� � �
� à«μ¢Í§¡ÒÃàª×èÍÁâÂ§ÃÐËÇˆÒ§âË¹´μ‰¹·Ò§¶Ö§âË¹´»ÅÒÂ·Ò§ã¹ÃÐ Ñ́ºªÑé¹äÍ¾Õ¢Í§¤íÒÃ‰Í§¢Í
�� ÅíÒ´ÑºâË¹´¢Í§¡ÒÃàª×èÍÁμˆÍ·Õè � ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¢Í§¤íÒÃ‰Í§¢Í, �� � �

�� à«μ¢Í§·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õèãª‰à¾×èÍ»„Í§¡Ñ¹ �� àªˆ¹
�� = �� �

� ,� �
� ,. . . ,� �

� �

��
� ÅíÒ´ÑºâË¹´¢Í§·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè � à¾×èÍ»„Í§¡Ñ¹ ��, ��

� � ��

�� à«μ¢Í§¡ÒÃàª×èÍÁμˆÍ»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õèãª‰à¾×èÍ»„Í§¡Ñ¹ �� àªˆ¹
�� = �	�

� ,	�

� ,. . . ,	�
� �

	�
� ÅíÒ´ÑºâË¹´¢Í§¡ÒÃàª×èÍÁμˆÍ»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õè � à¾×èÍ»„Í§¡Ñ¹ ��, 	�

� � ��

	� à«μ¢Í§¡ÒÃàª×èÍÁμˆÍ»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè¶Ù¡à»ÅÕèÂ¹Ê̂§¨Ò¡��


�
� ÅíÒ´ÑºâË¹´¢Í§¡ÒÃàª×èÍÁμˆÍ»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè � ·Õè¶Ù¡à»ÅÕèÂ¹Ê̂§ÁÒ¨Ò¡ 	�

�

� ¨íÒ¹Ç¹ÃÙ»áºº·Ñé§ËÁ´¢Í§¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂ
ÃÐ´ÑºªÑé¹


� ÃÙ»áººàÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·Õè �, � � �1,2,...,��

àªˆ¹ 
� = �� �
�

. . . �� �
� �


�
�
,. . . ,
�

��


� ¨íÒ¹Ç¹¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰à¾×èÍÇÒ§ ��
����� à«μ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õèãª‰¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà´ÕÂÇ¡Ñº¡ÒÃ

àª×èÍÁâÂ§·Õè � ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ

3.1.1 ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅ

ËÅÑ§¨Ò¡ÃÑº¢‰ÍÁÙÅ·Ñé§ 4 ´Ñ§·Õè¡Å̂ÒÇäÇ‰¢‰Ò§μ‰¹à¢‰ÒÁÒã¹¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áÅ‰Ç ¡ÃÐºÇ¹
¡ÒÃËÒàÊ‰¹·Ò§¨ÐàÃÔèÁμ‰¹ â´ÂàÃÔèÁ¨Ò¡¡ÃÐºÇ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·Õèà»“¹ä»ä´‰·Ñé§ËÁ´ ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
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�� à¾×èÍÃÍ§ÃÑº¤íÒÃ‰Í§¢Í·ÕèÍÂÙˆã¹ªÑé¹ÍÍ¾μÔ¤ÍÅ ��
¨Ò¡¡ÒÃÊÑ§à¡μ¾ºÇˆÒÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Õèä´‰¡Å̂ÒÇ¶Ö§ã¹º··Õè 2 ¹Ñé¹ ÁÕ¤ÇÒÁËÅÒ¡ËÅÒÂáμ¡μˆÒ§

¡Ñ¹ÍÍ¡ä» ÊíÒËÃÑº·ÃÒ¿¿”¡»ÃÐàÀ·ÁÑÅμÔ¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¾ºÇˆÒ ·Ò§à´Ô¹áÊ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
¹Ñé¹¨ÐÁÕÅÑ¡É³Ðàª×èÍÁà©¾ÒÐâË¹´¶Ö§âË¹´ ËÃ×ÍÍÒ¨¡Å̂ÒÇÇˆÒÁÕÅÑ¡É³Ð¤Å‰ÒÂ·Ò§à´Ô¹áÊ§¢Í§ ·ÃÒ¿¿”¡ª¹Ô´
ÂÙ¹Ô¤ÒÊμŒ Ê̂Ç¹·ÃÒ¿¿”¡»ÃÐàÀ· ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¹Ñé¹
¨ÐÁÕ¡ÒÃÇÒ§àÊ‰¹·Ò§à´Ô¹¢Í§¢‰ÍÁÙÅã¹ÃÙ»áºº¢Í§¡ÒÃãª‰àÊ‰¹·Ò§à´Ô¹áÊ§ ·Õèàª×èÍÁÃÐËÇˆÒ§âË¹´μ‰¹·Ò§¶Ö§
âË¹´»ÅÒÂ·Ò§ËÅÒÂàÊ‰¹μÒÁ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ áÅÐÊíÒËÃÑº·ÃÒ¿¿”¡»ÃÐàÀ·ÊØ´·‰ÒÂ¹Ñè¹¤×Í ÁÑÅμÔ
¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¾ºÇˆÒàÊ‰¹·Ò§¢Í§¢‰ÍÁÙÅã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ÁÕÃÙ»áººà»“¹·Ò§à´Ô¹áÊ§
áººμ‰¹äÁ‰ ¹Ñè¹¤×ÍÁÕàÊ‰¹·Ò§à´Ô¹¨Ò¡âË¹´μ‰¹·Ò§¶Ö§¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§ ´Ñ§¹Ñé¹¡ÒÃ·Õè¨ÐÍÍ¡áººà¾×èÍ
ãË‰ÃÍ§ÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅä´‰ ¨Ö§ í̈Òà»“¹μ‰Í§ÍÍ¡áººâ´Â¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹
àªÔ§ÂÙ¹Ô¤ÒÊμŒ à¾×èÍãË‰¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹ÍÊÒÁÒÃ¶¤ÃÍº¤ÅØÁ¤Ø³ÅÑ¡É³Ð¢Í§ÁÑÅμÔ¤ÒÊμŒ·Ñé§ 3 ª¹Ô´ä´‰

¤íÒÃ‰Í§¢Íã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ � ·Õè¨íÒà»“¹μ‰Í§ËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰¤×Í ¤ÙˆâË¹´·Ø¡¤Ùˆã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ·ÕèÁÕ¡ÒÃÊ̂§¢‰ÍÁÙÅ¶Ö§¡Ñ¹ Â¡μÑÇÍÂˆÒ§àªˆ¹ ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·ÕèÁÕ
âË¹´μ‰¹·Ò§ 1 âË¹´ áÅÐ âË¹´»ÅÒÂ·Ò§ 2 âË¹´ ¤íÒÃ‰Í§¢Í´Ñ§¡Å̂ÒÇ¨Ðμ‰Í§¡ÒÃàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ·Ñé§ÊÔé¹ 2 àÊ‰¹·Ò§´‰ÇÂ¡Ñ¹ ¹Ñº¨Ò¡¤ÙˆâË¹´μ‰¹·Ò§ä»ÂÑ§âË¹´»ÅÒÂ·Ò§·Õè 1, �� áÅÐ ¤ÙˆâË¹´μ‰¹
·Ò§ä»ÂÑ§âË¹´»ÅÒÂ·Ò§·Õè 2, ��

àÁ×èÍ·ÃÒº¨íÒ¹Ç¹·Ò§à´Ô¹áÊ§·Ñé§ËÁ´·Õè¨Ðμ‰Í§ÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰áÅ‰Ç ¢Ñé¹μÍ¹μˆÍ¨Ò¡¹Õé¨Ðà»“¹´Ñ§
¼Ñ§§Ò¹ã¹ÃÙ»·Õè 3.1 ¡̂Í¹·Õè¨Ð·íÒ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹¹Ñé¹ àÃÒ í̈Òà»“¹μ‰Í§·ÃÒº¶Ö§¼Å¡ÃÐ·º¢Í§ÃÙ»áºº
¤ÇÒÁ¢Ñ´¢‰Í§·Õè¨Ð·íÒ¡ÒÃ¾Ô¨ÒÃ³ÒÇˆÒÁÕ¼ÅÍÂˆÒ§äÃ áÅÐ ÊÒÁÒÃ¶ËÅÕ¡àÅÕèÂ§ä´‰ÍÂˆÒ§äÃ ËÅÑ¡¡ÒÃ¢Í§¡ÒÃÇÒ§
àÊ‰¹·Ò§»„Í§¡Ñ¹áººËÅÕ¡àÅÕèÂ§àÊ‰¹·Ò§·ÕèÍÒ¨ä´‰ÃÑº¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§ (FIPP: Failure Independent

Path Protection) ¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´ä´‰¨Ò¡¡ÒÃÈÖ¡ÉÒÃÙ»áººã¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèÊÒÁÒÃ¶»„Í§¡Ñ¹
¤ÇÒÁ¢Ñ´¢‰Í§ä´‰ÁÒ¡·ÕèÊØ´ ´Ñ§áÊ´§ãË‰àËç¹ã¹μÒÃÒ§·Õè 3.2 â´Â·Õè¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃàÅ×Í¡ÍÍ¡áºº¡ÒÃÇÒ§àÊ‰¹
·Ò§»„Í§¡Ñ¹áºº FIPP ª¹Ô´ node-disjoint ¨Ðà»“¹ÇÔ¸Õ·ÕèÁÕ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰ÁÒ¡·ÕèÊØ´
â´Âà©¾ÒÐã¹¡Ã³Õ IP link failure ·Õè¡ÒÃÍÍ¡áººã¹ÅÑ¡É³Ð¹ÕéÊÒÁÒÃ¶¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä´‰ 100 % ´Ñ§¹Ñé¹
ã¹¡ÒÃÍÍ¡áººã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Õé ¼Ù‰ÇÔ¨ÑÂ¨ÐÍÒÈÑÂà§×èÍ¹ä¢ºÑ§¤Ñº (constraint) node-disjoint ã¹¡ÒÃÇÒ§
àÊ‰¹·Ò§»„Í§¡Ñ¹

μÒÃÒ§·Õè 3.2: μÒÃÒ§à»ÃÕÂºà·ÕÂº¡ÒÃÍÍ¡áººàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅâ´Âãª‰ËÅÑ¡¡ÒÃ FIPP

àÁ×èÍà¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§»ÃÐàÀ·μ̂Ò§æ
optical layer protection link-disjoint node-disjoint

optical node failure � 100 % � 100 %

optical link failure = 100 % = 100 %

IP node failure = 0 % = 0 %

IP link failure � 100 % = 100 %
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¢Ñé¹μÍ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ÊíÒËÃÑºÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Õé·íÒä´‰â´Â ÍÒÈÑÂà§×èÍ¹ä¢ºÑ§¤Ñº node-

disjoint ¹Ñè¹¤×Í¡ÒÃÅºâË¹´·Õèà»“¹âË¹´·Ò§¼ˆÒ¹¢Í§·Ò§à´Ô¹áÊ§·Õè 1 ¨Ò¡¹Ñé¹àÃÔèÁËÒàÊ‰¹·Ò§·Õèà»“¹ä»ä´‰·Ñé§
ËÁ´·Õèàª×èÍÁÃÐËÇˆÒ§âË¹´μ‰¹·Ò§ áÅÐ âË¹´»ÅÒÂ·Ò§¢Í§·Ò§à´Ô¹áÊ§¹Õéã¹ÃÙ»¢Í§ÅíÒ´ÑºâË¹´ ��

� «Öè§àÊ‰¹
·Ò§àËÅ̂Ò¹Õé¨ÐÍÂÙˆÀÒÂã¹à«μ¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹¢Í§·Ò§à´Ô¹áÊ§·Õè 1, �� ¨Ò¡¹Ñé¹¡ÃÐ·íÒã¹ÅÑ¡É³Ðà´ÕÂÇ¡Ñ¹
¡Ñº·Ò§à Ố¹áÊ§·Ñé§ËÁ´·ÕèÍÂÙˆã¹¤íÒÃ‰Í§¢Í «Öè§ÊØ´·‰ÒÂ¨Ðä´‰ ¨íÒ¹Ç¹à«μ¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹à·̂Ò¡Ñº í̈Ò¹Ç¹·Ò§
à´Ô¹áÊ§¢Í§¤íÒÃ‰Í§¢Í ¢Ñé¹μÍ¹àËÅ̂Ò¹ÕéÊÒÁÒÃ¶ÊÃØ»ä´‰´Ñ§¹Õé

1. ¾Ô¨ÒÃ³Ò·Ò§à´Ô¹áÊ§áÃ¡¢Í§¤íÒÃ‰Í§¢Í �� à¾×èÍ·íÒ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèà»“¹ä»ä´‰·Ñé§ËÁ´à¾×èÍ
ÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÍÒ¨à¡Ô´¢Öé¹ä´‰ã¹â¤Ã§¢ˆÒÂ â´ÂÍ‰Ò§ÍÔ§¨Ò¡ �� ·Õè·íÒ¡ÒÃÅºâË¹´ÃÐËÇˆÒ§·Ò§·Õè
àª×èÍÁÃÐËÇˆÒ§âË¹´μ‰¹·Ò§ áÅÐ âË¹´»ÅÒÂ·Ò§ ¢Í§ �� àÃÕÂºÃ‰ÍÂáÅ‰Ç ÊíÒËÃÑº¡ÒÃÅºâË¹´ÃÐËÇˆÒ§
·Ò§¹Ñé¹·íÒä´‰â´Â¡ÒÃà»ÅÕèÂ¹Í§¤Œ»ÃÐ¡Íº¢Í§àÁμÃÔ¡«Œ �� ·ÕèÁÕÊÁÒªÔ¡¢Í§¤ÙˆÅíÒ´Ñºà»“¹âË¹´ÃÐËÇˆÒ§
·Ò§ã¹ �� Â¡àÇ‰¹¡Ã³Õ·ÕèâË¹´μ‰¹·Ò§¡ÑºâË¹´»ÅÒÂ·Ò§àª×èÍÁμˆÍ¡Ñ¹â´ÂμÃ§ «Öè§ã¹¡Ã³Õ¹Õé ¨Ð·íÒ¡ÒÃ
à»ÅÕèÂ¹Í§¤Œ»ÃÐ¡Íº·ÕèÁÕÊÁÒªÔ¡¢Í§¤ÙˆÅíÒ´Ñºà»“¹âË¹´μ‰¹·Ò§áÅÐâË¹´»ÅÒÂ·Ò§ à·ˆÒ¹Ñé¹

2. ¹íÒ �� ·Õèä´‰¨Ò¡¢Ñé¹μÍ¹·Õè 1 ÁÒ·íÒ¡ÒÃËÒ¡ÒÃàª×èÍÁμˆÍ·ÕèàËÅ×Í·Ñé§ËÁ´¢Í§áμˆÅÐâË¹´ â´Â·Õè¨Ð
·íÒ¡ÒÃºÑ¹·Ö¡Å§ã¹à«μ cand mat «Öè§áμˆÅÐá¶Ç¨Ðá·¹à«μ¢Í§âË¹´·ÕèÊÒÁÒÃ¶àª×èÍÁμˆÍä´‰â´ÂμÃ§¡Ñº
âË¹´ËÁÒÂàÅ¢á¶Ç¹Ñé¹

3. ¡íÒË¹´ close list ¤×Íà«μÅíÒ´Ñº¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹ â´ÂàÃÔèÁμ‰¹¨Ð¶Ù¡¡íÒË¹´ãË‰ÁÕÊÁÒªÔ¡à»“¹âË¹´
μ‰¹·Ò§à¾ÕÂ§âË¹´à´ÕÂÇ ¨Ò¡¹Ñé¹¡íÒË¹´ãË‰ check list ¤×Íà«μ·ÕèÁÕÊÁÒªÔ¡ã¹áμˆÅÐá¶Çà»“¹àÁμÃÔ¡«Œ
¢¹Ò´ � � � ãª‰à¾×èÍμÃÇ¨ÊÍºÇˆÒ¡ÒÃàª×èÍÁμˆÍä»ÂÑ§âË¹´ã´¶Ù¡ãª‰ä»áÅ‰Çº‰Ò§ ¶‰ÒμÑÇàÅ¢ã¹μíÒáË¹ˆ§
ã´¢Í§àÁμÃÔ¡«ŒÁÕ¤ˆÒà·̂Ò¡Ñº 0 ¹Ñè¹ËÁÒÂ¤ÇÒÁÇˆÒ¡ÒÃàª×èÍÁâÂ§ä»ÂÑ§âË¹´ã¹μíèÒáË¹ˆ§¹Ñé¹¨ÐäÁˆÊÒÁÒÃ¶
ãª‰ä´‰ÍÕ¡ «Öè§àÃÔèÁμ‰¹¨Ð¡íÒË¹´ãË‰ check list = ���� �� ���� ��

��� � áÅÐÊØ´·‰ÒÂ¡íÒË¹´ãË‰ open list

¤×Íà«μ¢Í§âË¹´μÑÇàÅ×Í¡·ÕèÊÒÁÒÃ¶àª×èÍÁμˆÍä´‰ã¹¢³Ð¹Ñé¹ â´ÂÁÕ¨íÒ¹Ç¹á¶Ç¢Í§ open list áÊ´§¶Ö§
¨íÒ¹Ç¹ÎÍ»·ÕèàÊ‰¹·Ò§»„Í§¡Ñ¹ä´‰ãª‰ä» ÊíÒËÃÑº open list àÃÔèÁμ‰¹¨Ð¡íÒË¹´ãË‰ÁÕÊÁÒªÔ¡á¶ÇáÃ¡à»“¹
cand mat ¢Í§âË¹´μ‰¹·Ò§

4. μÃÇ¨ÊÍºã¹á¶ÇÊØ´·‰ÒÂ¢Í§ open list ÇˆÒÂÑ§¤§ÁÕÊÁÒªÔ¡àËÅ×ÍÍÂÙˆËÃ×ÍäÁˆ ¶‰ÒäÁˆÁÕÊÁÒªÔ¡àËÅ×Í
áÅ‰Ç μ‰Í§·íÒ¡ÒÃμÃÇ¨ÊÍºμˆÍÇˆÒá¶ÇÊØ´·‰ÒÂ·ÕèμÃÇ¨ÊÍº¹Ñé¹¤×Íá¶ÇáÃ¡ËÃ×ÍäÁˆ ¶‰Òà»“¹á¶ÇáÃ¡¨ÃÔ§
¡ÃÐºÇ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹¡ç¨ÐÂØμÔÅ§ ¹Ñè¹ËÁÒÂ¤ÇÒÁÇˆÒ¨ÐäÁ̂ÊÒÁÒÃ¶ËÒàÊ‰¹·Ò§»„Í§¡Ñ¹à¾ÔèÁàμÔÁ
ä´‰ÍÕ¡ áμˆ¶‰Òá¶Ç·Õè·íÒ¡ÒÃμÃÇ¨ÊÍºäÁ̂ãª̂á¶ÇáÃ¡ ¡ç¨Ð·íÒ¡ÒÃμÑ´á¶Ç¹Ñé¹·Ôé§ áÅÐ ÅºâË¹´μÑÇáÃ¡
ã¹á¶Ç¶Ñ´¢Öé¹ÁÒÍÍ¡ ¨Ò¡¹Ñé¹¨Ð·íÒ¡ÒÃμÑ´ check list ã¹á¶ÇÊØ´·‰ÒÂÍÍ¡àªˆ¹¡Ñ¹à¾×èÍ·íÒãË‰¨íÒ¹Ç¹á¶Ç
¢Í§ open list áÅÐ check list ÁÕ í̈Ò¹Ç¹à·ˆÒ¡Ñ¹ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ¶‰ÒμÃÇ¨ÊÍºá¶ÇÊØ´·‰ÒÂ¢Í§
open list áÅ‰ÇÂÑ§¤§ÁÕÊÁÒªÔ¡àËÅ×ÍÍÂÙˆ âË¹´μÑÇáÃ¡¢Í§á¶ÇÊØ´·‰ÒÂ¨Ð¶Ù¡¹íÒÁÒμÃÇ¨ÊÍºÇˆÒÊÒÁÒÃ¶
¹íÒä»μˆÍã¹ close list ä´‰ËÃ×ÍäÁˆ «Öè§¡ÒÃμÃÇ¨ÊÍº¹Ñé¹¡ÃÐ·íÒä´‰â´Â¾Ô¨ÒÃ³ÒμíÒáË¹ˆ§¢Í§âË¹´¹Ñé¹ã¹
check list á¶ÇÊØ´·‰ÒÂÇˆÒÁÕ¤ˆÒà·̂Ò¡Ñº 0 ËÃ×ÍäÁˆ ¶‰ÒμíÒáË¹ˆ§¹Ñé¹ÁÕ¤ˆÒäÁˆà·̂Ò¡Ñº 0 (ã¹·Õè¹Õé¨ÐãË‰ÁÕ¤ˆÒ
à·̂Ò¡Ñº 1) áÊ´§ÇˆÒâË¹´¹Ñé¹ÊÒÁÒÃ¶¹íÒÁÒãª‰ã¹¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ä´‰ ã¹¡Ã³ÕâË¹´·Õè¹íÒÁÒãª‰
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¤×ÍâË¹´»ÅÒÂ·Ò§ ¨Ðá·¹ close list ¹Ñé¹´‰ÇÂ ��
� â´Â·Õè n ¤×ÍÅíÒ´Ñº¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰à¾×èÍ

ÃÍ§ÃÑº �� ¨Ò¡¹Ñé¹·íÒ¡ÒÃÅºâË¹´·Õèà»“¹âË¹´»ÅÒÂ·Ò§¹ÕéÍÍ¡¨Ò¡ close list áÅÐ open list á¶ÇÊØ´
·‰ÒÂ à¾×èÍ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹μˆÍä» ÊíÒËÃÑº¡Ã³ÕâË¹´·Õè¹íÒÁÒãª‰äÁˆãª̂âË¹´»ÅÒÂ·Ò§ ¨Ð·íÒ¡ÒÃ
à¾ÔèÁá¶Ç¢Í§ check list ¢Öé¹ÁÒÍÕ¡ 1 á¶Ç â´Âá¶Ç·Õèà¾ÔèÁ¢Öé¹ÁÒ¹Ñé¹¨ÐÁÕÅÑ¡É³ÐàËÁ×Í¹á¶Ç¡̂Í¹Ë¹‰Ò
·Ø¡»ÃÐ¡ÒÃÂ¡àÇ‰¹μíÒáË¹ˆ§¢Í§âË¹´·Õè¹íÒÁÒãª‰ «Öè§¨Ðμ‰Í§ÁÕ¤ˆÒà·̂Ò¡Ñº 0 ÊíÒËÃÑº check list ¹Ñé¹ í̈Òà»“¹
μ‰Í§à¾ÔèÁá¶ÇÊØ´·‰ÒÂ¢Öé¹ÁÒãËÁ̂ «Öè§á·¹ä´‰´‰ÇÂ cand mat ¢Í§âË¹´¹Ñé¹ ã¹¡Ã³Õ·ÕèμíÒáË¹ˆ§¢Í§âË¹´·Õè
¾Ô¨ÒÃ³ÒÁÕ¤̂Òà·ˆÒ¡Ñº 0 ã¹ check list á¶ÇÊØ´·‰ÒÂ áÊ´§ÇˆÒâË¹´¹Ñé¹äÁˆÊÒÁÒÃ¶¹íÒÁÒãª‰ä´‰ÍÕ¡ã¹¡ÒÃ
ÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹¹Õé ´Ñ§¹Ñé¹¨Ð·íÒ¡ÒÃÅºâË¹´´Ñ§¡Å̂ÒÇÍÍ¡¨Ò¡ open list á¶ÇÊØ´·‰ÒÂà¾×èÍ»„Í§¡Ñ¹
¡ÒÃãª‰âË¹´«íéÒ

5. àÁ×èÍ open list äÁˆÁÕÊÁÒªÔ¡àËÅ×ÍáÅ‰Ç ¨Ðä´‰à«μ¢Í§¡ÒÃ»„Í§¡Ñ¹ �� = �� �
�

,� �
�

,. . . ,� �
�
� ·ÕèÊÒÁÒÃ¶

ÃÍ§ÃÑº �� ä´‰ ¨Ò¡¹Ñé¹ãË‰¡ÃÐ·íÒ«íéÒ¢Ñé¹μÍ¹·Õè 1 - 4 ÊíÒËÃÑº·Ø¡·Ò§à Ố¹áÊ§¢Í§¤íÒÃ‰Í§¢Í �� ·Õèà»“¹
ÊÁÒªÔ¡ã¹à«·¢Í§ �

ÃÙ»·Õè 3.1: ¼Ñ§§Ò¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰¡Ñº·Ò§à Ố¹áÊ§¢Í§¤íÒÃ‰Í§¢Íã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

3.1.2 ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ Ñ́ºªÑé¹äÍ¾Õ

¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹äÁˆ¨íÒà»“¹μ‰Í§¡ÃÐ·íÒËÅÑ§¨Ò¡¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ à¹×èÍ§¨Ò¡¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹·Ñé§ 2 ÃÐ´ÑºªÑé¹¹Ñé¹äÁˆ¨íÒà»“¹μ‰Í§áÅ¡à»ÅÕèÂ¹¢‰ÍÁÙÅ«Öè§¡Ñ¹
áÅÐ¡Ñ¹ ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Õé¨ÐÍ‰Ò§ÍÔ§¨Ò¡¢‰ÍÁÙÅ·ÕèÃÑºà¢‰ÒÁÒμÑé§áμˆ¤ÃÑé§áÃ¡ ¹Ñè¹¡ç¤×Í ¢‰Í
ÁÙÅ·Í¾ÍâÅÂÕã¹ÃÐ Ñ́ºªÑé¹äÍ¾Õ �� , ¢‰ÍÁÙÅ¤íÒÃ‰Í§¢Í �, ¢‰ÍÁÙÅ ����� áÅÐ ¢‰ÍÁÙÅ¤ÇÒÁ Ø̈ÊíÒÃÍ§ÊÙ§
ÊØ´·ÕèÊÒÁÒÃ¶ãª‰ä´‰ ÊíÒËÃÑºÃÙ»áººÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§ 3 »ÃÐàÀ·ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ ÊÒÁÒÃ¶¹íÒËÅÑ¡
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¡ÒÃ¡ÒÃÇÔà¤ÃÒÐËŒàªÔ§ÂÙ¹Ô¤ÒÊμŒàªˆ¹à´ÕÂÇ¡Ñº·Õè¡ÃÐ·íÒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÁÒãª‰ä´‰ «Öè§¨íÒ¹Ç¹¢Í§àÊ‰¹·Ò§·Õè
¨íÒà»“¹μ‰Í§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹¨Ðà·̂Ò¡Ñº í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í

ËÅÑ¡¡ÒÃÍÍ¡áºº¹Ñé¹ ¨ÐÁÕ¤ÇÒÁ¤Å‰ÒÂ¤ÅÖ§¡Ñº¢Ñé¹μÍ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
«Öè§¨íÒà»“¹μ‰Í§ÈÖ¡ÉÒ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹â´Âãª‰ËÅÑ¡¡ÒÃ FIPP ·Ñé§ª¹Ô´ link-disjoint áÅÐ node-disjoint

´Ñ§áÊ´§ã¹μÒÃÒ§·Õè 3.3 ¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹â´Âãª‰ËÅÑ¡¡ÒÃ FIPP ª¹Ô´ node-disjoint

ÊÒÁÒÃ¶¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¨Ò¡ àÊ‰¹ãÂáÊ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ ·Ò§à´Ô¹áÊ§ áÅÐ ÍØ»¡Ã³Œ¨Ñ´
àÊ‰¹·Ò§ ä´‰·Ø¡¡Ã³Õ ´Ñ§¹Ñé¹¼Ù‰ÇÔ¨ÑÂ¨ÐàÅ×Í¡¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ´‰ÇÂà§×èÍ¹ä¢ºÑ§¤Ñº node-

disjoint

μÒÃÒ§·Õè 3.3: μÒÃÒ§à»ÃÕÂºà·ÕÂº¡ÒÃÍÍ¡áººàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õâ´Âãª‰ËÅÑ¡¡ÒÃ FIPP àÁ×èÍ
à¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§»ÃÐàÀ·μ̂Ò§æ

optical layer protection link-disjoint node-disjoint

optical node failure = 100 % = 100 %

optical link failure = 100 % = 100 %

IP node failure � 100 % = 100 %

IP link failure = 100 % = 100 %

¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·Õèà»“¹ä»ä´‰·Ñé§ËÁ´ �� μÒÁà§×èÍ¹ä¢ node-disjoint ÊÒÁÒÃ¶·íÒä´‰ã¹ÅÑ¡É³Ð
à´ÕÂÇ¡Ñ¹¡ÑºÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¹Ñè¹¤×Í ¡ÒÃÅºâË¹´·Õèà»“¹âË¹´ÃÐËÇˆÒ§·Ò§·Õèàª×èÍÁÃÐËÇˆÒ§âË¹´μ‰¹·Ò§
áÅÐâË¹´»ÅÒÂ·Ò§·Õè¨Ð·íÒ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ ¹Í¡¨Ò¡¹Õé¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ÊíÒËÃÑºÃÐ´ÑºªÑé¹äÍ¾Õ
ÂÑ§¨íÒà»“¹μ‰Í§¤íÒ¹Ö§¶Ö§»ÃÐà´ç¹¢Í§ SRLG «Öè§à»“¹ÊÔè§ÊíÒ¤Ñ­ã¹¡ÒÃ´ÙáÅâ¤Ã§¢ˆÒÂμÑé§áμˆ 1 ÃÐ´ÑºªÑé¹¢Öé¹ä» â´Â
¢‰ÍÁÙÅ SRLG ·ÕèÃÑºÁÒμÑé§áμˆμ‰¹¨ÐÍÂÙˆã¹ÃÙ»¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ áÅÐ à«μ¢Í§¡ÒÃàª×èÍÁâÂ§
ã¹ÃÐ´ÑºäÍ¾Õ·ÕèÁÕ¡ÒÃãª‰¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà´ÕÂÇ¡Ñº¡ÒÃàª×èÍÁâÂ§¹Ñé¹ â´Â¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§
»„Í§¡Ñ¹·Õèà»“¹ SRLG-disjoint à¾×èÍ¤ÇÒÁÊÁºÙÃ³Œã¹ËÅÑ¡¡ÒÃ FIPP ¹Ñé¹¡ÃÐ·íÒä´‰â´Â¡ÒÃ Åº¡ÒÃàª×èÍÁâÂ§ã¹
ÃÐ´ÑºªÑé¹äÍ¾Õ �� ·ÕèÍÂÙˆã¹à«μ SRLG à´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õèãª‰àª×èÍÁμˆÍÃÐËÇ̂Ò§âË¹´
μ‰¹·Ò§¡ÑºâË¹´»ÅÒÂ·Ò§ÍÍ¡

¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ �� ãË‰¡Ñº¤íÒÃ‰Í§¢Íã¹ÃÐ´ÑºªÑé¹äÍ¾Õ �� ¹Ñé¹ÊÒÁÒÃ¶·íÒä´‰μÒÁÅíÒ´Ñº´Ñ§
áÊ´§ã¹ÃÙ»·Õè 3.2 «Öè§¼Å¨Ò¡¡ÒÃ·íÒ node-disjoint, SRLG-disjoint áÅÐ¡ÒÃËÒàÊ‰¹·Ò§·Õèà»“¹ä»ä´‰·Ñé§ËÁ´
¨Ð·íÒãË‰ä´‰à«μμÒÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ «Öè§ÀÒÂã¹áμˆÅÐà«μ¨Ð»ÃÐ¡Íº´‰ÇÂÅíÒ´Ñº¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹
äÍ¾Õ·Õèà»“¹ä»ä´‰·Ñé§ËÁ´ 	�

� ã¹¡ÒÃ»„Í§¡Ñ¹¤ÇÒÁ¢Ñ´¢‰Í§·ÕèÍÒ¨Ê̂§¼Å¡ÃÐ·º¡Ñº¤íÒÃ‰Í§¢ÍË¹Öè§æ
¢Ñé¹μÍ¹μˆÍÁÒ¤×Í¡ÒÃà»ÅÕèÂ¹â´àÁ¹¢Í§àÊ‰¹·Ò§¨Ò¡ �� à»“¹ 	� «Öè§¡ÒÃà»ÅÕèÂ¹â´àÁ¹¹Ñé¹

ËÁÒÂ¶Ö§¡ÒÃà»ÅÕèÂ¹Ê̂§ (mapping) ¨Ò¡àÊ‰¹·Ò§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ä»à»“¹ â´àÁ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
àËμØ¼Å¢Í§¡ÃÐ·íÒàªˆ¹¹Õéà¾×èÍ·íÒãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à»“¹ÃÙ»¸ÃÃÁ à¹×èÍ§¨Ò¡¤ÇÒÁ¨ØÊíÒÃÍ§¨Ðà»“¹¤ˆÒ·Õè
ÁÕÍÂÙˆã¹¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà·̂Ò¹Ñé¹ ´Ñ§¹Ñé¹¡ÒÃ¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§¨íÒà»“¹μ‰Í§¡ÃÐ·íÒã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅà·̂Ò¹Ñé¹àªˆ¹à´ÕÂÇ¡Ñ¹ ¢Ñé¹μÍ¹ã¹¡ÒÃà»ÅÕèÂ¹Ê̂§àÊ‰¹·Ò§»„Í§¡Ñ¹¨Ò¡ÃÐ´ÑºªÑé¹äÍ¾Õà»“¹ÃÐ´ÑºªÑé¹
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ÃÙ»·Õè 3.2: ¼Ñ§§Ò¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰¡Ñº·Ò§à Ố¹áÊ§¢Í§¤íÒÃ‰Í§¢Íã¹ÃÐ´ÑºªÑé¹äÍ¾Õ

ÍÍ¾μÔ¤ÍÅ¹Ñé¹ àÃÔèÁ¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò¤ÙˆâË¹´áÃ¡¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ �� ÇˆÒ í̈Òà»“¹μ‰Í§
¼ˆÒ¹âË¹´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅã´º‰Ò§ ¨Ò¡¹Ñé¹ Ö̈§¾Ô¨ÒÃ³ÒàÊ‰¹·Ò§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õèàª×èÍÁÃÐËÇˆÒ§
ÅíÒ´ÑºâË¹´·Õè 2 áÅÐ 3 ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ â´Â·ÕèÊíÒ´ÑºâË¹´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè¶Ù¡ãª‰·Ñé§ËÁ´¨Ð¶Ù¡
ºÑ¹·Ö¡Å§ã¹ 	� à¾×èÍãª‰ã¹¡ÒÃ¤íÒ¹Ç¹¤ÇÒÁ Ø̈ÊíÒÃÍ§μˆÍä»

3.1.3 ¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ Ñ́ºªÑé¹

¡ÒÃ¡íÒË¹´àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹¹Ñé¹ ÊÒÁÒÃ¶ËÒä´‰¨Ò¡¢‰Í
ÁÙÅ·Õè¶Ù¡Ê̂§ÍÍ¡ (output) ÁÒ¨Ò¡¢Ñé¹μÍ¹ã¹ËÑÇ¢‰Í·Õè 3.1.1 áÅÐ 3.1.2 ¹Ñè¹¤×Í �� áÅÐ 	� μÒÁÅíÒ´Ñº â´Â·Õè
àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ 
� ¹Ñé¹ í̈Òà»“¹μ‰Í§»ÃÐ¡Íº´‰ÇÂàÊ‰¹·Ò§»„Í§
¡Ñ¹àªÔ§ÂÙ¹Ô¤ÒÊμŒ¢Í§·Ø¡Í§¤Œ»ÃÐ¡Íº¤íÒÃ‰Í§äÁˆÇˆÒ¨Ðà»“¹ÃÐ´ÑºªÑé¹äË¹¡çμÒÁ´Ñ§áÊ´§ã¹ÃÙ»·Õè 3.3

¡ÒÃËÒÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ÊÒÁÒÃ¶·íÒä´‰â´Â ¡ÒÃ
¨Ñ´ËÁÙˆ (combination) ãË‰¡ÑºàÊ‰¹·Ò§·Ñé§ËÁ´¹Ñè¹¤×Í ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹ 1 ÃÙ»áºº í̈Òà»“¹μ‰Í§»ÃÐ¡Íº´‰ÇÂ
ÊÁÒªÔ¡ 1 μÑÇ¨Ò¡·Ø¡à«μ¡ÒÃ»„Í§¡Ñ¹ Â¡μÑÇÍÂˆÒ§àªˆ¹ àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè¶Ù¡Ê̂§ÍÍ¡¤×Í
�� = ���

�,��
�,��

�� áÅÐ �� = ���
�� àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ·Õè¶Ù¡Ê̂§ÍÍ¡ÁÒ¤×Í 	� =

�
�
�,
�

�� áÅÐ 	� = �
�
�� à¾ÃÒÐ©Ð¹Ñé¹ í̈Ò¹Ç¹ÃÙ»áºº·Ñé§ËÁ´ã¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò
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ÃÙ»·Õè 3.3: ¼Ñ§§Ò¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹

¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ (�) ¨ÐÁÕ¤ˆÒà·̂Ò¡Ñº 6 «Öè§¤ˆÒ¹ÕéÊÒÁÒÃ¶ËÒä´‰¨Ò¡ÊÁ¡ÒÃ·Õè 3.1

� �

��
��


��


�
�

�
��

��


	� 


�
� (3.1)

â´Â·Õè 
��
 áÅÐ 
	� 
 ¤×Í¢¹Ò´¢Í§ �� áÅÐ 	� μÒÁÅíÒ´Ñº áÅÐàÁ×èÍ¹íÒÁÒàÃÕÂ§μÒÁ·ÄÉ®Õ¡ÒÃ Ñ̈´
ËÁÙˆ¨Ðä´‰´Ñ§¹Õé 
� = ���

�,��
�,
�

�,
�
��, 
� = ���

�,��
�,
�

�,
�
��, 
� = ���

�,��
�,
�

�,
�
��, 
� =

���
�,��

�,
�
�,
�

��, 
� = ���
�,��

�,
�
�,
�

�� áÅÐ 
� = ���
�,��

�,
�
�,
�

��

3.2 ¡ÒÃÍÍ¡áººà¾×èÍÅ´»ÃÔÁÒ³¡ÒÃãª‰¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ

¡ÒÃÍÍ¡áººà¾×èÍÅ´¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ¹Ñé¹à»“¹ÍÕ¡Ë¹Öè§ Ø̈´ÁØˆ§ËÁÒÂËÅÑ¡ã¹¡ÒÃÇÒ§àÊ‰¹
·Ò§»„Í§¡Ñ¹ ¡ÒÃ¨ÐËÒÇˆÒ 
� ã´·ÕèÊÒÁÒÃ¶ãË‰¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ä´‰¹‰ÍÂ·ÕèÊØ´ÀÒÂãμ‰¡ÒÃ í̈Ò¡Ñ´»ÃÔÁÒ³
¤ÇÒÁ¨ØÊíÒÃÍ§ÊÙ§ÊØ´ã¹áμˆÅÐ¡ÒÃàª×èÍÁâÂ§·ÕèÊÒÁÒÃ¶ãª‰ä´‰¹Ñé¹ ¨Ð¡ÃÐ·íÒâ´Âãª‰ËÅÑ¡¡ÒÃ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·Õè
ÊØ´ (optimization)

¡ÒÃ·Õè¨Ð·íÒãË‰àÊ‰¹·Ò§»„Í§¡Ñ¹ãª‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂãË‰μíèÒ·ÕèÊØ´ä´‰¹Ñé¹ àÃÒ¨íÒà»“¹μ‰Í§
àÅ×Í¡ÇÔ¸Õ¡ÒÃ·ÕèàËÁÒÐÊÁã¹¡ÒÃÅ´¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ «Öè§¹Ñè¹¡ç¤×Í ¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃãª‰§Ò¹ÃˆÇÁ¡Ñ¹
¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ (capacity sharing) ¨Ò¡·Õèä´‰¡Å̂ÒÇ¶Ö§·ÄÉ®Õ¢Í§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áºº¾Ô¨ÒÃ³Ò
¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ã¹º··Õè 2 ¾ºÇˆÒ¡ÒÃ¡íÒË¹´¡ÒÃ·íÒ§Ò¹áººà»“¹ÅíÒ´Ñº ¨ÐÍÒÈÑÂ¡ÒÃ
»Å̂ÍÂãË‰ÃÐ´ÑºªÑé¹ã´ÃÐ´ÑºªÑé¹Ë¹Öè§àÃÔèÁ¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ä»¡̂Í¹¨¹¡ÃÐ·Ñè§äÁˆÊÒÁÒÃ¶¡Ù‰ä´‰ ËÃ×Í ãª‰
àÇÅÒÁÒ¡¡ÇˆÒ¤ˆÒªÕéÇÑ´àÇÅÒ ¨Ò¡¹Ñé¹¡ÃÐºÇ¹¡ÒÃã¹ÃÐ´ÑºªÑé¹´Ñ§¡Å̂ÒÇ¨Ðμ‰Í§¶Ù¡ËÂØ´Å§áÅÐ»Å̂ÍÂãË‰ÍÕ¡ÃÐ´Ñº
ªÑé¹Ë¹Öè§àÃÔèÁ¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§μˆÍ ¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃ¡íÒË¹´¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹ÅÑ¡É³Ð¹Õé
áμˆÅÐÃÐ´ÑºªÑé¹¨ÐÁÕ¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ã¹àÇÅÒ·Õèáμ¡μˆÒ§¡Ñ¹ «Öè§ÊÒÁÒÃ¶¹íÒàÍÒàÍ¡ÅÑ¡É³Œ¡ÒÃ·íÒ§Ò¹àªˆ¹
¹ÕéÁÒÅ´¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§Å§ä´‰ ÊíÒËÃÑº§Ò¹ÇÔ¨ÑÂ¹Õé¨ÐàÅ×Í¡ÃÐàºÕÂº¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§áººà»“¹ÅíÒ´Ñº
ªÑé¹¹Õéà¾×èÍá¡‰»’­ËÒ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§¢Í§áμˆÅÐÃÐ´ÑºªÑé¹ã¹àÇÅÒà´ÕÂÇ¡Ñ¹

¨Ò¡º··Õè 2 ¾ºÇˆÒ¡ÃÐºÇ¹¡ÒÃÅ´¡ÒÃ¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§àÁ×èÍ¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´Ñº
ªÑé¹·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾·ÕèÊØ´ ¤×ÍÇÔ¸Õ common-pool strategy «Öè§à»“¹¡ÃÐºÇ¹¡ÒÃËÒàÊ‰¹·Ò§·Õè¼ˆÒ¹¡ÒÃàª×èÍÁ
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ÃÙ»·Õè 3.4: ¡ÒÃ¤íÒ¹Ç³»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§â´Â¾Ô¨ÒÃ³Ò¡ÒÃãª‰§Ò¹ÃˆÇÁ¡Ñ¹ÀÒÂã¹ÃÐ´ÑºªÑé¹

âÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà´ÕÂÇ¡Ñ¹ ·íÒãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÊíÒËÃÑº¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
¹Ñé¹ÊÒÁÒÃ¶ãªˆÃˆÇÁ¡Ñ¹ä´‰ â´Âã¹§Ò¹ÇÔ¨ÑÂ¹Õéä´‰¨ÐàÅ×Í¡ÇÔ¸Õ common-pool strategy ¹Õéà»“¹á¹Ç·Ò§ã¹¡ÒÃ¤Ô´
»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÇÁ·Õèãª‰ã¹¡ÒÃÊÃ‰Ò§¡ÒÃ»„Í§¡Ñ¹

¹Í¡¨Ò¡¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹áººμˆÒ§ÃÐ´ÑºªÑé¹áÅ‰Ç ¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹â´Â¤íÒ¹Ö§¶Ö§¡ÒÃ
ãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÀÒÂã¹ÃÐ´ÑºªÑé¹ ¡çà»“¹ÍÕ¡Ë¹Öè§ÇÔ¸Õ·ÕèÊÒÁÒÃ¶·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÇÁ·Õèãª‰ã¹
¡ÒÃàμÃÕÂÁ¡ÒÃ»„Í§¡Ñ¹Å´Å§ä´‰ ´Ñ§ÃÙ»·Õè 3.4 ¨ÐàËç¹ä´‰ÇˆÒã¹¡Ã³Õ¹ÕéÁÕ·Ò§à´Ô¹áÊ§¢Í§¤íÒÃ‰Í§¢ÍÍÂÙˆ 2 ·Ò§
à´Ô¹áÊ§ áÅÐ¡ÒÃÍÍ¡áºº·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹ÊíÒËÃÑº·Ò§à Ố¹áÊ§¢Í§¤íÒÃ‰Í§¡ç¨ÐÁÕÍÂÙˆ 2 ·Ò§à´Ô¹áÊ§´‰ÇÂ
¡Ñ¹ ã¹¡Ã³Õ¹Õé¡ÒÃàμÃÕÂÁ¤ÇÒÁ¨ØÊíÒÃÍ§â´ÂäÁ̂¾Ô¨ÒÃ³Ò¡ÒÃãª‰§Ò¹ÃˆÇÁ¡Ñ¹ÃÐËÇˆÒ§·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹·Ñé§ 2

¹Ñé¹¨ÐÁÕ¤ˆÒà·̂Ò¡Ñº 5 Ë¹ˆÇÂ «Öè§¨ÐàËç¹ä´‰ÇˆÒ¡ÒÃàμÃÕÂÁ¤ÇÒÁ Ø̈ÊíÒÃÍ§ã¹ÅÑ¡É³Ð¹Õéà»“¹¡ÒÃàμÃÕÂÁ¤ÇÒÁ
¨ØÊíÒÃÍ§·Õè«íéÒ«‰Í¹ ¤ÇÒÁ«íéÒ«‰Í¹·Õèà¡Ô´¢Öé¹¹Ñé¹¨Ðà¡Ô´μÃ§¡ÒÃàª×èÍÁâÂ§·Õèà»“¹·Ò§¼ˆÒ¹¢Í§·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹
·Ñé§ 2 «Öè§ÊÒÁÒÃ¶Å´¡ÒÃàμÃÕÂÁ¤ÇÒÁ Ø̈ÊíÒÃÍ§ÊíÒËÃÑº¡ÒÃàª×èÍÁâÂ§¹ÕéãË‰àËÅ×Íà¾ÕÂ§ 1 Ë¹ˆÇÂä´‰à¹×èÍ§¨Ò¡
·Ò§à´Ô¹áÊ§¢Í§¤íÒÃ‰Í§¢ÍÊÒÁÒÃ¶à¡Ô´¤ÇÒÁ¢Ñ´¢‰Í§ä´‰à¾ÕÂ§àÊ‰¹à´ÕÂÇ ´Ñ§¹Ñé¹´‰ÇÂ¡ÒÃàμÃÕÂÁ¤ÇÒÁ Ø̈ÊíÒÃÍ§
ã¹ÃÙ»áºº¹Õé¨Ð·íÒãË‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃÇÁÁÕ¤ˆÒà·̂Ò¡Ñº 4 Ë¹ˆÇÂ

3.2.1 ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº (Candidate check scheme)

¡ÃÐºÇ¹¡ÒÃÍÍ¡áºº¢Ñé¹μÍ¹ÇÔ¸Õà¾×èÍËÒÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè·íÒãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´
ÀÒÂãμ‰¡ÒÃ í̈Ò¡Ñ´»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÊÙ§ÊØ´·ÕèÊÒÁÒÃ¶ãª‰ä´‰ã¹áºº¹Õé¹Ñé¹ ä´‰¶Ù¡áÊ´§äÇ‰ã¹ÃÙ»·Õè 3.5 â´Â¢Ñé¹
áÃ¡à¾×èÍ¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃ¤íÒ¹Ç³ ¼Ù‰ÇÔ¨ÑÂ Ö̈§à»ÅÕèÂ¹Ê̂§ÃÙ»áºº¢Í§ÅíÒ´ÑºâË¹´ã¹ ��

� áÅÐ 
�
� ãË‰ÍÂÙˆã¹

ÃÙ»áºº¢Í§àÁμÃÔ¡«Œ¨μØÃÑÊ¢¹Ò´à·̂Ò¡Ñº ��� ´Ñ§¹Õé

��
� �

�
		


��
� ��� �� � � � ��

� ��� � �
...

. . .
...

��
� ��� �� � � � ��

� ��� � �

�
��

���
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â´Â·Õè
��

� ��� �� �

��
� �� ¶‰Ò ��

� ãª‰¡ÒÃàª×èÍÁâÂ§ ��� ��
�� ¶‰Ò ��

� äÁˆä´‰ãª‰¡ÒÃàª×èÍÁâÂ§ ��� ��

«Öè§ �� � � �1,2,...,� � áÅÐÊíÒËÃÑº 
�
� ¨Ð¹ÔÂÒÁáμ¡μˆÒ§¨Ò¡ ��

� àÅç¡¹‰ÍÂ´Ñ§¹Õé


�
� �

�
		



�
� ��� �� � � � 
�

� ��� � �
...

. . .
...


�
� ��� �� � � � 
�

� ��� � �

�
��

���

â´Â·Õè 
�
� ��� �� à·̂Ò¡Ñº í̈Ò¹Ç¹¤ÃÑé§·Õè 
�

� ¼ˆÒ¹¡ÒÃàª×èÍÁâÂ§ ��� �� «Öè§ �� � � �1,2,...,� �

¡ÒÃ¤íÒ¹Ç³¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹¨Ð¡ÃÐ·íÒÃÐËÇˆÒ§ ��
� ´‰ÇÂ

¡Ñ¹àÍ§ Ê̂Ç¹¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ã¹ÃÐ´ÑºäÍ¾Õ¡ç¨Ðà»“¹¡ÒÃÃˆÇÁãª‰ÃÐËÇˆÒ§ 
�
� áÅÐÊØ´·‰ÒÂ¤×Í

¡ÒÃÃ̂ÇÁãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃÐËÇˆÒ§ÃÐ´ÑºªÑé¹¹Ñè¹¤×ÍÃˆÇÁãª‰ÃÐËÇˆÒ§ 
�
� áÅÐ ��

� «Öè§¡ÒÃáÂ¡¤Ô´·ÕÅÐÊ̂Ç¹¨Ð
à»“¹¡ÒÃàÊÕÂàÇÅÒà»“¹ÍÂˆÒ§ÁÒ¡ ´Ñ§¹Ñé¹¼Ù‰ÇÔ¨ÑÂ Ö̈§àÊ¹Íá¹Ç·Ò§¡ÒÃ¤íÒ¹Ç³ÃˆÇÁ¡Ñ¹ã¹¤ÃÑé§à´ÕÂÇ â´ÂàÃÔèÁ¨Ò¡

1. ¡íÒË¹´ãË‰ � à»“¹àÁμÃÔ¡«ŒÈÙ¹ÂŒ ·ÕèÁÕ¢¹Ò´à·̂Ò¡Ñº ��� ¨Ò¡¹Ñé¹¹íÒÊÁÒªÔ¡μÑÇáÃ¡¨Ò¡ 
� =

���
�,��

�,...,��
�,
�

�,
�
�,...,
�

�� ¹Ñè¹¤×Í ���1� = ��
� ÁÒà»ÃÕÂºà·ÕÂº¡Ñº � â´Â¡ÒÃà»ÃÕÂº

à·ÕÂº¨Ð¡ÃÐ·íÒã¹·Ø¡¡ÒÃàª×èÍÁâÂ§ (�� �) â´Â·Õè �� �� �1,2,...,� � «Öè§¤ˆÒ¢Í§ ���� �� ¹Ñé¹¨Ðà»ÅÕèÂ¹ä»
à»“¹ ���1�(�� �) ¡çμˆÍàÁ×èÍ¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§ ���1� º¹¡ÒÃàª×èÍÁâÂ§ (�� �) ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ
���� �� ³ ¢³Ð¹Ñé¹´Ñ§áÊ´§ã¹ÊÁ¡ÒÃ·Õè 3.2

� ��� �� � �	
 ����� ��� �������� ��� (3.2)

â´Â·Õè � ¤×Í í̈Ò¹Ç¹ÊÁÒªÔ¡·Ñé§ËÁ´¢Í§ 
� áÅÐ � � �1,2,...,�� ¨Ò¡¹Ñé¹à»ÃÕÂºà·ÕÂº«íéÒã¹ÃÙ»áººà´ÔÁ
¨¹¡ÃÐ·Ñè§¤Ãº·Ø¡ÊÁÒªÔ¡ã¹à«μ 
� â´Â¶‰ÒÊÁÒªÔ¡ã´·ÕèÁÕ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ã¹¡ÒÃàª×èÍÁ
âÂ§à¡Ô¹ ¤ˆÒ¤ÇÒÁ¨ØÊíÒÃÍ§ÊÙ§ÊØ´·ÕèÊÒÁÒÃ¶ãª‰ä´‰ ÍÂˆÒ§¹‰ÍÂ 1 ¡ÒÃàª×èÍÁâÂ§ ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹¹Ñé¹ 
�
¨Ð¶Ù¡ÅÐ·Ôé§¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò·Ñ¹·Õ

2. ¢Ñé¹μÍ¹μˆÍä»¨Ðà»“¹¡ÒÃ¹íÒàÁμÃÔ¡«Œ � ¨Ò¡¢Ñé¹·Õè 1 ÁÒ¤íÒ¹Ç³ËÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ 
� ·Õèμ‰Í§ãª‰
ã¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·Õè � â´ÂàÃÔèÁ¨Ò¡ ¾Ô¨ÒÃ³Ò
� ·Õèä´‰ÁÒ «Öè§¨ÐàËç¹ä´‰ÇˆÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰ã¹¡ÒÃàª×èÍÁâÂ§ (�� �) áÅÐ¡ÒÃàª×èÍÁâÂ§ (�� �)

ÍÒ¨ÁÕ»ÃÔÁÒ³·ÕèäÁˆà·̂Ò¡Ñ¹ ·Ñé§·Õè¡ÒÃàª×èÍÁâÂ§´Ñ§¡Å̂ÒÇ¤×Í¡ÒÃàª×èÍÁâÂ§à´ÕÂÇ¡Ñ¹ à¾ÕÂ§áμˆÁÕ·ÔÈ·Ò§¡ÒÃ
Ê̂§¢‰ÍÁÙÅμÃ§¡Ñ¹¢‰ÒÁ ´Ñ§¹Ñé¹ ¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¨Ðãª‰à»“¹μÑÇá·¹ã¹¡ÒÃ¤íÒ¹Ç³¤×Í ¡ÒÃàª×èÍÁ
âÂ§·ÕèÁÕ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÁÒ¡¡ÇˆÒ ¨Ò¡¹Ñé¹àÁ×èÍä´‰μÑÇá·¹ã¹áμˆÅÐ¡ÒÃàª×èÍÁâÂ§áÅ‰Ç Ö̈§
¨Ð¹íÒ¤ˆÒàËÅ̂Ò¹Ñé¹ÁÒÃÇÁ¡Ñ¹ à¾×èÍËÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰·Ñé§ËÁ´à¾×èÍÃÍ§ÃÑºÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹
áºº¾Ô¨ÒÃ³ÒÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·Õè � ´Ñ§áÊ´§ã¹ÊÁ¡ÒÃ·Õè 3.3


� �
�

�

��
���

��
	��

�	
 ����� ��� ���� ��� (3.3)
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ÃÙ»·Õè 3.5: ¼Ñ§§Ò¹¡ÒÃËÒÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·ÕèãË‰»ÃÔÁÒ³¡ÒÃ
¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§ μíèÒ·ÕèÊØ´

3. àÁ×èÍä´‰ 
� ¨Ò¡¢Ñé¹μÍ¹·Õè 2 áÅ‰Ç ¨Ò¡¹Ñé¹¨Ðμ‰Í§·íÒ¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ã¹·Ø¡æ
ÃÙ»áºº ¹Ñè¹¤×Í ¹íÒ¤ˆÒ 
� à»ÃÕÂºà·ÕÂº¡Ñº 
� ¶‰Ò 
� ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ ¡ç¨ÐÂÖ´ 
� à»“¹μÑÇà»ÃÕÂºà·ÕÂº
μˆÍä» áμˆ¶‰Ò 
� ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ 
� ¡ç¨Ðμ‰Í§¶Ù¡¹íÒä»à»ÃÕÂºà·ÕÂºμˆÍä»´Ñ§ÊÁ¡ÒÃ·Õè 3.4 «Öè§¡ÒÃà»ÃÕÂº
à·ÕÂº¨íÒà»“¹μ‰Í§·íÒãË‰¤Ãºà¾×èÍ ËÒÇˆÒ¤ˆÒ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¹‰ÍÂ·ÕèÊØ´·ÕèàÊ‰¹·Ò§»„Í§¡Ñ¹ãª‰
à¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§ä´‰¹Ñé¹ÁÕ¤ˆÒà·̂Òã´ â´ÂÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹ã´·ÕèãË‰¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ
ÊØ´¨Ð¶Ù¡Ê̂§ÍÍ¡ (output) «Öè§¶×Íà»“¹ÍÑ¹ÊÔé¹ÊØ´¡ÃÐºÇ¹¡ÒÃ¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº
·Ø¡ÃÙ»áºº


�	
 � ��

��


�� � � ��� �� ���� �� (3.4)

àÁ×èÍ¡Å̂ÒÇ¶Ö§ ÇÔ¸Õ¡ÒÃ¢Í§¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·ÕèãË‰
»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´ â´Âãª‰ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº¹Ñé¹ ¨Ð
ÊÒÁÒÃ¶ÊÃØ»¢Ñé¹μÍ¹ä´‰´Ñ§áÊ´§ã¹ÃÙ»·Õè 3.6 â´Â·ÕèàÁ×èÍÃÑº¢‰ÍÁÙÅ·Ñé§ 4 ¹Ñè¹¤×Í �� áÅÐ �� , ¤íÒÃ‰Í§¢Í, ¢‰ÍÁÙÅ
SRLG áÅÐ ¤ˆÒ¤ÇÒÁ¨ØÊíÒÃÍ§ÊÙ§ÊØ´·ÕèÊÒÁÒÃ¶ãª‰ä´‰ à¢‰ÒÁÒã¹¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í ¢‰ÍÁÙÅÊ̂§ÍÍ¡ (output) ÊØ´
·‰ÒÂ·Õè¶Ù¡Ê̂§ÍÍ¡ÁÒ¨Ð¤×Í »ÃÔÁÒ³¤ÇÒÁ¨ØÊíÒÃÍ§μíèÒ·ÕèÊØ´·Õèãª‰à¾×èÍÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ áÅÐ ÃÙ»áºº¡ÒÃ»„Í§
¡Ñ¹·ÕèãË‰¤ˆÒ¹Ñé¹
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ÃÙ»·Õè 3.6: ¼Ñ§§Ò¹ÊÃØ»¢Ñé¹μÍ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·ÕèãË‰¤ˆÒ
»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº

3.2.2 ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ (Candidate elimination scheme)

ÃÙ»áºº¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´¹Õéä´‰¶Ù¡¹íÒàÊ¹Íâ´ÂÁÕ¨Ø´ÁØˆ§ËÁÒÂà¾×èÍ·Õè¨ÐÅ´¤ÇÒÁ«Ñº«‰Í¹ (complex-

ity) ¢Í§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº «Öè§ã¹ÃÙ»áºº¹Õé¡ÒÃ¤íÒ¹Ç³ËÒÃÙ»áºº
·Õèà»“¹ä»ä´‰·Ñé§ËÁ´ã¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ 
� ¨ÐäÁˆ¨íÒà»“¹ÍÕ¡μˆÍä» à¹×èÍ§¨Ò¡ÃÙ»áºº¡ÒÃ¤íÒ¹Ç³
¨Ð¡ÃÐ·íÒã¹ÅÑ¡É³Ð¢Í§¡ÒÃμÑ´μÑÇàÅ×Í¡·Õèà»“¹ä»äÁˆä´‰·Ôé§ÃÐËÇˆÒ§¡ÒÃ¤íÒ¹Ç³ ¡ÒÃÍÍ¡áººÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·Õè
àËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡¹Õé¨ÐãË‰¢‰ÍÁÙÅÊ̂§ÍÍ¡à´ÕÂÇ¡Ñºã¹ÃÙ»áººáÃ¡ ¹Ñè¹¤×Í ÃÙ»áºº¢Í§¡ÒÃÇÒ§
àÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèãË‰»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´ ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡¨Ð
ÁÕ¢Ñé¹μÍ¹¡ÒÃ»¯ÔºÑμÔ´Ñ§μˆÍä»¹Õé

1. ´íÒà¹Ô¹§Ò¹ã¹Ê̂Ç¹¢Í§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº â´Â¡ÒÃ¨íÒ¡Ñ´ í̈Ò¹Ç¹
ÎÍ»¢Í§áμˆÅÐàÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰μíèÒ·ÕèÊØ´à·ˆÒ·Õè¨Ðà»“¹ä´‰ ¨Ø´»ÃÐÊ§¤Œ¢Í§¡ÒÃ¡ÃÐ·íÒàªˆ¹¹Õéà¾×èÍμ‰Í§¡ÒÃ
¤ˆÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§Ê̂§ÍÍ¡·ÕèμíèÒã¹ÃÐ´ÑºË¹Öè§ áÅÐÁÕÍÂÙˆ¨ÃÔ§ «Öè§¤ˆÒ¹Õé¨Ð¶Ù¡àÃÕÂ¡ÇˆÒ ¤ˆÒ¢Õ´áº̂§
(threshold)

2. ¹íÒ¤ˆÒ¢Õ´áº̂§¨Ò¡¢Ñé¹μÍ¹·Õè 1 ÁÒà»“¹¢Íºà¢μº¹à¾×èÍãª‰à»ÃÕÂºà·ÕÂº¡Ñº¤ˆÒ¤íÒ¹Ç¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ â´Â
¡ÒÃà»ÃÕÂºà·ÕÂº¹Ñé¹¨Ð·íÒã¹ÃÙ»áºº¡ÒÃ Ñ̈´ËÁÙˆà»“¹¤Ùˆ ÃÙ»áººäË¹ãË‰¤ˆÒ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÁÒ¡¡ÇˆÒ
ËÃ×Íà·̂Ò¡Ñº¤ˆÒ¢Õ´áº̂§ ÃÙ»áºº¹Ñé¹¨Ð¶Ù¡μÑ´ÍÍ¡ä»¨Ò¡¡ÒÃ¨Ñ´ËÁÙˆ¤ÃÑé§μˆÍä» Â¡μÑÇÍÂˆÒ§àªˆ¹ ¤ˆÒ·Õèä´‰
¨Ò¡¢Ñé¹μÍ¹·Õè 1 à·̂Ò¡Ñº 6 áÅÐÁÕàÊ‰¹·Ò§»„Í§¡Ñ¹´Ñ§¹Õé �� = ���

�,��
�,��

��, �� = ���
�� áÅÐ

	� = �
�
�,
�

�� ¡ÒÃ¤íÒ¹Ç³¨ÐàÃÔèÁ¨Ò¡ ¤Ùˆ¢Í§ �� áÅÐ �� â´Â·Õè ���
�,��

�� ãË‰¤ˆÒà·ˆÒ¡Ñº 7,
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ÃÙ»·Õè 3.7: ¼Ñ§§Ò¹ÊÃØ»¢Ñé¹μÍ¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹áºº¾Ô¨ÒÃ³Ò¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·ÕèãË‰¤ˆÒ
»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡

���
�,��

�� ãË‰¤ˆÒà·ˆÒ¡Ñº 4 áÅÐ ���
�,��

�� ãË‰¤ˆÒà·ˆÒ¡Ñº 8 ¨ÐàËç¹ä´‰ÇˆÒÃÙ»áºº ���
�,��

�� ãË‰¤ˆÒ
à¡Ô¹ 6 «Öè§äÁˆÇˆÒÃÙ»áºº¹Õé¨ÐÁÕÊÁÒªÔ¡à¾ÔèÁàªˆ¹ã´¡çμÒÁ ¤ˆÒ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¡çäÁˆÊÒÁÒÃ¶
μíèÒ¡ÇˆÒ 7 ä´‰ÍÕ¡ àªˆ¹à´ÕÂÇ¡Ñº¡Ã³Õ¢Í§ ���

�,��
�� ´Ñ§¹Ñé¹ÃÙ»áºº ���

�,��
�� áÅÐ ���

�,��
�� ¨Ö§

¶Ù¡¤Ñ´ÍÍ¡¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò

3. ¤íÒ¹Ç³â´Âãª‰ÇÔ¸Õ¡ÒÃ¨Ñ´ËÁÙˆáººà»“¹¤Ùˆ¨¹¤Ãº·Ø¡Í§¤Œ»ÃÐ¡Íº ¨Ò¡¹Ñé¹ Ö̈§¤ˆÍÂÊ̂§¤ˆÒ»ÃÔÁÒ³¡ÒÃ¨Í§
¤ÇÒÁ¨ØÊíÒÃÍ§·ÕèμíèÒ·ÕèÊØ´ÍÍ¡ÁÒ ¨Ò¡μÑÇÍÂˆÒ§·ÕèáÅ‰Ç ¹íÒÃÙ»áºº·Õèä´‰ÁÒ¹Ñè¹¤×Í ���

�,��
�� ÁÒ Ñ̈´

ËÁÙˆ¤Ùˆ¡Ñº 	� = �
�
�,
�

�� «Öè§¨Ðä´‰ÃÙ»áºº·Ñé§ËÁ´´Ñ§¹Õé ���
�,��

�,
�
�� áÅÐ ���

�,��
�,
�

�� ËÅÑ§
¨Ò¡¹Ñé¹ Ö̈§Ê̂§ÃÙ»áºº·ÕèãË‰»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´ÍÍ¡ÁÒ ¨ÐàËç¹ä´‰ÇˆÒ ¨íÒ¹Ç¹ÃÙ»áºº·Õè
μ‰Í§¤íÒ¹Ç³»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ã¹ÃÙ»áºº¹Õéà·̂Ò¡Ñº (3�1)+(1�2) = 5 «Öè§¶‰Ò¹íÒÁÒà»ÃÕÂºà·ÕÂº
¡Ñº í̈Ò¹Ç¹ÃÙ»áºº·Õèμ‰Í§¤íÒ¹Ç³â´Âãª‰ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº ¨ÐÁÕ
·Ñé§ËÁ´à·̂Ò¡Ñº 3�1�2 = 6 «Öè§ÁÒ¡¡ÇˆÒ¡Ã³Õãª‰ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡

ÅíÒ´Ñº¢Ñé¹μÍ¹ã¹¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ ¹Õé¨ÐáÊ´§ã¹ÃÙ»·Õè 3.6 «Öè§¼Ù‰ÇÔ¨ÑÂ¨Ð·íÒ
¡ÒÃà»ÃÕÂºà·ÕÂº¤ÇÒÁ«Ñº«‰Í¹ÃÐËÇˆÒ§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº áÅÐ ¡ÒÃ
ËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ ÍÕ¡¤ÃÑé§ã¹º··Õè 4



º··Õè 4

¡ÒÃ·´ÊÍº¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹Ã̂ÇÁ¡Ñ¹ËÅÒÂÃÐ Ñ́ºªÑé¹áºº
Ê¶ÔμÊíÒËÃÑº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ

ã¹º·¹Õé¨ÐàÊ¹Í¡ÒÃ·´ÊÍº¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹áººÊ¶ÔμÊíÒËÃÑº
·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ·Õèä´‰¹íÒàÊ¹Í â´Â¨Ðáº̂§à»“¹ 3 á¹Ç·Ò§´‰ÇÂ¡Ñ¹¹Ñè¹¤×Í

� ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ÃÐËÇˆÒ§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº áÅÐ
â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡

� ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÐËÇˆÒ§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í áÅÐ ¢Ñé¹μÍ¹ÇÔ¸Õ
¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»·ÕèÊÑé¹·ÕèÊØ´ (shortest hop algorithm)

� ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§´‰ÇÂÇÔ¸Õ·Õè¹íÒàÊ¹ÍÊíÒËÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§
3 ª¹Ô´

ÊíÒËÃÑº¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ (shortest hop algorithm) ¹Ñé¹ ÁÕ
¨Ø´»ÃÐÊ§¤Œà¾×èÍËÒÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè¹Í¡¨Ò¡¨ÐãË‰ÃÐÂÐÎÍ»¨Ò¡âË¹´μ‰¹·Ò§ä»ÂÑ§âË¹´»ÅÒÂ·Ò§μíèÒ
·ÕèÊØ´áÅ‰Ç ÂÑ§ãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèμíèÒÍÕ¡´‰ÇÂ ´Ñ§¹Ñé¹ã¹§Ò¹ÇÔ¨ÑÂ Ö̈§ä´‰¹íÒ¢Ñé¹μÍ¹ÇÔ¸Õ¹ÕéÁÒãª‰à¾×èÍ·´ÊÍº
áÅÐà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ·Õèä´‰¹íÒàÊ¹Í ¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¹Ñé¹ÊÒÁÒÃ¶
ÊÃØ»ä´‰´Ñ§¹Õé

1. ¹íÒ �� ÁÒ¾Ô¨ÒÃ³Ò¤Ñ´àÅ×Í¡ ��
� ·Õèãª‰¨íÒ¹Ç¹ÎÍ»μíèÒ·ÕèÊØ´ ¨Ò¡¹Ñé¹¡ÃÐ·íÒàªˆ¹à´ÔÁ¨¹¤Ãº·Ø¡à«μ·Ò§

à´Ô¹áÊ§»„Í§¡Ñ¹ ¹íÒμÑÇàÅ×Í¡·ÕèàËÅ×Íã¹áμˆÅÐà«μ¡ÒÃ»„Í§¡Ñ¹ÁÒ·íÒ¡ÒÃ Ñ̈´ËÁÙˆ áÅÐ ¤íÒ¹Ç¹ËÒÃÙ»áºº
¡ÒÃÇÒ§·Ò§à´Ô¹áÊ§»„Í§¡Ñ¹·Õèãª‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§μíèÒ·ÕèÊØ´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

2. ¹íÒ �� ÁÒ¾Ô¨ÒÃ³Òã¹ÅÑ¡É³Ðà´ÕÂÇ¡Ñ¹¡Ñº¢Ñé¹μÍ¹·Õè 1 à¾ÕÂ§áμˆ¡ÒÃ¡ÃÐ·íÒ·Ñé§ËÁ´¨ÐÍÂÙˆã¹ÃÐ´Ñº
ªÑé¹äÍ¾Õà·̂Ò¹Ñé¹ «Öè§¨Ò¡¢Ñé¹μÍ¹¹Õé¨Ðä´‰ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ·ÕèÁÕ¡ÒÃãª‰¡ÒÃàª×èÍÁâÂ§ã¹
ÃÐ´ÑºªÑé¹äÍ¾Õ¹‰ÍÂ·ÕèÊØ´ áÅÐÁÕÃÐÂÐÎÍ»¨Ò¡âË¹´μ‰¹·Ò§ä»ÂÑ§âË¹´»ÅÒÂ·Ò§μíèÒ·ÕèÊØ´ÍÕ¡´‰ÇÂ

3. ¨Ò¡¹Ñé¹¹íÒμÑÇàÅ×Í¡·ÕèàËÅ×Í¨Ò¡¡ÒÃ í̈Ò¡Ñ´ÃÐÂÐÎÍ»·ÕèμíèÒ·ÕèÊØ´ã¹ �� ÁÒà»ÅÕèÂ¹Ê̂§ãË‰ÍÂÙˆã¹ÃÐ´ÑºªÑé¹
ÍÍ¾μÔ¤ÍÅ 	�

4. àÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹ 1 ÃÙ»áºº¨Ò¡¢Ñé¹μÍ¹·Õè 1 áÅÐ¢Ñé¹μÍ¹·Õè 3 à¾×èÍÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ÃˆÇÁ
¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ â´Â·Õè¨ÐÊÒÁÒÃ¶¤íÒ¹Ç¹»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ä´‰μÒÁ
ÊÁ¡ÒÃ·Õè 3.2 áÅÐ 3.3
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ÃÙ»·Õè 4.1: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 1

4.1 ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ÃÐËÇ̂Ò§ÇÔ¸Õ¡ÒÃËÒ¤̂Ò·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡
ÃÙ»áºº áÅÐ â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡

¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ÃÐËÇˆÒ§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº áÅÐ
â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ ¹Ñé¹ÁÕ Ø̈´»ÃÐÊ§¤Œà¾×èÍà»ÃÕÂºà·ÕÂº¤ÇÒÁ«Ñº«‰Í¹ (complexity) ã¹àªÔ§ í̈Ò¹Ç¹ÃÙ»áºº
·Õè¨íÒà»“¹μ‰Í§μÃÇ¨ÊÍºàÁ×èÍ·íÒ¡ÒÃá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ ¡ÒÃ·´ÊÍº¹Ñé¹¨Ð¡ÃÐ·íÒº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 ´Ñ§áÊ´§ã¹ÃÙ»·Õè 4.1 [16] â´ÂàÃÔèÁ¨Ò¡¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§·Õè¨Ð·íÒË¹‰Ò·Õèà»“¹âË¹´¤íÒÃ‰Í§¢Í ´‰ÇÂ
¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» (uniform distribution) «Öè§¨ÐÍ‰Ò§ÍÔ§¨Ò¡ÃÐ´ÑºªÑé¹äÍ¾Õ·ÕèÁÕáμˆÅÐâË¹´·íÒË¹‰Ò·Õè¨Ñ´
àÊ‰¹·Ò§ ÊíÒËÃÑºã¹¡ÒÃ·´ÊÍº¹Õé âË¹´·Õèà»“¹âË¹´μ‰¹·Ò§¹Ñé¹¤×ÍâË¹´·Õè 5 ¨Ò¡¹Ñé¹¨Ð·íÒ¡ÒÃàÅ×Í¡âË¹´
»ÅÒÂ·Ò§μÑé§áμˆ 2 âË¹´¨¹¶Ö§ 7 âË¹´ â´Â¡ÒÃàÅ×Í¡¨ÐàÅ×Í¡âË¹´·ÕèÍÂÙˆã¡Å‰âË¹´μ‰¹·Ò§à»“¹ËÅÑ¡ ¹Ñè¹¡ç
¤×Í àÃÔèÁ¨Ò¡ âË¹´·ÕèÁÕÃÐÂÐÎÍ»ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¨Ò¡âË¹´μ‰¹·Ò§ÊÑé¹·ÕèÊØ´ àËμØ¼Å·Õèμ‰Í§¡ÃÐ·íÒàªˆ¹¹Õéà¹×èÍ§
¨Ò¡¡ÒÃà»ÃÕÂºà·ÕÂº í̈Ò¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹¹Ñé¹ í̈Òà»“¹μ‰Í§ÂÖ´ÃÙ»áºº¢Í§¤íÒÃ‰Í§¢Íà´ÔÁ àªˆ¹ ã¹¡Ã³Õ·Õè
âË¹´»ÅÒÂ·Ò§à´ÔÁÁÕ 2 âË¹´¹Ñè¹¤×Í âË¹´·Õè 4 áÅÐ âË¹´·Õè 6 ¡ÒÃ·Õè¨Ð·´ÊÍºÇˆÒ ¡ÒÃà¾ÔèÁâË¹´»ÅÒÂ
¢Öé¹ÁÒÍÕ¡ 1 âË¹´¹Ñé¹ÁÕ¼ÅμˆÍ í̈Ò¹Ç¹ÃÙ»áººÍÂˆÒ§äÃ í̈Òà»“¹μ‰Í§ÂÖ´âË¹´»ÅÒÂ·Ò§ 2 âË¹´à´ÔÁàÍÒäÇ‰ à¾×èÍ
¤§¨íÒ¹Ç¹Í§¤Œ»ÃÐ¡Íºà´ÔÁ·Õèμ‰Í§·íÒ¡ÒÃ»„Í§¡Ñ¹ ¨Ò¡¹Ñé¹ Ö̈§¤ˆÍÂà¾ÔèÁ¡ÒÃ¾Ô¨ÒÃ³Ò¢Öé¹ä»ÍÕ¡ 1 âË¹´ ¹Ñè¹¤×Í
âË¹´ 10 «Öè§¨Ðà»“¹¡Ã³Õ·Õè¤íÒÃ‰Í§¢ÍÁÕâË¹´»ÅÒÂ·Ò§ 3 âË¹´

ÃÙ»·Õè 4.2 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹ÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè¨íÒà»“¹μ‰Í§μÃÇ¨ÊÍºáÅÐ
¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§·Õèá»Ã¼Ñ¹ä» â´Â¡ÒÃáÊ´§ÃÙ»áºº¢Í§¼Å¡ÒÃ·´ÅÍ§¹Ñé¹ ¨ÐáÊ´§ÍÂÙˆã¹ÅÑ¡É³Ð¢Í§
¡ÃÒ¿¡Öè§ÅçÍ¡ (semi-log) ·ÕèÁÕá¡¹ y à»“¹ í̈Ò¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹áÊ´§¼Åã¹ÃÙ»áººÅçÍ¡ áÅÐá¡¹ x
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Shortest hop algorithm

ÃÙ»·Õè 4.2: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹·Õèμ‰Í§μÃÇ¨ÊÍºáÅÐ¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§â´Â
¡íÒË¹´ãË‰âË¹´·Õè 5 à»“¹âË¹´μ‰¹·Ò§

à»“¹ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§·Õèá»Ã¼Ñ¹ä» áÊ´§¼Åã¹ÃÙ»áºº»¡μÔ ¨ÐàËç¹ä´‰ÇˆÒ í̈Ò¹Ç¹ÃÙ»áºº·Õè¨íÒà»“¹μ‰Í§
μÃÇ¨ÊÍºàÁ×èÍãª‰ÇÔ¸ÕËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº ¹Ñé¹à¾ÔèÁ¢Öé¹ÍÂˆÒ§μˆÍà¹×èÍ§´‰ÇÂ¤ÇÒÁªÑ¹
·Õèã¡Å‰à¤ÕÂ§¡Ñ¹ «Öè§¹Ñè¹à»“¹à¾ÃÒÐÇˆÒ ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹Ñé¹ Ê̂§¼ÅãË‰¨íÒ¹Ç¹Í§¤Œ»ÃÐ¡Íº
·Õè¨íÒà»“¹μ‰Í§»„Í§¡Ñ¹à¾ÔèÁÁÒ¡ÂÔè§¢Öé¹ «Öè§·íÒãË‰¨íÒ¹Ç¹ÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õèμ‰Í§μÃÇ¨ÊÍº¹Ñé¹à¾ÔèÁ¢Öé¹ã¹
ÅÑ¡É³Ðà·̂ÒμÑÇ´Ñ§áÊ´§ã¹ÊÁ¡ÒÃ·Õè 3.1

ÃÙ»·Õè 4.3 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹ÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè¨íÒà»“¹μ‰Í§μÃÇ¨ÊÍºáÅÐ
¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§·Õèá»Ã¼Ñ¹ä» àÁ×èÍ·íÒ¡ÒÃ·´ÊÍº´‰ÇÂ¡ÒÃà»ÅÕèÂ¹âË¹´μ‰¹·Ò§¨Ò¡âË¹´·Õè 5 à»“¹
âË¹´·Õè 13 «Öè§à»“¹âË¹´·ÕèÍÂÙˆÀÒÂã¹·Í¾ÍâÅÂÕ ÊíÒËÃÑº¡ÒÃ·´ÊÍº¨Ð¡ÃÐ·íÒã¹ÅÑ¡É³Ðà´ÔÁ¹Ñè¹¤×ÍàÃÔèÁ¨Ò¡
¡Ã³ÕâË¹´»ÅÒÂ·Ò§ã¡Å‰μÑÇ 2 âË¹´áÃ¡ ¨Ò¡¹Ñé¹à¾ÔèÁÍÕ¡ 1 âË¹´·ÕèÍÂÙˆ¶Ñ´ÍÍ¡ä» ¨¹¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§
à·̂Ò¡Ñº 7 âË¹´

ÊíÒËÃÑº¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡¹Ñé¹ à»“¹¡ÒÃμÃÇ¨ÊÍºã¹ÅÑ¡É³Ð¡ÒÃμÑ´μÑÇàÅ×Í¡
·Õèà»“¹ä»äÁˆä´‰·Ôé§ «Öè§¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ ¹Õé ÊÒÁÒÃ¶Å´
¨íÒ¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹·ÕèäÁˆ¨íÒà»“¹μ‰Í§μÃÇ¨ÊÍºÅ§ä´‰ÁÒ¡ ¶Ö§áÁ‰¨íÒà»“¹μ‰Í§¤íÒ¹Ç¹ËÒ¤ˆÒ¢Õ´áº̂§¡̂Í¹¡ç
μÒÁ ¹Í¡¨Ò¡¹Õé¨ÐàËç¹ä´‰ÇˆÒÍÑμÃÒ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ í̈Ò¹Ç¹ÃÙ»áºº·Õèμ‰Í§μÃÇ¨ÊÍºàÁ×èÍá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´
»ÅÒÂ·Ò§¹Ñé¹ ¨ÐÁÕÍÑμÃÒ¡ÒÃà¾ÔèÁ¢Öé¹â´ÂÃÇÁ·Õè¹‰ÍÂÅ§ áÅÐàÁ×èÍà»ÃÕÂºà·ÕÂº í̈Ò¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹·Õè
μ‰Í§μÃÇ¨ÊÍºÃÐËÇˆÒ§ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´â´Â¡ÒÃμÃÇ¨ÊÍº·Ø¡ÃÙ»áºº áÅÐ â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡¹Ñé¹
¨Ð¾ºÇˆÒ¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³ÃÙ»áºº¨ÐÍÂÙˆã¹ÅíÒ´Ñº ���� áÅÐ ��� «Öè§à»“¹¼ÅμˆÒ§·Õè¤ˆÍ¹¢‰Ò§ÊÙ§ ´Ñ§¹Ñé¹
¡ÒÃàÅ×Í¡ãª‰ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Â¡ÒÃμÑ´μÑÇàÅ×Í¡ ¹Ñé¹¹Í¡¨Ò¡¨ÐÊÒÁÒÃ¶¤íÒ¹Ç¹»ÃÔÁÒ³¤ÇÒÁ Ø̈
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ÃÙ»·Õè 4.3: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹·Õèμ‰Í§μÃÇ¨ÊÍºáÅÐ¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§â´Â
¡íÒË¹´ãË‰âË¹´·Õè 13 à»“¹âË¹´μ‰¹·Ò§

ÊíÒÃÍ§·ÕèμíèÒ·ÕèÊØ´ä´‰àËÁ×Í¹ã¹ÃÙ»áººáÃ¡ áÅ‰Ç ÂÑ§ÊÒÁÒÃ¶Å´ í̈Ò¹Ç¹ÃÙ»áºº¢Í§¡ÒÃ»„Í§¡Ñ¹·Õè¨íÒà»“¹μ‰Í§
μÃÇ¨ÊÍºÅ§ä´‰ÁÒ¡ÍÕ¡´‰ÇÂ ¼Ù‰ÇÔ¨ÑÂ Ö̈§àÅ×Í¡ÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐ·ÕèÊØ´ÃÙ»áºº¹Õéä»ãª‰ã¹¡ÒÃ·´ÊÍº

¨ÐàËç¹ä´‰ÇˆÒ àÁ×èÍ·íÒ¡ÒÃà»ÃÕÂºà·ÕÂº¤ÇÒÁ«Ñº«‰Í¹ã¹àªÔ§ í̈Ò¹Ç¹ÃÙ»áºº·Õè¨íÒà»“¹μ‰Í§μÃÇ¨ÊÍº¢Í§
¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ ¡Ñº ÇÔ¸ÕμÑ´μÑÇàÅ×Í¡¹Ñé¹ ¾ºÇˆÒ í̈Ò¹Ç¹¢Í§ÃÙ»
áºº·Õèä´‰¨Ò¡ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ ¨Ð¹‰ÍÂ¡ÇˆÒÇÔ¸ÕμÑ´μÑÇàÅ×Í¡ÁÒ¡·Ñé§¹Õéà»“¹
à¾ÃÒÐÇˆÒ ã¹¢Ñé¹μÍ¹¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¹Ñé¹ à»“¹¡ÒÃ¨íÒ¡Ñ´ í̈Ò¹Ç¹ÎÍ»¢Í§
àÊ‰¹·Ò§»„Í§¡Ñ¹ ·íÒãË‰¨íÒ¹Ç¹ÃÙ»áºº¡ÒÃ»„Í§¡Ñ¹Å´Å§ÍÂˆÒ§ÁÒ¡ Ê̂§¼ÅãË‰¡ÒÃ¤íÒ¹Ç¹ÊÒÁÒÃ¶¡ÃÐ·íÒä´‰
ÃÇ´àÃçÇ ã¹·Ò§μÃ§¡Ñ¹¢‰ÒÁ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸ÕàÅ×Í¡ÃÐÂÐÎÍ»·ÕèÊÑé¹·ÕèÊØ´¹Õé ÍÒ¨ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ
»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ·Õè¹íÒàÊ¹Í «Öè§¨ÐáÊ´§ãË‰àËç¹ã¹¡ÒÃ·´ÊÍº¶Ñ´ä»

4.2 ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÐËÇˆÒ§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í
áÅÐ ¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»·ÕèÊÑé¹·ÕèÊØ´ (shortest hop
algorithm)

¡ÒÃ·´ÊÍº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í¹Ñé¹ ÁÕ Ø̈´»ÃÐÊ§¤Œà¾×èÍÈÖ¡ÉÒ
¼Å¡ÃÐ·º¢Í§¨íÒ¹Ç¹¤ÇÒÁ Ø̈ÊíÒÃÍ§μˆÍ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í·Õèà»ÅÕèÂ¹á»Å§ä» â´Â¨Ð¹íÒ¢Ñé¹
μÍ¹ÇÔ¸Õ·Õèä´‰¹íÒàÊ¹Í¹Õé ä»à»ÃÕÂºà·ÕÂº¡Ñº»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§
»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ (shortest hop algorithm) «Öè§à»“¹ÇÔ¸ÕÁÒμÃ°Ò¹à¹×èÍ§¨Ò¡ ¡ÒÃÇÒ§àÊ‰¹·Ò§
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»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¹Ñé¹ ÁÕ Ø̈´»ÃÐÊ§¤Œ·Õè¤Å‰ÒÂ¤ÅÖ§¡Ñº¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèä´‰¹íÒ
àÊ¹Í¹Ñè¹¤×Í¡ÒÃãË‰»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèμíèÒâ´Â¡ÒÃàÅ×Í¡ÃÐÂÐÎÍ»¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹ãË‰¹‰ÍÂ·ÕèÊØ´

ã¹¡ÒÃ·´ÊÍº¹Ñé¹¨Ð¡ÃÐ·íÒº¹â¤Ã§¢ˆÒÂ·Ñé§ËÁ´ 6 ÃÙ»áºº «Öè§·Ñé§ 6 ÃÙ»áºº¹Ñé¹¨Ð¤§¨íÒ¹Ç¹âË¹´
ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ 13 âË¹´ áÅÐ ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ 8 âË¹´äÇ‰ â´Â·Õèã¹áμˆÅÐÃÙ»áºº¨Ðáμ¡μˆÒ§¡Ñ¹
´‰ÇÂ¤ˆÒ à©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´ (average node degree, �) «Öè§à»“¹¤ˆÒ·Õèãª‰ÇÑ´¤ÇÒÁË¹Òá¹ˆ¹¢Í§¡ÒÃàª×èÍÁ
μˆÍ (connectivity) ¢Í§â¤Ã§¢ˆÒÂ´Ñ§ÊÁ¡ÒÃ·Õè 4.1 â´Â·Õè � áÅÐ � ¤×Í í̈Ò¹Ç¹âË¹´ áÅÐ ¨íÒ¹Ç¹
¡ÒÃàª×èÍÁâÂ§ ã¹ÃÐ´ÑºªÑé¹·Õè¾Ô¨ÒÃ³Ò ¹Í¡¨Ò¡¹Õé¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¨Ð¶Ù¡¡íÒË¹´´‰ÇÂàÊ‰¹·Ò§ã¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õèãª‰ÃÐÂÐÎÍ»¹‰ÍÂ·ÕèÊØ´

� �
�� �

�
(4.1)

ÊíÒËÃÑº¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ Ø̈ÊíÒÃÍ§¹Ñé¹¨Ð¡ÃÐ·íÒâ´Â¡ÒÃá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ «Öè§ã¹·Õè¹Õé¤×ÍμÑé§
áμˆ 2 âË¹´ ¶Ö§ 7 âË¹´ Í‰Ò§ÍÔ§¨Ò¡âË¹´ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ «Öè§ÁÕÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§à»“¹μÑÇ¡íÒË¹´àÊ‰¹
·Ò§ãË‰¡Ñº¤íÒÃ‰Í§¢Í ÊíÒËÃÑºáμˆÅÐ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§¹Ñé¹¨Ð·íÒ¡ÒÃà¡çº»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ·Õè
ãª‰ ¨Ò¡ÃÙ»áºº¤íÒÃ‰Í§¢ÍÅÑ¡É³ÐμˆÒ§æ â´Â·Õè¤íÒÃ‰Í§¢Í´Ñ§¡Å̂ÒÇ¨Ðà¡Ô´¨Ò¡¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§ 1 âË¹´
´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» (uniform distribution) áÅÐ ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§·Õèμ‰Í§¡ÒÃ·´ÊÍº´‰ÇÂ
¡®¡ÒÃ Ñ̈´ËÁÙˆ «Öè§¨ÐäÁˆ¹íÒÃÙ»áºº¤íÒÃ‰Í§¢Í·Õèà¤Â·´ÊÍºáÅ‰ÇÁÒ¾Ô¨ÒÃ³Ò

ÃÙ»·Õè 4.4-4.9 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁØÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁâË¹´
μ‰¹·Ò§áÅÐ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§º¹â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 1 «Öè§ÁÕ¤ˆÒà©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´ã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅà·̂Ò¡Ñº 3.538 áÅÐã¹ÃÐ´ÑºªÑé¹äÍ¾Õà·̂Ò¡Ñº 3.5 ÊíÒËÃÑº¡ÒÃÊØˆÁ¹Ñé¹¨ÐàÃÔèÁμ‰¹¨Ò¡ âË¹´»ÅÒÂ
·Ò§ 2 âË¹´ ¨¹¶Ö§ 7 âË¹´ â´Â·Õè¨ÐàËç¹ä´‰ÇˆÒã¹áμˆÅÐ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§μ‰Í§ÍÒÈÑÂ¡ÒÃÊØˆÁ»ÃÐÁÒ³ 30

- 40 ¤ÃÑé§ »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¶Ö§¨Ð¤ˆÍ¹¢‰Ò§¤§·Õè Â¡àÇ‰¹¡Ã³ÕâË¹´»ÅÒÂ·Ò§ 7 âË¹´«Öè§ÁÕÃÙ»áºº·Õè
à»“¹ä»ä´‰·Ñé§ÊÔé¹ 8 ÃÙ»áºº´‰ÇÂ¡Ñ¹

ÃÙ»·Õè 4.10 áÊ´§ãË‰àËç¹¶Ö§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ
·Ò§¢Í§¤íÒÃ‰Í§ º¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè1 ¨ÐàËç¹ä´‰ÇˆÒÊÒÁÒÃ¶áº̂§ªˆÇ§¾Ô¨ÒÃ³ÒÍÍ¡à»“¹·Ñé§ÊÔé¹ 3 ªˆÇ§´‰ÇÂ¡Ñ¹
¹Ñè¹¤×Í ªˆÇ§·Õè 1 ¡Ã³Õ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 2 áÅÐ 3 âË¹´, ªˆÇ§·Õè 2 ¡Ã³Õ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§
à·̂Ò¡Ñº 4, 5 áÅÐ 6 âË¹´ áÅÐª̂Ç§·Õè 3 ¤×Í¡Ã³Õ·ÕèÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 7 âË¹´

ÊíÒËÃÑºªˆÇ§·Õè 1 ¹Ñé¹¾ºÇˆÒ¤ÇÒÁáμ¡μˆÒ§¢Í§·Ñé§¢Ñé¹μÍ¹ÇÔ¸Õ·ÕèàÊ¹ÍáÅÐÇÔ¸ÕàÅ×Í¡ÎÍ»·ÕèÊÑé¹·ÕèÊØ´¹Ñé¹ ÁÕ
¤ÇÒÁáμ¡μˆÒ§¡Ñ¹äÁˆÁÒ¡¹Ñ¡ «Öè§·Ñé§¹Õéà»“¹¼Å¨Ò¡àÁ×èÍÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹‰ÍÂ ¶Ö§áÁ‰¨Ð·íÒãË‰·Ò§àÅ×Í¡
ã¹¡ÒÃ»„Í§¡Ñ¹ÁÕÁÒ¡ áμˆ¨íÒ¹Ç¹Í§¤Œ»ÃÐ¡Íº¢Í§àÊ‰¹·Ò§·Õèμ‰Í§¡ÒÃ¡ÒÃ»„Í§¡Ñ¹ÂÑ§¤§ÁÕ¹‰ÍÂÍÂÙˆ ¨Ö§·íÒãË‰¡ÒÃ
àÅ×Í¡àÊ‰¹·Ò§·Õèãª‰¨íÒ¹Ç¹ÎÍ»¹‰ÍÂ·ÕèÊØ´áÅ‰Ç Ö̈§¾Ô¨ÒÃ³Ò¡ÒÃãª‰§Ò¹ÃˆÇÁ¡Ñ¹ ¡Ñº ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§´‰ÇÂ¢Ñé¹
μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í«Öè§à»“¹¡ÒÃÇÒ§àÊ‰¹·Ò§â´Â¤íÒ¹Ö§¶Ö§¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹à»“¹ËÅÑ¡ ¹Ñé¹ãË‰¤ˆÒÍÍ¡ÁÒ
äÁˆáμ¡μˆÒ§¡Ñ¹ÁÒ¡

ÊíÒËÃÑºã¹ª̂Ç§·Õè 2 ¨ÐÊÑ§à¡μä´‰ÇˆÒ ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹â´Â¤íÒ¹Ö§¶Ö§¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§à»“¹ËÅÑ¡
¹Ñé¹ãË‰¼Å·Õè´Õ¡ÇˆÒ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹´‰ÇÂ¢Ñé¹μÍ¹ÇÔ¸ÕàÅ×Í¡¨íÒ¹Ç¹ÎÍ»·ÕèμíèÒ·ÕèÊØ´ ÍÂˆÒ§àËç¹ä´‰ªÑ´ «Öè§
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X: 40
Y: 6.875

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.4: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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X: 30
Y: 13.17

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.5: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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X: 30
Y: 9.433

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.6: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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X: 30
Y: 9.7

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.7: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´
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X: 30
Y: 18.07

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.8: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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X: 8
Y: 19.25

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.9: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.10: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1

à»“¹¼Å¨Ò¡¡ÒÃ·Õè àÁ×èÍÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ÁÒ¡¢Öé¹¨Ð·íÒãË‰âÍ¡ÒÊ¢Í§¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§âË¹´»ÅÒÂ
·Ò§ã¹â¤Ã§¢ˆÒÂÁÕËÅÒ¡ËÅÒÂÂÔè§¢Öé¹ ÃÇÁ·Ñé§Í§¤Œ»ÃÐ¡Íº·Õèμ‰Í§¡ÒÃ¡ÒÃ»„Í§¡Ñ¹ÁÕà¾ÔèÁ¢Öé¹ ´Ñ§¹Ñé¹ÃÙ»áºº¢Í§
¡ÒÃ»„Í§¡Ñ¹ Ö̈§ÁÕ¤ÇÒÁËÅÒ¡ËÅÒÂÁÒ¡¢Öé¹ äÁˆ¨íÒ¡Ñ´ÍÂÙˆà¾ÕÂ§¡ÒÃàÅ×Í¡à©¾ÒÐàÊ‰¹·Ò§·Õèãª‰¨íÒ¹Ç¹ÎÍ»¹‰ÍÂ·Õè
ÊØ´ «Öè§¤ÇÒÁËÅÒÂËÅÒÂ´Ñ§¡Å̂ÒÇ¡ç¨Ð·íÒãË‰âÍ¡ÒÊã¹¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÁÕà¾ÔèÁ¢Öé¹μÒÁä»´‰ÇÂ ¹Ñè¹
ËÁÒÂ¤ÇÒÁÇˆÒ ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰¨íÒ¹Ç¹ÎÍ»ÁÒ¡¡ÇˆÒáμˆÊÒÁÒÃ¶¹íÒ¡ÒÃàª×èÍÁâÂ§·ÕèÍÂÙˆã¹àÊ‰¹
·Ò§»„Í§¡Ñ¹¹Ñé¹ä»ãª‰§Ò¹ÃˆÇÁ¡ÑºàÊ‰¹·Ò§»„Í§¡Ñ¹Í×è¹ä´‰ ¨Ð·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¶Ù¡¨Í§ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ
ÇÔ¸ÕàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèÊÑé¹·ÕèÊØ´

ÊíÒËÃÑºã¹ª̂Ç§ÊØ´·‰ÒÂ «Öè§ÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 7 âË¹´ ËÃ×Í¡ç¤×ÍÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§
âË¹´»ÅÒÂ·Ò§ÍÂˆÒ§·ÑèÇ¶Ö§·Ñé§â¤Ã§¢ˆÒÂ «Öè§¨ÐàËç¹ä´‰ÇˆÒá¹Çâ¹‰Á¡ÒÃà¾ÔèÁ¢Öé¹¢Í§¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§¢Ñé¹
μÍ¹ÇÔ¸Õ·Ñé§ 2 ¹Ñé¹¹‰ÍÂÅ§¨Ò¡ã¹ªˆÇ§·Õè 2 «Öè§à»“¹¼Å¨Ò¡¡ÒÃ·Õè àÁ×èÍâË¹´¡ÃÐ¨ÒÂμÑÇ¡Ñ¹ÍÂˆÒ§
àμçÁ·Õèã¹â¤Ã§¢ˆÒÂ ·íÒãË‰à¡×Íº·Ø¡Í§¤Œ»ÃÐ¡Íº¢Í§¤íÒÃ‰Í§¢Í í̈Òà»“¹μ‰Í§ä´‰ÃÑº¡ÒÃ»„Í§¡Ñ¹ «Öè§Ê̂§¼ÅãË‰¡ÒÃ
ÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹¢Í§áμˆÅÐÍ§¤Œ»ÃÐ¡Íº ¨ÐÁÕºÒ§Ê̂Ç¹·Õè¶Ù¡ÇÒ§º¹¡ÒÃàª×èÍÁâÂ§·ÕèàÊ‰¹·Ò§»„Í§¡Ñ¹Í×è¹äÁˆ
¼ˆÒ¹ ¹Ñè¹ËÁÒÂ¤ÇÒÁÇˆÒ¡ÒÃ·Õè¨Ð·íÒãË‰àÊ‰¹·Ò§»„Í§¡Ñ¹à¡Ô´¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ä´‰¹Ñé¹ ÍÒ¨μ‰Í§ãª‰
¡ÒÃàª×èÍÁâÂ§·ÕèÂÑ§äÁˆÁÕ¡ÒÃ¨Í§à¾×èÍà»“¹Ê̂Ç¹àª×èÍÁμˆÍä»ÂÑ§àÊ‰¹·Ò§»„Í§¡Ñ¹Í×è¹·Õèãª‰ÃˆÇÁ¡Ñ¹ÍÂÙˆ ¶Ö§¡ÃÐ¹Ñé¹¡ÒÃ
ãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¹íÒàÊ¹Í ¡çÂÑ§ãË‰»ÃÔÁÒ³à©ÅÕèÂã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèμíèÒ¡ÇˆÒ ÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§
·Õèãª‰ÎÍ»μíèÒ·ÕèÊØ´

ÊíÒËÃÑºâ¤Ã§¢ˆÒÂÃÙ»áºº·Õè 2 «Öè§¡ÃÐ·íÒ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÍÍ¡à¾×èÍ·íÒãË‰
¤ˆÒà©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹Å´Å§¨Ò¡ 3.54 à»“¹ 2.92 Ê̂Ç¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¨Ð¤§·Í¾ÍâÅÂÕà ỐÁäÇ‰¹Ñè¹
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ÃÙ»·Õè 4.11: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 2

¤×ÍÁÕ¤ˆÒà©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´à·̂Ò¡Ñº 3.5 ´Ñ§áÊ´§ã¹ÃÙ»·Õè 4.11 ¨Ø´»ÃÐÊ§¤Œ¢Í§¡ÒÃ¡ÃÐ·íÒàªˆ¹¹Õéà¾×èÍÈÖ¡ÉÒ
»ÃÐÊÔ·¸ÔÀÒ¾¢Í§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹ÍàÁ×èÍâ¤Ã§¢ˆÒÂÁÕ¤ˆÒà©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´ã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ¤ÍÅÅ´Å§

ÃÙ»·Õè 4.12-4.17 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁ
âË¹´μ‰¹·Ò§áÅÐ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§º¹â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 2 «Öè§¨Ð¡ÃÐ·íÒã¹ÃÙ»áººà´ÕÂÇ¡Ñ¹
¡Ñºã¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 ¹Ñè¹¤×Í àÃÔèÁ¨Ò¡¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§ 1 âË¹´ ´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ»
¨Ò¡¹Ñé¹·íÒ¡ÒÃÊØˆÁ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§´‰ÇÂ¡ÒÃ¡®¡ÒÃ¨Ñ´ËÁÙˆà¾×èÍ·´ÊÍº «Öè§¨Ðã¹¡ÒÃ·´ÊÍº¨Ð·íÒ¡ÒÃ
á»Ã¼Ñ¹ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§μÑé§áμˆ 2 âË¹´ ¨¹¶Ö§ 7 âË¹´ â´Â·Õè¨ÐàËç¹ä´‰ÇˆÒã¹áμˆÅÐ í̈Ò¹Ç¹âË¹´
»ÅÒÂ·Ò§μ‰Í§ÍÒÈÑÂ¡ÒÃÊØˆÁ»ÃÐÁÒ³ 30 - 40 ¤ÃÑé§ »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¶Ö§¨Ð¤ˆÍ¹¢‰Ò§¤§·Õè Â¡àÇ‰¹
¡Ã³ÕâË¹´»ÅÒÂ·Ò§ 7 âË¹´«Öè§ÁÕÃÙ»áºº·Õèà»“¹ä»ä´‰·Ñé§ÊÔé¹ 8 ÃÙ»áºº´‰ÇÂ¡Ñ¹

ÃÙ»·Õè 4.18 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Íà·ÕÂº¡Ñº»ÃÔÁÒ³¤ÇÒÁ Ø̈
ÊíÒÃÍ§à©ÅÕèÂ ¨ÐàËç¹ä´‰ÇˆÒàÁ×èÍ¾Ô¨ÒÃ³Ò¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§´‰ÇÂÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í¹Ñé¹¨Ð·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ
¨ØÊíÒÃÍ§à©ÅÕèÂ¢Í§áμˆÅÐ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹Ñé¹à¾ÔèÁ¢Öé¹àÅç¡¹‰ÍÂ ¹Ñè¹ËÁÒÂ¤ÇÒÁÇˆÒμ‰Í§ãª‰»ÃÔÁÒ³¤ÇÒÁ Ø̈
ÊíÒÃÍ§à¾ÔèÁ¨Ò¡à´ÔÁà¾×èÍÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ ÊÒàËμØ¢Í§¡ÒÃà¾ÔèÁ¢Öé¹¹Ñé¹à»“¹à¾ÃÒÐÇˆÒ
àÁ×èÍ·íÒ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÍÍ¡ ·íÒãË‰¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢ÍÁÕÁÒ¡¢Öé¹àÁ×èÍ
à·ÕÂº¡Ñºâ¤Ã§¢ˆÒÂãËÁ̂ ´Ñ§¹Ñé¹μÑÇàÅ×Í¡ã¹¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ Ö̈§¹‰ÍÂÅ§μÒÁà§×èÍ¹ä¢ºÑ§¤Ñº¡ÒÃÊÃ‰Ò§àÊ‰¹
·Ò§»„Í§¡Ñ¹ «Öè§¡ÒÃ·ÕèÁÕμÑÇàÅ×Í¡·Õè¹‰ÍÂÅ§»ÃÐ¡Íº¡Ñº¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢Í·Õèà¾ÔèÁ¢Öé¹¹Ñé¹ ·íÒãË‰âÍ¡ÒÊ
ã¹¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèÊÒÁÒÃ¶¶Ù¡ãª‰§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÍ§¤Œ»ÃÐ¡Íº¢Í§¤íÒÃ‰Í§¢Í¹Ñé¹¹‰ÍÂÅ§ ¨Ö§·íÒ
ãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§μ‰Í§ãª‰»ÃÔÁÒ³à¾ÔèÁ¢Öé¹
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X: 40
Y: 7.825

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.12: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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X: 40
Y: 8.675

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.13: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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Number of samples (sample)

X: 30
Y: 14.53

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.14: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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X: 30
Y: 15.83

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.15: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´
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Number of samples (sample)

X: 30
Y: 17.03

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.16: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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X: 8
Y: 12.25

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.17: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 2 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.18: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁØÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 2

ÊíÒËÃÑºÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹´‰ÇÂÃÐÂÐÎÍ»·ÕèÊÑé¹·ÕèÊØ´¹Ñé¹ ÊÑ§à¡μä´‰ÇˆÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§
·Õè¨Í§´‰ÇÂÇÔ¸Õ¹Õé¨ÐÁÕ¤ˆÒÅ´Å§àÅç¡¹‰ÍÂ·Õè·Ø¡ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ àÁ×èÍà·ÕÂº¡Ñº¡Ã³Õ·Õè·´ÊÍºº¹â¤Ã§
¢ˆÒÂÃÙ»áºº·Õè 1 ¶Ö§áÁ‰ÇˆÒ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¨Ð·íÒãË‰μÑÇàÅ×Í¡ã¹¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§
»„Í§¡Ñ¹¹‰ÍÂÅ§ áÅÐ âÍ¡ÒÊã¹¡ÒÃ¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§¢Í§â¤Ã§¢ˆÒÂ¹ˆÒ¨ÐÁÕ»ÃÔÁÒ³à¾ÔèÁ¢Öé¹¡çμÒÁ áμˆ¡ÒÃ
à¾ÔèÁ¢Öé¹¢Í§»ÃÔÁÒ³´Ñ§¡Å̂ÒÇ¨Ðà¾ÔèÁ¢Öé¹à·ÕÂº¡Ñº»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÇÁ¢Í§â¤Ã§¢ˆÒÂ·ÕèÁÕ «Öè§ã¹¡Ã³Õ¹Õé¤×Í
»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÇÁ¢Í§â¤Ã§¢ˆÒÂÅ´Å§à¹×èÍ§¨Ò¡¶Ù¡¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÍÍ¡ ·íÒ
ãË‰¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹â´ÂàÅ×Í¡ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¹Ñé¹ ¨ÐÁÕ¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ·Õèà¾ÔèÁ¢Öé¹à¹×èÍ§
¨Ò¡μÑÇàÅ×Í¡¢Í§¡ÒÃàª×èÍÁâÂ§¹‰ÍÂÅ§ áμˆ¡ÒÃà¾ÔèÁ¢Öé¹¹Ñé¹ ¨Ðà¾ÔèÁ¢Öé¹ã¹à¾´Ò¹¢Í§¤ÇÒÁ¨ØÊíÒÃÍ§ÃÇÁ¢Í§
â¤Ã§¢ˆÒÂ·ÕèÅ´Å§ Ê̂§¼ÅãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¨Í§´‰ÇÂÇÔ¸Õ¹ÕéÅ´Å§¨Ò¡¡Ã³Õ·´ÊÍºº¹â¤Ã§¢ˆÒÂÃÙ»áºº
·Õè 1 ÃÇÁ·Ñé§á¹Çâ¹‰Á¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§´‰ÇÂÇÔ¸Õ¹Õé¨ÐÅ´Å§ÍÕ¡´‰ÇÂ

ÃÙ»·Õè 4.19 áÊ´§â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 3 ·Õè¨Ð·íÒ¡ÒÃ·´ÊÍºâ´Â ÅÑ¡É³Ð·Í¾ÍâÅÂÕà¡Ô´¨Ò¡¡ÒÃ¡íÒ Ñ̈´
¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¨Ò¡â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 ÍÍ¡·Ñé§ÊÔé¹ 7 ¡ÒÃàª×èÍÁâÂ§à¾×èÍãË‰´Õ¡ÃÕà©ÅÕèÂ
¢Í§âË¹´à·̂Ò¡Ñº 2.462 «Öè§Å´Å§¨Ò¡à ỐÁ 1.08 ´Õ¡ÃÕ â´Â¨Ð¤§·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾ÕäÇ‰´Ñ§à´ÔÁ ¡ÒÃ
¡ÃÐ·íÒàªˆ¹¹ÕéÁÕ Ø̈´»ÃÐÊ§¤Œà¾×èÍÈÖ¡ÉÒ¼Å¡ÃÐ·º¢Í§¡ÒÃÅ´Å§¢Í§¡ÒÃàª×èÍÁμˆÍã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

ÃÙ»·Õè 4.20-4.25 áÊ´§¡ÒÃËÒ¤ˆÒà©ÅÕèÂ¢Í§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰ à·ÕÂº¡Ñº í̈Ò¹Ç¹¤ÃÑé§ã¹
¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§áÅÐ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§ â´Â¨Ðá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¨Ò¡ 2 ¶Ö§ 7 âË¹´
áÅÐ¡íÒË¹´ãË‰¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§ 1 âË¹´¹Ñé¹ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» áÅÐ ¡ÒÃÊØˆÁ¡ÅØˆÁ¢Í§âË¹´
»ÅÒÂ·Ò§¨Ðà»“¹ä»μÒÁ¡®¡ÒÃ Ñ̈´ËÁÙˆ â´Â·Õè¡ÅØˆÁã´·Õèä´‰ÃÑº¡ÒÃ·´ÊÍºáÅ‰Ç¨ÐäÁ̂¹íÒÁÒ¾Ô¨ÒÃ³ÒÍÕ¡ ¨ÐàËç¹
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ÃÙ»·Õè 4.19: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 3

ä´‰ÇˆÒã¹áμˆÅÐ¡Ã³Õ¨Ð·íÒ¡ÒÃËÒ¤ˆÒà©ÅÕèÂ¨¹¡ÃÐ·Ñé§¤§·Õè ¹Ñè¹¤×Í í̈Òà»“¹μ‰Í§ÊØˆÁ¡ÅØˆÁμÑÇÍÂˆÒ§»ÃÐÁÒ³ 30 - 40

¤ÃÑé§ ã¹áμˆÅÐ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ Â¡àÇ‰¹¡Ã³Õ·Õè¤íÒÃ‰Í§¢ÍÁÕâË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 7 âË¹´«Öè§¨ÐÁÕ
¨íÒ¹Ç¹ÃÙ»áººà·̂Ò¡Ñº 8 ÃÙ»áººà·̂Ò¹Ñé¹

ÃÙ»·Õè 4.26 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂºÃÐËÇˆÒ§¢Ñé¹μÍ¹ÇÔ¸Õ·Õè¹íÒàÊ¹Í áÅÐ ¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃàÅ×Í¡
àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰¨íÒ¹Ç¹ÎÍ»¹‰ÍÂ·ÕèÊØ´ ¨ÐàËç¹ä´‰ÇˆÒàÁ×èÍ·íÒ¡ÒÃÅ´¤ˆÒà©ÅÕèÂ´Õ¡ÃÕ¢Í§âË¹´º¹â¤Ã§¢ˆÒÂã¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÅ§¨Ò¡â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 1 Å§ 1.08 ´Õ¡ÃÕ ÃÙ»áºº¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒ³¡ÒÃ
¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§à©ÅÕèÂàÁ×èÍá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹Ñé¹ ÂÑ§¤§ÁÕá¹Çâ¹‰Á´Ñ§à´ÔÁ à¾ÕÂ§áμˆ¡ÒÃà»ÅÕèÂ¹
á»Å§¨ÐäÁ̂ÁÒ¡´Ñ§¡Ã³Õâ¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº 1 áÅÐ â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 2

ÊíÒËÃÑº»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂã¹áμˆÅÐ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹Ñé¹ ¾ºÇˆÒÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í
¹Ñé¹ÂÑ§¤§ãË‰¤ˆÒ·Õèà¾ÔèÁ¢Öé¹¨Ò¡¡Ã³Õ·´ÊÍºº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 2 ÃÇÁä»¶Ö§ÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹â´Â
ãª‰¨íÒ¹Ç¹ÎÍ»¹‰ÍÂ·ÕèÊØ´¡ç¨ÐãË‰¤ˆÒ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèÅ´Å§¨Ò¡à´ÔÁ´‰ÇÂ «Öè§àËμØ¼Å¢Í§¡ÒÃà¾ÔèÁ
¢Öé¹¹Ñé¹¨ÐÁÕÅÑ¡É³Ð·Õè¤Å‰ÒÂ¤ÅÖ§¡Ñº·Õèä´‰·íÒ¡ÒÃÇÔà¤ÃÒÐËŒä»àÁ×èÍ·íÒ¡ÒÃ·´ÊÍºº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 2

ÃÙ»·Õè 4.27 áÊ´§â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 4 ·Õè¨Ð·íÒ¡ÒÃ·´ÊÍºâ´Â ¨Ð·íÒ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ¨Ò¡â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 ÍÍ¡¨¹àËÅ×Í 14 ¡ÒÃàª×èÍÁâÂ§à¾×èÍãË‰´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´à·̂Ò¡Ñº
2.153 «Öè§Å´Å§¨Ò¡à ỐÁ 1.386 ´Õ¡ÃÕ â´Â¨Ð¤§·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾ÕäÇ‰´Ñ§à´ÔÁ ¡ÒÃ¡ÃÐ·íÒàªˆ¹¹ÕéÁÕ Ø̈´
»ÃÐÊ§¤Œà¾×èÍÈÖ¡ÉÒ¼Å¡ÃÐ·º¢Í§¡ÒÃÅ´Å§¢Í§¡ÒÃàª×èÍÁμˆÍã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ

ÃÙ»·Õè 4.28-4.33 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¨íÒ¹Ç¹¤ÃÑé§·Õè·´ÊÍº ¡Ñº »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ·Õè
¤íÒ¹Ç¹¨Ò¡ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í áÅÐ ÇÔ¸Õ¡ÒÃàÅ×Í¡ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ «Öè§¨ÐàËç¹ä´‰ÇˆÒ í̈Ò¹Ç¹μÑÇÍÂˆÒ§·Õèãª‰ã¹
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X: 40
Y: 8.975

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.20: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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Number of samples (sample)

X: 32
Y: 12.38

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.21: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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Number of samples (sample)

X: 30
Y: 13.97

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.22: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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Number of samples (sample)

X: 30
Y: 15.1

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.23: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´



48

5 10 15 20 25 30
0

5

10

15

20

25

 

 

X: 30
Y: 11.9

A
ve

ra
ge

 r
es

er
ve

d 
ca

pa
ci

ty
 (

un
it 

ca
pa

ci
ty

)

Number of samples (sample)

X: 30
Y: 15.53

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.24: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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Number of samples (sample)

X: 8
Y: 16

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.25: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 3 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.26: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 3

ÃÙ»·Õè 4.27: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 4
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X: 50
Y: 11.14

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.28: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´

¡ÒÃËÒ¤ˆÒà©ÅÕèÂ¹Ñé¹¨ÐÍÂÙˆã¹ªˆÇ§ 30-50 μÑÇÍÂˆÒ§¶Ö§¨Ð·íÒãË‰¤ˆÒà©ÅÕèÂ¤ˆÍ¹¢‰Ò§¤§·Õè ã¹¡ÒÃÊØˆÁáμˆÅÐ¤ÃÑé§¹Ñé¹
¨Ð¡ÃÐ·íÒã¹ÅÑ¡É³Ðà´ÔÁ¤×Í ÊØˆÁâË¹´μ‰¹·Ò§´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» ¨Ò¡¹Ñé¹ Ö̈§·íÒ¡ÒÃÊØˆÁ¡ÅØˆÁ¢Í§
âË¹´»ÅÒÂ·Ò§´‰ÇÂ¡®¡ÒÃ Ñ̈´ËÁÙˆ â´Â·Õè¡ÅØˆÁã´·Õè¶Ù¡¹íÒÁÒ·´ÊÍºáÅ‰Ç ¨ÐäÁˆ¹íÒÁÒ·´ÊÍº«íéÒÍÕ¡ Â¡àÇ‰¹
¡Ã³Õ·Õè¤íÒÃ‰Í§¢ÍÁÕâË¹´»ÅÒÂ·Ò§à·ˆÒ¡Ñº 7 âË¹´«Öè§¨ÐÁÕ í̈Ò¹Ç¹ÃÙ»áººà·̂Ò¡Ñº 8 ÃÙ»áººà·̂Ò¹Ñé¹

ÃÙ»·Õè 4.34 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè¶Ù¡¨Í§´‰ÇÂÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹ÍáÅÐÇÔ¸Õ
¡ÒÃàÅ×Í¡ í̈Ò¹Ç¹ÎÍ»·ÕèÊÑé¹·ÕèÊØ´ à·ÕÂº¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í ¨ÐàËç¹ä´‰ÇˆÒ »ÃÔÁÒ³¡ÒÃ
¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§à©ÅÕèÂ·Õèä´‰¨Ò¡ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í¹Ñé¹¨ÐÁÕ¤ˆÒà¾ÔèÁ¢Öé¹·Õè·Ø¡ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ «Öè§ã¹
¢³Ðà´ÕÂÇ¡Ñ¹ »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ¡ÒÃàÅ×Í¡ í̈Ò¹Ç¹ÎÍ»·ÕèÊÑé¹·ÕèÊØ´¡ç¨ÐÅ´ÃÐ´ÑºÅ§ÁÒ â´Â·Õè¶‰Ò
·íÒ¡ÒÃà¾ÔèÁ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ÁÒ¡¢Öé¹ ¨Ð·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ¡ÒÃ¡ÒÃ·Ñé§ 2 ¹Ñé¹ÁÕ
¤ˆÒà·ˆÒ¡Ñ¹ ·Ñé§¹Õéà»“¹à¾ÃÒÐÇˆÒ àÁ×èÍâ¤Ã§¢ˆÒÂã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¶Ù´Å´·Í¹´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ä»à»“¹¤ˆÒ·Õè
ã¡Å‰à¤ÕÂ§¡Ñº 2.0 «Öè§º̂§ºÍ¡¶Ö§ÅÑ¡É³Ðâ¤Ã§¢ˆÒÂáººà»“¹Ç§ (ring) ´Ñ§¹Ñé¹àÁ×èÍâ¤Ã§¢ˆÒÂÁÕ¤ÇÒÁËÅÒ¡ËÅÒÂ
¢Í§¡ÒÃàª×èÍÁâÂ§ãË‰àÅ×Í¡¹‰ÍÂ ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹·Ñé§ 2 ÇÔ¸Õ Ö̈§à»ÃÕÂºàÊÁ×Í¹¶Ù¡ºÑ§¤ÑºãË‰àÅ×Í¡àÊ‰¹·Ò§
â´ÂÍÑμâ¹ÁÑμÔ áÅÐàÊ‰¹·Ò§·Ñé§ÊÍ§¨ÐÁÕÃÙ»áºº·ÕèàËÁ×Í¹¡Ñ¹ Ê̂§¼ÅãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡·Ñé§ 2 ÇÔ¸ÕÁÕ
¤ˆÒà·ˆÒ¡Ñ¹

¨Ò¡¡ÒÃ·´ÊÍº¼Å¡ÃÐ·ºàÁ×èÍà»ÅÕèÂ¹·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ â´Â¤§·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹
äÍ¾ÕàÍÒäÇ‰´Ñ§·Õèä´‰áÊ´§ã¹â¤Ã§¢̂ÒÂ·´ÊÍº·Ñé§ 4 ÃÙ»áºº ¾ºÇˆÒÊÒÁÒÃ¶ÊÃØ»á¹Çâ¹‰Áä´‰à»“¹ 2 á¹Ç
·Ò§ â´Âá¹Ç·Ò§·Õè 1 ¹Ñé¹¨Ð¾Ô¨ÒÃ³Ò¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§·Õèà¾ÔèÁ¢Öé¹¡Ñº¤ÇÒÁáμ¡
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Number of samples (sample)

X: 30
Y: 12

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.29: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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X: 30
Y: 13

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.30: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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X: 30
Y: 13.53
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A
ve

ra
ge

 r
es

er
ve

d 
ca

pa
ci

ty
 (

un
it 

ca
pa

ci
ty

)

X: 30
Y: 13.53

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.31: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´
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X: 30
Y: 13.83

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.32: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.33: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 4 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.34: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 4
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d = 3.54
d = 2.92
d = 2.46
d = 2.15

ÃÙ»·Õè 4.35: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂàÁ×èÍà·ÕÂº¡Ñº
¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í·Õèá»Ã¼Ñ¹ àÁ×èÍ·´ÊÍºº¹·Í¾ÍâÅÂÕã¹â¤Ã§¢ˆÒÂÃÙ»·Õè 1 ¶Ö§â¤Ã§¢ˆÒÂ
ÃÙ»áºº·Õè 4

μˆÒ§¢Í§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂÃÐËÇˆÒ§ÇÔ¸Õ·Õè¹íÒàÊ¹Í ¡Ñº ÇÔ¸ÕàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õãª‰ÎÍ»¹‰ÍÂ·ÕèÊØ´
´Ñ§áÊ´§ã¹ÃÙ»·Õè 4.35 «Öè§¨ÐÊÃØ»ä´‰ÇˆÒàÁ×èÍ·Í¾ÍâÅÂÕÁÕ¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´μíèÒÅ§ ¤ÇÒÁáμ¡μˆÒ§¢Í§·Ñé§
2 ÇÔ¸Õ¡ÒÃ¨Ð¹‰ÍÂÅ§μÒÁä»´‰ÇÂ«Öè§¤ÇÒÁáμ¡μˆÒ§¹Ñé¹¨ÐÁÕÍÑμÃÒ¡ÒÃÅ´Å§·Õèà¾ÔèÁ¢Öé¹àÁ×èÍ·´ÊÍº´‰ÇÂ¤íÒÃ‰Í§¢Í
·ÕèÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ÁÒ¡¢Öé¹ ·Õèà»“¹àªˆ¹¹Õé¡çà¾ÃÒÐÇˆÒàÁ×èÍ·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·Õè´Õ¡ÃÕà©ÅÕèÂ
¢Í§âË¹´ÊÙ§ í̈Ò¹Ç¹μÑÇàÅ×Í¡¢Í§¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¨Ö§ÊÙ§μÒÁä»´‰ÇÂ ´Ñ§¹Ñé¹
âÍ¡ÒÊã¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèÊÒÁÒÃ¶ãª‰§Ò¹ÃˆÇÁ¡Ñ¹ä´‰¨Ö§ÁÕÊÙ§ Ê̂§¼ÅãË‰¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§ 2 ÇÔ¸ÕÁÕ
ÁÒ¡ ¹Í¡¨Ò¡¹Õé¨ÐÊÑ§àËμØä´‰ÇˆÒ àÁ×èÍ·íÒà¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Öé¹¶Ö§¢Ñé¹Ë¹Öè§ ¤ÇÒÁáμ¡μˆÒ§¢Í§·Ñé§ 2

ÇÔ¸Õ¨ÐàÃÔèÁÅ´Å§ ·Ñé§¹Õéà¹×èÍ§¨Ò¡¡ÒÃà¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¹Ñé¹à»“¹¡ÒÃà¾ÔèÁ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢Í
«Öè§àÁ×èÍ·Í¾ÍâÅÂÕÁÕ¡ÒÃàª×èÍÁμˆÍ·Õè¹‰ÍÂÅ§ ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢Í·ÕèÁÕ¨íÒ¹Ç¹âË¹´à·ˆÒ¡Ñ¹¡ç¨Ðà¾ÔèÁ¢Öé¹
´Ñ§¹Ñé¹âÍ¡ÒÊã¹¡ÒÃËÒàÊ‰¹·Ò§»„Í§¡Ñ¹·ÕèÊÒÁÒÃ¶ãª‰§Ò¹ÃˆÇÁ¡Ñ¹ä´‰ÁÒ¡æ ¹Ñé¹¨ÐÅ´Å§ «Öè§Ê̂§¼ÅãË‰¤ÇÒÁáμ¡
μˆÒ§¢Í§·Ñé§ 2 ÇÔ¸ÕÅ´Å§μÒÁä»´‰ÇÂ

á¹Ç·Ò§·Õè 2 ¹Ñé¹¤×Í¡ÒÃà»ÃÕÂºà·ÕÂºÃÐËÇˆÒ§´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´¢Í§ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¡Ñº¤ÇÒÁ
áμ¡μˆÒ§¢Í§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂÃÐËÇˆÒ§ÇÔ¸Õ·Õè¹íÒàÊ¹Í áÅÐ ÇÔ¸ÕàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õãª‰ÎÍ»¹‰ÍÂ·Õè
ÊØ´ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 4.36 â´Â¨ÐàËç¹ä´‰ÇˆÒàÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³Ò·Õè¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§¤ˆÒË¹Öè§ ¤ÇÒÁáμ¡
μˆÒ§¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂàÁ×èÍ·íÒ¡ÒÃà¾ÔèÁ´Õ¡ÃÕ¢Í§·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ ¨Ðà¾ÔèÁ¢Öé¹μÒÁä»
´‰ÇÂ ·Õèà»“¹àªˆ¹¹Õéà¹×èÍ§¨Ò¡àÁ×èÍÁÕ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñ¹¡ÒÃ¡ÃÐ¨ÒÂμÑÇã¹áμˆÅÐ·Í¾ÍâÅÂÕ¨ÐäÁˆà·̂Ò
¡Ñ¹ ¹Ñè¹¤×ÍàÁ×èÍ·´ÊÍº´‰ÇÂ·Í¾ÍâÅÂÕ·ÕèÁÕ´Õ¡ÃÕ¢Í§âË¹´à©ÅÕèÂÊÙ§ ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢Í¨ÐμíèÒ¡ÇˆÒ
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ÃÙ»·Õè 4.36: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº´Õ¡ÃÕà©ÅÕèÂ¢Í§
âË¹´àÁ×èÍ·´ÊÍº´‰ÇÂ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§μˆÒ§æ

¡Ã³Õ·´ÊÍº´‰ÇÂ·Í¾ÍâÅÂÕ·ÕèÁÕ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´μíèÒ ´Ñ§¹Ñé¹àÁ×èÍ·´ÊÍºº¹·Í¾ÍâÅÂÕ·ÕèÁÕ´Õ¡ÃÕà©ÅÕèÂ¢Í§
âË¹´μíèÒ Ö̈§·íÒãË‰¤ÇÒÁáμ¡μˆÒ§μíèÒμÒÁä»´‰ÇÂ

ÃÙ»·Õè 4.37 ¤×Íâ¤Ã§¢ˆÒÂ·Õèãª‰à¾×èÍ·´ÊÍº¼Å¡ÃÐ·º·ÕèÁÕμˆÍ¡ÒÃ¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§ÊíÒËÃÑºàÊ‰¹·Ò§»„Í§
¡Ñ¹ àÁ×èÍ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´º¹ÃÐ´ÑºªÑé¹äÍ¾ÕÅ´Å§¨Ò¡ 3.5 àËÅ×Í 3.0 ´‰ÇÂ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´Ñº
ªÑé¹äÍ¾ÕÍÍ¡ 2 ¡ÒÃàª×èÍÁâÂ§ â´Â·ÕèÊíÒËÃÑºÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹¨ÐÂÑ§¤§ÅÑ¡É³Ð¢Í§·Í¾ÍâÅÂÕã¹â¤Ã§
¢ˆÒÂÃÙ»áºº·Õè 1

ÃÙ»·Õè 4.38-4.43 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ ¡Ñº ¨íÒ¹Ç¹¤ÃÑé§·Õèãª‰ÊØˆÁ «Öè§
ã¹¡ÒÃÊØˆÁ 1 ¤ÃÑé§¹Ñé¹»ÃÐ¡Íº´‰ÇÂ¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§ 1 âË¹´´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» ¨Ò¡¹Ñé¹
¨Ö§ÊØˆÁ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§·Õèμ‰Í§¡ÒÃ´‰ÇÂ¡®¡ÒÃ Ñ̈ºËÁÙˆ â´Â·Õè¡ÅØˆÁã´·Õè¶Ù¡¾Ô¨ÒÃ³Òä»áÅ‰Ç ¨ÐäÁˆ¹íÒÁÒ
¾Ô¨ÒÃ³Ò«íéÒ ¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒáμˆÅÐ í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§ ¹Ñé¹ í̈Òà»“¹μ‰Í§ãª‰¡ÒÃÊØˆÁ·Ñé§ÊÔé¹ 30-

40 ¤ÃÑé§ Â¡àÇ‰¹¡Ã³Õ·Õè¤íÒÃ‰Í§¢ÍÁÕâË¹´»ÅÒÂ·Ò§à·ˆÒ¡Ñº 7 âË¹´«Öè§¨ÐÁÕ í̈Ò¹Ç¹ÃÙ»áºº·Ñé§ÊÔé¹à·̂Ò¡Ñº 8 ÃÙ»
áºº´‰ÇÂ¡Ñ¹

ÃÙ»·Õè 4.44 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒ
Ã‰Í§¢Í àÁ×èÍ·´ÊÍºº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 5 â´Â¨ÐàËç¹ä´‰ÇˆÒàÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼Å·Õèä´‰¨Ò¡â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 1 ¹Ñé¹ ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ·Õè¹íÒàÊ¹Í¨ÐÁÕ¤ˆÒà¾ÔèÁ¢Öé¹¨Ò¡à´ÔÁàÅç¡¹‰ÍÂ ¹Ñè¹
à»“¹à¾ÃÒÐÇˆÒ¡ÒÃ¡íÒ Ñ̈´¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾ÕÍÍ¡ à»“¹¡ÒÃÅ´ í̈Ò¹Ç¹ÃÙ»áºº¢Í§¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§
»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ «Öè§äÁˆÁÕ¼Å¡ÃÐ·ºμˆÍ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÊˆ§¼ÅãË‰âÍ¡ÒÊ
ã¹¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ÂÑ§¤§ÁÕà·̂Òà´ÔÁ áμˆ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèà¾ÔèÁ¢Öé¹¹Ñé¹¨Ðà¾ÔèÁ¢Öé¹¨Ò¡¡ÒÃ
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ÃÙ»·Õè 4.37: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 5

5 10 15 20 25 30 35 40
0

5

10

15

20

25

 

 

X: 40
Y: 7.3

Number of samples (sample)

A
ve

ra
ge

 r
es

er
ve

d 
ca

pa
ci

ty
 (

un
it 

ca
pa

ci
ty

)

X: 40
Y: 10.5

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.38: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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X: 30
Y: 14.07

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.39: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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X: 30
Y: 15.97

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.40: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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X: 30
Y: 17.67

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.41: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´
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X: 30
Y: 18.87

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.42: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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) X: 8
Y: 19.88

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.43: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 5 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´

àÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèä¡ÅÁÒ¡¢Öé¹ «Öè§»ÃÔÁÒ³·Õèà¾ÔèÁ¢Öé¹¹Ñé¹¨Ðà¾ÔèÁ¢Öé¹àÅç¡¹‰ÍÂ ÊíÒËÃÑº»ÃÔÁÒ³¡ÒÃ¨Í§
¤ÇÒÁ¨ØÊíÒÃÍ§´‰ÇÂÇÔ¸ÕàÅ×Í¡¨íÒ¹Ç¹ÎÍ»ÊÑé¹·ÕèÊØ´¹Ñé¹ ¨ÐàËç¹ÇˆÒÁÕ¡ÒÃà¾ÔèÁ¢Öé¹àÅç¡¹‰ÍÂ¨Ò¡¡Ã³Õ·Õè·´ÊÍº´‰ÇÂ
â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 «Öè§¨ÐàËç¹ä´‰ÇˆÒ ¹Ñè¹à»“¹à¾ÃÒÐÇˆÒâÍ¡ÒÊã¹¡ÒÃãª‰àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèä¡Å¢Öé¹à¹×èÍ§¨Ò¡
¶Ù¡¡íÒ¨Ñ´¡ÒÃàª×èÍÁã¹ÃÐ´ÑºªÑé¹äÍ¾ÕÁÕÁÒ¡¢Öé¹ Ö̈§Ê̂§¼ÅãË‰¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ ÁÕ»ÃÔÁÒ³
¡ÒÃãª‰ÊÙ§¢Öé¹

ÃÙ»·Õè 4.45 áÊ´§ÅÑ¡É³Ðâ¤Ã§¢ˆÒÂ·Õèãª‰·´ÊÍº à¾×èÍà»ÃÕÂºà·ÕÂº¼Å¡ÃÐ·º¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§
·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾Õ «Öè§·íÒãË‰¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹äÍ¾ÕÅ´Å§¨Ò¡·Í¾ÍâÅÂÕã¹â¤Ã§¢ˆÒÂ
ÃÙ»áºº·Õè 1 «Öè§ÁÕ¤ˆÒà·ˆÒ¡Ñº 3.5 Å§àËÅ×Í 2.5 â´Â¡ÒÃ·´ÊÍº¹Ñé¹¨Ð¤§ÅÑ¡É³Ð·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ
¤ÍÅàÍÒäÇ‰ ¹Ñè¹¤×Í ÂÑ§¤§ÁÕ¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅà·̂Ò¡Ñº 3.54

ÃÙ»·Õè 4.46-4.51 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¨íÒ¹Ç¹¤ÃÑé§·Õè·´ÊÍº ¡Ñº »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ·Õè
ä´‰¨Ò¡ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í áÅÐ ÇÔ¸Õ¡ÒÃàÅ×Í¡ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ «Öè§¨ÐàËç¹ä´‰ÇˆÒ í̈Ò¹Ç¹μÑÇÍÂˆÒ§·Õèãª‰ã¹¡ÒÃËÒ
¤ˆÒà©ÅÕèÂ¹Ñé¹¨ÐÍÂÙˆã¹ªˆÇ§ 30 μÑÇÍÂˆÒ§¶Ö§¨Ð·íÒãË‰¤ˆÒà©ÅÕèÂ¤ˆÍ¹¢‰Ò§¤§·Õè ã¹¡ÒÃÊØˆÁáμˆÅÐ¤ÃÑé§¹Ñé¹¨Ð¡ÃÐ·íÒã¹
ÅÑ¡É³Ðà´ÔÁ¤×Í ÊØˆÁâË¹´μ‰¹·Ò§´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» ¨Ò¡¹Ñé¹ Ö̈§·íÒ¡ÒÃÊØˆÁ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ
·Ò§´‰ÇÂ¡®¡ÒÃ Ñ̈´ËÁÙˆ â´Â·Õè¡ÅØˆÁã´·Õè¶Ù¡¹íÒÁÒ·´ÊÍºáÅ‰Ç ¨ÐäÁˆ¹íÒÁÒ·´ÊÍº«íéÒÍÕ¡ Â¡àÇ‰¹¡Ã³Õ·Õè¤íÒÃ‰Í§
¢ÍÁÕâË¹´»ÅÒÂ·Ò§à·ˆÒ¡Ñº 7 âË¹´«Öè§¨ÐÁÕ í̈Ò¹Ç¹ÃÙ»áººà·̂Ò¡Ñº 8 ÃÙ»áººà·̂Ò¹Ñé¹

ÃÙ»·Õè 4.52 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹âË¹´»ÅÒÂ·Ò§áÅÐ»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õè
ãª‰ àÁ×èÍ·´ÊÍºº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 6 ¨ÐàËç¹ä´‰ÇˆÒÃÙ»áºº¢Í§¡ÒÃà»ÅÕèÂ¹á»Å§ÂÑ§¤§à»“¹àËÁ×Í¹¡Ã³Õ
·Õè·´ÊÍºº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 5 ¹Ñè¹¤×Í»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¨ÐÁÕ¤ˆÒà¾ÔèÁ¢Öé¹¨Ò¡¡Ã³Õ·Õè·´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.44: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 5

ÃÙ»·Õè 4.45: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 6
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X: 30
Y: 12.97

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.46: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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X: 30
Y: 9.267

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.47: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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X: 30
Y: 16.9

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.48: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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X: 30
Y: 18.23

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.49: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´



63

5 10 15 20 25 30
0

5

10

15

20

25

 

 

X: 30
Y: 11.43

Number of samples (sample)

A
ve

ra
ge

 r
es

er
ve

d 
ca

pa
ci

ty
 (

un
it 

ca
pa

ci
ty

)
X: 30
Y: 19.37

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.50: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 6 âË¹´
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Y: 19.88

proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.51: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹¤ÃÑé§·ÕèÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»
áºº·Õè 6 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 7 âË¹´
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proposed algorithm
shortest hop algorithm

ÃÙ»·Õè 4.52: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§
¢Íº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 6

ÊÍºº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 «Öè§àËμØ¼Å¢Í§¡ÒÃà¾ÔèÁ¢Öé¹¹Õé¡çÊÒÁÒÃ¶Í Ô̧ºÒÂ´‰ÇÂº·ÇÔà¤ÃÒÐËŒ·Õèä´‰Í¸ÔºÒÂäÇ‰
ã¹¡Ã³Õ·´ÊÍºº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 5

¨Ò¡¡ÒÃ·´ÊÍº¼Å¡ÃÐ·º¢Í§¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ àÁ×èÍà»ÅÕèÂ¹¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ã¹ÃÐ´Ñº
ªÑé¹äÍ¾Õ¹Ñé¹ ÊÒÁÒÃ¶ÊÃØ»ä´‰´Ñ§ÃÙ»·Õè 4.53 «Öè§áÊ´§ãË‰àËç¹¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³
¤ÇÒÁ¨ØÊíÒÃÍ§·Õèä´‰¨Ò¡·Ñé§ 2 ÇÔ¸Õ à·ÕÂº¡Ñº¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ ¨ÐàËç¹ä´‰ÇˆÒ¤ÇÒÁáμ¡μˆÒ§¨ÐÁÕ¤ˆÒ
à¾ÔèÁ¢Öé¹¨¹¶Ö§ÃÐ´ÑºË¹Öè§¨Ò¡¹Ñé¹¨ÐàÃÔèÁÅ´Å§àÁ×èÍ·íÒ¡ÒÃà¾ÔèÁ í̈Ò¹Ç¹â´¹»ÅÒÂ·Ò§μ̂Íä» ¹Ñè¹à»“¹à¾ÃÒÐÇˆÒàÁ×èÍ
âË¹´»ÅÒÂ·Ò§ÁÕà¾ÔèÁ¢Öé¹¨¹·íÒãË‰à¡Ô´¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢ÍàμçÁâ¤Ã§¢ˆÒÂ ·íÒãË‰âÍ¡ÒÊã¹¡ÒÃãª‰§Ò¹
ÃˆÇÁ¡Ñ¹Å´¹‰ÍÂÅ§ ÍÕ¡·Ñé§ÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§·Õèãª‰¨íÒ¹Ç¹ÎÍ»¹‰ÍÂ·ÕèÊØ´¹Ñé¹ ã¹¡Ã³Õ¹Õé¡çÍÒ¨äÁ̂ÊÒÁÒÃ¶ãª‰
§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ä´‰ÁÒ¡ä»¡ÇˆÒ¹Õé à¹×èÍ§¨Ò¡ä´‰ãª‰§Ò¹ÍÂˆÒ§àμçÁ·ÕèáÅ‰Ç Ö̈§Ê̂§¼ÅãË‰¤ÇÒÁáμ¡μˆÒ§¢Í§·Ñé§
2 ÇÔ¸ÕÁÕ¤ˆÒÅ´Å§ ÍÕ¡ÊÔè§Ë¹Öè§·Õè¹ˆÒÊ¹ã¨ã¹ÃÙ»¹Õé¤×Í¨ÐÊÑ§à¡μä´‰ÇˆÒ ¡ÃÒ¿áÊ´§¤ÇÒÁáμ¡μˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈
ÊíÒÃÍ§º¹â¤Ã§¢̂ÒÂ·ÕèÁÕ¤ˆÒ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´à·̂Ò¡Ñº 2.5 ¹Ñé¹ ÁÕ¤ˆÒ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§¤ÇÒÁáμ¡μˆÒ§·Õè
¹‰ÍÂ¡ÇˆÒâ¤Ã§¢ˆÒÂ´Õ¡ÃÕÍ×è¹ ·Ñé§¹Õéà¹×èÍ§¨Ò¡ àÁ×èÍ´Õ¡ÃÕ¹‰ÍÂÅ§ ËÁÒÂ¤ÇÒÁÇˆÒâÍ¡ÒÊ·Õè¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹
¨íÒà»“¹μ‰Í§àÅ×Í¡àÊ‰¹·Ò§·ÕèÂÒÇ¢Öé¹¹Ñé¹ÁÕà¾ÔèÁ¢Öé¹ «Öè§·íÒãË‰μ‰Í§ãª‰¡ÒÃàª×èÍÁâÂ§à¾ÔèÁ¢Öé¹ Ö̈§·íÒãË‰¤ÇÒÁ¨ØÊíÒÃÍ§
·ÕèàμÃÕÂÁ´‰ÇÂÇÔ¸Õ·Õè¹íÒàÊ¹Íà¾ÔèÁ¢Öé¹¨Ò¡à´ÔÁ ã¹¢³Ð·Õè¡ÒÃàÅ×Í¡´‰ÇÂÇÔ¸ÕàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰¨íÒ¹Ç¹Î
Í»¹‰ÍÂ·ÕèÊØ´¹Ñé¹ ¡ÒÃ¨Í§¨Ðà¾ÔèÁ¢Öé¹¨Ò¡à´ÔÁäÁˆÁÒ¡·íÒãË‰¤ÇÒÁáμ¡μˆÒ§¢Í§·Ñé§ 2 ÇÔ¸Õ¹‰ÍÂÅ§¡ÇˆÒ¡Ã³Õ´Õ¡ÃÕ
à©ÅÕèÂ¢Í§âË¹´à·̂Ò¡Ñº 3.0
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d = 3.5
d = 3.0
d = 2.5

ÃÙ»·Õè 4.53: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº í̈Ò¹Ç¹âË¹´
»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢ÍàÁ×èÍ·´ÊÍº´‰ÇÂ·Í¾ÍâÅÂÕª¹Ô´μˆÒ§æ

ÊíÒËÃÑºÃÙ»·Õè 4.54 à»“¹¡ÒÃáÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ ¡Ñº ¤ÇÒÁáμ¡μˆÒ§¢Í§
»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡·Ñé§ 2 ÇÔ¸Õ «Öè§¨ÐàËç¹ä´‰ÇˆÒàÁ×èÍà¾ÔèÁ´Õ¡ÃÕ¢Í§â¤Ã§¢ˆÒÂã¹ÃÐ´ÑºªÑé¹äÍ¾ÕáÅ‰Ç á¹Ç
â¹‰Á¢Í§¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§·Ñé§ 2 ÇÔ¸Õ ¨ÐÁÕ¤ˆÒÅ´Å§ ·Ñé§¹Õéà»“¹à¾ÃÒÐ¡ÒÃà¾ÔèÁ´Õ¡ÃÕ¢Í§ÃÐ´ÑºªÑé¹äÍ¾Õ ·íÒ
ãË‰μÑÇàÅ×Í¡ã¹ÃÐ´ÑºªÑé¹äÍ¾ÕÁÕÁÒ¡¢Öé¹ ´Ñ§¹Ñé¹âÍ¡ÒÊ·Õè¨ÐàÅ×Í¡´‰ÇÂÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§·Õèãª‰ÎÍ»μíèÒ·ÕèÊØ´¡çÍÒ¨
ãË‰¤ˆÒä´‰ã¡Å‰à¤ÕÂ§¡ÑºÇÔ¸Õ·Õè¹íÒàÊ¹Í ¹Í¡¨Ò¡¹ÕéÃÐ´Ñº¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¤ÇÒÁáμ¡μˆÒ§¹Ñé¹¨ÐÁÕ¤ˆÒ¹‰ÍÂÅ§àÁ×èÍ
à¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ «Öè§¹Ñè¹à»“¹à¾ÃÒÐàÁ×èÍÁÕâË¹´»ÅÒÂ·Ò§ÁÒ¡·íÒãË‰¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¤íÒÃ‰Í§¢Í
ÁÕÊÙ§ ´Ñ§¹Ñé¹àÊ‰¹·Ò§»„Í§¡Ñ¹·Õè¶Ù¡ÊÃ‰Ò§¢Öé¹ã¹ÃÐ´ÑºäÍ¾Õ ¶Ö§¨ÐÁÕÁÒ¡¢Öé¹¡çäÁˆä´‰ÁÕ¼Å¡ÃÐ·º¡Ñº¡ÒÃÇÒ§¤ÇÒÁ
¨ØÊíÒÃÍ§ÁÒ¡¹Ñ¡ à¹×èÍ§¨Ò¡ä´‰·íÒ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹¤ÃÍº¤ÅØÁâ¤Ã§¢ˆÒÂã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅÊˆÇ¹ãË­̂
ä»áÅ‰Ç

¨Ò¡¼Å¡ÒÃ·´ÅÍ§ã¹ËÑÇ¢‰Í¹Õé ¶Ö§áÁ‰ÇˆÒ¢Ñé¹μÍ¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¨ÐãË‰
»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèÊÙ§¡ÇˆÒ»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ·Õè¹íÒàÊ¹Í¡çμÒÁ ÃÐÂÐÎÍ»·Õèä´‰¨Ò¡
ÇÔ¸ÕÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¹Õé¨ÐμíèÒ¡ÇˆÒÇÔ¸Õ·Õè¹íÒàÊ¹Í´Ñ§áÊ´§ã¹μÒÃÒ§·Õè 4.1 «Öè§·íÒ¡ÒÃ
·´ÊÍºº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 1 â´Âãª‰âË¹´μ‰¹·Ò§à»“¹âË¹´·Õè 13 ¨ÐàËç¹ä´‰ÇˆÒ¤ÇÒÁáμ¡μˆÒ§¢Í§ÃÐÂÐÎ
Í»à©ÅÕèÂ·Õèãª‰¨Ðà¾ÔèÁ¢Öé¹àÁ×èÍ·íÒ¡ÒÃà¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ «Öè§¶‰Ò¤íÒÃ‰Í§¢Í í̈Òà»“¹μ‰Í§¤íÒ¹Ö§¶Ö§ÃÐÂÐÎÍ»
·Õèãª‰ã¹¡ÒÃÊ̂§¢‰ÍÁÙÅÇÔ¸Õ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ÍÒ¨ÁÕ¤ÇÒÁàËÁÒÐÊÁ¡ÇˆÒÇÔ¸Õ·Õè¹íÒàÊ¹Í
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2 destinations
3 destinations
4 destinations
5 destinations
6 destinations
7 destinations

ÃÙ»·Õè 4.54: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¡Ñº´Õ¡ÃÕà©ÅÕèÂ¢Í§
âË¹´àÁ×èÍ·´ÊÍº´‰ÇÂ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§μˆÒ§æ

4.3 ¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§´‰ÇÂÇÔ¸Õ·Õè¹íÒàÊ¹ÍÊíÒËÃÑº
ÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§ 3 ª¹Ô´

¡ÒÃà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§´‰ÇÂÇÔ¸Õ·Õè¹íÒàÊ¹ÍÊíÒËÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡
·Ñé§ 3 ª¹Ô´ ÁÕ Ø̈´»ÃÐÊ§¤Œà¾×èÍÇÑ´»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂÊíÒËÃÑº·ÃÒ¿¿”¡áμˆÅÐ»ÃÐàÀ·à¾×èÍà»ÃÕÂºà·ÕÂº
¤ÇÒÁáμ¡μˆÒ§ â´Âã¹¡ÒÃ·´ÊÍº¹Ñé¹ í̈Òà»“¹μ‰Í§·´ÊÍºº¹â¤Ã§¢ˆÒÂ·ÕèÁÕ·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾Õáºº ÁÕ
¡ÒÃàª×èÍÁμˆÍ·ÑèÇ¶Ö§ (fully connected) à¾×èÍãË‰ÊÒÁÒÃ¶·´ÊÍº´‰ÇÂ·ÃÒ¿¿”¡·Ñé§ 3 ª¹Ô´ä´‰ÍÂˆÒ§
àμçÁ·Õè à¹×èÍ§¨Ò¡·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ μ‰Í§¡ÒÃ¡ÒÃàª×èÍÁμˆÍ·ÕèÁÕÅÑ¡É³Ðà»“¹μ‰¹äÁ‰
º¹ÃÐ´ÑºªÑé¹äÍ¾Õâ´Â·ÕèâË¹´»ÅÒÂ·Ò§Ê̂Ç¹ãË­̂ äÁˆä´‰àª×èÍÁμˆÍ¡ÑºâË¹´μ‰¹·Ò§â´ÂμÃ§ ÊíÒËÃÑº·ÃÒ¿¿”¡
ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºÍÍ¾μÔ¤ÍÅ áÅÐ ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊμŒã¹
ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ ¨Ðμ‰Í§¡ÒÃ¡ÒÃàª×èÍÁμˆÍâ´ÂμÃ§ÃÐËÇˆÒ§âË¹´μ‰¹·Ò§¶Ö§âË¹´»ÅÒÂ·Ò§

ÊíÒËÃÑº¡ÒÃ·´ÊÍº¹Ñé¹ ¨Ð¡ÃÐ·íÒº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 7 ´Ñ§áÊ´§ã¹ÃÙ»·Õè 4.55 [17] â´Â·Õèã¹ÃÐ´Ñº
ªÑé¹ÍÍ¾μÔ¤ÍÅ¨ÐÁÕâË¹´·Ñé§ËÁ´ 7 âË¹´ áÅÐ¡ÒÃàª×èÍÁâÂ§·Ñé§ËÁ´ 12 ¡ÒÃàª×èÍÁâÂ§áÅÐ ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ
«Öè§¨ÐÁÕâË¹´ 6 âË¹´áÅÐÁÕ¡ÒÃàª×èÍÁμˆÍ¡Ñ¹áºº·ÑèÇ¶Ö§

ÃÙ»·Õè 4.56-4.59 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¨íÒ¹Ç¹¤ÃÑé§·Õè·íÒ¡ÒÃÊØˆÁ áÅÐ ¤ˆÒà©ÅÕèÂ¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰
à¾×èÍÊÃ‰Ò§àÊ‰¹·Ò§»„Í§¡Ñ¹ÊíÒËÃÑº·ÃÒ¿¿”¡·Ñé§ 3 ÃÙ»áºº â´Â·Õè¡ÒÃÊØˆÁË¹Öè§¤ÃÑé§¨Ð·íÒ¡ÒÃÊØˆÁâË¹´μ‰¹·Ò§
1 âË¹´´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÍ¡ÃÙ» ¨Ò¡¹Ñé¹¨Ð·íÒ¡ÒÃÊØˆÁ¡ÅØˆÁ¢Í§âË¹´»ÅÒÂ·Ò§´‰ÇÂ¡®¡ÒÃ Ñ̈´ËÁÙˆ
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μÒÃÒ§·Õè 4.1: μÒÃÒ§à»ÃÕÂºà·ÕÂº í̈Ò¹Ç¹ÎÍ»ã¹ÃÐ´ÑºªÑé¹äÍ¾Õà©ÅÕèÂ·Õèä´‰¨Ò¡¢Ñé¹μÍ¹¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹
áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´¡ÑºÇÔ¸Õ·Õè¹íÒàÊ¹Í

proposed algorithm shortest hop algorithm

2 destinations 3 3

3 destinations 2.667 2.667

4 destinations 2.5 2.5

5 destinations 3.6 2.6

6 destinations 3.667 2.667

7 destinations 3.57 2.57

â´Â·Õè¨ÐäÁˆ¹íÒ¡ÅØˆÁ·Õèà¤Â¾Ô¨ÒÃ³ÒáÅ‰Ç¡ÅÑºÁÒ¾Ô¨ÒÃ³ÒãËÁ̂ ¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§¢Í§¤íÒÃ‰Í§¢Í¹Ñé¹ÊíÒËÃÑº ÁÑÅ
μÔ¤ÒÊ¤Œ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊˆ§¢‰ÍÁÙÅáººÂÙ¹Ô¤ÒÊ¹Œã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ
¨ÐÁÕÇÔ¸ÕàÅ×Í¡âË¹´»ÅÒÂ·Ò§·ÕèàËÁ×Í¹¡Ñ¹ ¹Ñè¹¤×Í¨ÐàÅ×Í¡àÊ‰¹·Ò§·Õèàª×èÍÁμˆÍâ´ÂμÃ§¡ÑºâË¹´»ÅÒÂ·Ò§ «Öè§
ËÁÒÂ¤ÇÒÁÇˆÒáμˆÅÐàÊ‰¹·Ò§¨ÐäÁˆÁÕ¡ÒÃ¼ˆÒ¹ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ã´àÅÂ ÊíÒËÃÑº¡ÒÃÊ̂§¢‰ÍÁÙÅáººÁÑÅμÔ¤ÒÊμŒ
¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ ¨ÐàÅ×Í¡àÊ‰¹·Ò§¢Í§¤íÒÃ‰Í§¢Íâ´ÂàÅ×Í¡ÃÐÂÐÎÍ»·ÕèËˆÒ§¨Ò¡âË¹´μ‰¹·Ò§ã¹ÃÐ´ÑºªÑé¹
äÍ¾Õà·̂Ò¡Ñº 2 ÎÍ» ¹Í¡¨Ò¡¹Õé·Ø¡¡ÒÃÊØˆÁ¤íÒÃ‰Í§¢Í í̈Òà»“¹μ‰Í§μÃÇ¨ÊÍº·Ò§à´Ô¹¢‰ÍÁÙÅäÁˆãË‰à¡Ô´¡ÒÃÇ¹
(loop)

ÃÙ»·Õè 4.60 áÊ´§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§ÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§ 3 ª¹Ô´àÁ×èÍá»Ã¼Ñ¹ í̈Ò¹Ç¹âË¹´
»ÅÒÂ·Ò§¨Ò¡ 2 âË¹´¶Ö§ 5 âË¹´ ¨ÐàËç¹ä´‰ÇˆÒ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¨íÒà»“¹μ‰Í§
ãª‰»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§ÁÒ¡¡ÇˆÒ·ÃÒ¿¿”¡ÍÕ¡ 2 ª¹Ô´ «Öè§¹Ñè¹à»“¹à¾ÃÒÐÇˆÒ ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ
¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹ μ‰Í§ÍÒÈÑÂ¡ÒÃ Ñ̈´àÊ‰¹·Ò§´‰ÇÂ·Ò§à´Ô¹áÊ§ÁÒ¡¡ÇˆÒ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ ´Ñ§
¹Ñé¹¤ÇÒÁμ‰Í§¡ÒÃã¹¡ÒÃ¨Í§¤ÇÒÁ¨ØÊíÒÃÍ§¨Ö§ÁÕÁÒ¡¡ÇˆÒÍÕ¡ 2 »ÃÐàÀ· «Öè§ÍÒÈÑÂ¡ÒÃ Ñ̈´àÊ‰¹·Ò§´‰ÇÂ í̈Ò¹Ç¹
·Ò§à´Ô¹áÊ§à·ˆÒ¡Ñº í̈Ò¹Ç¹¢Í§âË¹´»ÅÒÂ·Ò§

ÃÙ»·Õè 4.61 áÊ´§¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹ÍáÅÐÇÔ¸ÕàÅ×Í¡ÎÍ»·Õè
ÊÑé¹·ÕèÊØ´ à·ÕÂº¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ ¨ÐàËç¹ä´‰ÇˆÒã¹¢³Ð·ÕèâË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 2 âË¹´ ¤ˆÒ
¤ÇÒÁáμ¡μˆÒ§¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèä´‰¨Ò¡·Ñé§ 2 ÇÔ¸Õà¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¨Ð
¹‰ÍÂ¡ÇˆÒ ¤ÇÒÁáμ¡μˆÒ§¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§·ÕèÃÍ§ÃÑºÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ÍÕ¡ 2 ª¹Ô´áμˆàÁ×èÍà¾ÔèÁ í̈Ò¹Ç¹âË¹´
à»“¹ 3, 4 áÅÐ 5 âË¹´¨Ð¾ºÇˆÒ¤ÇÒÁáμ¡μˆÒ§¢Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à¾×èÍÃÍ§ÃÑº·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ
¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ¨ÐÁÒ¡¡ÇˆÒà·ÕÂº¡Ñº·ÃÒ¿¿”¡ÍÕ¡ 2 ª¹Ô´ ·Ñé§¹Õéà»“¹à¾ÃÒÐÇˆÒ àÁ×èÍ¢³Ð¤íÒÃ‰Í§¢ÍÁÕ í̈Ò¹Ç¹
âË¹´»ÅÒÂ·Ò§à·̂Ò¡Ñº 2 ¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹Í¡ÑºÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§·ÕèÁÕ í̈Ò¹Ç¹ÎÍ»
¹‰ÍÂ·ÕèÊØ´¹Ñé¹¨ÐäÁˆáμ¡μˆÒ§¡Ñ¹¹Ñ¡ áμˆÀÒÂËÅÑ§àÁ×èÍà¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§ÁÒ¡¢Öé¹ ·íÒãË‰¤íÒÃ‰Í§¢ÍÁÕÍ§¤Œ
»ÃÐ¡Íº·Õè¨íÒà»“¹μ‰Í§»„Í§¡Ñ¹ÁÒ¡¡ÇˆÒ·ÃÒ¿¿”¡ÍÕ¡ 2 ª¹Ô´ âÍ¡ÒÊã¹¡ÒÃãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ Ö̈§
ÁÕÁÒ¡ÂÔè§¢Öé¹ ·íÒãË‰¤ÇÒÁáμ¡μˆÒ§ÃÐËÇˆÒ§ÇÔ¸Õ·Õè¹íÒàÊ¹Í¡ÑºÇÔ¸ÕàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ÁÒ¡
¢Öé¹¡ÇˆÒà´ÔÁÁÒ¡
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ÃÙ»·Õè 4.55: â¤Ã§¢ˆÒÂ·´ÊÍºÃÙ»áºº·Õè 7
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X: 42
Y: 4.381

multicast via optical layer unicast
optical layer multicast
IP layer multicast

ÃÙ»·Õè 4.56: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¢Í§·ÃÒ¿¿”¡ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹¤ÃÑé§·Õè
ÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 7 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 2 âË¹´
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X: 42
Y: 6.976

multicast via optical layer unicast
optical layer multicast
IP layer multicast

ÃÙ»·Õè 4.57: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¢Í§·ÃÒ¿¿”¡ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹¤ÃÑé§·Õè
ÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 7 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 3 âË¹´
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multicast via optical layer unicast
optical layer multicast
IP layer multicast

ÃÙ»·Õè 4.58: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¢Í§·ÃÒ¿¿”¡ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹¤ÃÑé§·Õè
ÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 7 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 4 âË¹´
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multicast via optical layer unicast
optical layer multicast
IP layer multicast

ÃÙ»·Õè 4.59: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ¢Í§·ÃÒ¿¿”¡ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹¤ÃÑé§·Õè
ÊØˆÁº¹â¤Ã§¢ˆÒÂÃÙ»áºº·Õè 7 àÁ×èÍ¤íÒÃ‰Í§¢Íμ‰Í§¡ÒÃâË¹´»ÅÒÂ·Ò§ 5 âË¹´
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multicast via optical layer unicast
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ÃÙ»·Õè 4.60: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§ÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹âË¹´
»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í
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multicast via optical layer unicast
optical layer multicast
IP layer multicast

ÃÙ»·Õè 4.61: ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¤ÇÒÁáμ¡μˆÒ§¢Í§»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃÐËÇˆÒ§ 2 ÇÔ¸ÕÊíÒËÃÑºÃÍ§ÃÑºÁÑÅμÔ
¤ÒÊμŒ·ÃÒ¿¿”¡·Ñé§ 3 ª¹Ô´¡Ñº í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢Í



º··Õè 5

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

5.1 º·ÊÃØ»

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä´‰¹íÒàÊ¹Í¢Ñé¹μÍ¹ÇÔ¸Õ¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ à¾×èÍ»„Í§¡Ñ¹¤ÇÒÁ¢Ñ´
¢‰Í§·ÕèÍÒ¨Ê̂§¼Å¡ÃÐ·ºμˆÍ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒË¹Öè§à«ÊªÑ¹ àªˆ¹ ¤ÇÒÁ¢Ñ´¢‰Í§·Õèà¡Ô´¡ÑºàÊ‰¹ãÂá¡‰Ç¹íÒ
áÊ§ ÍØ»¡Ã³Œàª×èÍÁμˆÍÇ§¨ÃáÊ§ ·Ò§à´Ô¹áÊ§ ËÃ×Í ÍØ»¡Ã³Œ¨Ñ´àÊ‰¹·Ò§ â´Â·Õè¡ÒÃÍÍ¡áºº¨Ðáºˆ§à»“¹
2 Ê̂Ç¹ ¹Ñè¹¤×Í ¡ÒÃÍÍ¡áººà¾×èÍÃÍ§ÃÑº¤ÇÒÁ¢Ñ´¢‰Í§ áÅÐ ¡ÒÃÍÍ¡áººÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´
ÊíÒËÃÑºÊ̂Ç¹áÃ¡ ¡ÒÃÍÍ¡áºº¨Ðãª‰ËÅÑ¡¡ÒÃ Failure Independent Path Protection (FIPP) à¾×èÍÊÃ‰Ò§àÊ‰¹
·Ò§»„Í§¡Ñ¹·ÕèÊÒÁÒÃ¶ËÅºËÅÕ¡¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§·Õèä´‰¡Å̂ÒÇ¢‰Ò§μ‰¹ä´‰ ¹Í¡¨Ò¡¹Õé¡ÒÃáº̂§Ë¹‰Ò·Õè
μÒÁËÅÑ¡¡ÒÃ·íÒ§Ò¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹·íÒãË‰¡ÃÐºÇ¹¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ÁÕáººá¼¹·Õèá¹ˆ¹Í¹ ·íÒãË‰¡ÒÃ
¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§ã¹áμˆÅÐÃÐ´ÑºªÑé¹¹Ñé¹äÁˆÃº¡Ç¹«Öè§¡Ñ¹áÅÐ¡Ñ¹ ËÃ×Í¢Ñ´¢ÇÒ§¡ÒÃ¡Ù‰¤ÇÒÁ¢Ñ´¢‰Í§μˆÍ¡Ñ¹

ÊíÒËÃÑº¡ÒÃÍÍ¡áººÇÔ¸Õ¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´¹Ñé¹ ¼Ù‰ÇÔ¨ÑÂ¨ÐÍÍ¡áººâ´Âãª‰ËÅÑ¡¡ÒÃ·íÒ§Ò¹ÃˆÇÁ
¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹à¾×èÍ¾Ô¨ÒÃ³Ò¡ÒÃãª‰¤ÇÒÁ¨ØÊíÒÃÍ§ÃˆÇÁ¡Ñ¹·Ñé§ÃÐËÇˆÒ§ÃÐ´ÑºªÑé¹ áÅÐ ÀÒÂã¹ÃÐ´ÑºªÑé¹à´ÕÂÇ
¡Ñ¹ «Öè§ÊÒÁÒÃ¶·íÒãË‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§«Öè§à»“¹ÊÔè§ í̈Òà»“¹ã¹¡ÒÃãË‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂÁÕ¡ÒÃãª‰§Ò¹·Õè¤Ø‰Á¤ˆÒ
¢Öé¹ ¹Í¡¨Ò¡¹Õé¡ÒÃ¤íÒ¹Ç¹»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§·Õèãª‰¹Ñé¹ ¨Ð¡ÃÐ·íÒÀÒÂãμ‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§ÊÙ§ÊØ´¢Í§
¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ·ÕèÊÒÁÒÃ¶ãª‰ä´‰ ã¹º··Õè 3 ÃÙ»áºº¡ÒÃËÒ¤ˆÒ·ÕèàËÁÒÐÊÁ·ÕèÊØ´¨Ð¶Ù¡àÊ¹Í
äÇ‰ 2 ÃÙ»áºº à¾×èÍ·´ÊÍº»ÃÐÊÔ·¸ÔÀÒ¾¢Í§áμˆÅÐÃÙ»áººáÅÐÊÃØ»ÇˆÒÃÙ»áººã´¤ÇÃ¹íÒä»ãª‰ÁÒ¡¡ÇˆÒ¡Ñ¹

¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒ ¼Å¡ÃÐ·º¢Í§¡ÒÃà»ÅÕèÂ¹·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ¹Ñé¹ ¨ÐÊ̂§¼Å
¡ÃÐ·ºÁÒ¡¡ÇˆÒ¡ÒÃà»ÅÕèÂ¹·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñè¹¤×Í ¡ÒÃÅ´´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ã¹·Í¾ÍâÅÂÕ¢Í§
ÃÐ´ÑºªÑé¹ ÍÍ¾μÔ¤ÍÅ ¨Ð·íÒãË‰¤ÇÒÁáμ¡μˆÒ§¢Í§¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¹‰ÍÂÅ§ ¹Ñè¹ÍÒ¨ÊÃØ»ä´‰ÇˆÒÇÔ¸Õ¡ÒÃ
·Õèä´‰¹íÒàÊ¹Í¹Ñé¹äÁˆàËÁÒÐÊÁã¹¡ÒÃãª‰¡Ñº·Í¾ÍâÅÂÕ·ÕèÁÕ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅμíèÒ à¹×èÍ§
¨Ò¡¤ÇÒÁ«Ñº«‰Í¹¢Í§ÇÔ¸Õ¡ÒÃ·Õè¹íÒàÊ¹ÍÁÕÁÒ¡¡ÇˆÒÇÔ¸Õ¡ÒÃàÅ×Í¡àÊ‰¹·Ò§»„Í§¡Ñ¹·Õèãª‰¨íÒ¹Ç¹ÎÍ»ÊÑé¹·ÕèÊØ´ ã¹
·Ò§μÃ§¡Ñ¹¢‰ÒÁ ¤ÇÒÁáμ¡μˆÒ§¢Í§¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¨ÐàËç¹ä´‰ªÑ´à¨¹àÁ×èÍ·Í¾ÍâÅÂÕã¹ÃÐ Ñ́ºªÑé¹ÍÍ¾μÔ
¤ÍÅÁÕ´Õ¡ÃÕà©ÅÕèÂ¢Í§âË¹´ÁÒ¡¢Öé¹ ÊíÒËÃÑº·Í¾ÍâÅÂÕã¹ÃÐ´ÑºªÑé¹äÍ¾Õ¹Ñé¹¾ºÇˆÒ¡ÒÃà»ÅÕèÂ¹á»Å§ã¹ÃÐ´ÑºªÑé¹
¹Õé¨ÐÊ̂§¼Å¡ÃÐ·º¹‰ÍÂ¡ÇˆÒ¡ÒÃà»ÅÕèÂ¹á»Å§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ¹Í¡¨Ò¡¹Õé ¶Ö§áÁ‰ÇˆÒÇÔ¸Õ·Õè¹íÒàÊ¹Í¹Ñé¹¨Ð
¤íÒ¹Ö§¶Ö§¡ÒÃÊÃ‰Ò§àÊ‰¹·Ò§ãË‰ÊÒÁÒÃ¶ãª‰§Ò¹¤ÇÒÁ Ø̈ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ä´‰ÁÒ¡·ÕèÊØ´ ¡ÒÃ¡ÃÐ·íÒ´Ñ§¡Å̂ÒÇ¨ÐÊˆ§¼Å
ãË‰¨íÒ¹Ç¹ÎÍ»¢Í§àÊ‰¹·Ò§»„Í§¡Ñ¹¹Ñé¹ÁÕ»ÃÔÁÒ³ÁÒ¡¡ÇˆÒ¡ÒÃÇÒ§àÊ‰¹·Ò§»„Í§¡Ñ¹áººãª‰ÃÐÂÐÎÍ»ÊÑé¹·ÕèÊØ´ «Öè§
¤ÇÒÁáμ¡μˆÒ§¹Õé¨Ðà¾ÔèÁ¢Öé¹àÁ×èÍ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Í§¤íÒÃ‰Í§¢ÍÁÕ»ÃÔÁÒ³à¾ÔèÁ¢Öé¹

ÊØ´·‰ÒÂ »ÃÐàÀ·¢Í§ÁÑÅμÔ¤ÒÊμŒ·ÃÒ¿¿”¡ä´‰¶Ù¡¹íÒÁÒ·´ÊÍºà¾×èÍÇÑ´»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à·ÕÂº¡Ñ¹
â´Â¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒ ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹äÍ¾Õ ¨Ðãª‰»ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§à©ÅÕèÂ
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ÁÒ¡¡ÇˆÒ·ÃÒ¿¿”¡ª¹Ô´ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÇÔ¸Õ¡ÒÃÊ̂§áººÂÙ¹Ô¤ÒÊμŒã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐ ·ÃÒ¿¿”¡ª¹Ô´
ÁÑÅμÔ¤ÒÊμŒ¼ˆÒ¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ áÅÐàÁ×èÍ·íÒ¡ÒÃà¾ÔèÁ í̈Ò¹Ç¹âË¹´»ÅÒÂ·Ò§¢Öé¹ »ÃÔÁÒ³¤ÇÒÁ Ø̈ÊíÒÃÍ§¨Ð
¶Ù¡¨Í§ÁÒ¡¢Öé¹μÒÁä»´‰ÇÂ

5.2 ¢‰ÍàÊ¹Íá¹Ð

1. ã¹¡ÒÃ·´ÊÍº¹Ñé¹¾Ô¨ÒÃ³Òà¾ÕÂ§¡ÒÃ¨Í§¤ÇÒÁ Ø̈ÊíÒÃÍ§¢Í§¤íÒÃ‰Í§¢Íà´ÕÂÇ «Öè§¶‰Ò¾Ô¨ÒÃ³Ò¡ÒÃÁÕ¤íÒ
Ã‰Í§¢Íà¢‰ÒÁÒ¾Ã‰ÍÁ¡Ñ¹ÁÒ¡¡ÇˆÒ 1 ¤íÒÃ‰Í§¢Í¹Ñé¹¡ÒÃãª‰¤ÇÒÁ Ø̈ÊíÒÃÍ§ÍÒ¨¾Ô¨ÒÃ³Ò¡ÒÃ¨Í§¤ÇÒÁ Ø̈
ÊíÒÃÍ§ÃˆÇÁ¡Ñ¹ä´‰à¾ÔèÁ¢Öé¹

2. ã¹¡ÒÃÍÍ¡áºº¡ÒÃ»„Í§¡Ñ¹ÃˆÇÁ¡Ñ¹ËÅÒÂÃÐ´ÑºªÑé¹ã¹§Ò¹ÇÔ¨ÑÂ¹Õé ÂÑ§¢Ò´¡ÒÃ¾Ô¨ÒÃ³Òã¹Ê̂Ç¹¢Í§ÊÀÒ¾
¾Ã‰ÍÁãª‰§Ò¹ (Availability) «Öè§à»“¹à§×èÍ¹ä¢ºÑ§¤ÑºÊ̂Ç¹Ë¹Öè§¢Í§¢‰Íμ¡Å§¡ÒÃãË‰ºÃÔ¡ÒÃ (Service Level

Agreement: SLA)
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¢‰ÍÁÙÅ SRLG ¢Í§â¤Ã§¢ˆÒÂáμ̂ÅÐÃÙ»áºº

¢‰ÍÁÙÅ SRLG ¢Í§áμˆÅÐâ¤Ã§¢ˆÒÂ à»“¹¢‰ÍÁÙÅ·Õèãª‰»ÃÐ¡Íºà¾×èÍ¡ÒÃÍÍ¡áººàÊ‰¹·Ò§»„Í§¡Ñ¹ã¹ÃÐ´Ñº
ªÑé¹äÍ¾Õ à¾×èÍãË‰àÊ‰¹·Ò§àËÅ̂Ò¹Ñé¹äÁˆ¶Ù¡¼Å¡ÃÐ·º¨Ò¡¤ÇÒÁ¢Ñ´¢‰Í§·Õè¾Ô¨ÒÃ³Ò â´Â¢‰ÍÁÙÅ¹Õé¨ÐáÊ´§ã¹ÃÙ»
áºº¡ÅØˆÁ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹ÍÍ¾μÔ¤ÍÅ ·Õèãª‰à¾×èÍÊÃ‰Ò§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õ «Öè§¨ÐáÊ´§
´Ñ§μÒÃÒ§·Õè 1-7

μÒÃÒ§·Õè 1: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 1

IP link 1-2 1-5 1-8 2-4 2-10 4-5 4-10 4-13 5-6 6-8 6-13 8-10 8-13 10-13

1-2 X X X

1-5 X X X X

1-8 X

2-4 X X

2-10 X X

4-5 X X

4-10 X X X

4-13 X X X

5-6 X

6-8 X

6-13 X

8-10 X X

8-13 X X

10-13 X X X
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μÒÃÒ§·Õè 2: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 2

IP link 1-2 1-5 1-8 2-4 2-10 4-5 4-10 4-13 5-6 6-8 6-13 8-10 8-13 10-13

1-2 X X

1-5 X X X X X X

1-8 X

2-4 X X X

2-10 X X X

4-5 X X X

4-10 X

4-13 X X X X X

5-6 X X

6-8 X

6-13 X X

8-10 X X X

8-13 X X X

10-13 X X X

μÒÃÒ§·Õè 3: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 3

IP link 1-2 1-5 1-8 2-4 2-10 4-5 4-10 4-13 5-6 6-8 6-13 8-10 8-13 10-13

1-2 X

1-5 X X X X X

1-8 X X

2-4 X X X X

2-10 X X

4-5 X

4-10 X X X

4-13 X X X X X X

5-6 X X

6-8 X X X

6-13 X X X

8-10 X X X X

8-13 X X X X

10-13 X X X X
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μÒÃÒ§·Õè 4: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 4

IP link 1-2 1-5 1-8 2-4 2-10 4-5 4-10 4-13 5-6 6-8 6-13 8-10 8-13 10-13

1-2 X X X

1-5 X X X X X X X

1-8 X X

2-4 X X

2-10 X X X X X X X X X X

4-5 X X X X

4-10 X X X X X

4-13 X X X X X X X X

5-6 X X X

6-8 X X X X X

6-13 X X X X X

8-10 X X X X X X X

8-13 X X X X X

10-13 X X X X

μÒÃÒ§·Õè 5: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 5

IP link 1-2 1-8 2-4 2-10 4-5 4-10 4-13 5-6 6-8 6-13 8-10 8-13

1-2 X X

1-8 X

2-4 X

2-10 X X

4-5 X

4-10 X X

4-13 X X

5-6 X

6-8 X

6-13 X

8-10 X X

8-13 X X
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μÒÃÒ§·Õè 6: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 6

IP link 1-2 1-8 2-4 4-5 4-10 4-13 5-6 6-8 8-10 8-13

1-2 X

1-8 X

2-4 X

4-5 X

4-10 X X

4-13 X X

5-6 X

6-8 X

8-10 X X

8-13 X X

μÒÃÒ§·Õè 7: μÒÃÒ§¢‰ÍÁÙÅ SRLG ¢Í§¡ÒÃàª×èÍÁâÂ§ã¹ÃÐ´ÑºªÑé¹äÍ¾Õº¹â¤Ã§¢̂ÒÂÃÙ»áºº·Õè 7

IP link 1-2 1-3 1-4 1-6 1-7 2-3 2-4 2-6 2-7 3-4 3-6 3-7 4-6 4-7 6-7

1-2 X X X X

1-3 X X X X

1-4 X X X X

1-6 X X X

1-7 X X X X

2-3 X X X X

2-4 X X X

2-6 X X X X

2-7 X X

3-4 X X X X

3-6 X X

3-7 X

4-6 X X X X

4-7 X X

6-7 X X
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Abstract— Resource utilization is an important issue that
needs to be taken into account when providing recovery mech-
anism in networks. In this paper, we investigate the recovery
scheme for multi-layer network which cannot only manage
the operation confusion among each layer, but also reserve
network resources effectively. Then, we proposed an algorithm
that adapts the concept of multi-layer approach to multicast
protection in order to recover the failures and reduce network
reserved resources at the same time. In our design, four types
of failure, i.e. optical link failure, optical node failure, IP link
failure and IP node failure are considered. The simulation re-
sults show that our algorithm can provide multicast protection
which uses less reserved resources compared to the traditional
shortest hop algorithm. The difference will be more significant
if our algorithm is implemented in the network topology with
high average node degree.

I. INTRODUCTION
Due to the recent development of technology, multicasting

has become a major technique used for transmitting the data
in today applications such as IPTV and video conferencing.
With this technique adapted, the communication with selec-
tive number of destinations can be possible. Many providers
nowadays aim at increasing their network capability in order
to support these newly launched applications with their
limited network resources.

Not only the ability to support multicast applications with
efficient resource usage is needed, network reliability is also
the main topic that must be taken into account. In the core
network, multicast traffic with high reliability requirement
is being transmitted at a very high speed while only one
failure that occurs in the network can cause a severe effect to
both customers and providers. Therefore, one way to avoid
this effect is to obtain the recovery mechanism during the
communications.

Most researches focused on providing the recovery mecha-
nism for multicast traffic in specific layer, i.e. optical layer or
IP layer. In optical layer, Wavelength Division Multiplexing
(WDM), has been introduced to increase the network per-
formance in various approaches, e.g. minimum cost backup
tree approach in [1] and [2], and multicast segment approach
in [3]. However, those approaches do not guarantee that they
will lead to minimum resource usage.

In IP layer, Multi Protocol Label Switching (MPLS) has
become a major technology that is used in NGN (Next
Generation Network). The technique called Fast-Reroute

(FRR) [4] is introduced to recover the failure in IP/MPLS
network. Reference [5] designed an algorithm by expecting
that if multicast request uses the minimum number of links,
resource allocated for traditional fast-reroute protection links
will consequently decrease. This algorithm will depend on
network topology and may not guarantee that number of
protection links will be minimized.

Another challenge of providing recovery mechanism in
the network is the inter-working between layers. When
the failure occurs during the process of transmission, each
layer will activate the recovery mechanism independently. If
both layers detect the failure nearly at the same time, the
interference among these processes might occur. Reference
[6] introduced the recovery scheme for multi-layer network
which considers the inter-working between layers. The study
shows that adapting the multi-layer concept can also decrease
network reserved resources. As far as [6] have presented,
they focused on providing multi-layer recovery mechanism
only in unicast traffic.

The goal of this paper is to provide the recovery mecha-
nism in order to minimize reserved resources for multicast
traffic by considering the concept of multi-layer network.
We also integrated the concept of ”Failure Independent
Path Protection” (FIPP) into the design which can recover
the system from four types of failures, i.e. optical link
failures, optical node failures, IP link failures, or IP node
failures. Moreover, cross-layer information, i.e. Shared-Risk-
Link Group (SRLG) [7] will be included into the consider-
ation in order to avoid using failure-dependent links.

The rest of this paper is organized as follows. Section
II presents the concept of multi-layer recovery and the
classifications of multicast traffic. The multicast protection
algorithm is then proposed in Section III, followed by
simulation results shown in Section IV. In Section V, we
conclude our paper

II. BACKGROUND

A. Multi-layer Recovery

Two generic approaches [6] based on multi-layer recovery
are as follows.

1) Inter-working between layers: This approach allows
each layer to activate its recovery mechanism sequentially.
For bottom-up escalation, the recovery of bottom layer will
be activated first. If the recovery at bottom layer cannot



recover the failure or spends too much time in recovering,
then the upper layer will activate its protection. On the
contrary, top-down escalation is a scheme that allows top
layer to perform recovering first. In this way, the recovery
mechanism from each layer will not interfere among one
another.

2) Spare capacity sharing: By assigning the order of
recovery, capacity that reserved for recovery mechanism
in one layer is allowed to be shared with another layer
mechanism. This is called common-pool strategy. By doing
this, total reserved capacity of the network will be smaller.

B. Classifications of multicast traffic

Three classifications of multicast traffic requests, namely
IP-layer multicast, multicast via optical-layer unicast and
optical-layer multicast [8], are considered in this paper. In
Fig. 1 (a), the multicast routing has been formed in IP-layer
by the intermediate IP nodes. For optical layer, each node
will connect to its neighbors with lightpaths. On the other
hand, the source node will connect directly to its destinations
in IP layer for multicast via optical-layer unicast shown in
Fig. 1 (b). By using unicasting technique, multiple unicasts
are created in optical layer. In Fig. 1 (c) which is optical-
layer multicast, the source node will connect directly to its
destinations in IP layer like in multicast via optical-layer
unicast. For optical layer, the multicasting technique is used.

Fig. 1. Classifications of multicast traffic

III. PROPOSED ALGORITHM

A. Assumptions and notations

In this paper, we consider four types of failure, namely
optical node failure, optical link failure, IP node failure, and
IP link failure. When a source is making a request with the
route in IP layer R and in optical layer L, our algorithm
will begin the process of finding the protection with respect
to network topologies in optical layer GO and IP layer GI

and information, i.e. SRLG and optical link capacity. Then,
the protection will be reserved on the optical links of the
network. The rest of the notations are defined in Table I.

B. Multicast Protection Algorithm

We design the multicast protection algorithm based on
point-to-point element in order to support both unicast and
multicast consisted in the traffic as described in the pre-
vious section. For example, if Fig. 1 (a) is the request,
five elements, i.e. three lightpaths in optical layer and two

TABLE I
NOTATION

V , E Number of optical layer nodes and links in the network
GO , GI Network topology in optical layer, and IP layer

L The set of lightpaths used in multicast request,
Li Optical-node sequence of ith requested lightpath, Li ε L
R The set of IP connections used in multicast request
Ri IP-node sequence of ith IP-connection request, Ri ε R
Wi The set of lightpath protections for Li, e.g.

Wi = {W 1
i ,W 2

i ,. . . ,W n
i }

W n
i nth optical-node sequence used to protect Li, W n

i ε Wi

Bi The set of protections for Ri, e.g. Bi = {B1
i ,B2

i ,. . . ,Bn
i }

Bn
i nth IP-node sequence used to protect Ri, Bn

i ε Bi

η Total number of multi-layer protection formations
Pi ith formation set of multi-layer protection, i ε {1,2,...,η}

e.g. P1 = {W 1
1 . . . , W 1

n ,B1
1 ,. . . ,B1

m}
Ci Number of capacity unit reserved for Pi

SRLGi Group of IP links that use optical link i, i ε {1, 2, ..., E}

connections between one source to one destination in IP layer
are counted as an input. In case of Fig. 1 (b) and Fig. 1
(c), there are four elements to be the input which are two
elements from optical layer and the rest from IP layer. The
following paragraph will describe each step of our proposed
algorithm.

• Step 1: Protection in optical layer
The objective for this step is to find all possible

lightpath protections Wn
i for each Ri in GO by using

FIPP concept. To consider FIPP, the method of find-
ing the paths will depend on the type of the failure
we considered. By using node-disjoint constraint, the
lightpath protections will be able to recover the failure
from optical link, optical node and IP link. Note that,
in IP-layer multcast, this layer protection will fail only
when the failure occurs at the optical node which has
to pass the traffic to IP-layer, e.g. node in the middle
of the optical layer in Fig. 1 (a).

• Step 2: Protection in IP layer
Same as step one, we find a set of all possible

alternative connections Bn
i for each Ri in GI based on

node-disjoint constraint. Moreover, SRLG information
needs to be considered in this layer. A candidate IP
link which can be used in the protection must not be in
the same SRLG of other IP links. For example, if one
IP link in the protection is in SRLG1 and SRLG2,
other candidate IP links that can be used must not be in
either SRLG1 or SRLG2. This is called SRLG-disjoint
constraint. Next, we map all of the protections returned
in this step into optical domain in order to cope with
the calculation of resource reservation. Note that, in this
layer, optical node failure and IP node failure can be
recovered.

• Step 3: Protection in Multi-layer
This step constructs all possible formations of multi-

layer protection. Each formation Pi must consist of
one member from every lightpath protections and one
from every IP protections. Therefore, total number of
multi-layer protection formations will be equal to the



multiplication of number of members in each set of
protections. We define η as a total number of formations
in multi-layer protection which can be calculated by

η =

(∏
∀i

|Wi|
)

×
⎛
⎝∏

∀j

|Bj |
⎞
⎠ , (1)

where |Wi| and |Bj | refers to the size of Wi and Bj .
For example, if the request has three sets of lightpath
protections which are W1 = {W 1

1 ,W 2
1 }, W2 = {W 1

2 }
and W3 = {W 1

3 ,W 2
3 ,W 3

3 } and two sets of IP protections
which are B1 = {B1

1} and B2 = {B1
2 ,B2

2}. The number
of multi-layer protection formations will be 12.

• Step 4: Resource optimization
The objective of this step is to find the multi-layer

protection formation that reserves minimum resources.
First of all, we map Wn

i into matrix form which is

Wn
i =

⎡
⎢⎣

Wn
i (1, 1) · · · Wn

i (1, V )
...

. . .
...

Wn
i (V, 1) · · · Wn

i (V, V )

⎤
⎥⎦

V ×V

where

Wn
i (p, q) =

{
1, if Wn

i uses link (p, q);
0, otherwise.

p, q ε {1,2,...,V }. In the same way, we also define Bn
i

in a form of V × V matrix which is

Bn
i =

⎡
⎢⎣

Bn
i (1, 1) · · · Bn

i (1, V )
...

. . .
...

Bn
i (V, 1) · · · Bn

i (V, V )

⎤
⎥⎦

V ×V

where Bn
i (p, q) = number of times that Bn

i uses link
(p, q).

With the concept of capacity sharing, we consider
both common pool strategy and intra-layer sharing in
this algorithm. Apart from common-pool strategy which
we have already described in section II, intra-layer
sharing allows the capacity to be shared within the
same layer. Fig. 2 shows the intra-sharing between 2
lightpath protections which can reduce total reserved
capacity from 4 to 3 units. With these conditions, we
can construct the multicast protection by sharing each
point-to-point protection together.

Fig. 2. Intra-sharing within optical layer

In order to calculate the reserved capacity used
in one formation of multi-layer protection based on

common-pool strategy and intra-layer sharing, a mathe-
matical model is proposed in (1) by assuming that Pi =
{W a

1 . . . ,W b
n,Bc

1,. . . ,Bd
m} where a, b, c and d depend on

combinatoric approach, and we define Pi{k} as element
k in Pi where k ε {1, 2, ...,m+n}. Number of capacity
units reserved for Pi can be computed by

Ci =
1
2

V∑
p=1

V∑
q=1

max
∀k

(Pi{k}(p, q), Pi{k}(q, p)) (2)

Next, the algorithm will find which formation gives
the minimum number of reserved capacity units. In this
case, η is considered to have an impact on complexity.
The objective function is then formulated in (3). By
doing this, the unit of capacity returned from our
algorithm (Cmin) will be guaranteed to be minimized.

Cmin = min
∀i∈{1,2,...,η}

(Ci) (3)

IV. SIMULATION RESULT

In this section, we evaluate our proposed algorithm by
comparing the efficiency in terms of resource usage for
the protection. Two network topologies are used in this
experiment, i.e. the network with 10 nodes and 22 links
(average node degree = 4.4) representing the dense topology
called SMALLNET shown in Fig. 3 and grid network with 9
nodes and 10 links (average node degree = 2.22) representing
the light topology shown in Fig. 4.

We compare shortest hop algorithm with our proposed
algorithm. With shortest hop from source to destination, it
refers that the reserved resources will be less. The more
hops the protection uses, the more units of capacity it has
to reserve. Therefore, the comparison with this algorithm is
very challenging for the protection resource preparation by
hop condition versus sharing condition.

In the experiments, we evaluate our algorithm through
MATLAB. Sources and destinations are generated randomly
with the uniform distribution. The shortest hop protections
in each layer are constructed without knowledge of any
information about the other layer. Moreover, we compare
the results of these two algorithms by increasing the number
of multicast destinations starting from 2 nodes to 7 nodes
in the first topology and 2 nodes to 8 nodes in the second
topology based on IP layer. The experiments are tested in
the case that there was only one multicast source at a time.

Fig. 3. SMALLNET network topology



Fig. 4. Grid network topology with 9 nodes and 10 links

Fig. 5. Simulation result on SMALLNET network

Fig. 5 illustrated the comparison between our algorithm
and the traditional shortest hop algorithm in SMALLNET
network. We classify our discussion into three categories.
The first category is when multicast request has 2 and 3
destinations. The results from two algorithms are compara-
ble. This is because when there is a few destinations, our
algorithm will choose little sharing which can reserve less
resources than more sharing. Therefore, the result of ours will
be close to shortest hop algorithm. For the second category
which covers from 3 to 6 destinations, our algorithm has
reflected the efficiency in sharing which can dramatically de-
crease the reserved resources for about 40 percents compared
to the shortest hop algorithm. With many link candidates
to be used, sharing among the group of destinations can
be done in an effective way. The last category is when
multicast request has 7 destinations. The result does not have
much difference between these two algorithms compared to
the second category. Because of the distribution of seven-
destination multicast, the candidate links used for protection
sharing will not be diverse.

In the same way, we then test our algorithm in grid net-
work which has 9 nodes and 10 links. The result illustrated
in Fig. 6 shows that our algorithm can reserve less resources
than shortest hop algorithm similarly to the previous result.
However, the difference between two algorithms is not much
compared to the previous network which has 4.4 average
node degree. Notice in both results that our algorithm tend
to outperform the traditional shortest hop algorithm in dense
network.

Fig. 6. Simulation result on grid network

V. CONCLUSIONS

In this paper, the concept of multi-layer recovery has been
investigated to manage the operation confusion among each
layer. With this concept adopted, the network resources used
for the recovery mechanism will be decreased. Next, we
proposed a protection algorithm for multicast traffic, i.e.
IP-layer multicast, multicast via optical layer unicast and
optical layer multicast based on multi-layer approach. In the
experiment, the result of our algorithm shows that it can
not only reserve less resources compared to the traditional
shortest hop algorithm, but also guarantees that the reserved
resources are minimum. Moreover, two network topologies
with different values of average node degree are then tested
to compare the efficiency of our algorithm. The result shows
that our algorithm will perform better if it is implemented
in the network with high average node degree.
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Abstract—In this paper, we investigate the protection scheme
for multi-layer network which can decrease the operation con-
fusion caused by each layer protection, and then we propose
an algorithm that adapts the concept of cooperation in multi-
layer network to multicast protection. With the design of our
proposed algorithm, failure from optical link, optical node, IP
link or IP node can be protected. We also generalize our
algorithm in order to support 3 classifications of multicast traffic,
i.e. IP-layer multicast, multicast via optical layer unicast, and
optical layer multicast. Moreover, the objective of our proposed
algorithm is not only aiming at protecting multicast traffic, but
also minimizing the reserved capacity used for those protections.
The simulation result shows that our algorithm can provide less
reserved capacity than traditional schemes.

I. INTRODUCTION

Due to the recent development of technology, multicasting
has become a major technique used for transmitting the data in
today applications such as IPTV and video conference. With
this technique adapted, the communication with selective num-
ber of destination can be possible. Many providers nowadays
aim at increasing their network capability in order to support
these newly launched applications with their limited network
resources.

Not only the ability to support multicast applications with
efficient resource usage is needed, network reliability is also
the main topic that must be taken into account. In core
network, multicast traffic with high-reliability requirement is
being transmitted at a very high speed. Only one failure
that occurs in the network can cause a severe effect to both
customers and providers [1]. Therefore, one way to avoid this
effect is to obtain the recovery mechanism when operating the
network.

Most researches focused on providing the recovery mecha-
nism for multicast traffic in specific layer, i.e. optical transport
network layer or IP layer. In optical transport layer, Wave-
length Division Multiplexing (WDM) has been introduced to
increase network performance in various ways. [2] and [3]
proposed an algorithm which can reserve the backup tree with
respect to cost constraint. With cost assigned to the network
topology, the minimum cost backup tree is calculated. In term
of resource reservation, there is no guarantee that minimum
cost can lead to minimum resource usage. Based on segment
protection, [4] designed their algorithm in order to recover the
failure that affects each multicast segment. By doing this, the
process of activating the recovery mechanism will be easy, but
the resource usage will be high.

In IP layer, Multi Protocol Label Switching (MPLS) has
become the major technology that is used in NGN (Next Gen-
eration Network). The technique called Fast-Reroute (FRR) [5]
is introduced to recover the failure in IP/MPLS network. [6]
designed an algorithm by expecting that if multicast request
uses the minimum number of links, resource that allocated for
traditional fast-reroute protection links will be consequently
decrease. In this way, this algorithm will depend on network
topology and may not guarantee that number of protection
links will be minimum.

Another challenge of providing recovery mechanism in the
network is the inter-working between layers. When the failure
occurs during the process of transmission, each layer will
activate the recovery mechanism independently. If both layers
detect the failure nearly at the same time, the interference
among these processes might occur. [7] introduced the re-
covery scheme for multi-layer network which consider the
inter-working between layers. The study shows that adapting
the multi-layer concept can also decrease network reserved
resources. As far as [7] have presented, they focused on
providing multi-layer recovery mechanism only in unicast
traffic.

Thus, the goal of this paper is to provide the recovery
mechanism for multicast traffic by considering the concept
of multi-layer network. We construct the recovery algorithm
by aiming at decreasing the reserved resources, so network
optimization is formulated here to solve this problem. We also
integrated the concept of Failure Independent Path Protection
(FIPP) into the design which can recover the failure from
optical link, optical node, IP link, or IP node. Moreover, cross-
layer information, i.e. Shared-Risk-Link Group (SRLG) [8]
will be included into the consideration.

The rest of this paper is organized as follow. Section II
presents the background of what we need to rely on. The
algorithm is then proposed in Section III, followed by a
simulation result shown in Section IV. In Section V, we
conclude our paper.

II. BACKGROUND

A. Multi-layer Recovery

Multi-layer concept has become necessary in providing
network nowadays. Two generic approaches were presented in
[7], i.e. the inter-working between layers and spare capacity
sharing in multi-layer network.



1) Inter-working between layers: This approach allows
each layer to activate its recovery mechanism sequentially.
For bottom-up escalation, the recovery of bottom layer will
be activated first. If the recovery at bottom layer cannot
recover the failure or spends too much time in recovering, then
upper layer will activate its protection. On the contrary, top-
down escalation is a scheme that allows top layer to perform
recovering first. In this way, the recovery mechanism from
each layer will not interfere each other’s.

2) Spare capacity sharing: By assigning the order of re-
covery, capacity that reserved for recovery mechanism in one
layer is allowed to be shared with another layer’s. This is called
common-pool strategy. By doing this, total reserved capacity
of the network will decrease.

B. Layer Multicast

[9] presented that there are 3 types of multicast routing
which are IP-layer multicast, multicast via optical-layer unicast
and optical-layer multicast. Fig. 1(a) shows the characteristic
of IP-layer multicast which is the multicast that is routed by the
intermediate routers. In optical layer, each node will connect
to its neighbors with lightpaths (LP). Fig. 1(b) illustrates
multicast via optical-layer unicast. This technique uses a group
of unicast to create multicast in IP-layer. Source node will
connect directly to the destination nodes. In optical layer,
lightpath is constructed to connect source node to destination
node. In fig. 1(c), the concept of light tree is introduced.
Optical nodes must have the ability of light splitting in order
to create multicast routing. The same as multicast via optical-
layer unicast, source node in IP-layer will connect directly to
the destination nodes.

Fig. 1. Layer multicast

III. PROPOSED ALGORITHM

A. Assumptions and notations

In this paper, we consider only 4 kinds of failure which
are optical node failure, optical link failure, IP node failure,
and IP link failure. However, only one failure type is allowed
to occur at a time. We assume that our algorithm must be
done before providing services and one multicast request
needs one unit of resource in any links that it passes. Same
requirement is needed in every destination nodes. Moreover,
the information that must be known in advance is multicast
request routing (RLPi , RSDj ), network topology in both layers
(No, Nl), SRLG, and optical link capacity. The notations are
then defined in table I.

TABLE I
NOTATION

N , L Number of optical layer nodes and links in the network
No, Nl Network topology in optical layer, and IP layer
RLPi ith lightpath used in multicast request
RSDj jth IP connection from source (S) to jth destination (Dj )

in multicast request
P

LPi
m mth lightpath protection for ith working lightpath

P LPi Set of lightpath protections for ith working lightpath, e.g.
P LPz = {P LPz

1 ,P LPz
2 ,. . . ,P LPz

f
}

P
SDj
n nth protection for working IP connection S and Dj

P SDj Set of protections for working IP connection S and Dj ,
e.g. P SDq = {P SDq

1 ,P SDq

2 ,. . . ,P SDq

t }
η Total number of multi-layer protection formation

Pk kth formation of multi-layer protection, k ε η

e.g. Pk = {P LP1
a ,. . . , P LPx

b
,P SD1

c ,. . . ,P SDy

d
}

Ct Number of unit capacity reserved for Pt

SRLGs Group of IP links that use sth optical link, s ε L

B. Algorithm design

In order to support 3 types of multicast mentioned in the
previous section, we have to design the algorithm based on
point-to-point element. For example, if fig. 1(a) is the request,
3 elements of lightpaths in optical layer and 2 elements of
connections between one source to one destination in IP layer
are counted as an input. In case of fig. 1(b) and fig. 1(c), there
are 4 elements to be the input, i.e. 2 elements from optical
layer and the rest from IP layer. The following paragraph will
describe each step of our proposed algorithm.

• Step 1: Protection in optical layer
In each RLPi , find all possible protection lightpaths

(PLPi) in optical layer (No) that connect the origin
and the destination of RLPi by using FIPP concept. To
consider FIPP, the way of finding the paths will depend
on the type of the failure we considered. By using node-
disjoint constraint, the lightpath protection will be able to
recover the failure from optical link, optical node and IP
link. In IP-layer multcast, this layer protection will fail
only when the failure occurs at the optical node which
has to pass the traffic to IP-layer, e.g. node in the middle
of the optical layer in fig. 1(a).

• Step 2: Protection in IP layer
For each RSDj , find all possible alternative connec-

tion PSDj that connect source node (S) to destination
node (Dj) in Nl with respect to node-disjoint constraint.
Moreover, SRLG information needs to be considered in
this layer. A candidate IP link which can be used in the
protection must not be in the same SRLG of other IP
links, e.g. if one IP link in the protection is in SRLG1

and SRLG4, the candidate IP links that can be used must
not be in either SRLG1 or SRLG4. This is called SRLG-
disjoint constraint. Next, we change all of the protections
returned in this step into optical domain in order to cope
with the calculation of resource reservation. In this layer,
optical node failure and IP node failure can be recovered.



• Step 3: Protection in Multi-layer
One formation of multi-layer protection Pk must con-

sist of one member from every lightpath protections and
one from every IP protections. Therefore, total number
of multi-layer protection formations will equal to the
multiplication of number of members in each set of
protections. For example, if the request has 3 lightpath
protection sets which are PLP1 = {PLP1

1 ,PLP1
2 }, PLP2

= {PLP2
1 } and PLP3 = {PLP3

1 ,PLP3
2 ,PLP3

3 } and 2 IP
protection sets which are PSD1 = {PSD1

1 } and PSD2

= {PSD2
1 ,PSD2

2 }. The number of multi-layer protection
formation will be 12, i.e.

P1 =
{

PLP1
1 , PLP2

1 , PLP3
1 , PSD1

1 , PSD2
1

}
P2 =

{
PLP1

1 , PLP2
1 , PLP3

1 , PSD1
1 , PSD2

2

}
P3 =

{
PLP1

1 , PLP2
1 , PLP3

2 , PSD1
1 , PSD2

1

}
P4 =

{
PLP1

1 , PLP2
1 , PLP3

2 , PSD1
1 , PSD2

2

}
...

P11 =
{

PLP1
2 , PLP2

1 , PLP3
3 , PSD1

1 , PSD2
1

}
P12 =

{
PLP1

2 , PLP2
1 , PLP3

3 , PSD1
1 , PSD2

2

}
,

based on combinatoric approach.
• Step 4: Resource optimization

The objective of this step is to find the multi-layer
protection formation that reserves minimum capacity.
First of all, we define

PLPi
m =

⎡
⎢⎣

PLPi
m (1, N) · · · PLPi

m (1, N)
...

. . .
...

PLPi
m (N, 1) · · · PLPi

m (N,N)

⎤
⎥⎦

N×N

,

where

PLPi
m (p, q) =

⎧⎨
⎩

1, if mth protection LP of ith LP
uses link(p, q);

0, otherwise.

p, q ε N . In the same way, we also define P
SDj
n in a

form of N × N matrix which is

PSDj
n =

⎡
⎢⎣

P
SDj
n (1, N) · · · P

SDj
n (N, 1)

...
. . .

...
P

SDj
n (N, 1) · · · P

SDj
n (N,N)

⎤
⎥⎦

N×N

,

where P
SDj
n (r, s) = number of times that nth protection

of working path connecting S to Dj uses link(r, s),
r, s ε N .

With the concept of capacity sharing, we consider
both inter-layer sharing (common pool strategy) and intra-
layer sharing in this paper. Apart from common-pool
strategy which we have already described in section
2, intra-layer sharing allows the capacity to be shared
within the layer. Fig. 2 shows the intra-sharing between

Fig. 2. Intra-sharing within optical layer

2 lightpath protections which can reduce total reserved
capacity from 4 to 3 units.

In order to calculate the reserved capacity used in
one formation of multi-layer protection, a mathematical
model is shown in (1). Assume that

Pt =
{

PLP1
a , . . . , PLPN

b , PSD1
c , . . . , PSDM

d

}
and Pt{k} is kthelement in array Pt where
kε{1, 2, ...,M + N},

Ct =
1
2

N∑
i=1

N∑
j=1

max
∀k

(Pt{k}(i, j), Pt{k}(j, i)). (1)

Next, we have to find what formation gives minimum
number of unit capacity reserved; hence, every formation
must be known in advance. By doing this, the unit of
capacity returned from our algorithm (Cmin) can be
guaranteed to be global minimum.

We define η to be a total number of formation in
multi-layer protection which can be calculated by

η =

(∏
∀i

∣∣PLPi
∣∣)×

⎛
⎝∏

∀j

∣∣PSDj
∣∣
⎞
⎠ , (2)

where
∣∣PLPi

∣∣ and
∣∣PSDj

∣∣ refers to the size of array PLPi

and PSDj .
Then, the objective function of our algorithm is for-

mulated in (3).

Cmin = min
∀t∈η

(Ct) (3)

IV. SIMULATION RESULT
We found that network topology used in paper [10] really

inspired us. With the topology of 7 nodes and 12 links in
optical layer shown in fig. 3 and 6 nodes with fully connected
topology in IP layer shown in fig. 4, the implementation of IP
layer multicast, multicast via optical layer unicast and optical
layer multicast could be possible.

In this paper, we chose shortest hop algorithm to compare
with our proposed algorithm. With shortest hop from source
to destination, it refers that the reserved capacity will be
less. The more hops we use, the more capacity we have to
reserve. Therefore, the comparison with this algorithm is very



challenging in term of preparation the protections by hop
condition vs. sharing condition.

In the experiment, source and destinations were generated
randomly with uniform distribution. We setup the shortest hop
protections in each layer without knowing any information
about the other layer. Moreover, we compared the result of
these 2 algorithms by increasing the number of multicast
destination which started from 2 nodes to 5 nodes based on
IP layer. This experiment was tested in the case that there is
only one multicast source.

Fig. 3. Test network: optical layer topology

Fig. 4. Test network: IP layer topology

Fig. 5 illustrates the comparison between our proposed
algorithm and traditional shortest hop algorithm. We found that
the result will not have much significant at the beginning, but
the difference will be dramatically increased when the number
of destinations increases and then it will increase with lower
rate. If we compare the percentage of the increment, it will be
17, 34, 37 and 39. This reflects that during the small number
of destinations, network has more candidate links which can
be shared by the protections than during the large number
of destinations which links can hardly be shared with the
others. Although, the difference between our algorithm and
traditional shortest hop algorithm decreases when the number
of destinations is higher, our algorithm will still be more
efficient in term of resource reservation.

Fig. 5. Simulation result on test network

V. CONCLUSIONS
In this paper, we proposed a protection algorithm for

multicast traffic which considered the concept of multi-layer
network in the design. We also generalized our algorithm in
order to support 3 classifications of multicast, i.e. IP-layer
multicast, multicast via optical-layer unicast, and optical-layer
multicast. Moreover, we used FIPP as a constraint in designing
our algorithm which can recover the failure from optical link,
optical node, logical link or logical node at a time. With the
adaptation of multi-layer concept, our algorithm can not only
reserve less resources compared to the traditional algorithm,
it also guarantees the unit of reserved resources to be global
minimum.
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