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–ÂÒflÎÁ¯Á

« ·ÒÔ˝Û· ÂÒ„·Ûfl· ·Û˜ÔÎÂflÙ·È ÏÂ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ (clustering) ‰ÔÛÔÎÁ¯È˛Ì (transactions),
Ôı ÂÏˆ·ÌflÊÔÌÙ·È ÛÂ ›Ì· Í·Ù·ÌÂÏÁÏ›ÌÔ (distributed) Û˝ÛÙÁÏ· ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì

(OLTP system), ÛıÏˆ˛Ì˘Ú ÒÔÚ Ù· ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ÙÔı ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú (workload) ·ıÙ˛Ì.
¡ÔÙÂÎÂfl ÛıÌ›˜ÂÈ· ÙÁÚ ÏÂÙ·Ùı˜È·ÍfiÚ ÂÒ„·Ûfl·Ú [Lab95], ‰È·ˆÔÒÔÔÈÂflÙ·È, ‰Â, ·¸ ·ıÙfiÌ

ÛÙÔ ¸ÙÈ Á ÔÏ·‰ÔÔflÁÛÁ „flÌÂÙ·È ‹Ì˘ ÛÂ Ïfl· ‰ıÌ·ÏÈÍ˛Ú ÏÂÙ·‚·ÎÎ¸ÏÂÌÁ ·ÍÔÎÔıËfl· ‰Â‰ÔÏ›Ì˘Ì
Í·È ¸˜È Î›ÔÌ ÛÂ ›Ì· ÛÙ·ÙÈÍ¸ Û˝ÌÔÎÔ ·ıÙ˛Ì.

√È· ÙÔ ÛÍÔ¸ ·ıÙ¸, ›˜ÔıÌ ıÎÔÔÈÁËÂfl ‰˝Ô ‰ıÌ·ÏÈÍÔfl ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÔÔflÁÛÁÚ, ÂÍ Ù˘Ì
ÔÔfl˘Ì Ô Ò˛ÙÔÚ ‚·ÛflÊÂÙ·È ÛÙÁ ˜ÒfiÛÁ ÂÌ¸Ú ÌÂıÒ˘ÌÈÍÔ˝ ‰ÈÍÙ˝Ôı Ù˝Ôı K-MEANS, ÂÌ˛ Ô
‰Â˝ÙÂÒÔÚ Í‹ÌÂÈ ˜ÒfiÛÁ „Ò·ˆÔËÂ˘ÒÁÙÈÍ˛Ì ÏÂË¸‰˘Ì ÔÏ·‰ÔÔflÁÛÁÚ.
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Abstract

The following work deals with clustering of transactions in a distributed OLTP system,
according to their workload characteristics.

It continues the work done in [Lab95], differentiating from it by the fact that it no longer
deals with static sets of data and thus with batch clustering algorithms. Instead, it deals with a
dynamic sequence of data which calls upon the use of an ``on the fly'' clustering algorithm.

For this purpose, two dynamic clustering algorithms have been implemented. The first one
is based on an artificial neural network of the adaptive K-MEANS family of networks, while
the second one is based on a graph - theoretical clustering method.
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≈ı˜·ÒÈÛÙflÂÚ

»· fiËÂÎ· Ì· ÂÍˆÒ‹Û˘ ÙÈÚ Âı˜·ÒÈÛÙflÂÚ ÏÔı ÛÂ ÔÒÈÛÏ›ÌÔıÚ ·ÌËÒ˛ÔıÚ, Á ‚ÔfiËÂÈ· Ù˘Ì ÔÔfl˘Ì
ıfiÒÓÂ Í·ËÔÒÈÛÙÈÍfi „È· ÙÁÌ ÂÒ‹Ù˘ÛÁ ÙÁÚ ·ÒÔ˝Û·Ú ÂÒ„·Ûfl·Ú.

–Ò˛Ù· ·¸ ¸ÎÔıÚ, Ë· fiËÂÎ· Ì· Âı˜·ÒÈÛÙfiÛ˘ ÙÔÌ ÂÈ‚Î›ÔÌÙ· Í·ËÁ„ÁÙfi ÏÔı, Í. ◊ÒfiÛÙÔ
ÕÈÍÔÎ‹Ôı, Ô ÔÔflÔÚ ÏÔı ›‰˘ÛÂ ÙÁ ‰ıÌ·Ù¸ÙÁÙ· Ì· ·Û˜ÔÎÁË˛ ÏÂ ÙÔ Ë›Ï· ·ıÙ¸ Í·È ÏÂ
Í·ËÔ‰fi„ÁÛÂ Í·Ë¸ÎÁ ÙÁ ‰È‹ÒÍÂÈ· Ù˘Ì ÏÂÙ·Ùı˜È·Í˛Ì ÛÔı‰˛Ì ÏÔı.

≈flÛÁÚ, Ë· fiËÂÎ· Ì· Âı˜·ÒÈÛÙfiÛ˘ Ù· Ï›ÎÁ ÙÁÚ ÂÓÂÙ·ÛÙÈÍfiÚ ÂÈÙÒÔfiÚ ÙÁÚ ÏÂÙ·Ùı˜È·ÍfiÚ
ÏÔı ÂÒ„·Ûfl·Ú, Í·ËÁ„ÁÙ›Ú Í. √È˛Ò„Ô ‘ÊÈÒflÙ·, Í. √È˛Ò„Ô √Â˘Ò„·Í¸ÔıÎÔ Í·È Í. √È˛Ò„Ô
–ÔÙ·ÏÈ‹, „È· ÙÈÚ ÛıÏ‚ÔıÎ›Ú ÙÔıÚ Í·È ÙÈÚ ÔÎ˝ ÛÁÏ·ÌÙÈÍ›Ú ·Ò·ÙÁÒfiÛÂÈÚ ÙÔıÚ ‹Ì˘ ÛÂ
‰È‹ˆÔÒ· Ë›Ï·Ù· ÙÁÚ ÂÒ„·Ûfl·Ú ·ıÙfiÚ, Í·Ë˛Ú Í·È ÙÔÌ ¡Ì·ÎÁÒ˘Ùfi  ·ËÁ„ÁÙfi ÙÔı ÷ıÛÈÍÔ˝
‘ÏfiÏ·ÙÔÚ Í. ÕflÍÔ  ıÎ‹ˆÁ „È· ÙÈÚ ÛıÏ‚ÔıÎ›Ú ÙÔı Í·È ÙÁ ‚ÔfiËÂÈ‹ ÙÔı.

»· fiËÂÎ· ÂflÛÁÚ Ì· Âı˜·ÒÈÛÙfiÛ˘ ÙÔıÚ ˆflÎÔıÚ ÏÔı …˘‹ÌÌÁ –‹ÙÒ·, ¡¸ÛÙÔÎÔ Δ‹ÒÒ·,
 ˘ÌÛÙ·ÌÙflÌÔ ◊‹ÒÁ, √È˛Ò„Ô  ·„Í‹‰Á, ƒÁÏfiÙÒÁ –··‰‹ÍÁ, Ã·Ì˛ÎÁ Ã·Ò·Ê‹ÍÁ, √È˛Ò„Ô
√Â˘Ò„È·ÌÌ‹ÍÁ Í·È ≈ÈÒfiÌÁ ÷ÔıÌÙÔıÎ‹ÍÁ „È· ÙÁ ‚ÔfiËÂÈ· Í·È ÛıÏ·Ò‹ÛÙ·Ûfi ÙÔıÚ.

« ÔÎÔÍÎfiÒ˘ÛÁ ÙÁÚ ·ÒÔ˝Û·Ú ÂÒ„·Ûfl·Ú ÛÙ‹ËÁÍÂ ‰ıÌ·Ùfi ˜‹ÒÁ ÛÙÁÌ ıÎÈÍÔÙÂ˜ÌÈÍfi Í·È
ÔÈÍÔÌÔÏÈÍfi ıÔÛÙfiÒÈÓÁ Ôı ÏÔı ·ÒÂfl˜·Ì Í·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· Ù˘Ì ÛÔı‰˛Ì ÏÔı, Ù¸ÛÔ
ÙÔ ‘ÏfiÏ· ≈ÈÛÙfiÏÁÚ ’ÔÎÔ„ÈÛÙ˛Ì ÙÔı –·ÌÂÈÛÙÁÏflÔı  ÒfiÙÁÚ, ¸ÛÔ Í·È ÙÔ …ÌÛÙÈÙÔ˝ÙÔ
–ÎÁÒÔˆÔÒÈÍfiÚ ÙÔı …‰Ò˝Ï·ÙÔÚ ‘Â˜ÌÔÎÔ„fl·Ú Í·È ∏ÒÂıÌ·Ú Í·È ÂÈ‰ÈÍ¸ÙÂÒ·, Á ÂÒÂıÌÁÙÈÍfi ÔÏ‹‰·
Ù˘Ì –ÎÂÈ‹‰˘Ì.

‘›ÎÔÚ, Ë· fiËÂÎ· Ì· Âı˜·ÒÈÛÙfiÛ˘ ÙÔıÚ „ÔÌÂflÚ ÏÔı, Õ›ÎÎÁ Í·È  ˘ÌÛÙ·ÌÙflÌÔ, Í·Ë˛Ú Í·È
ÙÁÌ ·‰ÂÎˆfi ÏÔı, Ã·ÒÈ‹ÌÌ·, „È· ÙÁ ÛıÏ·Ò‹ÛÙ·Ûfi ÙÔıÚ Í·È ÙÁÌ ·Ï›ÒÈÛÙÁ ıÔÛÙfiÒÈÓÁ Ôı
ÏÔı ›‰˘Û·Ì Í·Ë¸ÎÁ ÙÁ ‰È‹ÒÍÂÈ· Ù˘Ì ÛÔı‰˛Ì ÏÔı.
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≈ÈÛ·„˘„fi

”ÙÈÚ Û˝„˜ÒÔÌÂÚ Âˆ·ÒÏÔ„›Ú Ù˘Ì ‚‹ÛÂ˘Ì ‰Â‰ÔÏ›Ì˘Ì ÔÈ ··ÈÙfiÛÂÈÚ ÛÙÁÌ ıÔÎÔ„ÈÛÙÈÍfi ÈÛ˜˝, ÙÔ
Ï›„ÂËÔÚ ÙÁÚ ÍıÒfl˘Ú ÏÌfiÏÁÚ, Í·Ë˛Ú Í·È ÙÔ Ï›„ÂËÔÚ Ù˘Ì ÂÓ˘ÙÂÒÈÍ˛Ì ·ÔËÁÍÂıÙÈÍ˛Ì Ï›Û˘Ì
(‰flÛÍ˘Ì, Ù·ÈÌÈ˛Ì) Ô‰fi„ÁÛ·Ì ÛÙÁÌ Í·Ù·ÛÍÂıfi Í·Ù·ÌÂÏÁÏ›Ì˘Ì ÛıÛÙÁÏ‹Ù˘Ì, Ôı ÏÔÒÔ˝Ì Ì·
·ÌÙ·ÂÓ›ÎËÔıÌ ÛÙÈÚ ··ÈÙfiÛÂÈÚ ·ıÙ›Ú ÏÂ ÔÎ˝ ÏÈÍÒ¸ÙÂÒÔ Í¸ÛÙÔÚ ÎÂÈÙÔıÒ„fl·Ú Í·È ÏÂ„·Î˝-
ÙÂÒÂÚ ‰ıÌ·Ù¸ÙÁÙÂÚ ‹ÏÂÛÁÚ ·Ì·‚‹ËÏÈÛÁÚ ·¸ ÔÔÈÔ‰fiÔÙÂ Û˝ÛÙÁÏ· Ôı Ë· ‚·ÛÈÊ¸Ù·Ì ÛÙÁ
˜ÒfiÛÁ ÂÌ¸Ú ıÂÒıÔÎÔ„ÈÛÙfi.

∏Ì·Ú ÂÓflÛÔı ÛÁÏ·ÌÙÈÍ¸Ú ·Ò‹„˘Ì Ôı Ô‰fi„ÁÛÂ ÛÙÁÌ ıÈÔË›ÙÁÛÁ Ù˘Ì Í·Ù·ÌÂÏÁÏ›Ì˘Ì
ÛıÛÙÁÏ‹Ù˘Ì ÂflÌ·È ÙÔ „Â„ÔÌ¸Ú ¸ÙÈ Î›ÔÌ ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È ·ıÙ‹ „È· ÎÂflÛÙÂÚ ‰Ò·ÛÙÁÒÈ¸ÙÁÙÂÚ,
.˜. ÍÒ‹ÙÁÛÁ Ë›ÛÂ˘Ì ·¸ Ù·ÓÈ‰È˘ÙÈÍ‹ „Ò·ˆÂfl· fi ‰È·˜ÂflÒÈÛÁ ÎÔ„·ÒÈ·ÛÏ˛Ì ÛÙ· ‰È‹ˆÔÒ·
ıÔÍ·Ù·ÛÙfiÏ·Ù· ÙÒ·ÂÊ˛Ì, ÔÈ ÔÔflÂÚ ÂÍ ÙÁÚ ˆ˝ÛÂ˛Ú ÙÔıÚ Ô‰Á„Ô˝Ì ÛÙÁÌ Í·Ù·ÌÂÏÁÏ›ÌÁ
Û˜Â‰fl·ÛÁ Í·È ÎÂÈÙÔıÒ„fl· ÙÔı ÙÂÎÈÍÔ˝ ÛıÛÙfiÏ·ÙÔÚ Ôı Ë· ÍÎÁËÂfl Ì· ÙÈÚ ıÔÛÙÁÒflÓÂÈ. ≈flÌ·È,
·Ò·‰Âfl„Ï·ÙÔÚ ˜‹ÒÈÌ, ˆ·ÌÂÒ¸ ¸ÙÈ Á Í·Ù‹ÙÏÁÛÁ ÂÌ¸Ú ÛıÛÙfiÏ·ÙÔÚ ÂÂÓÂÒ„·Ûfl·Ú ÙÒ·ÂÊÈÍ˛Ì
‰ÔÛÔÎÁ¯È˛Ì Ô‰Á„Âfl ÛÙÁÌ Í·Ù‹ ÔÎ˝ Ù·˜˝ÙÂÒÁ ÂÂÓÂÒ„·Ûfl· ÙÔı ÏÂ„·Î˝ÙÂÒÔı ·ÒÈËÏÔ˝ Ù˘Ì
‰ÔÛÔÎÁ¯È˛Ì, Ôı Ô˝Ù˘Ú fi ‹ÎÎ˘Ú Í‹ÌÔıÌ ˜ÒfiÛÁ ¸Ò˘Ì Ôı ‚ÒflÛÍÔÌÙ·È ÙÔÈÍ˛Ú, ¸˘Ú Á
·Ì‹ÎÁ¯Á fi Á Í·Ù‹ËÂÛÁ ÂÌ¸Ú ÔÛÔ˝ ˜ÒÁÏ‹Ù˘Ì ·¸/ÛÂ ›Ì· ÎÔ„·ÒÈ·ÛÏ¸ Ôı ›˜ÂÈ ·ÌÔÈ˜ËÂfl ÛÙÔ
Ûı„ÍÂÍÒÈÏ›ÌÔ ıÔÍ·Ù‹ÛÙÁÏ·, ÂÒÈÔÒflÊÔÌÙ·Ú ›ÙÛÈ ÙÔÌ ·ÒÈËÏ¸ Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì Ôı Ò›ÂÈ
Ì· ÏÂÙ·ˆÂÒËÔ˝Ì ÛÙÔıÚ ÍÂÌÙÒÈÍÔ˝Ú ıÔÎÔ„ÈÛÙ›Ú ÙÁÚ ÙÒ‹ÂÊ·Ú.

√È· ÙÁÌ Í·Î˝ÙÂÒÁ Âfl‰ÔÛÁ Ù˘Ì Í·Ù·ÌÂÏÁÏ›Ì˘Ì ÛıÛÙÁÏ‹Ù˘Ì ·ıÙ˛Ì, ÂflÌ·È ··Ò·flÙÁÙÁ
Á Âˆ·ÒÏÔ„fi ·Î„¸ÒÈËÏ˘Ì ‰ÒÔÏÔÎ¸„ÁÛÁÚ Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì Í·È ÂÓÈÛÔÒÒ¸ÁÛÁÚ ÙÔı ˆ¸ÒÙÔı
·ıÙ˛Ì ÛÙÔıÚ Í·Ù‹ Ù¸ÔıÚ ıÔÎÔ„ÈÛÙÈÍÔ˝Ú Í¸Ï‚ÔıÚ ÙÔı ÛıÛÙfiÏ·ÙÔÚ, ÒÔÍÂÈÏ›ÌÔı Ì· „flÌÂÈ
Ù·˜˝ÙÂÒÁ Á ÂÂÓÂÒ„·Ûfl· Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì, Í‹ÌÔÌÙ·Ú ˜ÒfiÛÁ ¸Ò˘Ì ÙÔıÚ ÛıÛÙfiÏ·ÙÔÚ Ôı
Í·Ù‹ Í·ÈÒÔ˝Ú ıÔ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È.

œÈ ·Î„¸ÒÈËÏÔÈ ·ıÙÔfl, „È· ÙÁÌ ·Ô‰ÔÙÈÍfi ÎÂÈÙÔıÒ„fl· ÙÔıÚ, ˜ÒÂÈ‹ÊÔÌÙ·È Ì· ›˜ÂÈ „flÌÂÈ ›Ì·Ú
˜·Ò·ÍÙÁÒÈÛÏ¸Ú ÙÔı ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì ˛ÛÙÂ Ì· „Ì˘ÒflÊÔıÌ ÙÔ Âfl‰ÔÚ Í·È ÙÔ
Ï›„ÂËÔÚ Ù˘Ì ··ÈÙfiÛÂ˘Ì ·ıÙ˛Ì ÛÂ ¸ÒÔıÚ ÙÔı ÛıÛÙfiÏ·ÙÔÚ. º˘Ú ›˜ÂÈ ·Ò·ÙÁÒÁËÂfl, ÔÈ
··ÈÙfiÛÂÈÚ ·ıÙ›Ú, .˜. Á ˜ÒfiÛÁ Ûı„ÍÂÍÒÈÏ›Ì˘Ì ·Ò˜Âfl˘Ì, ÙÁÚ ÍÂÌÙÒÈÍfiÚ ÏÔÌ‹‰·Ú ÂÂÓÂÒ„·Ûfl·Ú,
Á ·ÒÔıÛfl· ÛÁÏÂfl˘Ì Ûı„˜ÒÔÌÈÛÏÔ˝, Í.Î.. ÂflÌ·È ÂÌ „›ÌÂÈ ·ÌÂÓ‹ÒÙÁÙÂÚ ·¸ ÙÔ ÒıËÏ¸ ‹ˆÈÓÁÚ

(arrival rate) Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì.
”ÙÁÌ ÂÒ„·Ûfl· [Lab95] ÒÔÙ‹ËÁÍÂ ¸ÙÈ Á „Â˘„Ò·ˆÈÍfi Í·È ÔÒ„·Ì˘ÙÈÍfi ‰ÔÏfi ÂÌ¸Ú ÔÒ„·ÌÈ-

ÛÏÔ˝ ÂÁÒÂ‹ÊÂÈ ‹ÏÂÛ· ÙÔÌ ÙÒ¸Ô Í·Ù‹ ÙÔÌ ÔÔflÔ ·ÔËÁÍÂ˝ÔÌÙ·È ·ÎÎ‹ Í·È ÒÔÛÂÎ·˝ÌÔÌÙ·È
Ù· ‰Â‰ÔÏ›Ì· ÙÁÚ ıÔÍÂflÏÂÌÁÚ ‚‹ÛÁÚ ‰Â‰ÔÏ›Ì˘Ì. ŸÚ ÂÍ ÙÔ˝ÙÔı, ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ Á ÙÒÈ‹‰·
(·˝Ó˘Ì ·ÒÈËÏ¸Ú ÒÔ„Ò‹ÏÏ·ÙÔÚ, ·˝Ó˘Ì ·ÒÈËÏ¸Ú ˜ÒfiÛÙÁ, ·˝Ó˘Ì ·ÒÈËÏ¸Ú ÙÂÒÏ·ÙÈÍÔ˝) ÒÔÍÂÈ-
Ï›ÌÔı Ì· ·Ì·„Ì˘ÒflÊÔÌÙ·È ÔÈ ‰ÔÛÔÎÁ¯flÂÚ, ËÂ˘Ò˛ÌÙ·Ú ¸ÙÈ ‰˝Ô ‰ÔÛÔÎÁ¯flÂÚ Ôı ›˜ÔıÌ fl‰È· Ù·
ÙÒfl· ·ıÙ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ Ë· ·ÒÔıÛÈ‹ÊÔıÌ ÛÂ ÔÎ˝ ÏÂ„‹ÎÔ ‚·ËÏ¸ ÔÏÔÈ¸ÙÁÙ· ˘Ú ÒÔÚ ÙÈÚ
··ÈÙfiÛÂÈÚ ÙÔıÚ.

”Â ›Ì· Û˝„˜ÒÔÌÔ ÔÒ„·ÌÈÛÏ¸ ¸Ï˘Ú, Ô ·ÒÈËÏ¸Ú Ù˘Ì ‰È·ˆÔÒÂÙÈÍ˛Ì ÙÒÈ‹‰˘Ì Ôı ÏÔÒÔ˝Ì
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Ì· ›˜ÔıÌ ÔÈ ‰ÔÛÔÎÁ¯flÂÚ ÂflÌ·È ÙÂÒ‹ÛÙÈÔÚ, ÂÌ˛ Ï¸ÌÔ ›Ì·Ú ÔÎ˝ ÏÈÍÒ¸Ú ·ÒÈËÏ¸Ú ·ıÙ˛Ì ÏÔÒÂfl
Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl ·¸ ÙÔıÚ ‰È‹ˆÔÒÔıÚ ·Î„¸ÒÈËÏÔıÚ ‰ÒÔÏÔÎ¸„ÁÛÁÚ Í·È ÂÓÈÛÔÒÒ¸ÁÛÁÚ
ˆ¸ÒÙÔı. ≈ÔÏ›Ì˘Ú, Ò›ÂÈ Ì· ÔÏ·‰ÔÔÈÁËÔ˝Ì ÔÈ ‰ÔÛÔÎÁ¯flÂÚ ÛÂ ÏÂ„·Î˝ÙÂÒÂÚ ÔÏ‹‰ÂÚ Ôı
·ÒÔıÛÈ‹ÊÔıÌ ÍÔÈÌ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ˘Ú ÒÔÚ ÙÈÚ ··ÈÙfiÛÂÈÚ ÙÔıÚ.

”Ù· Î·flÛÈ· ÙÔı ÂÒÂıÌÁÙÈÍÔ˝ ÒÔ„Ò‹ÏÏ·ÙÔÚ LYDIA [ESP], ·Ì·Ù˝˜ËÁÍÂ ·¸ ÙÁÌ ÔÏ‹‰·
–·Ò‹ÎÎÁÎ˘Ì Í·È  ·Ù·ÌÂÏÁÏ›Ì˘Ì ”ıÛÙÁÏ‹Ù˘Ì ÙÔı …ÌÛÙÈÙÔ˝ÙÔı –ÎÁÒÔˆÔÒÈÍfiÚ, ÙÔı …‰Ò˝Ï·-
ÙÔÚ ‘Â˜ÌÔÎÔ„fl·Ú Í·È ∏ÒÂıÌ·Ú, ÙÔ CLUE, ›Ì· ÂÒÈ‚‹ÎÎÔÌ „È· ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ ‰ÔÛÔÎÁ¯È˛Ì
ÛÂ ÔÏ‹‰ÂÚ ÏÂ ÍÔÈÌ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú, Ôı ÂÒÈ„Ò‹ˆÂÙ·È ÛÙÁÌ ÏÂÙ·Ùı˜È·Ífi
ÂÒ„·Ûfl· ÙÔı ¡Î›Ó·Ì‰ÒÔı À·ÏÒÈÌfl‰Á [Lab95]. ”ÙÁÌ ÂÒ„·Ûfl· ·ıÙfi, ÏÂÎÂÙfiËÁÍÂ ÙÔ Ò¸‚ÎÁÏ·
ÙÁÚ ÔÏ·‰ÔÔflÁÛÁÚ ÛÙ·ÙÈÍ˛Ì ÛıÌ¸Î˘Ì ‰ÔÛÔÎÁ¯È˛Ì, Ôı Í·Ù·„Ò‹ˆÔÌÙ·È Í·Ù‹ ÙÁ ÎÂÈÙÔıÒ„fl·
ÂÌ¸Ú Í·Ù·ÌÂÏÁÏ›ÌÔı ÛıÛÙfiÏ·ÙÔÚ ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì. ’ÎÔÔÈfiËÁÛ·Ì, ‰Â, ÙÒÂÈÚ ·Î„¸-
ÒÈËÏÔÈ ÔÏ·‰ÔÔflÁÛÁÚ, Ô HALC, Ô BOND ENERGY ALGORITHM [MSW72] Í·È Ô K-MEANS Í·È
ÏÂÎÂÙfiËÁÍÂ Á Âfl‰ÔÛfi ÙÔıÚ ÛÙÔ ÂÌ Î¸„˘ Ò¸‚ÎÁÏ·.

¡¸ ÙÁ ˜ÒfiÛÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ·ıÙ˛Ì, ·Ò·ÙÁÒfiËÁÍÂ ¸ÙÈ ·Ò¸ÎÔ Ôı ÂflÌ·È ‰ıÌ·Ù¸Ì Ì·
ÂÓ·˜ËÔ˝Ì ÛÁÏ·ÌÙÈÍ‹ ÛıÏÂÒ‹ÛÏ·Ù· „È· ÙÔ Ô˝ Ë· Ò›ÂÈ Ì· ÂÂÓÂÒ„‹ÊÔÌÙ·È ÔÈ ‰ÔÛÔÎÁ¯flÂÚ
Í·È „È· ÙÔ ˛Ú Ë· Ò›ÂÈ Ì· Í·Ù·ÌÂÏÁËÂfl Á ıÔÍÂflÏÂÌÁ ‚‹ÛÁ ‰Â‰ÔÏ›Ì˘Ì, ÂÌ ÙÔ˝ÙÔÈÚ Ë·
fiÙ·Ì ÂÈËıÏÁÙ¸ Ì· ı‹Ò˜ÂÈ Í·È ›Ì· Û˝ÛÙÁÏ· ÙÔ ÔÔflÔ Ì· ÏÔÒÂfl Ì· Í‹ÌÂÈ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ
·ıÙfi ``ÂÌ ÙfiÛÂÈ'', ‰ÁÎ·‰fi Í·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· ÙÁÚ ÎÂÈÙÔıÒ„fl·Ú ÙÔı ÛıÛÙfiÏ·ÙÔÚ ÂÂÓÂÒ„·Ûfl·Ú
‰ÔÛÔÎÁ¯È˛Ì, ˛ÛÙÂ Ì· ÏÔÒÂfl Ì· ·Ì·„Ì˘ÒflÊÂÈ ÏÂÙ·‚ÔÎ›Ú ÛÙÔÌ ÙÒ¸Ô ˜ÒfiÛÁÚ ÙÔı ¸ÎÔı
ÛıÛÙfiÏ·ÙÔÚ Í·È ·Ì·Î¸„˘Ú Ì· ‚ÔÁË‹ ·ıÙ¸ Ì· Î·Ï‚‹ÌÂÈ ·Ôˆ‹ÛÂÈÚ „È· ÙÔ ÔÈ¸Ú Ë· fiÙ·Ì Ô
‚›ÎÙÈÛÙÔÚ ÙÒ¸ÔÚ ÎÂÈÙÔıÒ„fl·Ú ÙÔı ·Ì‹ ‹Û· ÛÙÈ„Ïfi.

”Ù· Î·flÛÈ· ÙÁÚ ·ÒÔ˝Û·Ú ÏÂÙ·Ùı˜È·ÍfiÚ ÂÒ„·Ûfl·Ú ÏÂÎÂÙfiËÁÍÂ ÙÔ Ò¸‚ÎÁÏ· ·ıÙ¸ ÙÁÚ
ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'' Í·È ·ÌÂÙ˝˜ËÁÛ·Ì ‰˝Ô ‚·ÛÈÍ›Ú Ï›ËÔ‰ÔÈ „È· ÙÁÌ ÂflÎıÛfi ÙÔı.
« Ò˛ÙÁ ÂÍ Ù˘Ì ‰˝Ô ˜ÒÁÛÈÏÔÔÈÂfl ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ Ù˝Ôı K-MEANS, Ôı ›˜ÂÈ ÙÁ
‰ıÌ·Ù¸ÙÁÙ· Ì· ·Ì·ÒÔÛ·ÒÏ¸ÊÂÈ ÙÈÚ ÔÏ‹‰ÂÚ ÛÙÈÚ ÔÔflÂÚ ›˜ÂÈ Í·Ù·Ù‹ÓÂÈ ÙÈÚ ‰ÔÛÔÎÁ¯flÂÚ,
‰flÌÔÌÙ·Ú ·Ì‹ ‹Û· ÛÙÈ„Ïfi Ïfl· Í·Ù‹ ÙÔ ‰ıÌ·Ù¸Ì ÈÛÙ¸ÙÂÒÁ ·Ì··Ò‹ÛÙ·ÛÁ ÙÔı ÙÒ¸Ôı
˜ÒfiÛÁÚ ÙÔı ÛıÛÙfiÏ·ÙÔÚ Í·È Ì· ÏÂÙ·‚‹ÎÎÂÈ ÙÔ ÒıËÏ¸ ÙÁÚ ·Ì·ÒÔÛ·ÒÏÔ„fiÚ ·ıÙfiÚ, ·Ì·Î¸„˘Ú
ÒÔÚ ÙÔ ¸ÛÔ ÏÂ„‹ÎÂÚ ÂflÌ·È ÔÈ ÏÂÙ·‚ÔÎ›Ú ÛÙÁ ˜ÒfiÛÁ ÙÔı ÛıÛÙfiÏ·ÙÔÚ.

« ‰Â˝ÙÂÒÁ ‚·ÛflÊÂÙ·È ÛÂ Ïfl· „Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰Ô ÔÏ·‰ÔÔflÁÛÁÚ Ù˝Ôı ÔÏ·‰ÈÍfiÚ

ÂÂÓÂÒ„·Ûfl·Ú (batch processing), Á ÔÔfl· ÏÂÙ·‚ÎfiËÁÍÂ Í·Ù·ÎÎfiÎ˘Ú ÛÙÁÌ ÂÒ„·Ûfl· ·ıÙfi, ÒÔ-
ÍÂÈÏ›ÌÔı Ì· ÏÔÒÂfl Ì· ÂÈÙÂÎ›ÛÂÈ ÔÏ·‰ÔÔflÁÛÁ ``ÂÌ ÙfiÛÂÈ''. ”ÙÈÚ ÏÂÙ·‚ÔÎ›Ú Í·È ÒÔÛËfiÍÂÚ
Ôı ›„ÈÌ·Ì ÛÙÁÌ ·Ò˜ÈÍfi Ï›ËÔ‰Ô, ›„ÈÌÂ ÒÔÛ‹ËÂÈ· Ì· ‚ÒÂËÔ˝Ì ÙÒ¸ÔÈ ·Ì·ÒÔÛ·ÒÏÔ„fiÚ Ù˘Ì
ÔÏ‹‰˘Ì Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì ÏÂ ÙÔ ÏÈÍÒ¸ÙÂÒÔ ‰ıÌ·Ù¸Ì Í¸ÛÙÔÚ, Í‹ÌÔÌÙ·Ú ÙÔÈÍ›Ú ·ÎÎ·„›Ú Ï¸ÌÔ
ÛÙÁÌ ÂÍ‹ÛÙÔÙÂ ·Ì··Ò‹ÛÙ·ÛÁ ÙÁÚ ÂÈÍ¸Ì·Ú ÙÔı ÛıÛÙfiÏ·ÙÔÚ. ∏ÙÛÈ, Á ÙÂÎÈÍfi Ï›ËÔ‰ÔÚ ‰È·ˆ›ÒÂÈ
·¸ ÙÁÌ ·Ò˜ÈÍfi, ÙÁÌ ÔÔfl· Í·È ˜ÒÁÛÈÏÔÔÈÂfl Î›ÔÌ Ï¸ÌÔÌ Í·Ù‹ ÙÁÌ ·Ò˜ÈÍÔÔflÁÛfi ÙÁÚ.

√È· ÙÁ ‰È·flÛÙ˘ÛÁ Ù˘Ì ‰ıÌ·ÙÔÙfiÙ˘Ì Ù˘Ì ÒÔ·Ì·ˆÂÒË›ÌÙ˘Ì ÏÂË¸‰˘Ì, Í·Ë˛Ú Í·È Ù˘Ì
ÂÒÈÔÒÈÛÏ˛Ì ÙÔıÚ, ›„ÈÌ·Ì Ïfl· ÛÂÈÒ‹ ·¸ ÂÈÒ‹Ï·Ù·, Ù¸ÛÔ ÏÂ ÙÂ˜ÌÁÙ˛Ú Í·Ù·ÛÍÂı·ÛÏ›Ì·
‰Â‰ÔÏ›Ì·, ¸ÛÔ Í·È ÏÂ ‰˝Ô Ò·„Ï·ÙÈÍ‹ fl˜ÌÁ (traces) Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì Ôı ÂÏˆ·ÌflÛÙÁÍ·Ì
Í·Ù‹ ÙÁ ˜ÒfiÛÁ ‰˝Ô ÛıÛÙÁÏ‹Ù˘Ì ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì, Ù· ÔÔfl· ·Ò·Û˜›ËÁÛ·Ì ·¸
ÙÁÌ Siemens Nixdorf Informationssysteme AG [SNI].

« ‰È‹ÒËÒ˘ÛÁ ÙÁÚ ÂÒ„·Ûfl·Ú ›˜ÂÈ ˘Ú ÂÓfiÚ: ÛÙÔ ÍÂˆ‹Î·ÈÔ 2 ·Ò·ÙflËÂÌÙ·È ÔÒÈÛÏ›Ì· ‚·ÛÈÍ‹
ÛÙÔÈ˜Âfl· Ù˘Ì ÙÂ˜ÌÁÙ˛Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì, ÒÔÍÂÈÏ›ÌÔı Ì· ·ÔÍÙfiÛÂÈ Ô ·Ì·„Ì˛ÛÙÁÚ
Ïfl· È‰›· ÙÔı ˜˛ÒÔı ·ıÙÔ˝, Ôı Ë· ÙÔı ÂÈÙÒ›¯ÂÈ Ì· ·Ò·ÍÔÎÔıËfiÛÂÈ ÈÔ Â˝ÍÔÎ· ÙÁÌ
·Ì‹ÙıÓÁ ÙÔı ‰ıÌ·ÏÈÍ˛Ú ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS ·Î„¸ÒÈËÏÔı Ôı ·Ò·ÙflËÂÙ·È ÛÙÔ
ÍÂˆ‹Î·ÈÔ 3. ”ÙÔ ÍÂˆ‹Î·ÈÔ 4 ·ÒÔıÛÈ‹ÊÂÙ·È Á „Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ
ÙfiÛÂÈ'' Í·È ÛÙÔ ÍÂˆ‹Î·ÈÔ 5 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ·Ò˜ÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì
Ôı ›„ÈÌ·Ì Í·Ù‹ ÙÁÌ ·Ì‹ÙıÓÁ Ù˘Ì ÏÂË¸‰˘Ì ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ''. ‘›ÎÔÚ, ÛÙÔ
ÍÂˆ‹Î·ÈÔ 6 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÙÂÎÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ ÙÔ
CLUE.



œ‰Á„flÂÚ „È· ÙÁ ˜ÒfiÛÁ ÙÔı CLUE ·Ò·ÙflËÂÌÙ·È ÛÙÔ ·Ò‹ÒÙÁÏ· √, ÂÌ˛ ÛÙÔ ·Ò‹ÒÙÁÏ· ”‘
‰flÌÂÙ·È Ïfl· ÎfiÒÁÚ ÂÒÈ„Ò·ˆfi Ù˘Ì ÙÂÎÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì, ˛ÛÙÂ Ì· ÂflÌ·È ‰ıÌ·Ùfi
Á Â·Ì‹ÎÁ¯fi ÙÔıÚ.





 Âˆ‹Î·ÈÔ 2

”ÙÔÈ˜Âfl· ‘Â˜ÌÁÙ˛Ì ÕÂıÒ˘ÌÈÍ˛Ì ƒÈÍÙ˝˘Ì

‘· ÙÂÎÂıÙ·fl· ˜Ò¸ÌÈ· ›˜ÂÈ Ûı„ÍÂÌÙÒ˘ËÂfl ÏÂ„‹ÎÔ ÂÒÂıÌÁÙÈÍ¸ ÂÌ‰È·ˆ›ÒÔÌ ÛÙÔÌ ÙÔÏ›· Ù˘Ì
ÙÂ˜ÌÁÙ˛Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì. ‘Ô ÂÌ‰È·ˆ›ÒÔÌ ·ıÙ¸ Á„‹ÊÂÈ ÏÂÒÈÍ˛Ú ·¸ ÙÁÌ ÂÈËı-
Ïfl· Ì· Í·Ù·ÛÍÂı·ÛËÔ˝Ì ıÔÎÔ„ÈÛÙÈÍ‹ ÛıÛÙfiÏ·Ù· ÏÂ ÈÍ·Ì¸ÙÁÙÂÚ ·Ò¸ÏÔÈÂÚ ÏÂ ·ıÙ›Ú ÙÔı
·ÌËÒ˛ÈÌÔı Â„ÍÂˆ‹ÎÔı.

œ ·ÌËÒ˛ÈÌÔÚ Â„Í›ˆ·ÎÔÚ ÎÂÈÙÔıÒ„Âfl ÂÌÙÂÎ˛Ú ‰È·ˆÔÒÂÙÈÍ‹ ·¸ ›Ì· ÛıÏ‚·ÙÈÍ¸ ÁÎÂÍÙÒÔ-
ÌÈÍ¸ ıÔÎÔ„ÈÛÙfi. ƒ˝Ì·Ù·È ¸Ï˘Ú Ì· ÂÈÙÂÎ›ÛÂÈ ÎÂÈÙÔıÒ„flÂÚ, ¸˘Ú Á ·Ì·„Ì˛ÒÈÛÁ ˆ˘ÌfiÚ fi Á
¸Ò·ÛÁ, ÔÎ˝ ÈÔ Â˝ÍÔÎ· Í·È ÈÔ ·Ô‰ÔÙÈÍ‹ ·¸ ÔÔÈÔÌ‰fiÔÙÂ Û˝„˜ÒÔÌÔ ıÔÎÔ„ÈÛÙfi. ¡ıÙ¸
ÂflÌ·È ‹ÏÂÛÁ ÛıÌ›ÂÈ· ÙÔı ‰È·ˆÔÒÂÙÈÍÔ˝ ÙÒ¸Ôı ÎÂÈÙÔıÒ„fl·Ú ÙÔı, Í·Ë˛Ú, ·ÌÙÈË›Ù˘Ú ÏÂ ÙÔıÚ
ıÔÎÔ„ÈÛÙ›Ú Ôı ÛÙÁ „ÂÌÈÍfi ÂÒflÙ˘ÛÁ ÛÙÁÒflÊÔÌÙ·È ÛÙÔ ÛÂÈÒÈ·Í¸ ÏÔÌÙ›ÎÔ ÎÂÈÙÔıÒ„fl·Ú Ôı
Âfl˜Â ÔÒflÛÂÈ Ô Ò˘ÙÂÒ„‹ÙÁÚ ÙÁÚ ÎÁÒÔˆÔÒÈÍfiÚ John Von Neumann, Ô Â„Í›ˆ·ÎÔÚ ÛÙÁÒflÊÂÙ·È
ÛÙÁÌ ·Ò‹ÎÎÁÎÁ ÎÂÈÙÔıÒ„fl· Í·È ·ÎÎÁÎÂfl‰Ò·ÛÁ ÂÌ¸Ú ÙÂÒ‹ÛÙÈÔı ·ÒÈËÏÔ˝ ·¸ ·Î›Ú ıÔÎÔ-
„ÈÛÙÈÍ›Ú ÏÔÌ‹‰ÂÚ, ÙÔıÚ ÌÂıÒ˛ÌÂÚ. ƒÁÎ·‰fi, ›˜ÂÈ ÙÁ ‰ıÌ·Ù¸ÙÁÙ· Ì· ‰È·Û‹ ›Ì· ÏÂ„‹ÎÔ Í·È
‰˝ÛÍÔÎÔ Ò¸‚ÎÁÏ·, ¸˘Ú Á ·Ì·„Ì˛ÒÈÛÁ ÂÌ¸Ú ÒÔÛ˛Ôı ÛÂ ›Ì· ‹„Ì˘ÛÙÔ ÂÒÈ‚‹ÎÎÔÌ, ÛÂ
ÔÎ˝ ÏÈÍÒ¸ÙÂÒ· ÍÔÏÏ‹ÙÈ· Ù· ÔÔfl· Ù· ÂÂÓÂÒ„‹ÊÔÌÙ·È Ù·ıÙÔ˜Ò¸Ì˘Ú ÏıÒÈ‹‰ÂÚ ÌÂıÒ˛Ì˘Ì.

« ÒÔÛ‹ËÂÈ· Ôı ›˜ÂÈ „flÌÂÈ Ï›˜ÒÈ ÛÙÈ„ÏfiÚ, ›˜ÂÈ Ô‰Á„fiÛÂÈ ÛÂ ›Ì· ·ÒÍÂÙ‹ Í·Î¸ ÂflÂ‰Ô
„Ì˛ÛÁÚ ÙÔı ·ÍÒÈ‚Ô˝Ú ÙÒ¸Ôı ÎÂÈÙÔıÒ„fl·Ú ÙÔı Â„ÍÂˆ‹ÎÔı Í·Ë˛Ú Í·È ÙÁ ‰ÁÏÈÔıÒ„fl· Ïfl·Ú
ÎÁË˛Ò·Ú ÏÔÌÙ›Î˘Ì, Ù¸ÛÔ Ù˘Ì ÌÂıÒ˛Ì˘Ì ¸ÛÔ Í·È Ù˘Ì ·Î„¸ÒÈËÏ˘Ì Ôı ˜ÒÁÛÈÏÔÔÈÔ˝Ì
·ıÙÔfl „È· ÙÁÌ ÂÂÓÂÒ„·Ûfl· ÙÁÚ ÎÁÒÔˆÔÒfl·Ú. ∏˜ÔıÌ, ‰Â, ÒÔÙ·ËÂfl Í·È ‰È‹ˆÔÒÔÈ ·Î„¸ÒÈËÏÔÈ
ÂÍÏ‹ËÁÛÁÚ Í·È ÂÂÓÂÒ„·Ûfl·Ú ÙÁÚ ÎÁÒÔˆÔÒfl·Ú Ôı ·Ò¸ÎÔ Ôı ‰ÂÌ ‚ÒflÛÍÔıÌ ·ÂıËÂfl·Ú
ˆıÛÈÍ¸ ·Ì‹ÎÔ„Ô, ÂÌ ÙÔ˝ÙÔÈÚ ‚·ÛflÊÔÌÙ·È ÛÙÈÚ fl‰ÈÂÚ ‚·ÛÈÍ›Ú ·Ò˜›Ú ÙÔı ÏÂ„‹ÎÔı ‚·ËÏÔ˝
·Ò·ÎÎÁÎÈÛÏÔ˝ Í·È ÙÁÚ ˜ÒfiÛÁÚ ÔÎ˝ ·Î˛Ì ‚·ÛÈÍ˛Ì ıÔÎÔ„ÈÛÙÈÍ˛Ì ÏÔÌ‹‰˘Ì.

”ÙÁ ÛıÌ›˜ÂÈ· ÙÔı ÍÂˆ·Î·flÔı ·ıÙÔ˝ Ò¸ÍÂÈÙ·È Ì· ‰ÔËÂfl Ïfl· ÂÒÈÎÁÙÈÍfi ÂÒÈ„Ò·ˆfi ÙÔı
ÌÂıÒ˛Ì·, ÙÔı ÍıÒfl·Ò˜Ôı Ï·ËÁÏ·ÙÈÍÔ˝ ÏÔÌÙ›ÎÔı ·ıÙÔ˝ Í·È Ù˘Ì ‚·ÛÈÍ˛Ì ·Ò˜ÈÙÂÍÙÔÌÈÍ˛Ì Í·È
·Î„¸ÒÈËÏ˘Ì ÂÍÏ‹ËÁÛÁÚ Ôı ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È ÛÙ· ÙÂ˜ÌÁÙ‹ ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı·, Í·Ë˛Ú Í·È
Ïfl· Û˝ÌÙÔÏÁ ÂÒÈ„Ò·ˆfi ÙÔı ·ıÙÔ-ÔÒ„·Ì˘Ì¸ÏÂÌÔı ˜‹ÒÙÁ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì.

–ÔÎ˝ ÂÒÈÛÛ¸ÙÂÒÂÚ ÎÁÒÔˆÔÒflÂÚ „È· Ù· ÙÂ˜ÌÁÙ‹ ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı· ı‹Ò˜ÔıÌ ÛÙÔ [Hay94],
ÙÔ [HKP91], ÙÔ [CB92], Í·Ë˛Ú Í·È ÙÔ [JM96]. ”Ù· [MJ95], [MMJ94], [JZ96], [Dui96] ·Ì·ˆ›-
ÒÔÌÙ·È Ï›ËÔ‰ÔÈ ÔÏ·‰ÔÔflÁÛÁÚ Í·È ·Ì·Í‹Îı¯ÁÚ ÛÁÏ·ÌÙÈÍ˛Ì ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì
ÏÂ ˜ÒfiÛÁ ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì. ‘Ô [ZMIR94] ÂÒÈ›˜ÂÈ ÏÂÒÈÍ›Ú ·ÒÍÂÙ‹ ÂÌ‰È·ˆ›ÒÔıÛÂÚ ÂÒ„·-
ÛflÂÚ, ¸˘Ú Á [JM94], ‹Ì˘ ÛÙÁ ˜ÒfiÛÁ ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì „È· ÔÏ·‰ÔÔflÁÛÁ - ·Ì·„Ì˛ÒÈÛÁ
‰Â‰ÔÏ›Ì˘Ì. ≈flÛÁÚ, ÙÔ [MR90] ÂÓÂÙ‹ÊÂÈ Ù· ÌÂıÒ˘ÌÈÍ‹ ÛıÛÙfiÏ·Ù· ·¸ ÙÁÌ ‹Ô¯Á ÙÁÚ ÛÙ·-
ÙÈÛÙÈÍfiÚ ˆıÛÈÍfiÚ, ÂÌ˛ ÛÙÔ [RM86a] ·ÒÔıÛÈ‹ÊÂÙ·È Á Ò˘ÙÔÔÒÈ·Ífi ‰ÔıÎÂÈ‹ Ù˘Ì Rumelhart,
McClelland Í·È ÙÔı Parallel Distributed Processing (PDP) Research Group ÛÙÈÚ ·Ò˜ÈÙÂÍÙÔÌÈÍ›Ú
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Ù˘Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì Í·È ÛÙÔıÚ ·Î„¸ÒÈËÏÔıÚ ÂÍÏ‹ËÁÛÁÚ, ÂÌ˛ ÛÙÔ [RM86b] ÔÈ fl‰ÈÔÈ
·ÒÔıÛÈ‹ÊÔıÌ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÁÚ ›ÒÂıÌ‹Ú ÙÔıÚ ‹Ì˘ ÛÙ· ÏÔÌÙ›Î· ÙÁÚ ¯ı˜ÔÎÔ„fl·Ú Í·È
ÙÁÚ ‚ÈÔÎÔ„fl·Ú „È· ÙÔÌ ÙÒ¸Ô ÎÂÈÙÔıÒ„fl·Ú ÙÔı Â„ÍÂˆ‹ÎÔı.

‘›ÎÔÚ, ÛÙÔ [Lau92] ÂÒÈ›˜ÔÌÙ·È ÏÂÒÈÍ›Ú ·¸ ÙÈÚ Î›ÔÌ ÛÁÏ·ÌÙÈÍ›Ú ÂÒ„·ÛflÂÚ Ôı ›˜ÔıÌ
‰ÁÏÔÛÈÂıËÂfl Û˜ÂÙÈÍ˛Ú, ¸˘Ú Ïfl· ·ÒÔıÛfl·ÛÁ ÙÔı ·Î„¸ÒÈËÏÔı ÂÍÏ‹ËÁÛÁÚ ÏÂ ÔflÛËÈ· ÏÂÙ‹-

‰ÔÛÁ Ûˆ‹ÎÏ·ÙÔÚ (back-propagation) [Wer90], Ù· ·ÌÙ·„˘ÌÈÛÙÈÍÔ˝ Ù˝Ôı ‰flÍÙı· [CG87], Ù·
Perceptrons [WL90], ÙÔÌ ·ıÙÔ-ÔÒ„·Ì˘Ì¸ÏÂÌÔ ˜‹ÒÙÁ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì [Koh90] Í·È Ù· ‰flÍÙı·
Ù˝Ôı Hopfield [Hop82].

2.1 œ ÕÂıÒ˛Ì·Ú

ÃÂ ÙÁÌ Ò˘ÙÔÔÒÈ·Ífi ‰ÔıÎÂÈ‹ ÙÔı Ram	on y Caj	al [RyC11], ·Ô‰Âfl˜ËÁÍÂ ¸ÙÈ Ô ·ÌËÒ˛ÈÌÔÚ
Â„Í›ˆ·ÎÔÚ ·ÔÙÂÎÂflÙ·È ·¸ ›Ì·Ì ÙÂÒ‹ÛÙÈÔ ·ÒÈËÏ¸ (ÙÔıÎ‹˜ÈÛÙÔÌ ÙÒÈ‹ÌÙ· ‰ÈÛÂÍ·ÙÔÏÏ˝ÒÈ·)
ÂÈ‰ÈÍ˛Ì ÍıÙÙ‹Ò˘Ì, Ôı Í·ÎÔ˝ÌÙ·È ÌÂıÒ˛ÌÂÚ (neurons) fi ·ÎÎÈ˛Ú ÌÂıÒÈÍ‹ Í˝ÙÙ·Ò·. Ãfl·
Û˜ÁÏ·ÙÈÍfi ·Ò‹ÛÙ·ÛÁ ÙÔı ÌÂıÒ˛Ì· ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 2.1. ”Â ·ıÙ¸ ·Ò·ÙÁÒÔ˝ÏÂ ¸ÙÈ Ô
ÌÂıÒ˛Ì·Ú ˜˘ÒflÊÂÙ·È ÛÂ Ù›ÛÛÂÒ· ‚·ÛÈÍ‹ ÙÏfiÏ·Ù·:
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”˜fiÏ· 2.1: ◊ÔÌ‰ÒÈÍfi ·Ì··Ò‹ÛÙ·ÛÁ ÂÌ¸Ú ÌÂıÒ˛Ì·

1. ‘ÔıÚ ‰ÂÌ‰ÒflÙÂÚ (dendrites), ‰È·ÍÎ·‰ÈÛÏ›ÌÂÚ ·Ôˆ˝ÛÂÈÚ Ù˘Ì ÌÂıÒ˛Ì˘Ì. ¬ÒflÛÍÔÌÙ·È
ÛÂ Â·ˆfi Ï›Û˘ Ù˘Ì ÛıÌ‹¯Â˘Ì (synapses) ÏÂ ÙÈÚ ·ÔÎfiÓÂÈÚ ‰È·ˆ¸Ò˘Ì ÌÂıÒ·Ó¸Ì˘Ì

(axons) Ôı ÒÔ›Ò˜ÔÌÙ·È ·¸ „ÂÈÙÔÌÈÍÔ˝Ú fi ·ÔÏ·ÍÒıÛÏ›ÌÔıÚ ÌÂıÒ˛ÌÂÚ. œÈ ‰ÂÌ‰ÒflÙÂÚ
ÛıÎÎ›„ÔıÌ Ù· ÛfiÏ·Ù· Ôı ÂÍ›ÏÔÌÙ·È ·¸ ÙÈÚ ÌÂıÒ·ÓÔÌÈÍ›Ú ·ÔÎfiÓÂÈÚ Í·È Ù·
ÏÂÙ·‰fl‰ÔıÌ ÛÙÔ ·ÌÙflÛÙÔÈ˜Ô ÍıÙÙ·ÒÈÍ¸ Û˛Ï· ÙÔı ÌÂıÒ˛Ì· ÛÙÔÌ ÔÔflÔ ·ÌfiÍÔıÌ.

2. ‘Ô Û˛Ï· (soma) ÙÔı ÌÂıÒ˛Ì·, ‰ÁÎ·‰fi ÙÔ ÍıÙÙ·Ò¸Û˘Ï‹ ÙÔı. –ÂÒÈ›˜ÂÈ ÙÔÌ ıÒfiÌ·

(nucleus) Í·È ‹ÎÎ· ÔÒ„·Ìfl‰È·, Ôı ÂÂÏ‚·flÌÔıÌ ÛÙÈÚ ‰È‹ˆÔÒÂÚ ˜ÁÏÈÍ›Ú ÛıÌË›ÛÂÈÚ.



3. ‘ÔÌ ÌÂıÒ‹ÓÔÌ· (axon), ÏÔÌ·‰ÈÍfi ÌÁÏ·ÙÔÂÈ‰fiÚ ÒÔ›ÍÙ·ÛÁ ÙÔı ÌÂıÒ˛Ì· ÛÂ ·ÌÙflËÂÛÁ
ÏÂ ÙÈÚ ‰ÂÌ‰ÒÈÙÈÍ›Ú ·Ôˆı‹‰ÂÚ Ôı ÂflÌ·È ÔÎÎ·Î›Ú Í·È ‰È·ÍÎ·‰ÈÛÏ›ÌÂÚ. œÈ ÌÂıÒÈÍ›Ú

˛ÛÂÈÚ (impulsion fi influx nerveux) ÙÔı ÍıÙÙ·ÒÔÛ˛Ï·ÙÔÚ ÙÔı ÌÂıÒ˛Ì· ÍıÍÎÔˆÔÒÔ˝Ì
ÛÙÔ ÌÂıÒ‹ÓÔÌ·, ‰ÈÂıËıÌ¸ÏÂÌÂÚ ÒÔÚ ÙÁÌ ·¸ÎÁÓfi ÙÔı. œÈ ÌÂıÒ‹ÓÔÌÂÚ Í·Ù·Îfi„ÔıÌ ÛÙÁÌ
ÒÔÛıÌ·ÙÈÍfi ÏÂÏ‚Ò‹ÌÁ Ôı ÛıÏÏÂÙ›˜ÂÈ ÛÙÔ Û˜ÁÏ·ÙÈÛÏ¸ ÙÁÚ Û˝Ì·¯ÁÚ.

4. ‘ÈÚ ÛıÌ‹¯ÂÈÚ Í·È ÙÔ ÛıÌ·ÙÈÍ¸ ˜‹ÛÏ· (synaptic gap). œÈ ÛıÌ‹¯ÂÈÚ ÂflÌ·È ÔÒ„·Ìfl‰È·
¸Ôı ‰È·ÒËÒ˛ÌÂÙ·È Á ·¸ÎÁÓÁ ÙÔı ÌÂıÒ‹ÓÔÌ· ÂÌ¸Ú ÌÂıÒ˛Ì· ÏÂ ›Ì· ‰ÂÌ‰ÒflÙÁ ‹ÎÎÔı
ÌÂıÒ˛Ì·, fi Á ·¸ÎÁÓÁ ÂÌ¸Ú ÌÂıÒ‹ÓÔÌ· ÏÂ ÙÁ ÏÂÏ‚Ò‹ÌÁ ÂÌ¸Ú ‹ÎÎÔı ÍıÙÙ‹ÒÔı (ÏıÈÍÔ˝
- ÌÂıÒÔÏıÈÍfi ‰È‹ÒËÒ˘ÛÁ - fi ·‰ÂÌÈÍÔ˝ ÍıÙÙ‹ÒÔı). ”ÙÁ Û˝Ì·¯Á Ò·„Ï·ÙÔÔÈÂflÙ·È Á
ÏÂÙ·‚fl‚·ÛÁ ÂflÙÂ ÙÁÚ ÌÂıÒÈÍfiÚ ˛ÛÁÚ ·¸ ÌÂıÒ˛Ì· ÛÂ ÌÂıÒ˛Ì· (ÁÎÂÍÙÒÈÍfi Û˝Ì·¯Á fi
›ˆ·¯Á), ÂflÙÂ ÙÔı ÌÂıÒÔÏÂÙ·‚È‚·ÛÙfi (˜ÁÏÈÍ›Ú ÛıÌ‹¯ÂÈÚ). ”ÙÈÚ ÛıÌ‹¯ÂÈÚ ‰È·ÍÒflÌÔıÏÂ ÙÁÌ
ÒÔÛıÌ·ÙÈÍfi Í·È ÙÁ ÏÂÙ·ÛıÌ·ÙÈÍfi ÏÂÏ‚Ò‹ÌÁ, Ôı ˜˘ÒflÊÔÌÙ·È ÏÂ Ïfl· ÔÎ˝ ÎÂÙfi
Û˜ÈÛÏfi, ÙÔ ÛıÌ·ÙÈÍ¸ ˜‹ÛÏ·.

œÈ ÌÂıÒÈÍ›Ú ˛ÛÂÈÚ Ôı ·Ì·ˆ›ÒËÁÛ·Ì ÛÙ· ·Ì˘Ù›Ò˘ ÂflÌ·È ÁÎÂÍÙÒÈÍ‹ ÛfiÏ·Ù· Ôı ·Ò‹-
„ÔÌÙ·È ÛÙÔ ÌÂıÒÈÍ¸ Í˝ÙÙ·ÒÔ Í·È ‰È·‰fl‰ÔÌÙ·È ÛÙÔ ÌÂıÒ‹ÓÔÌ‹ ÙÔı. —È›Ú ˛ÛÂ˘Ì (rafales)
·Ò‹„ÔÌÙ·È ÛÙ· ÌÂıÒÈÍ‹ Í˝ÙÙ·Ò· ÙÔı ˆÎÔÈÔ˝ ÙÔı Â„ÍÂˆ‹ÎÔı ÛÂ ·‹ÌÙÁÛÁ ÂÒÈˆÂÒÂÈ·ÍÔ˝
ÂÒÂËflÛÏ·ÙÔÚ Í·È ÏÔÒÔ˝Ì Ì· Í·Ù·„Ò·ˆÔ˝Ì ÏÂ ›Ì· ÏÈÍÒÔÁÎÂÍÙÒ¸‰ÈÔ.

¡ÓflÊÂÈ Â‰˛ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ ‰ÂÌ ÂÈÍÔÈÌ˘ÌÔ˝Ì ¸ÎÔÈ ÔÈ ÌÂıÒ˛ÌÂÚ ÏÂ ÙÁ ˜ÒfiÛÁ ÁÎÂÍÙÒÈ-
Í˛Ì ÛÁÏ‹Ù˘Ì, ·ÎÎ‹ ÔÒÈÛÏ›ÌÔÈ ˜ÒÁÛÈÏÔÔÈÔ˝Ì ÙÔıÚ ÌÂıÒÔÏÂÙ·‚È‚·ÛÙ›Ú fi ÌÂıÒÔ‰È·‚È‚·ÛÙ›Ú

(neurotransmitters). œÈ ÌÂıÒÔÏÂÙ·‚È‚·ÛÙ›Ú ÂflÌ·È ˜ÁÏÈÍ›Ú ÔıÛflÂÚ Ôı ·Ò‹„ÔÌÙ·È ÛÙÔıÚ ÌÂı-
Ò˛ÌÂÚ Í·È ÂÎÂıËÂÒ˛ÌÔÌÙ·È ÛÙÈÚ ·ÔÎfiÓÂÈÚ Ù˘Ì ÌÂıÒ·Ó¸Ì˘Ì, ÒÔÍÂÈÏ›ÌÔı Ì· Â›Ï‚ÔıÌ ÛÙÁÌ
ÏÂÙ·‚fl‚·ÛÁ ÙÔı ÌÂıÒÈÍÔ˝ ÛfiÏ·ÙÔÚ ÛÙÔ ÂflÂ‰Ô Ù˘Ì ÛıÌ‹¯Â˘Ì Ôı ÎÂÈÙÔıÒ„Ô˝Ì ÏÂ ˜ÁÏÈÍfi
‰È·‰ÈÍ·Ûfl·. ∏˜ÔıÌ ·ÔÏÔÌ˘ËÂfl ‰ÂÍ‹‰ÂÚ ÌÂıÒÔÏÂÙ·‚È‚·ÛÙ›Ú Ôı ‰ÒÔıÌ ÛÙÔ ÌÂıÒÈÍ¸ Û˝ÛÙÁÏ·
Í·È ÛÙÔÌ Â„Í›ˆ·ÎÔ, .˜. Á ·ÍÂÙıÎÔ˜ÔÎflÌÁ, ‰È‹ˆÔÒÂÚ Í·ÙÂ˜ÔÎ·ÏflÌÂÚ (ÌÙÔ·ÏflÌÁ, ÌÔÒ·‰ÒÂÎflÌÁ),
Á ÛÂÒÔÙÔÌflÌÁ Í·È ‰È‹ˆÔÒ· ÌÂıÒÔÂÙfl‰È·. 1

¬Î›ÔıÏÂ ÂÔÏ›Ì˘Ú ¸ÙÈ Ô ÌÂıÒ‹ÓÔÌ·Ú ÂÌ¸Ú ÌÂıÒ˛Ì· ÛıÌ‰›ÂÙ·È Ï›Û˘ Ù˘Ì ÛıÌ‹¯Â˘Ì
ÏÂ ÙÔıÚ ‰ÂÌ‰ÒflÙÂÚ ‹ÎÎ˘Ì ÌÂıÒ˛Ì˘Ì.  ·Ù‹ ·ıÙ¸Ì ÙÔÌ ÙÒ¸Ô ÂÈÙı„˜‹ÌÂÙ·È Á ÂÈÍÔÈÌ˘Ìfl·
ÏÂÙ·Ó˝ ÙÔıÚ, ·ˆÔ˝ ÌÂıÒÈÍ›Ú ˛ÛÂÈÚ Ôı ·Ò‹„ÔÌÙ·È ÛÙÔÌ ıÒfiÌ· ÏÂÙ·ˆ›ÒÔÌÙ·È, Ï›Û˘ ÙÔı
ÌÂıÒ‹ÓÔÌ·, ÛÙÈÚ ÛıÌ‹¯ÂÈÚ Í·È ·ÍÔÎÔ˝Ë˘Ú ÛÙÔıÚ ‰ÂÌ‰ÒflÙÂÚ ‹ÎÎ˘Ì ÌÂıÒ˛Ì˘Ì ¸Ôı ÏÂ ÙÁ
ÛÂÈÒ‹ ÙÔıÚ ÒÔÍ·ÎÔ˝Ì ‹ÎÎÂÚ ÌÂıÒÈÍ›Ú ˛ÛÂÈÚ.

–ÔÎ˝ ÂÒÈÛÛ¸ÙÂÒÂÚ ÎÁÒÔˆÔÒflÂÚ, Ù¸ÛÔ „È· ÙÁ ˆıÛÈÔÎÔ„fl·, ¸ÛÔ Í·È „È· ÙÔÌ ÙÒ¸Ô
ÎÂÈÙÔıÒ„fl·Ú ÙÔı ·ÌËÒ˛ÈÌÔı Â„ÍÂˆ‹ÎÔı ÂÒÈ›˜ÔÌÙ·È ÛÙÔ [Cha83].

2.2 Ã·ËÁÏ·ÙÈÍ¸ ÃÔÌÙ›ÎÔ ÙÔı ÕÂıÒ˛Ì·

‘Ô Ï·ËÁÏ·ÙÈÍ¸ ÏÔÌÙ›ÎÔ ÙÔı ÌÂıÒ˛Ì· ÏÔÒÂfl Ì· ·Ò·ÛÙ·ËÂfl Û˜ÁÏ·ÙÈÍ‹ ¸˘Ú ˆ·flÌÂÙ·È ÛÙÔ
Û˜fiÏ· 2.2. ”Â ·ıÙ¸ ‰È·ÍÒflÌÔÌÙ·È ÙÒfl· ‚·ÛÈÍ‹ ÙÏfiÏ·Ù· ÙÔı ÏÔÌÙ›ÎÔı, ÛÂ ·ÌÙÈÛÙÔÈ˜fl· ÏÂ
·ıÙ‹ ÙÔı Ò·„Ï·ÙÈÍÔ˝ ÌÂıÒ˛Ì·:

1. œÈ ÛıÌ‹¯ÂÈÚ, Í‹ËÂ Ïfl· ÂÍ Ù˘Ì ÔÔfl˘Ì ˜·Ò·ÍÙÁÒflÊÂÙ·È ·¸ ›Ì· ‚‹ÒÔÚ. ”ı„ÍÂÍÒÈÏ›Ì·,
ÙÔ ÛfiÏ· xj , ÛÙÁÌ ÂflÛÔ‰Ô ÙÁÚ Û˝Ì·¯ÁÚ j ÙÔı ÌÂıÒ˛Ì· k, ÔÎÎ·Î·ÛÈ‹ÊÂÙ·È ÏÂ ÙÔ
ÛıÌ·ÙÈÍ¸ ‚‹ÒÔÚ wkj . ¡ÓflÊÂÈ Â‰˛ Ì· ÛÁÏÂÈ˘ËÂfl Ô ÙÒ¸ÔÚ ÏÂ ÙÔÌ ÔÔflÔ ÛÁÏÂÈ˛ÌÔÌÙ·È

1≈Ì‰È·ˆ›ÒÔÌ ÂflÌ·È ¸ÙÈ ÙÔ ÍÔıÒ‹ÒÈÔ, Âfl‰ÔÚ ‰ÁÎÁÙÁÒflÔı Ôı ·Ò·ÛÍÂ˝·Ê·Ì ÔÒÈÛÏ›ÌÂÚ ˆıÎ›Ú …Ì‰È‹Ì˘Ì ÙÁÚ
ÕÔÙflÔı ¡ÏÂÒÈÍfiÚ ·¸ ‰È‹ˆÔÒ· ÙÒÔÈÍ‹ ˆıÙ‹ Í·È ˜ÒÁÛÈÏÔÔÈÔ˝Û·Ì ÛÙ· ‚›ÎÁ ÙÔıÚ, ›˜ÂÈ ˘Ú ÛÙ¸˜Ô ÙÔı ÙÈÚ
ÏÂÙ·ÛıÌ·ÙÈÍ›Ú ÏÂÏ‚Ò‹ÌÂÚ Ù˘Ì ÌÂıÒÔÏıÈÍ˛Ì ÛıÌ‹¯Â˘Ì, ¸Ôı ÂÌÙÔflÊÂÙ·È Ô ıÔ‰Ô˜›·Ú ÙÁÚ ·ÍÂÙıÎÔ˜ÔÎflÌÁÚ.
‘Ô ÍÔıÒ‹ÒÈÔ ÒÔÛÍÔÎÎ‹Ù·È ÛÙÔÌ ıÔ‰Ô˜›· Í·È ·flÒÌÔÌÙ·Ú ÙÁ Ë›ÛÁ ÙÔı ÌÂıÒÔÏÂÙ·‚È‚·ÛÙfi ·ıÙÔ˝ ÂÏÔ‰flÊÂÈ ÙÁ
‰È·‚fl‚·ÛÁ ÙÁÚ ÌÂıÒÈÍfiÚ ˛ÛÁÚ ÛÙÔ ÏıÌ ·Ò·Î˝ÔÌÙ·Ú ›ÙÛÈ ÙÔ Ë˝Ï·.
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”˜fiÏ· 2.2: Ã·ËÁÏ·ÙÈÍ¸ ÏÔÌÙ›ÎÔ ÂÌ¸Ú ÌÂıÒ˛Ì·

ÔÈ ‰ÂflÍÙÂÚ ÛÙÔ ‚‹ÒÔÚ wkj . œ Ò˛ÙÔÚ ‰ÂflÍÙÁÚ ·Ì·ˆ›ÒÂÙ·È ÛÙÔÌ Ûı„ÍÂÍÒÈÏ›ÌÔ ÌÂıÒ˛Ì·
Í·È Ô ‰Â˝ÙÂÒÔÚ ÛÙÁ Û˝Ì·¯Á „È· ÙÁÚ ÔÔfl·Ú ÙÔ ‚‹ÒÔÚ ÏÈÎ‹ÏÂ. ‘Ô ‚‹ÒÔÚ wkj ÂflÌ·È
ËÂÙÈÍ¸ ·Ì Á ·ÌÙflÛÙÔÈ˜Á Û˝Ì·¯Á ÂflÌ·È ÂÌÈÛ˜ıÙÈÍfi (excitatory) Í·È ·ÒÌÁÙÈÍ¸ ·Ì ÂflÌ·È
·ÔÙÒÂÙÈÍfi (inhibitory).

2. ∏Ì·Ú ·ËÒÔÈÛÙfiÚ, Ôı ÒÔÛË›ÙÂÈ ¸Î· Ù· ‚Â‚·ÒÁÏ›Ì· ÛfiÏ·Ù· ÂÈÛ¸‰Ôı. « ÎÂÈÙÔıÒ„fl·
Ôı ÂÈÙÂÎÂflÙ·È ÛÙÔ ÌÂıÒ˛Ì· Ï›˜ÒÈ Í·È ·ıÙ¸ ÙÔ ÛÁÏÂflÔ ÂflÌ·È ·ıÙfi ÂÌ¸Ú „Ò·ÏÏÈÍÔ˝

ÏÂflÍÙÁ (linear combiner).

3. Ãfl· ÛıÌ‹ÒÙÁÛÁ ÂÌÂÒ„ÔÔflÁÛÁÚ, ����, Á ÔÔfl· ÂÒÈÔÒflÊÂÈ ÙÔ Â˝ÒÔÚ ÙÁÚ ÂÓ¸‰Ôı ÙÔı
ÌÂıÒ˛Ì·. ‘ıÈÍ¸ Â‰flÔ Â˝ÒÔıÚ ÙÁÚ ÂÓ¸‰Ôı ÂflÌ·È ÙÔ [0,1], ¸Ï˘Ú ·ÒÍÂÙ‹ Ûı˜Ì‹
˜ÒÁÛÈÏÔÔÈÂflÙ·È Í·È ÙÔ Â‰flÔ [-1,1].

‘Ô ÏÔÌÙ›ÎÔ ÙÔı ÌÂıÒ˛Ì· Ôı ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 2.2 ÂÒÈ›˜ÂÈ ÂflÛÁÚ ›Ì· Í·Ù˛ˆÎÈ

(threshold) �k Ôı Âˆ·ÒÏ¸ÊÂÙ·È ÛÙÔ ÌÂıÒ˛Ì· ÂÓ˘ÙÂÒÈÍ˛Ú. ¡ıÙ¸ ˜ÒÁÛÈÏÔÔÈÂflÙ·È ÒÔÍÂÈÏ›ÌÔı
Ì· ÏÂÈ˛ÛÂÈ ÙÁ ÛıÌÔÎÈÍfi ÂflÛÔ‰Ô Ôı ·Ò›˜ÂÙ·È ÛÙÁ ÛıÌ‹ÒÙÁÛÁ ÂÌÂÒ„ÔÔflÁÛÁÚ. ÃÔÒÂfl ¸Ï˘Ú
Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl Í·È „È· ÙÔÌ ·ÌÙflËÂÙÔ ÛÍÔ¸, ‰ÁÎ·‰fi ˛Ú ›Ì·Ú ¸ÒÔÚ ÂÈÒÒÔfiÚ (bias), ·ÌÙfl
„È· Í·Ù˛ˆÎÈ. œ ¸ÒÔÚ ÂÈÒÒÔfiÚ ·Î˛Ú Ë· ›˜ÂÈ ·ÌÙflËÂÙÔ Ò¸ÛÁÏÔ ·¸ ÙÔ Í·Ù˛ˆÎÈ.

« ÎÂÈÙÔıÒ„fl· ÂÔÏ›Ì˘Ú ÙÔı ÌÂıÒ˛Ì· k ÏÔÒÂfl Ì· ÂÒÈ„Ò·ˆÂfl ·¸ ÙÈÚ ÂÓÈÛ˛ÛÂÈÚ 2.1
Í·È 2.2.

uk �
pX

j�1

wkjxj (2.1)

yk � ��uk � �k� (2.2)

¸Ôı x1� x2� � � � � xp ÂflÌ·È Ù· ÛfiÏ·Ù· ÂÈÛ¸‰Ôı, wk1� wk2� � � � � wkp ÂflÌ·È Ù· ÛıÌ·ÙÈÍ‹ ‚‹ÒÁ
ÙÔı ÌÂıÒ˛Ì· k, uk ÂflÌ·È Á ›ÓÔ‰ÔÚ ÙÔı „Ò·ÏÏÈÍÔ˝ ÏÂflÍÙÁ, �k ÂflÌ·È ÙÔ Í·Ù˛ˆÎÈ, ���� ÂflÌ·È Á
ÛıÌ‹ÒÙÁÛÁ ÂÌÂÒ„ÔÔflÁÛÁÚ Í·È yk ÂflÌ·È ÙÔ ÛfiÏ· ÂÓ¸‰Ôı ÙÔı ÌÂıÒ˛Ì·.

« ˜ÒfiÛÁ ÙÔı Í·Ù˘ˆÎÈÔ˝ ›˜ÂÈ ˘Ú ·ÔÙ›ÎÂÛÏ· ÙÁÌ Âˆ·ÒÏÔ„fi ÂÌ¸Ú ·ˆˆÈÌÈÍÔ˝ ÏÂÙ·Û˜ÁÏ·-

ÙÈÛÏÔ˝ (affine transformation) ÛÙÁÌ ›ÓÔ‰Ô uk ÙÔı „Ò·ÏÏÈÍÔ˝ ÏÂflÍÙÁ, ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÁÌ
ÂÓflÛ˘ÛÁ 2.3.



�k � uk � �k (2.3)

º˘Ú ·Ì·ˆ›ÒËÁÍÂ fi‰Á, ÙÔ Í·Ù˛ˆÎÈ ÂflÌ·È Ïfl· ÂÓ˘ÙÂÒÈÍfi ·Ò‹ÏÂÙÒÔÚ ÙÔı ÙÂ˜ÌÁÙÔ˝
ÌÂıÒ˛Ì· k. ÃÔÒÔ˝ÏÂ Ì· ÙÔ ˜ÒÁÛÈÏÔÔÈfiÛÔıÏÂ ÛÙÔ ÏÔÌÙ›ÎÔ ¸˘Ú ÛÙÁÌ ÂÓflÛ˘ÛÁ 2.2 fi Ì·
ÛıÌ‰ı‹ÛÔıÏÂ ÙÈÚ ÂÓÈÛ˛ÛÂÈÚ 2.1 Í·È 2.2 ˘Ú ÂÓfiÚ:

�k �
pX

j�0

wkjxj (2.4)

Í·È

yk � ���k� (2.5)

”ÙÁÌ ÂÓflÛ˘ÛÁ 2.4 ›˜ÂÈ ÒÔÛÙÂËÂfl Ïfl· ·Í¸Ï· Û˝Ì·¯Á (ÏÂ ‰ÂflÍÙÁ ÏÁ‰›Ì), ÙÁÚ ÔÔfl·Ú Á
ÂflÛÔ‰ÔÚ ÂflÌ·È ‹ÌÙÔÙÂ ÛÙ·ËÂÒfi

x0 � �1

Í·È ÙÁÚ ÔÔfl·Ú ÙÔ ‚‹ÒÔÚ ÂflÌ·È

wk0 � �k

ÃÔÒÔ˝ÏÂ ÂÔÏ›Ì˘Ú Ì· ÏÂÙ·ÙÒ›¯ÔıÏÂ ÙÔ ÏÔÌÙ›ÎÔ ÙÔı ÌÂıÒ˛Ì· k ÛÂ ·ıÙ¸ Ôı ˆ·flÌÂÙ·È
ÛÙÔ Û˜fiÏ· 3(�). ”Â ·ıÙ¸, ÙÔ Í·Ù˛ˆÎÈ ·ÌÙÈÒÔÛ˘Â˝ÂÙ·È ·¸ ÙÁÌ ÒÔÛËfiÍÁ Ïfl·Ú Ì›·Ú
Û˝Ì·¯ÁÚ ÏÂ ÛÙ·ËÂÒfi ÂflÛÔ‰Ô x0 � �1 Í·È ÏÂ ‚‹ÒÔÚ flÛÔ ÒÔÚ ÙÔ Í·Ù˛ˆÎÈ �k. ¡ÌÙflÛÙÔÈ˜·,
ÏÔÒÔ˝ÏÂ Ì· ÏÂÙ·ÙÒ›¯ÔıÏÂ ÙÔ ÏÔÌÙ›ÎÔ ¸˘Ú ÛÙÔ Û˜fiÏ· 3(�), ¸Ôı ËÂ˘Ò˛ÌÙ·Ú ÙÁÌ ÂflÛÔ‰Ô
ÙÁÚ Ì›·Ú Û˝Ì·¯ÁÚ flÛÁ ÏÂ x0 � �1 Í·È ÙÔ ‚‹ÒÔÚ wk0 � bk ÙÁÌ ÏÂÙ·ÙÒ›ÔıÏÂ ÛÙÔÌ ¸ÒÔ
bias. –·Ò¸ÎÔ Ôı Ù· ÏÔÌÙ›Î· Ù˘Ì Û˜ÁÏ‹Ù˘Ì 3(�) Í·È 3(�) ˆ·flÌÔÌÙ·È ‰È·ˆÔÒÂÙÈÍ‹, ·¸
Ï·ËÁÏ·ÙÈÍfiÚ ‹Ô¯ÁÚ ËÂ˘ÒÔ˝ÌÙ·È ÈÛÔ‰˝Ì·Ï·.

2.2.1 ”ıÌ·ÒÙfiÛÂÈÚ ≈ÌÂÒ„ÔÔflÁÛÁÚ

« ÛıÌ‹ÒÙÁÛÁ ÂÌÂÒ„ÔÔflÁÛÁÚ, Ôı ÛıÏ‚ÔÎflÊÂÙ·È ÛÙ· ·Ì˘Ù›Ò˘ ˘Ú ����, ÔÒflÊÂÈ ÙÁÌ ›ÓÔ‰Ô
ÙÔı ÌÂıÒ˛Ì· ÛÂ Û˜›ÛÁ ÏÂ ÙÔ ÂflÂ‰Ô ÂÌÂÒ„ÔÔflÁÛÁÚ Ù˘Ì ÂÈÛ¸‰˘Ì ÙÔı. œÈ ÛıÌ·ÒÙfiÛÂÈÚ
ÂÌÂÒ„ÔÔflÁÛÁÚ ˜˘ÒflÊÔÌÙ·È ÛÂ ÙÒfl· ‚·ÛÈÍ‹ Âfl‰Á:

1. ”ıÌ·ÒÙfiÛÂÈÚ Í·Ù˘ˆÎflÔı (Threshold functions). œÈ ÛıÌ·ÒÙfiÛÂÈÚ ·ıÙÔ˝ ÙÔı Âfl‰ÔıÚ,
Ôı „Ò·ˆÈÍ˛Ú ÔÏÔÈ‹ÊÔıÌ ÏÂ ·ıÙfi ÙÔı Û˜fiÏ·ÙÔÚ 2.4, ›˜ÔıÌ ÙÁ „ÂÌÈÍfi ÏÔÒˆfi ÙÁÚ
ÂÓflÛ˘ÛÁÚ 2.6.

���� �

�
1 � � � 0
0 � � 	 0

(2.6)

¡ÌÙÈÛÙÔfl˜˘Ú, Á ›ÓÔ‰ÔÚ ÙÔı ÌÂıÒ˛Ì· k ›˜ÂÈ ÙÁ ÏÔÒˆfi ÙÁÚ ÂÓflÛ˘ÛÁÚ 2.7,

yk �

�
1 � �k � 0
0 � �k 	 0

(2.7)

¸Ôı �k ÂflÌ·È Á ÂÛ˘ÙÂÒÈÍfi ÂÌÂÒ„ÔÔflÁÛÁ ÙÔı ÌÂıÒ˛Ì·, ‰ÁÎ·‰fi:
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”˜fiÏ· 2.3: ƒ˝Ô ·Ò·ÎÎ·„›Ú ÙÔı ÏÔÌÙ›ÎÔı ÙÔı ÌÂıÒ˛Ì· k

�k �
pX

j�1

xkjxj � �k

∏Ì·Ú ÌÂıÒ˛Ì·Ú Ù›ÙÔÈÔı Âfl‰ÔıÚ ·Ì·ˆ›ÒÂÙ·È ÛÙÁ ‚È‚ÎÈÔ„Ò·ˆfl· ˘Ú ÏÔÌÙ›ÎÔ Ù˘Ì McCulloch-
Pitts. « ›ÓÔ‰ÔÚ ÙÔı ÌÂıÒ˛Ì· Î·Ï‚‹ÌÂÈ ÙÁÌ ÙÈÏfi 1 Â‹Ì Á ÂÛ˘ÙÂÒÈÍfi ÙÔı ÂÌÂÒ„ÔÔflÁÛÁ
ÂflÌ·È ÏÁ ·ÒÌÁÙÈÍfi Í·È ÙÁÌ ÙÈÏfi 0 ÂÈ‰‹ÎÎ˘Ú. √È· ÙÔ Î¸„Ô ·ıÙ¸, Î›„ÂÙ·È ¸ÙÈ ÙÔ ÏÔÌÙ›ÎÔ
Ù˘Ì McCulloch-Pitts ‰È·ÍÒflÌÂÙ·È ·¸ ÙÁÌ È‰È¸ÙÁÙ· ¸Î· fi ÙflÔÙ· (all-or-none).

2. ‘ÏÁÏ·ÙÈÍ˛Ú-√Ò·ÏÏÈÍ›Ú ÛıÌ·ÒÙfiÛÂÈÚ (Piecewise - Linear). Ãfl· ÙÏÁÏ·ÙÈÍ˛Ú-„Ò·ÏÏÈÍfi
ÛıÌ‹ÒÙÁÛÁ, Ôı „Ò·ˆÈÍ˛Ú ÔÏÔÈ‹ÊÂÈ ÏÂ ·ıÙfi ÙÔı Û˜fiÏ·ÙÔÚ 2.5, ›˜ÂÈ ÂÌ „›ÌÂÈ ÙÁ ÏÔÒˆfi
ÙÁÚ ÂÓflÛ˘ÛÁÚ 2.8.
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”˜fiÏ· 2.4: ”ıÌ‹ÒÙÁÛÁ Í·Ù˘ˆÎflÔı
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(2.8)
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”˜fiÏ· 2.5: ‘ÏÁÏ·ÙÈÍ˛Ú-√Ò·ÏÏÈÍfi ÛıÌ‹ÒÙÁÛÁ

3. ”È„ÏÔÂÈ‰ÂflÚ ÛıÌ·ÒÙfiÛÂÈÚ (Sigmoid functions). œÈ ÛÈ„ÏÔÂÈ‰ÂflÚ ÛıÌ·ÒÙfiÛÂÈÚ ÂflÌ·È ÔÈ Î›ÔÌ
‰È·‰Â‰ÔÏ›ÌÂÚ ÛÙ· ÙÂ˜ÌÁÙ‹ ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı·. –Ò¸ÍÂÈÙ·È „È· Ïfl· ÔÈÍÔ„›ÌÂÈ· ·ıÓÔıÛ˛Ì
ÛıÌ·ÒÙfiÛÂ˘Ì Ôı ›˜ÔıÌ ÙÈÚ ÔÎ˝ ``Í·Î›Ú'' Ï·ËÁÏ·ÙÈÍ›Ú È‰È¸ÙÁÙÂÚ ÙÁÚ ÛıÌ›˜ÂÈ·Ú Í·È
·Ò·„˘„ÈÛÁÏ¸ÙÁÙ·Ú ÛÂ ¸ÎÔ ÙÔ ‰È‹ÛÙÁÏ· ÔÒÈÛÏÔ˝ ÙÔıÚ, ·Í¸Ï· Í·È ÛÙ· ‹ÍÒ· ·ıÙÔ˝.
Ãfl· Ù›ÙÔÈ· ÛıÌ‹ÒÙÁÛÁ ÂflÌ·È Á ÎÂ„¸ÏÂÌÁ ÎÔ„ÈÛÙÈÍfi ÛıÌ‹ÒÙÁÛÁ (logistic function), Á
ÔÔfl· ›˜ÂÈ ÙÁ ÏÔÒˆfi ÙÁÚ ÂÓflÛ˘ÛÁÚ 2.9:



���� �
1

1� exp�����
(2.9)

¸Ôı ÙÔ � ÂflÌ·È Á ·Ò‹ÏÂÙÒÔÚ ÍÎflÛÁÚ (slope parameter) ÙÁÚ ÛÈ„ÏÔÂÈ‰Ô˝Ú ÛıÌ‹ÒÙÁÛÁÚ.
ÃÂÙ·‚‹ÎÎÔÌÙ·Ú ÙÈÚ ÙÈÏ›Ú ÙÁÚ ·Ò·Ï›ÙÒÔı �, Î·Ï‚‹ÌÔıÏÂ ÛÈ„ÏÔÂÈ‰ÂflÚ ÛıÌ·ÒÙfiÛÂÈÚ
‰È·ˆÔÒÂÙÈÍ˛Ì ÍÎflÛÂ˘Ì, ¸˘Ú ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 2.6.
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”˜fiÏ· 2.6: ‘ÏÁÏ·ÙÈÍ˛Ú-√Ò·ÏÏÈÍfi ÛıÌ‹ÒÙÁÛÁ

 ·Ë˛Ú Á ·Ò‹ÏÂÙÒÔÚ ÍÎflÛÁÚ � ÒÔÛÂ„„flÊÂÈ ÙÔ ‹ÂÈÒÔ, Á ÛÈ„ÏÔÂÈ‰fiÚ ÛıÌ‹ÒÙÁÛÁ
ÒÔÛÂ„„flÊÂÈ ÙÁÌ ÛıÌ‹ÒÙÁÛÁ Í·Ù˘ˆÎflÔı. ≈Ì˛ ¸Ï˘Ú Á ÛıÌ‹ÒÙÁÛÁ Í·Ù˘ˆÎflÔı Î·Ï‚‹ÌÂÈ
Ï¸ÌÔ ‰˝Ô ÙÈÏ›Ú, 0 fi 1, Á ÛÈ„ÏÔÂÈ‰fiÚ Î·Ï‚‹ÌÂÈ ¸ÎÂÚ ÙÈÚ ÙÈÏ›Ú ÏÂÙ·Ó˝ ÙÔı 0 Í·È 1.
≈ÈÎ›ÔÌ, ¸˘Ú fi‰Á ·Ì·ˆÂÒËÂfl, Á ÛÈ„ÏÔÂÈ‰fiÚ ÛıÌ‹ÒÙÁÛÁ ·Ò·„˘„flÊÂÙ·È, ·ÌÙÈË›Ù˘Ú ÏÂ
ÙÁ ÛıÌ‹ÒÙÁÛÁ Í·Ù˘ˆÎflÔı. ¡ıÙfi ÙÁÚ Á È‰È¸ÙÁÙ· ÂflÌ·È ÔÎ˝ ÛÁÏ·ÌÙÈÍfi „È· ÙÁ ËÂ˘Òfl·
Ù˘Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì.

œÈ ÛıÌ·ÒÙfiÛÂÈÚ ÂÌÂÒ„ÔÔflÁÛÁÚ Ôı ÔÒflÛËÁÍ·Ì ÛÙÈÚ ÂÓÈÛ˛ÛÂÈÚ 2.6, 2.8 Í·È 2.9, ›˜ÔıÌ
Â‰flÔ ÙÈÏ˛Ì ÙÔ ‰È‹ÛÙÁÏ· �0��1�. ÃÂÒÈÍ›Ú ˆÔÒ›Ú, ¸Ï˘Ú, ÂflÌ·È ÂÈËıÏÁÙ¸ ÙÔ Â‰flÔ ÙÈÏ˛Ì
Ì· ÂflÌ·È ÙÔ ‰È‹ÛÙÁÏ· ��1��1�. ”ÙÈÚ ÂÒÈÙ˛ÛÂÈÚ ·ıÙ›Ú, Á ÛıÌ‹ÒÙÁÛÁ ÂÌÂÒ„ÔÔflÁÛÁÚ
Î·Ï‚‹ÌÂÈ Ïfl· ·ÌÙÈÛıÏÏÂÙÒÈÍfi ÏÔÒˆfi ˘Ú ÒÔÚ ÙÁÌ ·Ò˜fi Ù˘Ì ·Ó¸Ì˘Ì Ù˘Ì ÛıÌÙÂÙ·„Ï›Ì˘Ì.
–ÈÔ Ûı„ÍÂÍÒÈÏ›Ì·, Á ÛıÌ‹ÒÙÁÛÁ Í·Ù˘ˆÎflÔı ÙÁÚ ÂÓflÛ˘ÛÁÚ 2.6 ÔÒflÊÂÙ·È Î›ÔÌ ¸˘Ú ÛÙÁÌ
ÂÓflÛ˘ÛÁ 2.10.

���� �

���
��

1 � � 
 0
0 � � � 0

�1 � � 	 0
(2.10)

« ÛıÌ‹ÒÙÁÛÁ ·ıÙfi ÔÌÔÏ‹ÊÂÙ·È ÛıÌ‹ÒÙÁÛÁ ÛÁÏÂflÔı fi ÒÔÛfiÏÔı (signum function). ¡ÌÙÈ-
ÛÙÔfl˜˘Ú, ·ÌÙfl ÙÁÚ ÛÈ„ÏÔÂÈ‰Ô˝Ú ÛıÌ‹ÒÙÁÛÁÚ ÏÔÒÂfl Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl Á ÛıÌ‹ÒÙÁÛÁ ÙÁÚ ıÂÒ-

‚ÔÎÈÍfiÚ Âˆ·ÙÔÏ›ÌÁÚ (hyperbolic tangent function), Ôı ÔÒflÊÂÙ·È ¸˘Ú ÛÙÁÌ ÂÓflÛ˘ÛÁ 2.11.

���� � tanh�
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2
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1� exp����

1� exp����
(2.11)



¡ÓflÊÂÈ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ Á ˜ÒfiÛÁ Ïfl·Ú ÛÈ„ÏÔÂÈ‰Ô˝Ú ÛıÌ‹ÒÙÁÛÁÚ ÂÌÂÒ„ÔÔflÁÛÁÚ Ôı
Î·Ï‚‹ÌÂÈ Í·È ·ÒÌÁÙÈÍ›Ú ÙÈÏ›Ú ‰ÂÌ ›˜ÂÈ Ï¸ÌÔ ÎÂÔÌÂÍÙfiÏ·Ù· Í·Ù‹ ÙÁÌ ËÂ˘ÒÁÙÈÍfi ·Ì‹ÎıÛÁ
Ù˘Ì ‰ÈÍÙ˝˘Ì, ·ÎÎ‹ ÛÙÁÒflÊÂÙ·È Í·È ·¸ ÂÈÒ·Ï·ÙÈÍ‹ ÂıÒfiÏ·Ù· ÙÁÚ ÌÂıÒÔˆıÛÈÔÎÔ„fl·Ú.

2.3 ¡Ò˜ÈÙÂÍÙÔÌÈÍ›Ú ÕÂıÒ˘ÌÈÍ˛Ì ƒÈÍÙ˝˘Ì

º˘Ú ›˜ÂÈ fi‰Á ·Ì·ˆÂÒËÂfl, ÔÈ ÌÂıÒ˛ÌÂÚ ÙÔı Â„ÍÂˆ‹ÎÔı ÛıÌ‰›ÔÌÙ·È ÏÂ ‰È‹ˆÔÒÔıÚ ÙÒ¸ÔıÚ
ÒÔÍÂÈÏ›ÌÔı Ì· Û˜ÁÏ·ÙflÛÔıÌ ıÔÎÔ„ÈÛÙÈÍ‹ ÛıÛÙfiÏ·Ù· ÏÂ„·Î˝ÙÂÒÁÚ ÂÒÈÎÔÍ¸ÙÁÙ·Ú.

”ÙÁÌ ‹ÒÔ‰Ô ÙÔı ˜Ò¸ÌÔı ›˜ÔıÌ ÒÔÙ·ËÂfl ‰È‹ˆÔÒÔÈ ÙÒ¸ÔÈ ‰ÈÍÙ˝˘ÛÁÚ Ù˘Ì ÙÂ˜ÌÁÙ˛Ì
ÌÂıÒ˛Ì˘Ì, Á ÎÂÈÔÌ¸ÙÁÙ· Ù˘Ì ÔÔfl˘Ì ›˜ÂÈ ‚·ÛÈÛÙÂfl ÛÂ ·ÌÙflÛÙÔÈ˜ÔıÚ ÙÒ¸ÔıÚ ‰ÈÍÙ˝˘ÛÁÚ
Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì ÌÂıÒ˛Ì˘Ì.

∏Ì·Ú ‰È·˜˘ÒÈÛÏ¸Ú Ôı ÏÔÒÂfl Ì· „flÌÂÈ ÛÙÈÚ ·Ò˜ÈÙÂÍÙÔÌÈÍ›Ú Ù˘Ì ‰ÈÍÙ˝˘Ì ÂflÌ·È ·Ì·Î¸„˘Ú
ÏÂ Ù· ÛÙÒ˛Ï·Ù· (layers) ÛÙ· ÔÔfl· ˜˘ÒflÊÔıÌ ÙÔıÚ ÌÂıÒ˛ÌÂÚ. ∏ÙÛÈ, ›˜ÔıÏÂ:

1. ƒflÍÙı· ÂÏÒ¸ÛËÈ·Ú ÏÂÙ‹‰ÔÛÁÚ ÂÌ¸Ú ÛÙÒ˛Ï·ÙÔÚ (Single-layer feedforward networks). ”Â
·ıÙ‹ Ù· ‰flÍÙı·, ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÔ Û˜fiÏ· 2.7(�), ÔÈ ÌÂıÒ˛ÌÂÚ ‚ÒflÛÍÔÌÙ·È ¸ÎÔÈ ÛÙÔ
fl‰ÈÔ ÛÙÒ˛Ï· Í·È ÔÈ ÛıÌ‰›ÛÂÈÚ ÂflÌ·È ·ÔÍÎÂÈÛÙÈÍ˛Ú ·¸ ÙÈÚ ÂÈÛ¸‰ÔıÚ ÛÙÔıÚ ÌÂıÒ˛ÌÂÚ.
ƒÁÎ·‰fi ‰ÂÌ ÂÈÙÒ›ÂÙ·È Ô˝ÙÂ Í˝ÍÎÔÚ, Ô˝ÙÂ Û˝Ì‰ÂÛÁ ·¸ ›Ì· ÌÂıÒ˛Ì· ÛÂ ‹ÎÎÔÌ ÙÔı
È‰flÔı ÛÙÒ˛Ï·ÙÔÚ.

2. ƒflÍÙı· ÂÏÒ¸ÛËÈ·Ú ÏÂÙ‹‰ÔÛÁÚ ÔÎÎ˛Ì ÛÙÒ˘Ï‹Ù˘Ì (Multilayer feedforward networks). «
‰È·ˆÔÒ‹ ·ıÙ˛Ì Ù˘Ì ‰ÈÍÙ˝˘Ì ·¸ Ù· ÒÔÁ„Ô˝ÏÂÌ· ÂflÌ·È ¸ÙÈ ‰È·Ë›ÙÔıÌ ÂÒÈÛÛ¸ÙÂÒ·
ÙÔı ÂÌ¸Ú ÛÙÒ˛Ï·Ù·. º˘Ú ¸Ï˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÔ Û˜fiÏ· 2.7(�), Ô˝ÙÂ ÛÂ ·ıÙ‹
ÂÈÙÒ›ÔÌÙ·È ÛıÌ‰›ÛÂÈÚ ÌÂıÒ˛Ì˘Ì ÙÔı È‰flÔı ÛÙÒ˛Ï·ÙÔÚ. ≈flÛÁÚ ‰ÂÌ ÂÈÙÒ›ÂÙ·È Ì·
ÛıÌ‰›ÂÙ·È Á ›ÓÔ‰ÔÚ ÂÌ¸Ú ÌÂıÒ˛Ì· ÛÂ ÌÂıÒ˛Ì· ˜·ÏÁÎ¸ÙÂÒÔı ÛÙÒ˛Ï·ÙÔÚ. ≈Ó Ôı Í·È Ô
¸ÒÔÚ ÂÏÒ¸ÛËÈ· ÏÂÙ‹‰ÔÛÁ Ôı ˜·Ò·ÍÙÁÒflÊÂÈ ÙÔÌ ÙÒ¸Ô ÏÂ ÙÔÌ ÔÔflÔ ÏÂÙ·‰fl‰ÔÌÙ·È Ù·
·Ò˜ÈÍ‹ ÛfiÏ·Ù· ÂÈÛ¸‰Ôı ÛÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ.

Input layer
of source

nodes

Output layer
of neurons

(�) ƒflÍÙıÔ ÂÌ¸Ú ÛÙÒ˛Ï·ÙÔÚ

Input layer
of source

nodes

Output layer
of neurons

Layer of
hidden
neurons

(�) ƒflÍÙıÔ ÔÎÎ˛Ì ÛÙÒ˘Ï‹Ù˘Ì

”˜fiÏ· 2.7: ƒflÍÙı· ÂÏÒ¸ÛËÈ·Ú ÏÂÙ‹‰ÔÛÁÚ

3. ¡Ì·‰Ò·ÛÙÈÍ‹ ‰flÍÙı· (Recurrent networks). ‘· ·Ì·‰Ò·ÛÙÈÍ‹ ‰flÍÙı· ÂflÌ·È ·Ò¸ÏÔÈ· ÏÂ
Ù· ‰flÍÙı· ÂÏÒ¸ÛËÈ·Ú ÏÂÙ‹‰ÔÛÁÚ, ·ÎÎ‹ ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÔ Û˜fiÏ· 2.8, ÂÈÙÒ›ÔıÌ



ÂÈÎ›ÔÌ ÙÁÌ ˝·ÒÓÁ Í˝ÍÎ˘Ì ÛÙÈÚ ÛıÌ‰›ÛÂÈÚ, Í·Ë˛Ú Í·È ÙÁ ‰ıÌ·Ù¸ÙÁÙ· Û˝Ì‰ÂÛÁÚ ÙÁÚ
ÂÓ¸‰Ôı ÂÌ¸Ú ÌÂıÒ˛Ì· ÂflÙÂ ÛÙÔÌ fl‰ÈÔ fi Í·È ÛÂ ÌÂıÒ˛Ì· ˜·ÏÁÎ¸ÙÂÒÔı ÛÙÒ˛Ï·ÙÔÚ.
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”˜fiÏ· 2.8: ¡Ì·‰Ò·ÛÙÈÍ¸ ‰flÍÙıÔ

4. ƒflÍÙı· ÏÂ ‰ÔÏfi flÌ·Í· (Lattice structures). ”Ù· ‰flÍÙı· ·ıÙÔ˝ ÙÔı Ù˝Ôı, ÔÈ ÌÂıÒ˛ÌÂÚ
·Ò·Ù‹ÛÛÔÌÙ·È Û˜ÁÏ·ÙflÊÔÌÙ·Ú ›Ì· ÏÔÌÔ‰È‹ÛÙ·ÙÔ (‚Î›Â ÙÔ Û˜fiÏ· 2.9(�)), ‰ÈÛ‰È‹ÛÙ·ÙÔ
(‚Î›Â ÙÔ Û˜fiÏ· 2.9(�)) fi Í·È ÔÎı‰È‹ÛÙ·ÙÔ flÌ·Í·. œÈ ÂflÛÔ‰ÔÈ ÙÔı ‰ÈÍÙ˝Ôı ÛıÌ-
‰›ÔÌÙ·È ÛÂ ¸ÎÔıÚ ÙÔıÚ ÌÂıÒ˛ÌÂÚ ·ıÙÔ˝, ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙ· ÒÔ·Ì·ˆÂÒË›ÌÙ·
Û˜fiÏ·Ù·.

”ÙÁÌ Ò·„Ï·ÙÈÍ¸ÙÁÙ·, Ù· ‰flÍÙı· ÏÂ ‰ÔÏfi flÌ·Í· ÂflÌ·È Ïfl· ÂÒflÙ˘ÛÁ Ù˘Ì ‰ÈÍÙ˝˘Ì
ÂÏÒ¸ÛËÈ·Ú ÏÂÙ‹‰ÔÛÁÚ, ÏÂ ÙÔıÚ ÌÂıÒ˛ÌÂÚ ÂÓ¸‰Ôı ·Ò·ÙÂÙ·„Ï›ÌÔıÚ ÛÂ ÛÂÈÒ›Ú Í·È
ÛÙfiÎÂÚ.

2.4 « ƒÈ·‰ÈÍ·Ûfl· ≈ÍÏ‹ËÁÛÁÚ

–ÒÔÙÔ˝ ÂÓÂÙ‹ÛÔıÏÂ ÙÁ ‰È·‰ÈÍ·Ûfl· ÙÁÚ ÂÍÏ‹ËÁÛÁÚ Ù˘Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì, Ë· Ò›ÂÈ Ì·
‰˛ÛÔıÏÂ ›Ì·Ì ÔÒÈÛÏ¸ ÙÁÚ ›ÌÌÔÈ·Ú ÙÁÚ ÂÍÏ‹ËÁÛÁÚ.

º˘Ú ·Ì·ˆ›ÒÂÙ·È Í·È ÛÙÔ [Hay94], ÂÍÏ‹ËÁÛÁ ÂflÌ·È Á ‰È·‰ÈÍ·Ûfl· Ï›Û˘ ÙÁÚ ÔÔfl·Ú
ÒÔÛ·ÒÏ¸ÊÔÌÙ·È ÔÈ ÂÎÂ˝ËÂÒÂÚ ·Ò‹ÏÂÙÒÔÈ ÙÔı ‰ÈÍÙ˝Ôı, Ï›Û˘ ÙÁÚ ÛıÌÂ˜Ô˝Ú ·ÒÔ˜fiÚ ÂÒÂËÈ-
ÛÏ‹Ù˘Ì ·¸ ÙÔ ÂÓ˘ÙÂÒÈÍ¸ ÂÒÈ‚‹ÎÎÔÌ. œ Ù˝ÔÚ ÙÁÚ ÂÍÏ‹ËÁÛÁÚ Í·ËÔÒflÊÂÙ·È ·¸ ÙÔÌ ÙÒ¸Ô
ÏÂ ÙÔÌ ÔÔflÔ „flÌÂÙ·È Á ÒÔÛ·ÒÏÔ„fi Ù˘Ì ·Ò·Ï›ÙÒ˘Ì.
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”˜fiÏ· 2.9: ƒflÍÙı· ÏÂ ‰ÔÏfi flÌ·Í·

œ ÔÒÈÛÏ¸Ú ·ıÙ¸Ú ÙÁÚ ÂÍÏ‹ËÁÛÁÚ ÛıÌÂ‹„ÂÙ·È ÙÁÌ ·Í¸ÎÔıËÁ ·ÍÔÎÔıËfl· ·¸ „Â„ÔÌ¸Ù·:

1. –·Ò›˜ÔÌÙ·È ÂÒÂËflÛÏ·Ù· ÛÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ·¸ ÙÔ ÂÒÈ‚‹ÎÎÔÌ.

2. ‘· ÂÒÂËflÛÏ·Ù· ·ıÙ‹ ÒÔÍ·ÎÔ˝Ì ·ÎÎ·„›Ú ÛÙÔ ‰flÍÙıÔ.

3. ‘Ô ‰flÍÙıÔ ··ÌÙ‹ ÏÂ ‰È·ˆÔÒÂÙÈÍ¸ ÙÒ¸Ô ÛÙÔ ÂÒÈ‚‹ÎÎÔÌ ÙÔı, ÂÓ·ÈÙfl·Ú Ù˘Ì ·ÎÎ·„˛Ì
Ôı ›˜ÔıÌ ÛıÏ‚Âfl ÛÙÁÌ ÂÛ˘ÙÂÒÈÍfi ÙÔı ‰ÔÏfi.

Ã›˜ÒÈ ÙÔı ·Ò¸ÌÙÔÚ, ›˜ÔıÌ ÒÔÙ·ËÂfl ÙÒfl· ·Ò·‰Âfl„Ï·Ù· (paradigms) ÙÁÚ ‰È·‰ÈÍ·Ûfl·Ú
ÙÁÚ ÂÍÏ‹ËÁÛÁÚ:

1.  ·ËÔ‰Á„Ô˝ÏÂÌÁ ÂÍÏ‹ËÁÛÁ (Supervised learning). ”ÙÔ ·Ò‹‰ÂÈ„Ï· ·ıÙ¸, ÂÍÙ¸Ú ·¸ ÙÔ
ÛfiÏ· ÂÈÛ¸‰Ôı Ôı ‰flÌÂÙ·È ÛÙÔ ‰flÍÙıÔ, ı‹Ò˜ÂÈ Í·È Í‹ÔÈÔÚ ÂÓ˘ÙÂÒÈÍ¸Ú ‰È‰‹ÛÍ·ÎÔÚ
Ôı ·Ò›˜ÂÈ ÛÂ ·ıÙ¸ ÙÁÌ Û˘ÛÙfi ·‹ÌÙÁÛÁ Ôı Ë· ›ÒÂÂ Ì· ‰˛ÛÂÈ Í‹ËÂ ˆÔÒ‹.
∏ÙÛÈ, ÙÔ ‰flÍÙıÔ ÏÔÒÂfl Ì· ıÔÎÔ„flÛÂÈ ÙÁ ‰È·ˆÔÒ‹ ÙÁÚ ‰ÈÍfiÚ ÙÔı ·‹ÌÙÁÛÁÚ ·¸ ÙÁÌ
ÂÈËıÏÁÙfi Í·È Ì· ·Ì·ÒÔÛ·ÒÏ¸ÛÂÈ ·Ì·Î¸„˘Ú ÙÈÚ ÂÎÂ˝ËÂÒÂÚ ·Ò·Ï›ÙÒÔıÚ ÙÔı.



2. ≈ÍÏ‹ËÁÛÁ ‚·ÛÈÛÏ›ÌÁ ÛÙÁÌ ÂÌ‰ıÌ‹Ï˘ÛÁ (Reinforcement learning). ”ÙÔ ·Ò‹‰ÂÈ„Ï· ·ıÙ¸,
ÙÔ ‰flÍÙıÔ ÙÂflÌÂÈ Ì· ÂÌ‰ıÌ·Ï˛ÌÂÈ ÙÈÚ ÂÛ˘ÙÂÒÈÍ›Ú ·Ò·Ï›ÙÒÔıÚ Ôı ÛıÏÏÂÙ›˜ÔıÌ ÛÙÁÌ
·Ò·„˘„fi ÂÓ¸‰˘Ì Ôı ËÂ˘ÒÔ˝ÌÙ·È Í·Î›Ú ·¸ ÙÔ ÂÒÈ‚‹ÎÎÔÌ. ƒÁÎ·‰fi, ¸˘Ú Í·È ÛÙÁÌ
Í·ËÔ‰Á„Ô˝ÏÂÌÁ ÂÍÏ‹ËÁÛÁ, ›ÙÛÈ ÍÈ Â‰˛ ı‹Ò˜ÂÈ Í‹ÔÈÔÚ ÂÓ˘ÙÂÒÈÍ¸Ú ‰È‰‹ÛÍ·ÎÔÚ. ”ÙÁÌ
ÂÒflÙ˘ÛÁ ·ıÙfi, ¸Ï˘Ú, ‰ÂÌ ·Ò›˜ÂÈ ÛÙÔ ‰flÍÙıÔ ÙÁÌ ÂÈËıÏÁÙfi ·‹ÌÙÁÛÁ, ·ÎÎ‹ Ï¸ÌÔ
Ïfl· ›Ì‰ÂÈÓÁ Ôı ÙÔı Î›ÂÈ ·Ì Á ·‹ÌÙÁÛÁ Ôı ›‰˘ÛÂ fiÙ·Ì ÈÍ·ÌÔÔÈÁÙÈÍfi fi ¸˜È. ‘›ÙÔÈÔı
Âfl‰ÔıÚ ÂÍÏ‹ËÁÛÁ ÂÏˆ·ÌflÊÂÙ·È .˜. ÛÙÁÌ ÂÍ·fl‰ÂıÛÁ Ù˘Ì Ê˛˘Ì, ¸Ôı ·ıÙ‹ ·ÏÔfl‚ÔÌÙ·È
¸Ù·Ì Í‹ÌÔıÌ ·ıÙ¸ Ôı Ë›ÎÔıÏÂ Í·È ÙÈÏ˘ÒÔ˝ÌÙ·È ÛÙÁÌ ·ÌÙflËÂÙÁ ÂÒflÙ˘ÛÁ. ∏ÙÛÈ, Ù·
Ê˛· ÙÂflÌÔıÌ Ì· Â·Ì·Î·Ï‚‹ÌÔıÌ Ò‹ÓÂÈÚ ÙÔıÚ Ôı Ô‰fi„ÁÛ·Ì ÛÂ ·ÌÙ·ÏÔÈ‚fi ÙÔıÚ, ¸˘Ú
ÙÔ ˆ·„ÁÙ¸, Í·È Ì· ÂÒÈÔÒflÛÔıÌ ÙÈÚ ı¸ÎÔÈÂÚ. ◊ÒÁÛÈÏÔÔÈÂflÙ·È ¸Ù·Ì ÂflÌ·È ·‰˝Ì·ÙÔÌ
Ì· ‰˛ÛÔıÏÂ ÙÁ Û˘ÛÙfi ·‹ÌÙÁÛÁ ÛÙÔ ‰flÍÙıÔ (¸˘Ú ÛÙÁÌ ÂÒflÙ˘ÛÁ Ù˘Ì Ê˛˘Ì).

3. ≈ÍÏ‹ËÁÛÁ ‚·ÛÈÛÏ›ÌÁ ÛÙÁÌ ·ıÙÔ-ÔÒ„‹Ì˘ÛÁ (Self-organised (unsupervised) learning). ”ÙÔ
·Ò‹‰ÂÈ„Ï· ·ıÙ¸ ‰ÂÌ ı‹Ò˜ÂÈ Í‹ÔÈÔÚ ÂÓ˘ÙÂÒÈÍ¸Ú ‰È‰‹ÛÍ·ÎÔÚ Ì· Í·ËÔ‰Á„Âfl ÙÔ ‰flÍÙıÔ,
·ÎÎ‹ ·ıÙ¸ ÒÔÛ·ËÂfl Ì· ·Ì··Ò·ÛÙfiÛÂÈ ÙÁÌ ÂflÛÔ‰¸ ÙÔı ÏÂ ÙÔÌ ÔÈÍÔÌÔÏÈÍ¸ÙÂÒÔ
‰ıÌ·Ù¸Ì ÙÒ¸Ô, ÒÔÛ·Ë˛ÌÙ·Ú Ì· ‚ÒÂÈ ·Ì·ÎÔ„flÂÚ ÏÂÙ·Ó˝ Ù˘Ì ‰È·ˆ¸Ò˘Ì ÂÈÛ¸‰˘Ì.

œÈ ÒÔÛ·ÒÏÔ„›Ú Ù˘Ì ‚·Ò˛Ì ÛÙÁÌ Í‹ËÂ ÂÒflÙ˘ÛÁ ÏÔÒÔ˝Ì Ì· „flÌÔıÌ ÏÂ ‰È‹ˆÔÒÔıÚ
ÙÒ¸ÔıÚ, ÔÈ ÔÔflÔÈ Í·ÎÔ˝ÌÙ·È Í·Ì¸ÌÂÚ ÂÍÏ‹ËÁÛÁÚ (learning rules). œÈ ‚·ÛÈÍ¸ÙÂÒÔÈ ÂÓ ·ıÙ˛Ì
ÂflÌ·È ÔÈ ÂÓfiÚ Ù›ÛÛÂÒÈÚ:

1. œ Í·Ì¸Ì·Ú ‰È¸ÒË˘ÛÁÚ Ûˆ‹ÎÏ·ÙÔÚ (error-correction), Ôı Âˆ·ÒÏ¸ÊÂÙ·È ÛÙÔ ·Ò‹‰ÂÈ„Ï·
ÙÁÚ Í·ËÔ‰Á„Ô˝ÏÂÌÁÚ ÂÍÏ‹ËÁÛÁÚ. ”Â ·ıÙ¸Ì, ÙÁ ˜ÒÔÌÈÍfi ÛÙÈ„Ïfi t, ·Ò›˜ÂÙ·È ÛÙÔ
ÌÂıÒ˛Ì· ÙÔ ÛfiÏ· ÂÈÛ¸‰Ôı �x�t� Í·È Á Û˘ÛÙfi ·‹ÌÙÁÛÁ dk�t�. ∏ÙÛÈ, ÂÓ ·ıÙ˛Ì ÏÔÒÂfl
Ì· ıÔÎÔ„ÈÛËÂfl ÙÔ Ûˆ‹ÎÏ· ÙÁÚ ÙÒ›˜ÔıÛ·Ú ·‹ÌÙÁÛÁÚ, yk�t�, ÙÔ ÔÔflÔ Ë· ÂflÌ·È:

ek�t� � dk�t�� yk�t�

ÃÂ ‚‹ÛÁ ÙÁÌ ÙÈÏfi ·ıÙfi ÙÔı Ûˆ‹ÎÏ·ÙÔÚ, Â·Ì·˚ÔÎÔ„flÊÔÌÙ·È Ù· ÛıÌ·ÙÈÍ‹ ‚‹ÒÁ
ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ:

�wk�t� 1� � �wk�t� � 
 � ek�t� � �x�t�

¸Ôı 
 ÂflÌ·È Ïfl· ËÂÙÈÍfi ÛÙ·ËÂÒ‹ Ôı Í·ËÔÒflÊÂÈ ÙÔ ÒıËÏ¸ ÙÁÚ ÂÍÏ‹ËÁÛÁÚ.

2. œ Í·Ù‹ Hebb Í·Ì¸Ì·Ú ÂÍÏ‹ËÁÛÁÚ, ÔÌÔÏ·ÛËÂflÚ ÒÔÚ ÙÈÏfiÌ ÙÔı ÌÂıÒÔ¯ı˜ÔÎ¸„Ôı Hebb
Ôı ÙÔÌ Ò˘ÙÔ‰È·Ù˝˘ÛÂ [Heb49], Ôı ÏÔÒÂfl Ì· ÂÒÈ„Ò·ˆÂfl ÛıÌÔÙÈÍ˛Ú ˘Ú ÂÓfiÚ:

(a) ≈‹Ì ‰˝Ô ÌÂıÒ˛ÌÂÚ ÂÌÂÒ„ÔÔÈÔ˝ÌÙ·È Ûı„˜Ò¸Ì˘Ú (synchronously), Ù¸ÙÂ Á ÏÂÙ·Ó˝
ÙÔıÚ Û˝Ì·¯Á ÂÌÈÛ˜˝ÂÙ·È.

(b) ≈‹Ì ‰˝Ô ÌÂıÒ˛ÌÂÚ ÂÌÂÒ„ÔÔÈÔ˝ÌÙ·È ·Ûı„˜Ò¸Ì˘Ú (asynchronously), Ù¸ÙÂ Á ÏÂÙ·Ó˝
ÙÔıÚ Û˝Ì·¯Á ·Ô‰ıÌ·Ï˛ÌÂÙ·È fi Í·È ··ÎÂflˆÂÙ·È.

« ·ÎÔ˝ÛÙÂÒÁ ÛıÌ‹ÒÙÁÛÁ ÏÂÙ·‚ÔÎfiÚ Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì Ôı ÈÍ·ÌÔÔÈÂfl ÙÔÌ
Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ Í·Ù‹ Hebb, ÂflÌ·È Á Í‹Ù˘ËÈ:

�wk�t� 1� � �wk�t� � 
 � yk�t� � �x�t�

« ÛıÌ‹ÒÙÁÛÁ ·ıÙfi ·ıÓ‹ÌÂÈ Ù· ÛıÌ·ÙÈÍ‹ ‚‹ÒÁ ¸ÔÙÂ Á ›ÓÔ‰ÔÚ yk�t� Í·È Á ÂflÛÔ‰ÔÚ
�x�t� ›˜ÔıÌ ÙÔ fl‰ÈÔ Ò¸ÛÁÏÔ Í·È Ù· ÏÂÈ˛ÌÂÈ ·ÌÙÈÛÙÔfl˜˘Ú ¸Ù·Ì ›˜ÔıÌ ·ÌÙflËÂÙ· Ò¸ÛÁÏ·.



3. œ ·ÌÙ·„˘ÌÈÛÙÈÍ¸Ú (competitive) Í·Ì¸Ì·Ú ÂÍÏ‹ËÁÛÁÚ, Ôı ¸˘Ú ·Ì·ˆ›ÒÂÙ·È Í·È
ÛÙÔ [RZ86], ÂÒÈÎ·Ï‚‹ÌÂÈ ‰˝Ô ‚·ÛÈÍ‹ ÛÙÔÈ˜Âfl·:

(a) ∏Ì· Û˝ÌÔÎÔ ÌÂıÒ˛Ì˘Ì Ôı ÂflÌ·È Í·Ë¸Î· fl‰ÈÔÈ, ÂÍÙ¸Ú ·¸ Ù· ÛıÌ·ÙÈÍ‹ ÙÔıÚ
‚‹ÒÁ Ù· ÔÔfl· ›˜ÔıÌ ·Ò˜ÈÍ˛Ú Ùı˜·fl˘Ú Í·Ù·ÌÂÏÁÏ›ÌÂÚ ÙÈÏ›Ú, Í·È Ù· ÔÔfl· ÙÔıÚ
·Ì·„Í‹ÊÔıÌ Ì· ··ÌÙÔ˝Ì ‰È·ˆÔÒÂÙÈÍ˛Ú ÛÙÔ fl‰ÈÔ ÛfiÏ· ÂÈÛ¸‰Ôı.

(b) ∏Ì·Ì ÏÁ˜·ÌÈÛÏ¸ Ôı ÂÈÙÒ›ÂÈ ÛÙÔıÚ ÌÂıÒ˛ÌÂÚ Ì· ·ÌÙ·„˘ÌflÊÔÌÙ·È ÏÂÙ·Ó˝ ÙÔıÚ
„È· ÙÔ ‰ÈÍ·fl˘Ï· ·‹ÌÙÁÛÁÚ ÛÂ ›Ì· Ûı„ÍÂÍÒÈÏ›ÌÔ ıÔÛ˝ÌÔÎÔ ÛÁÏ‹Ù˘Ì ÂÈÛ¸‰Ôı,
›ÙÛÈ ˛ÛÙÂ Ï¸ÌÔÌ ›Ì·Ú ÌÂıÒ˛Ì·Ú Ì· ··ÌÙ‹ Í‹ËÂ ˆÔÒ‹. œ ÌÂıÒ˛Ì·Ú ·ıÙ¸Ú
Í·ÎÂflÙ·È ÌÂıÒ˛Ì·Ú - ÌÈÍÁÙfiÚ.

’·Ò˜¸ÌÙ˘Ì Ù˘Ì ·Ì˘Ù›Ò˘ ‰˝Ô ÛÙÔÈ˜Âfl˘Ì, Í·È ·ˆÔ˝ ›˜ÂÈ ÂÈÎÂ˜ËÂfl Ô ÌÂıÒ˛Ì·Ú
- ÌÈÍÁÙfiÚ Ï›Û˘ ÙÔı ÏÁ˜·ÌÈÛÏÔ˝ 3b, Á ÏÂÙ·‚ÔÎfi Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì „flÌÂÙ·È
ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ:

�wk�t� 1� � �wk�t� �

�

 � ��x�t�� �wk�t�� Â‹Ì Ô ÌÂıÒ˛Ì·Ú k ÂflÌ·È Ô ÌÈÍÁÙfiÚ
0 ·ÎÎÈ˛Ú

4. œ Í·Ù‹ Boltzmann Í·Ì¸Ì·Ú ÂÍÏ‹ËÁÛÁÚ, ÔÌÔÏ·ÛËÂflÚ ÒÔÚ ÙÈÏfiÌ ÙÔı „Ì˘ÛÙÔ˝ ˆıÛÈÍÔ˝
Boltzmann, Ô ÔÔflÔÚ ÂflÌ·È ›Ì·Ú ÛÙÔ˜·ÛÙÈÍ¸Ú (stochastic) Í·Ì¸Ì·Ú ÂÍÏ‹ËÁÛÁÚ Ôı
ÂÓfiÎËÂ ·¸ ÙÁ ˜ÒfiÛÁ Í·Ì¸Ì˘Ì ÙÁÚ »ÂÒÏÔ‰ıÌ·ÏÈÍfiÚ Í·È ÙÁÚ »Â˘Òfl·Ú ÙÁÚ –ÎÁÒÔˆÔÒfl·Ú.

« ‚·ÛÈÍfi È‰›· ÙÔı Í·Ì¸Ì· ·ıÙÔ˝ ÂflÌ·È ˘Ú ÛÂ ›Ì· ·Ì·‰Ò·ÛÙÈÍ¸ ‰flÍÙıÔ Ôı ÔÈ
ÌÂıÒ˛ÌÂÚ ÎÂÈÙÔıÒ„Ô˝Ì Í·Ù‹ ‰ı·‰ÈÍ¸ ÙÒ¸Ô, ‰ÁÎ·‰fi ··ÌÙÔ˝Ì ‹ÌÙÔÙÂ ÂflÙÂ �1 fi �1,
ÏÔÒÂfl Ì· ÔÒÈÛËÂfl Ïfl· ÛıÌ‹ÒÙÁÛÁ ÂÌ›Ò„ÂÈ·Ú (energy function) E, Á ÙÈÏfi ÙÁÚ ÔÔfl·Ú
Í·ËÔÒflÊÂÙ·È ·¸ ÙÈÚ Í·Ù·ÛÙ‹ÛÂÈÚ ÛÙÈÚ ÔÔflÂÚ ‚ÒflÛÍÔÌÙ·È ÔÈ ÌÂıÒ˛ÌÂÚ, ÛıÏˆ˛Ì˘Ú ÒÔÚ
ÙÁÌ ÂÓflÛ˘ÛÁ:

E � �
1

2

X
i

X
j

wijsisj „È· i �� j

¸Ôı si ÂflÌ·È Á Í·Ù‹ÛÙ·ÛÁ ÙÔı ÌÂıÒ˛Ì· i (‰ÁÎ·‰fi ÙÔ ·Ì ··ÌÙ‹ ËÂÙÈÍ‹ fi ·ÒÌÁÙÈÍ‹)
Í·È wij ÂflÌ·È ÙÔ ‚‹ÒÔÚ ÙÁÚ Û˝Ì·¯ÁÚ Ôı ÛıÌ‰›ÂÈ ÙÔ ÌÂıÒ˛Ì· i ÛÙÔ ÌÂıÒ˛Ì· j. ‘Ô
„Â„ÔÌ¸Ú ¸ÙÈ i �� j ÛÁÏ·flÌÂÈ ¸ÙÈ ‰ÂÌ ÂÈÙÒ›ÂÙ·È ·ıÙÔ-·Ì‹‰Ò·ÛÁ ÛÂ Í·Ì›Ì· ·¸ ÙÔıÚ
ÌÂıÒ˛ÌÂÚ ÙÔı ‰ÈÍÙ˝Ôı.

‘Ô ‰flÍÙıÔ ÎÂÈÙÔıÒ„Âfl ÂÈÎ›„ÔÌÙ·Ú Ùı˜·fl˘Ú Í‹ÔÈÔÌ ·¸ ÙÔıÚ ÌÂıÒ˛ÌÂÚ, ›ÛÙ˘ ÙÔÌ
ÌÂıÒ˛Ì· j, Í·È ·ÌÙÈÛÙÒ›ˆÔÌÙ·Ú ÙÁÌ Í·Ù‹ÛÙ·Ûfi ÙÔı ·¸ si ÛÂ �si ÏÂ ÈË·Ì¸ÙÁÙ·

W �si � �si� �
1

1� exp��ÐEj

T �

¸Ôı ÐEj ÂflÌ·È Á ÏÂÙ·‚ÔÎfi ÙÁÚ ÂÌ›Ò„ÂÈ·Ú ÙÔı ‰ÈÍÙ˝Ôı Ôı Ë· ÒÔÍÎÁËÂfl ·¸
Ïfl· Ù›ÙÔÈ· ·ÌÙÈÛÙÒÔˆfi Í·È T ÂflÌ·È Ïfl· ÏÂÙ·‚·ÎÎ¸ÏÂÌÁ ÔÛ¸ÙÁÙ· ÙÔı ·Î„¸ÒÈËÏÔı,
Í·ÎÔ˝ÏÂÌÁ ËÂÒÏÔÍÒ·Ûfl· (temperature) ÙÔı ‰ÈÍÙ˝Ôı, Á ÔÔfl· ‰ÂÌ Û˜ÂÙflÊÂÙ·È ÏÂ ÙÁÌ
Ò·„Ï·ÙÈÍfi ËÂÒÏÔÍÒ·Ûfl· ·ıÙÔ˝, ·ÎÎ‹ ·flÊÂÈ ÙÔ Ò¸ÎÔ ÙÔı ÒıËÏÔ˝ ÂÍÏ‹ËÁÛÁÚ, 
, Ôı
ÂÏˆ·ÌflÊÂÙ·È ÛÙÔıÚ ‹ÎÎÔıÚ Í·Ì¸ÌÂÚ ÂÍÏ‹ËÁÛÁÚ.

≈‹Ì Ô Í·Ì¸Ì·Ú ·ıÙ¸Ú Âˆ·ÒÏ¸ÊÂÙ·È ÛıÌÂ˜˛Ú, Ù¸ÙÂ ÙÔ ‰flÍÙıÔ Ë· Í·Ù·ÎfiÓÂÈ ÛÙÁÌ
Í·ÎÔ˝ÏÂÌÁ Í·Ù‹ÛÙ·ÛÁ ËÂÒÏÈÍfiÚ ÈÛÔÒÒÔfl·Ú (thermal equilibrium state), ¸Ôı Î›ÔÌ Á



ÂÌ›Ò„ÂÈ‹ ÙÔı Ë· ›˜ÂÈ Î‹‚ÂÈ ÙÁ ˜·ÏÁÎ¸ÙÂÒÁ ÙÈÏfi ÙÁÚ Í·È Á ËÂÒÏÔÍÒ·Ûfl· ÙÔı Ë· ›˜ÂÈ
Ò·ÍÙÈÍ˛Ú ÏÁ‰ÂÌÈÛÙÂfl.

¡ÓflÊÂÈ Â‰˛ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ Ô Í·Ì¸Ì·Ú ·ıÙ¸Ú ÂÈÙı„˜‹ÌÂÈ ÙÁÌ Â˝ÒÂÛÁ ÙÔı ÔÎÈÍÔ˝
‚›ÎÙÈÛÙÔı ÙÁÚ ÛıÌ‹ÒÙÁÛÁÚ ÂÌ›Ò„ÂÈ·Ú ÙÔı ‰ÈÍÙ˝Ôı Í·È ‰ÂÌ ·„È‰Â˝ÂÙ·È ÛÂ ÙÔÈÍ‹
‚›ÎÙÈÛÙ· ·ıÙfiÚ. ºÏ˘Ú ˜ÒÂÈ‹ÊÂÙ·È ÔÎ˝ ˜Ò¸ÌÔ ÒÔÍÂÈÏ›ÌÔı Ì· ˆÙ‹ÛÂÈ ÙÔ ‰flÍÙıÔ ÛÙÁÌ
Í·Ù‹ÛÙ·ÛÁ ËÂÒÏÈÍfiÚ ÈÛÔÒÒÔfl·Ú.

2.5 œÏ·‰ÔÔflÁÛÁ ÏÂ Ù· ÕÂıÒ˘ÌÈÍ‹ ƒflÍÙı·

ƒÂ‰ÔÏ›ÌÔı ¸ÙÈ Á ·ÒÔ˝Û· ÂÒ„·Ûfl· ÂÓÂÙ‹ÊÂÈ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ ‰Â‰ÔÏ›Ì˘Ì, ÛÙÁ ÛıÌ›˜ÂÈ· Ë·
ÂÓÂÙ·ÛÙÔ˝Ì Ù· ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı· Ï¸ÌÔÌ ˘Ú ÒÔÚ ÙÁ ‰ıÌ·Ù¸ÙÁÙ‹ ÙÔıÚ Ì· ÂÈÙÂÎÔ˝Ì ÙÔ ›Ò„Ô
·ıÙ¸.

º˘Ú ·ÒÔıÛÈ‹ÊÂÙ·È Í·È ÛÙÔ [Lip87], ÔÎÎÔfl ‰È·ˆÔÒÂÙÈÍÔfl Ù˝ÔÈ ‰ÈÍÙ˝˘Ì ‰˝Ì·ÌÙ·È Ì·
˜ÒÁÛÈÏÔÔÈÁËÔ˝Ì „È· ÙÔ ÛÍÔ¸ ·ıÙ¸. –ÎÁÌ ¸Ï˘Ú, Ï¸ÌÔÌ Ô ÎÂ„¸ÏÂÌÔÚ ·ıÙÔ-ÔÒ„·Ì˘Ì¸ÏÂÌÔÚ

˜‹ÒÙÁÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì (Self-Organizing Feature Map (SOFM)) ›˜ÂÈ Ù·ıÙÔ˜Ò¸Ì˘Ú ‰˝Ô ÔÎ˝
ÛÁÏ·ÌÙÈÍ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹:

1. ‘Á ‰ıÌ·Ù¸ÙÁÙ· Ì· ˜ÂÈÒflÊÂÙ·È ‰Â‰ÔÏ›Ì· ÂÈÛ¸‰Ôı Ôı Î·Ï‚‹ÌÔıÌ ÛıÌÂ˜ÂflÚ ÙÈÏ›Ú, ‰ÁÎ·‰fi
‰È·Ì˝ÛÏ·Ù· Ôı ·ÌfiÍÔıÌ ÛÙÔ ˜˛ÒÔ R

n.

2. ‘Á ‰ıÌ·Ù¸ÙÁÙ· Ì· Âˆ·ÒÏ¸ÛÂÈ ÙÔ ·Ò‹‰ÂÈ„Ï· ÙÁÚ ÂÍÏ‹ËÁÛÁÚ ‚·ÛÈÛÏ›ÌÁÚ ÛÙÁÌ ·ıÙÔ-
ÔÒ„‹Ì˘ÛÁ, ‰fl˜˘Ú ‰ÁÎ·‰fi Ì· ˜ÒÂÈ‹ÊÂÙ·È ÙÁÌ ·ÒÔıÛfl· ÂÌ¸Ú ÂÓ˘ÙÂÒÈÍÔ˝ ‰È‰·ÛÍ‹ÎÔı.

 ·Ë˛Ú Í·È Ù· ‰˝Ô ·ıÙ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ·ÔÙÂÎÔ˝Ì ‚·ÛÈÍÔ˝Ú ÂÒÈÔÒÈÛÏÔ˝Ú ÙÔı ÒÔ‚Îfi-
Ï·ÙÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ‰ÔÛÔÎÁ¯È˛Ì ÛıÏˆ˛Ì˘Ú ÒÔÚ Ù· ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ÙÔı ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú
ÙÔıÚ, Ôı ÂÓÂÙ‹ÊÂÙ·È ÛÙÁÌ ·ÒÔ˝Û· ÂÒ„·Ûfl·, ÛÙÁ ÛıÌ›˜ÂÈ· Ë· ÂÓÂÙ·ÛÙÂfl Á ·Ò˜ÈÙÂÍÙÔÌÈÍfi
SOFM Ï¸ÌÔ, Í·Ë˛Ú Í·È ·ıÙfi ÙÔı ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS ·Î„¸ÒÈËÏÔı (‚Î›Â ÙÔ
ÍÂˆ‹Î·ÈÔ 3), Ôı ÏÔÒÂfl Ì· ËÂ˘ÒÁËÂfl ˘Ú Ïfl· ıÔÂÒflÙ˘ÛÁ ÙÔı SOFM.

2.5.1 œ ¡ıÙÔ-œÒ„·Ì˘Ì¸ÏÂÌÔÚ ◊‹ÒÙÁÚ ◊·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì

∏Ì· ÔÎ˝ ÛÁÏ·ÌÙÈÍ¸ ˜·Ò·ÍÙÁÒÈÛÙÈÍ¸ ÙÁÚ ÔÒ„‹Ì˘ÛÁÚ ÙÔı ÙÏfiÏ·ÙÔÚ ÙÔı Â„ÍÂˆ‹ÎÔı Ôı
ÂÂÓÂÒ„‹ÊÂÙ·È Ù· ÛfiÏ·Ù· Ôı Î·Ï‚‹ÌÔıÏÂ Ï›Û˘ Ù˘Ì ·ÈÛËÁÙÁÒfl˘Ì ÔÒ„‹Ì˘Ì Ï·Ú, ÂflÌ·È ¸ÙÈ
ÔÈ ÌÂıÒ˛ÌÂÚ ·ÒÔıÛÈ‹ÊÔıÌ Ïfl· Í·ÌÔÌÈÍ¸ÙÁÙ· ˘Ú ÒÔÚ ÙÁ Ë›ÛÁ ÙÔıÚ Í·È Ûı˜Ì‹ Á ÔÒ„‹Ì˘Ûfi
ÙÔıÚ ·ÌÙÈÍ·ÙÔÙÒflÊÂÈ ÔÒÈÛÏ›Ì· ˆıÛÈÍ‹ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ÙÁÚ Ûı„ÍÂÍÒÈÏ›ÌÁÚ ·flÛËÁÛÁÚ Ôı
ÂÂÓÂÒ„‹ÊÔÌÙ·È. √È· ·Ò‹‰ÂÈ„Ï·, ÛÂ Í‹ËÂ ÂflÂ‰Ô ÙÁÚ ·ÍÔıÛÙÈÍfiÚ Ô‰Ô˝ (auditory pathway),
Ù· ÌÂıÒÈÍ‹ Í˝ÙÙ·Ò· ÂflÌ·È ÙÔÔËÂÙÁÏ›Ì· ·Ì·Î¸„˘Ú ÒÔÚ ÙÁ Ûı„ÍÂÍÒÈÏ›ÌÁ Ûı˜Ì¸ÙÁÙ· ÛÙÁÌ
ÔÔfl· ·ÌÙÈ‰ÒÔ˝Ì ÂÒÈÛÛ¸ÙÂÒÔ.

–·Ò¸ÎÔ Ôı ÏÂ„‹ÎÔ ÔÛÔÛÙ¸ ÙÁÚ ˜·ÏÁÎÔ˝ ÂÈ›‰Ôı ÔÒ„‹Ì˘ÛÁÚ ÂflÌ·È ÒÔÍ·ËÔÒÈÛÏ›ÌÁ
„ÂÌÂÙÈÍ˛Ú, ÂflÌ·È ÈË·Ì¸ Í‹ÔÈ· ·¸ ÙÁÌ ÔÒ„‹Ì˘ÛÁ ÛÙ· ı¯ÁÎ¸ÙÂÒ· ÂflÂ‰· Ì· ‰ÁÏÈÔıÒ„ÂflÙ·È
Í·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· ÙÁÚ ÂÍÏ‹ËÁÛÁÚ ·¸ ·Î„¸ÒÈËÏÔıÚ ·ıÙÔ-ÔÒ„‹Ì˘ÛÁÚ. œ Kohonen [Koh82],
[Koh90], ‰ÁÏÈÔ˝Ò„ÁÛÂ ›Ì·Ì Ù›ÙÔÈÔÌ ·Î„¸ÒÈËÏÔ, Ô ÔÔflÔÚ ·Ò‹„ÂÈ ·ıÙÔ-ÔÒ„·Ì˘Ì¸ÏÂÌÔıÚ
˜‹ÒÙÂÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì, ·Ò¸ÏÔÈÔıÚ ÏÂ ·ıÙÔ˝Ú Ôı ÂÏˆ·ÌflÊÔÌÙ·È ÛÙÔÌ Â„Í›ˆ·ÎÔ. œ
·Î„¸ÒÈËÏÔÚ ·ıÙ¸Ú ˜ÒÁÛÈÏÔÔÈÂfl ÙÔÌ ·ÌÙ·„˘ÌÈÛÙÈÍ¸ Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ (‚Î›Â ÛÂÎfl‰· 17).

”ÍÔ¸Ú ÙÔı SOFM ÂflÌ·È Ì· ·Ò‹„ÂÈ ›Ì·Ì Í‚·ÌÙÔÔÈÁÙfi ‰È·ÌıÛÏ‹Ù˘Ì (vector quantizer),
‰ÁÎ·‰fi ›Ì· Û˝ÛÙÁÏ· Ôı Ì· ·ÌÙÈÛÙÔÈ˜Âfl ÛÂ Ûı„ÍÂÍÒÈÏ›Ì· Û˝ÌÔÎ· ‰È·ÌıÛÏ‹Ù˘Ì ÂÈÛ¸‰Ôı
Í‹ÔÈ· ‰È·Ì˝ÛÏ·Ù· ·Ì·ˆÔÒ‹Ú, Ù· ÔÔfl· Ì· ÂÒÈ„Ò‹ˆÔıÌ ¸ÛÔ ÙÔ ‰ıÌ·Ù¸Ì Í·Î˝ÙÂÒ· ÙÔ
Û˝ÌÔÎÔ ÛÙÔ ÔÔflÔ ·ÌÙÈÛÙÔÈ˜Ô˝Ì. ‘· ‰È·Ì˝ÛÏ·Ù· ·Ì·ˆÔÒ‹Ú ·ıÙ‹ Ù· ·ÔËÁÍÂ˝ÂÈ ÛÙ·
‰È·Ì˝ÛÏ·Ù· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì Ù˘Ì ÌÂıÒ˛Ì˘Ì Ôı ·ÔÙÂÎÔ˝Ì ÙÔ ‰flÍÙıÔ.



Ãfl· Û˜ÁÏ·ÙÈÍfi ·Ò‹ÛÙ·ÛÁ ÙÔı ‰ÈÍÙ˝Ôı Ôı ıÎÔÔÈÂfl ÙÔÌ ·Î„¸ÒÈËÏÔ SOFM ˆ·flÌÂÙ·È
ÛÙÔ Û˜fiÏ· 2.10. º˘Ú ˆ·flÌÂÙ·È ÛÂ ·ıÙ¸, ÔÈ, Ã ÙÔÌ ·ÒÈËÏ¸, Í¸Ï‚ÔÈ ÙÁÚ ÂÓ¸‰Ôı ÂflÌ·È
·Ò·ÙÂÙ·„Ï›ÌÔÈ ÛÂ ›Ì· ‰ÈÛ‰È‹ÛÙ·ÙÔ ‰fl˜Ùı Í·È ÂflÌ·È ÛıÌ‰Â‰ÂÏ›ÌÔÈ ÛÂ ÏÂ„‹ÎÔ ‚·ËÏ¸ ÏÂÙ·Ó˝
ÙÔıÚ. ≈flÛÁÚ, ÔÈ, Õ ÙÔÌ ·ÒÈËÏ¸, Í¸Ï‚ÔÈ ÙÁÚ ÂÈÛ¸‰Ôı ÛıÌ‰›ÔÌÙ·È ÏÂ Í‹ËÂ ›Ì·Ì ·¸ ÙÔıÚ
Í¸Ï‚ÔıÚ ÂÓ¸‰Ôı, ¸˘Ú ‰Âfl˜ÌÂÈ Í·È ÙÔ Û˜fiÏ· 2.11.

–ÒÔÍÂÈÏ›ÌÔı Ì· Í·Ù·ÛÍÂı·ÛÙÔ˝Ì Ù· ‰È·Ì˝ÛÏ·Ù· ·Ì·ˆÔÒ‹Ú, Ô SOFM ·Ì·„Í‹ÊÂÈ ÙÔıÚ
ÌÂıÒ˛ÌÂÚ ÙÔı ‰ÈÍÙ˝Ôı Ì· ·ÌÙ·„˘ÌflÊÔÌÙ·È „È· ÙÔ ÔÈ¸Ú ÂÓ ·ıÙ˛Ì Ë· ·ÌÙÈÒÔÛ˘Â˝ÛÂÈ ÙÔ
ÂÍ‹ÛÙÔÙÂ ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı. ¡ıÙ¸ „flÌÂÙ·È Í·Ù‹ ÙÁÌ ÂÏˆ‹ÌÈÛÁ ÙÔı ‰È·Ì˝ÛÏ·ÙÔÚ ÂÈÛ¸‰Ôı, ¸Ôı
¸ÎÔÈ ÔÈ ÌÂıÒ˛ÌÂÚ ıÔÎÔ„flÊÔıÌ ÙÁÌ ·¸ÛÙ·ÛÁ Ôı ›˜ÔıÌ ·¸ ·ıÙ¸, ‰ÁÎ·‰fi ÙÔ ¸ÛÔ ·›˜ÂÈ
ÙÔ ‰È‹ÌıÛÏ· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ÙÔıÚ ‚·Ò˛Ì ·¸ ÙÔ ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı. ÕÈÍÁÙfiÚ ËÂ˘ÒÂflÙ·È
Ô ÌÂıÒ˛Ì·Ú ÙÔ ‰È‹ÌıÛÏ· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì ÙÔı ÔÔflÔı ÂflÌ·È ÎÁÛÈ›ÛÙÂÒÔ ÒÔÚ ÙÔ
‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı. œ ÌÂıÒ˛Ì·Ú ·ıÙ¸Ú ÂÌÁÏÂÒ˛ÌÂÈ Í·Ù¸ÈÌ Ù· ‚‹ÒÁ ÙÔı, ÛıÏˆ˛Ì˘Ú ÒÔÚ
ÙÔÌ ·ÌÙ·„˘ÌÈÛÙÈÍ¸ Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ, ÒÔÛÂ„„flÊÔÌÙ·Ú ›ÙÛÈ ·Í¸Ï· ÂÒÈÛÛ¸ÙÂÒÔ ÙÔ ÙÒ›˜˘Ì
‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı. ¬·ÛÈÍ¸ ÛÙÔÈ˜ÂflÔ ÙÔı SOFM, Í·È Ù·ıÙÔ˜Ò¸Ì˘Ú ÛÁÏÂflÔ ‰È·ˆÔÒÔÔflÁÛfiÚ
ÙÔı ·¸ ÙÔÌ ·ÌÙ·„˘ÌÈÛÙÈÍ¸ Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ, ÂflÌ·È ¸ÙÈ Ï·Êfl ÏÂ ÙÔÌ ÌÂıÒ˛Ì· - ÌÈÍÁÙfi,
ÂÌÁÏÂÒ˛ÌÔÌÙ·È Í·È Ù· ‰È·Ì˝ÛÏ·Ù· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ÙÔı ÌÂıÒ˛Ì˘Ì,
·Ì·„Í‹ÊÔÌÙ‹Ú Ù· ÏÂ ·ıÙ¸Ì ÙÔÌ ÙÒ¸Ô Ì· ÒÔÛÂ„„flÛÔıÌ ÍÈ ·ıÙ‹ ÙÔ ÙÒ›˜˘Ì ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı.
œ Î¸„ÔÚ „È· ÙÔÌ ÔÔflÔ „flÌÂÙ·È ·ıÙ¸ ÂflÌ·È ¸ÙÈ Ô ·Î„¸ÒÈËÏÔÚ ÒÔÛ·ËÂfl Ì· ·Ì·„Í‹ÛÂÈ ÙÔıÚ
„ÂÈÙÔÌÈÍÔ˝Ú ÌÂıÒ˛ÌÂÚ ÙÔı ‰ÈÍÙ˝Ôı Ì· ·ÌÙÈ‰ÒÔ˝Ì ÏÂ ·Ò¸ÏÔÈÔ ÙÒ¸Ô, ˛ÛÙÂ Ì· Í·Ù·ˆ›ÒÂÈ
Ì· Í·Ù·ÛÍÂı‹ÛÂÈ ˜‹ÒÙÂÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì ·Ò¸ÏÔÈÔıÚ ÏÂ ·ıÙÔ˝Ú Ôı ·Ò·ÙÁÒÔ˝ÌÙ·È ÛÙÔÌ
Â„Í›ˆ·ÎÔ Í·È Ì· Í·Ù·ÎfiÓÂÈ ÂÔÏ›Ì˘Ú ÛÂ Ïfl· ÙÔÔÎÔ„ÈÍfi (‰ÈÛ‰È‹ÛÙ·ÙÁ) Í·Ù‹Ù·ÓÁ Ù˘Ì
‰È·ÌıÛÏ‹Ù˘Ì ÂÈÛ¸‰Ôı.

”ÙÁÌ ÒÔÁ„Ô˝ÏÂÌÁ ·Ò‹„Ò·ˆÔ ·Ì·ˆ›ÒËÁÍÂ ¸ÙÈ, Ï·Êfl ÏÂ ÙÔÌ ÌÂıÒ˛Ì· - ÌÈÍÁÙfi, ÂÌÁ-
ÏÂÒ˛ÌÔÌÙ·È Í·È Ù· ‚‹ÒÁ Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ÙÔı ÌÂıÒ˛Ì˘Ì. « ›ÌÌÔÈ· ·ıÙfi ÙÁÚ „ÂÈÙÔÌÈ‹Ú

(neighbourhood) ÂflÌ·È ÔÎ˝ ‚·ÛÈÍfi „È· ÙÔÌ ·Î„¸ÒÈËÏÔ SOFM Í·È „È· ·ıÙ¸ ˜ÒÂÈ‹ÊÂÙ·È Ì·
ı‹Ò˜ÂÈ Í‹ÔÈ· ÛıÌ‹ÒÙÁÛÁ, NEj�t�, Á ÔÔfl·, ‰ÔË›ÌÙÔÚ ÂÌ¸Ú ÌÂıÒ˛Ì· Í·È ÙÁÚ ÙÒ›˜ÔıÛ·Ú ˜ÒÔ-
ÌÈÍfiÚ ÛÙÈ„ÏfiÚ, Ì· ‰flÌÂÈ ›Ì· Û˝ÌÔÎÔ ·¸ ÌÂıÒ˛ÌÂÚ Ôı ·ÔÙÂÎÔ˝Ì ÙÁ „ÂÈÙÔÌÈ‹ ÙÔı ·Ò˜ÈÍÔ˝
ÌÂıÒ˛Ì· ÙÁ Ûı„ÍÂÍÒÈÏ›ÌÁ ÛÙÈ„Ïfi. « ÛıÌ‹ÒÙÁÛÁ ·ıÙfi Ë· Ò›ÂÈ Ì· ˆËflÌÂÈ Í·Ù‹ ÙÁÌ ‹ÒÔ‰Ô
ÙÔı ˜Ò¸ÌÔı. ¡Ò˜ÈÍ˛Ú ‰ÁÎ·‰fi, Ôı ÙÔ ‰flÍÙıÔ ‰ÂÌ ›˜ÂÈ ·ÔËÁÍÂ˝ÛÂÈ ·Í¸Ï· Í‹ÔÈ· „Ì˛ÛÁ
ÛÙ· ‚‹ÒÁ ÙÔı, Á „ÂÈÙÔÌÈ‹ ÂflÌ·È ÏÂ„‹ÎÁ (ÛıÌfiË˘Ú ÔÎ¸ÍÎÁÒÔ ÙÔ ‰flÍÙıÔ) ˛ÛÙÂ Ì· ÂÈÙÒ›ÂÈ ÙÁ
„Òfi„ÔÒÁ ÒÔÛ·ÒÏÔ„fi Í·È ÂÍ·fl‰ÂıÛÁ ¸Î˘Ì Ù˘Ì ÌÂıÒ˛Ì˘Ì, ÂÌ˛ Í·Ë˛Ú Ô ˜Ò¸ÌÔÚ ÂÒÌ‹ Í·È
ÔÈ ÌÂıÒ˛ÌÂÚ ·Ò˜flÊÔıÌ Ì· ÂÓÂÈ‰ÈÍÂ˝ÔÌÙ·È ÛÂ Ûı„ÍÂÍÒÈÏ›Ì· Û˝ÌÔÎ· ‰È·ÌıÛÏ‹Ù˘Ì ÂÈÛ¸‰Ôı, Á
„ÂÈÙÔÌÈ‹ ÏÂÈ˛ÌÂÙ·È ˛ÛÙÂ Ì· ÙÔıÚ ‚ÔÁËfiÛÂÈ Ì· ÂÛÙÈ·ÛÙÔ˝Ì ÈÔ Í·Î‹ ÛÙÁ Ûı„ÍÂÍÒÈÏ›ÌÁ Â-
ÒÈÔ˜fi ÙÁÚ ÂÈÛ¸‰Ôı Ôı ›˜ÔıÌ ÂÈÎ›ÓÂÈ. Ãfl· Û˜ÁÏ·ÙÈÍfi ·Ò‹ÛÙ·ÛÁ ÙÁÚ ›ÌÌÔÈ·Ú ÙÁÚ „ÂÈÙÔÌÈ‹Ú
Í·È ÙÔı ÙÒ¸Ôı ÏÂ ÙÔÌ ÔÔflÔ ·ıÙfi ÏÂÙ·‚‹ÎÎÂÙ·È, ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 2.12.

–Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl Â‰˛, ¸ÙÈ Ù¸ÛÔ ÙÔ Û˜fiÏ· ÙÁÚ „ÂÈÙÔÌÈ‹Ú ¸ÛÔ Í·È Ô ÙÒ¸ÔÚ ÏÂ
ÙÔÌ ÔÔflÔ ·ıÙfi ÏÂÈ˛ÌÂÙ·È Í·Ù‹ ÙÁÌ ‹ÒÔ‰Ô ÙÔı ˜Ò¸ÌÔı ÂflÌ·È ÛÙÔÈ˜Âfl· ÙÔı ·Î„¸ÒÈËÏÔı
Ôı ÂÓ·ÒÙÔ˝ÌÙ·È ·¸ ÙÔ ÂÍ‹ÛÙÔÙÂ Ò¸‚ÎÁÏ·. ¡ÒÍÂÙ‹ ˜ÒÁÛÈÏÔÔÈÁÏ›ÌÂÚ „ÂÈÙÔÌÈ›Ú ÂflÌ·È Á
ÙÂÙÒ·„˘ÌÈÍfi, Ôı ˆ·flÌÂÙ·È Í·È ÛÙÔ Û˜fiÏ· 2.12, Í·È Á Íı¯ÂÎÔÂÈ‰fiÚ.

Ãfl· ÂÒÈ„Ò·ˆfi ÙÔı SOFM ÛÂ ¯Âı‰ÔÍ˛‰ÈÍ· ˆ·flÌÂÙ·È ÛÙÔÌ flÌ·Í· 2.1. ‘· ‚‹ÒÁ
Ù˘Ì ÛıÌ‹¯Â˘Ì ÏÂÙ·Ó˝ Ù˘Ì Í¸Ï‚˘Ì ÙÁÚ ÂÈÛ¸‰Ôı Í·È ·ıÙ˛Ì ÙÁÚ ÂÓ¸‰Ôı ·Ò˜ÈÍ˛Ú ÙflËÂÌÙ·È
flÛ· ÏÂ ÏÈÍÒ›Ú Ùı˜·flÂÚ ÙÈÏ›Ú Í·È ÏÂÙ‹ ‰flÌÂÙ·È ÛÙÔ ‰flÍÙıÔ ÙÔ Ò˛ÙÔ ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı.
’ÔÎÔ„flÊÂÙ·È Á ≈ıÍÎÂfl‰È· ·¸ÛÙ·ÛÁ ·ıÙÔ˝ ·¸ ¸ÎÔıÚ ÙÔıÚ Í¸Ï‚ÔıÚ ÂÓ¸‰Ôı Í·È ÂÈÎ›„ÂÙ·È
·ıÙ¸Ú Ô Í¸Ï‚ÔÚ ÂÓ¸‰Ôı Ôı ›˜ÂÈ ÙÁÌ ÏÈÍÒ¸ÙÂÒÁ.  ·Ù¸ÈÌ, Ù· ‚‹ÒÁ ÙÔı Í¸Ï‚Ôı ·ıÙÔ˝
Í·È Ù˘Ì Í¸Ï‚˘Ì Ôı ·ÔÙÂÎÔ˝Ì ÂÍÂflÌÁ ÙÁ ÛÙÈ„Ïfi ÙÁ „ÂÈÙÔÌÈ‹ ÙÔı ÒÔÛ·ÒÏ¸ÊÔÌÙ·È Í·Ù‹
Ù›ÙÔÈÔ ÙÒ¸Ô ˛ÛÙÂ Ì· ÒÔÛÂ„„flÛÔıÌ ·Í¸Ï· ÂÒÈÛÛ¸ÙÂÒÔ ÙÔ ÙÒ›˜˘Ì ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı. «
‰È·‰ÈÍ·Ûfl· ·ıÙfi Â·Ì·Î·Ï‚‹ÌÂÙ·È ÏÂ Ù· Â¸ÏÂÌ· ‰È·Ì˝ÛÏ·Ù· ÂÈÛ¸‰Ôı, ›˘Ú ¸ÙÔı Ù· ‚‹ÒÁ
ÛÙ·ËÂÒÔÔÈÁËÔ˝Ì ¸Ù·Ì Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ (learning rate) ›˜ÂÈ Î›ÔÌ ÏÁ‰ÂÌÈÛÙÂfl.
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”˜fiÏ· 2.10: œ ·ıÙÔ-ÔÒ„·Ì˘Ì¸ÏÂÌÔÚ ˜‹ÒÙÁÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì
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”˜fiÏ· 2.11: ‘· ÛıÌ·ÙÈÍ‹ ‚‹ÒÁ ÙÔı j-ÔÛÙÔ˝ ÌÂıÒ˛Ì·
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j
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”˜fiÏ· 2.12: √ÂÈÙÔÌÈ›Ú ÛÙÔÌ SOFM Í·Ù‹ ÙÁÌ ‹ÒÔ‰Ô ÙÔı ˜Ò¸ÌÔı
NEj�t� ÂflÌ·È ÙÔ Û˝ÌÔÎÔ Ù˘Ì Í¸Ï‚˘Ì Ôı ·ÔÙÂÎÔ˝Ì ÙÁ „ÂÈÙÔÌÈ‹ ÙÔı Í¸Ï‚Ôı j, ÙÁ ˜ÒÔÌÈÍfi
ÛÙÈ„Ïfi t. « „ÂÈÙÔÌÈ‹ ·Ò˜ÈÍ˛Ú ›˜ÂÈ ÏÂ„‹ÎÔ Â˝ÒÔÚ ·ÎÎ‹ ÛÙ·‰È·Í˛Ú ÛıÒÒÈÍÌ˛ÌÂÙ·È. ”ÙÔ
·Ò‹‰ÂÈ„Ï· ·ıÙ¸, ÈÛ˜˝ÂÈ 0 	 t1 	 t2.



¬fiÏ· 1. ¡Ò˜ÈÍÔÔflÁÛÁ Ù˘Ì ‚·Ò˛Ì ÙÔı ‰ÈÍÙ˝Ôı

¡Ò˜ÈÍÔÔÈÔ˝ÌÙ·È Ù· ÛıÌ·ÙÈÍ‹ ‚‹ÒÁ, �wj� 0 � j 	 M , Ù˘Ì N ÂÈÛ¸‰˘Ì ÒÔÚ ÙÔıÚ Ã
Í¸Ï‚ÔıÚ ÂÓ¸‰Ôı, Ôı ˆ·flÌÔÌÙ·È ÛÙÔ Û˜fiÏ· 2.11, ÏÂ ÏÈÍÒ›Ú Ùı˜·flÂÚ ÙÈÏ›Ú.

∏ÙÛÈ, Í·Î˝ÙÂÙ·È Á ··flÙÁÛÁ 3a (ÛÂÎfl‰· 17) ÙÔı ·ÌÙ·„˘ÌÈÛÙÈÍÔ˝ Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ
„È· ÙÁÌ ·Ò˜ÈÍfi ‰È·ˆÔÒÔÔflÁÛÁ Ù˘Ì ÌÂıÒ˛Ì˘Ì.

¬fiÏ· 2. –·ÒÔıÛfl·ÛÁ ÂÌ¸Ú Ì›Ôı ‰Â‰ÔÏ›ÌÔı ÂÈÛ¸‰Ôı, �x�t�, ÛÙÔ ‰flÍÙıÔ

¬fiÏ· 3. ’ÔÎÔ„ÈÛÏ¸Ú Ù˘Ì ·ÔÛÙ‹ÛÂ˘Ì ·¸ ¸ÎÔıÚ ÙÔıÚ Í¸Ï‚ÔıÚ ÙÔı ‰ÈÍÙ˝Ôı

’ÔÎÔ„flÊÔÌÙ·È ÔÈ ·ÔÛÙ‹ÛÂÈÚ, dj , ÏÂÙ·Ó˝ ÙÔı ‰Â‰ÔÏ›ÌÔı ÙÁÚ ÂÈÛ¸‰Ôı, �x�t�, Í·È ÙÔı
‰È·Ì˝ÛÏ·ÙÔÚ Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì, �wj�t�, Í‹ËÂ Í¸Ï‚Ôı ÂÓ¸‰Ôı j ˜ÒÁÛÈÏÔÔÈ˛ÌÙ·Ú
ÙÁÌ ÂÓflÛ˘ÛÁ

dj � jj�x�t�� �wj�t�jj
2

¸Ôı �x�t� ÂflÌ·È ÙÔ ‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı ÙÁ ˜ÒÔÌÈÍfi ÛÙÈ„Ïfi t Í·È �wj�t� ÂflÌ·È ÙÔ ‰È‹ÌıÛÏ·
Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ‚·Ò˛Ì ÙÔı j-ÔÛÙÔ˝ Í¸Ï‚Ôı ÂÓ¸‰Ôı ÙÁÌ fl‰È· ˜ÒÔÌÈÍfi ÛÙÈ„Ïfi t. («
·¸ÛÙ·ÛÁ dj ‰ÂÌ ÂflÌ·È ‹ÎÎÁ ·¸ ÙÔ ÙÂÙÒ‹„˘ÌÔ ÙÁÚ ≈ıÍÎÂfl‰È·Ú ·¸ÛÙ·ÛÁÚ Ù˘Ì ‰˝Ô
‰È·ÌıÛÏ‹Ù˘Ì �x�t� Í·È �wj�t�).

¬fiÏ· 4. ≈ÈÎÔ„fi ÙÔı Í¸Ï‚Ôı ÂÓ¸‰Ôı ÏÂ ÙÁÌ ÂÎ‹˜ÈÛÙÁ ·¸ÛÙ·ÛÁ

≈ÈÎ›„ÂÙ·È Ô Í¸Ï‚ÔÚ j� ˘Ú Ô Í¸Ï‚ÔÚ ÂÓ¸‰Ôı Ôı ›˜ÂÈ ÙÁÌ ÂÎ‹˜ÈÛÙÁ ·¸ÛÙ·ÛÁ dj .

¬fiÏ· 5. –ÒÔÛ·ÒÏÔ„fi Ù˘Ì ‚·Ò˛Ì Ù˘Ì ÛıÌ‹¯Â˘Ì ÙÔı Í¸Ï‚Ôı j� Í·È Ù˘Ì „ÂÈÙ¸Ì˘Ì ÙÔı

–ÒÔÛ·ÒÏ¸ÊÔÌÙ·È Ù· ‚‹ÒÁ Ù˘Ì ÛıÌ‹¯Â˘Ì ÙÔı Í¸Ï‚Ôı j� Í·È ¸Î˘Ì Ù˘Ì Í¸Ï‚˘Ì
Ôı ·ÌfiÍÔıÌ ÛÙÁ „ÂÈÙÔÌÈ‹ ÙÔı, ¸˘Ú ·ıÙfi ÔÒflÊÂÙ·È ·¸ ÙÁ ÛıÌ‹ÒÙÁÛÁ NEj��t� Ôı
„Ò·ˆÈÍ˛Ú ·ÒÔıÛÈ‹ÊÂÙ·È ÛÙÔ Û˜fiÏ· 2.12. ‘· Ì›· ‚‹ÒÁ ‰flÌÔÌÙ·È ·¸ ÙÁÌ ÂÓflÛ˘ÛÁ

�wj�t� 1� � �wj�t� � 
�t� � ��x�t�� �wj�t��

�j 	 NEj��t�

œ ¸ÒÔÚ 
�t� ÔÌÔÏ‹ÊÂÙ·È ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ (learning rate) (0 	 
�t� 	 1) Í·È ÏÂÈ˛ÌÂÙ·È
Í·Ù‹ ÙÁÌ ‹ÒÔ‰Ô ÙÔı ˜Ò¸ÌÔı. « ·ÒÔıÛfl· ÙÔı ÛÙÁÌ ÈÔ ‹Ì˘ ÂÓflÛ˘ÛÁ ›˜ÂÈ ÛÍÔ¸ Ì·
ÂÈÙÒ›ÂÈ ÙÁ „Òfi„ÔÒÁ ÒÔÛ·ÒÏÔ„fi Ù˘Ì ‚·Ò˛Ì ÒÔÚ Ù· ‰Â‰ÔÏ›Ì· ÂÈÛ¸‰Ôı ÛÙÁÌ ·Ò˜fi,
Ôı ÙÔ ‰flÍÙıÔ ‚ÒflÛÍÂÙ·È ·Í¸Ï· Ï·ÍÒı‹ ·¸ ÙÁÌ ÙÂÎÈÍfi ÙÔı Í·Ù‹ÛÙ·ÛÁ, ‚ÔÁË˛ÌÙ·Ú
ÙÔ ›ÙÛÈ Ì· ·ÔÍÙfiÛÂÈ Í‹ÔÈ· ·Ò˜ÈÍfi „Ì˛ÛÁ Í·È ÏÂ ÙÁÌ ‹ÒÔ‰Ô ÙÔı ˜Ò¸ÌÔı, Ôı ÙÔ
‰flÍÙıÔ ÎÁÛÈ‹ÊÂÈ ¸ÎÔ Í·È ÂÒÈÛÛ¸ÙÂÒÔ ÙÁÌ ÙÂÎÈÍfi ÙÔı Í·Ù‹ÛÙ·ÛÁ, Ì· ÂÈÙÒ›ÂÈ Ï¸ÌÔ
ÏÈÍÒ›Ú ·ÎÎ·„›Ú ÛÙ· ‚‹ÒÁ, ˛ÛÙÂ ÙÔ ‰flÍÙıÔ Ì· ‰È·ÙÁÒÂfl ÙÁ „Ì˛ÛÁ Ôı ›˜ÂÈ ·ÔÍÙfiÛÂÈ
›˘Ú ÂÍÂflÌÁ ÙÁ ˜ÒÔÌÈÍfi ÛÙÈ„Ïfi Í·È Ì· Í‹ÌÂÈ Ï¸ÌÔ ÏÈÍÒ›Ú ·ÎÎ·„›Ú (refinements) ÛÂ ·ıÙfi.

¬fiÏ· 6. ≈ÈÛÙÒÔˆfi ÛÙÔ ¬fiÏ· 2

–flÌ·Í·Ú 2.1: œ ·Î„¸ÒÈËÏÔÚ SOFM





 Âˆ‹Î·ÈÔ 3

ƒıÌ·ÏÈÍ˛Ú ¡Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ

K-MEANS

œ K-MEANS [Mac67], [Har75], [VR92] ÂflÌ·È ›Ì·Ú ÂıÒ›˘Ú ‰È·‰Â‰ÔÏ›ÌÔÚ ·Î„¸ÒÈËÏÔÚ ÔÏ·‰Ô-
ÔflÁÛÁÚ ‰Â‰ÔÏ›Ì˘Ì. « ÏÂ„‹ÎÁ ‰È‹‰ÔÛÁ Í·È ˜ÒfiÛÁ ÙÔı ÔˆÂflÎÂÙ·È ÛÙÁÌ ·Î¸ÙÁÙ‹ ÙÔı, ÛÙÔ
¸ÙÈ ‰˝Ì·Ù·È Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl ÛÂ ÔÎÎ‹ ‰È·ˆÔÒÂÙÈÍ‹ Â‰fl· Âˆ·ÒÏÔ„˛Ì Í·È ÛÙÔ ¸ÙÈ ÂflÌ·È
ÔÎ˝ „Òfi„ÔÒÔÚ.

œÈ È‰È¸ÙÁÙ›Ú ÙÔı ·ıÙ›Ú Ô‰fi„ÁÛ·Ì ›˘Ú Í·È ÛÙÁÌ ıÎÔÔflÁÛfi ÙÔı ÏÂ ˜ÒfiÛÁ ÌÂıÒ˘ÌÈÍ˛Ì
‰ÈÍÙ˝˘Ì. ”ÙÔ ÍÂˆ‹Î·ÈÔ ·ıÙ¸ Ò¸ÍÂÈÙ·È Ì· ·ÒÔıÛÈ·ÛÙÂfl Ô ÍÎ·ÛÛÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ, ÔÒÈÛÏ›ÌÂÚ
·Ò·ÎÎ·„›Ú ÙÔı, ÙÔ ˛Ú ·ıÙ¸Ú ÏÔÒÂfl Ì· ıÎÔÔÈÁËÂfl ÏÂ ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ, Ù·
ÒÔ‚ÎfiÏ·Ù· Ôı ›˜ÂÈ ›Ì· Ù›ÙÔÈÔ ‰flÍÙıÔ, ÔÒÈÛÏ›ÌÂÚ ÒÔÙÂÈÌ¸ÏÂÌÂÚ ‚ÂÎÙÈÛÙÔÔÈfiÛÂÈÚ Ôı
ÏÔÒÔ˝Ì Ì· „flÌÔıÌ ÛÂ ·ıÙ¸ „È· Ì· ÂÈ‰ÂÈÍÌ˝ÂÈ Í·Î˝ÙÂÒÁ ÛıÏÂÒÈˆÔÒ‹, Í·Ë˛Ú Í·È ˛Ú
ÙÂÎÈÍ˛Ú ıÎÔÔÈfiËÁÍÂ ·ıÙ¸ ÛÙÁÌ ·ÒÔ˝Û· ÂÒ„·Ûfl·.

3.1 œ  Î·ÛÛÈÍ¸Ú K-MEANS

œ ·Î„¸ÒÈËÏÔÚ K-MEANS Û˜Â‰È‹ÛÙÁÍÂ „È· ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ ‰Â‰ÔÏ›Ì˘Ì ÛÂ ÔÏ‹‰ÂÚ ÏÂ ÍÔÈÌ‹
ÏÂÙ·Ó˝ ÙÔıÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹. « Ï¸ÌÁ ÂflÛÔ‰ÔÚ Ôı ˜ÒÂÈ‹ÊÂÙ·È ·¸ ÙÔ ˜ÒfiÛÙÁ, ÂÍÙ¸Ú ˆıÛÈÍ‹
Ù˘Ì fl‰È˘Ì Ù˘Ì ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ ‰Â‰ÔÏ›Ì˘Ì, ÂflÌ·È Ô ·ÒÈËÏ¸Ú K Ù˘Ì ÂÈËıÏÁÙ˛Ì ÔÏ‹‰˘Ì.

‘ÈÚ ÔÏ‹‰ÂÚ Ôı Û˜ÁÏ·ÙflÊÂÈ ÙÈÚ ·Ì··ÒÈÛÙ‹ ÏÂ ÙÔ Í›ÌÙÒÔ (centroid) ÙÔıÚ, Ôı ‰ÂÌ ÂflÌ·È
ÙflÔÙ· ‹ÎÎÔ ·¸ ÙÔÌ Ï›ÛÔ ¸ÒÔ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ›˜ÔıÌ ·Ô‰ÔËÂfl ÛÙÁÌ ÂÍ‹ÛÙÔÙÂ ÔÏ‹‰·.
¡¸ ÙÔ „Â„ÔÌ¸Ú ·ıÙ¸ fiÒÂ, ‰Â, Í·È ÙÔ ¸ÌÔÏ‹ ÙÔı, Ôı ÛÂ ÂÎÂ˝ËÂÒÁ ÏÂÙ‹ˆÒ·ÛÁ ÂflÌ·È
`` -Ã›ÛÔÈ ¸ÒÔÈ''.

Ãfl· „ÂÌÈÍfi ÂÒÈ„Ò·ˆfi ÙÔı ·Î„¸ÒÈËÏÔı ˆ·flÌÂÙ·È ÛÙÔÌ flÌ·Í· 3.1. ”ÙÔÌ flÌ·Í· ·ıÙ¸Ì
Í·È ÛÙÔ ÍÂflÏÂÌÔ Ôı ·ÍÔÎÔıËÂfl, ÏÂ K ÛıÏ‚ÔÎflÊÂÙ·È Ô ·ÒÈËÏ¸Ú Ù˘Ì ÔÏ‹‰˘Ì ÛÙÈÚ ÔÔflÂÚ Ë·
˜˘ÒÈÛÙÔ˝Ì Ù· ‰Â‰ÔÏ›Ì·, ÏÂ Si ÙÔ ÎfiËÔÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ›˜ÔıÌ ·Ô‰ÔËÂfl ÛÙÁ i-ÔÛÙfi
ÔÏ‹‰·, ÏÂ �ci ÙÔ Í›ÌÙÒÔ ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú, Í·È ÏÂ �xij ÙÔ j-ÔÛÙ¸ ‰Â‰ÔÏ›ÌÔ ÙÁÚ i-ÔÛÙfiÚ
ÔÏ‹‰·Ú. ‘· ‰Â‰ÔÏ›Ì· Í·È Ù· Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì „Ò‹ˆÔÌÙ·È ˘Ú ‰È·Ì˝ÛÏ·Ù·, ‰È¸ÙÈ ÛıÌfiË˘Ú
ÂflÌ·È ÔÎı‰È‹ÛÙ·ÙÂÚ ÔÛ¸ÙÁÙÂÚ, ‰ÁÎ·‰fi ·ÌfiÍÔıÌ ÛÙÔ ˜˛ÒÔ R

n. ‘›ÎÔÚ, ÏÂ ÙÔ jj�� � ��jj

ÛıÏ‚ÔÎflÊÂÙ·È Á ‰Â˝ÙÂÒÁ Ì¸ÒÏ· Ù˘Ì n-‰È‹ÛÙ·Ù˘Ì ‰È·ÌıÛÏ‹Ù˘Ì �� Í·È ��, ‰ÁÎ·‰fi Á ≈ıÍÎÂfl‰È·

·¸ÛÙ·Ûfi ÙÔıÚ (jj�� � ��jj �
qPn

i�1��i � �i�2).
‘Ô ¸ÛÔ Í·Îfi ÂÈÎÔ„fi ›„ÈÌÂ „È· ÙÈÚ ÔÏ‹‰ÂÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì, ÏÔÒÂfl Ì· ˆ·ÌÂfl Â‹Ì

ÂÓÂÙ·ÛÙÂfl Á ‰È·ÛÔÒ‹ ÙÁÚ Í‹ËÂ ÔÏ‹‰·Ú. « ‰È·ÛÔÒ‹ ÂflÌ·È Ô Ï›ÛÔÚ ¸ÒÔÚ Ù˘Ì ·ÔÛÙ‹ÛÂ˘Ì
Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ·ÔÙÂÎÔ˝Ì ÙÁÌ ÔÏ‹‰· ·¸ ÙÔ Í›ÌÙÒÔ (Ï›ÛÔ ¸ÒÔ) ÙÁÚ ÔÏ‹‰·Ú. œÒflÊÂÙ·È,
‰Â, ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ 3.1:
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[¬fiÏ· 1]:

≈flÎÂÓÂ ·Ò˜ÈÍ˛Ú Ïfl· Ùı˜·fl· ÔÏ·‰ÔÔflÁÛÁ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÛÂ K ÔÏ‹‰ÂÚ.

≈·Ì›Î·‚Â

[¬fiÏ· 2]:

≈ÌÁÏ›Ò˘ÛÂ Ù· Í›ÌÙÒ· �ci� i � 1� � � � �K Ù˘Ì ÔÏ‹‰˘Ì, Ë›ÙÔÌÙ‹Ú Ù· flÛ· ÏÂ ÙÔıÚ ·ÌÙflÛÙÔÈ-
˜ÔıÚ Ï›ÛÔıÚ ¸ÒÔıÚ Ù˘Ì ÔÏ‹‰˘Ì, ‰ÁÎ·‰fi:

�ci �

PSi
j�1 �xij
Si

¸Ôı, Si ÂflÌ·È ÙÔ ÎfiËÔÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ›˜ÔıÌ ·Ô‰ÔËÂfl ÛÙÁ i-ÔÛÙfi ÔÏ‹‰·, �ci
ÂflÌ·È ÙÔ Í›ÌÙÒÔ ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú, Í·È �xij ÂflÌ·È ÙÔ j-ÔÛÙ¸ ‰Â‰ÔÏ›ÌÔ ÙÁÚ i-ÔÛÙfiÚ
ÔÏ‹‰·Ú.

[¬fiÏ· 3]:

√È· Í‹ËÂ ‰Â‰ÔÏ›ÌÔ, �xk, ‚ÒÂÚ ÙÁÌ ÔÏ‹‰· ÂÍÂflÌÁ ÙÔ Í›ÌÙÒÔ ÙÁÚ ÔÔfl·Ú ÂflÌ·È ÈÔ
ÍÔÌÙ‹ ÙÔı (ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ≈ıÍÎÂfl‰È· ·¸ÛÙ·ÛÁ), ‰ÁÎ·‰fi ‚ÒÂÚ ÙÔ ‰ÂflÍÙÁ i� Ôı
ÈÍ·ÌÔÔÈÂfl ÙÁ Û˜›ÛÁ:

di� � min
i
�jj�xk � �cijj�� i � 1� � � � �K

[¬fiÏ· 4]:

ÃÂÙ‹ˆÂÒÂ ÙÔ ‰Â‰ÔÏ›ÌÔ �xk ÛÙÁÌ ÔÏ‹‰· ı' ·ÒÈËÏ¸Ì i�a.

∏˘Ú ¸ÙÔı:

ƒÂÌ „flÌÔÌÙ·È Î›ÔÌ ·ÎÎ·„›Ú ÛÙ· Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì.

aœ ·Î„¸ÒÈËÏÔÚ ‰È·ÙÁÒÂfl „È· Í‹ËÂ ÔÏ‹‰· ÙÔ Û˝ÌÔÎÔ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ÙÁÌ ·ÔÙÂÎÔ˝Ì.

–flÌ·Í·Ú 3.1: √ÂÌÈÍfi ÂÒÈ„Ò·ˆfi ÙÔı ÍÎ·ÛÛÈÍÔ˝ ·Î„¸ÒÈËÏÔı K-MEANS.

vi
def
�

PSi
j�1 jj�xij � �cijj

2

Si
(3.1)

–ÒÔˆ·Ì˛Ú, ¸ÛÔ ÎÈ„¸ÙÂÒ· ÛÙÔÈ˜Âfl· ›˜ÂÈ Ïfl· ÔÏ‹‰·, Ù¸ÛÔ ÏÈÍÒ¸ÙÂÒÁ Ë· ÂflÌ·È ÂÌ „›ÌÂÈ Á
‰È·ÛÔÒ‹ ÙÁÚ. ºÏ˘Ú ¸Ù·Ì Ò›ÂÈ Ì· ‰È·˜˘ÒÈÛÙÔ˝Ì Ù· ‰Â‰ÔÏ›Ì· ÛÂ ›Ì· Û˝ÌÔÎÔ ·¸ ÔÏ‹‰ÂÚ,
Ù¸ÙÂ Á ·ˆ·flÒÂÛÁ Í‹ÔÈ˘Ì ÂÓ ·ıÙ˛Ì ·¸ Ïfl· ÔÏ‹‰· Í·È Á ÏÂÙ·ˆÔÒ‹ ÙÔıÚ ÛÂ Í‹ÔÈ· ‹ÎÎÁ
ÏÂÈ˛ÌÂÈ ÏÂÌ ÙÁ ‰È·ÛÔÒ‹ ÙÁÚ Ò˛ÙÁÚ ÔÏ‹‰·Ú, ·ÎÎ‹ ·ıÓ‹ÌÂÈ ÙÁ ‰È·ÛÔÒ‹ ÙÁÚ ‰Â˝ÙÂÒÁÚ.

√È· ÙÔ Î¸„Ô ·ıÙ¸, Ô K-MEANS Û˜Â‰È‹ÛÙÁÍÂ ˛ÛÙÂ Á ÛıÌ‹ÒÙÁÛÁ Ôı ÒÔÛ·ËÂfl Ì·
ÂÎ·˜ÈÛÙÔÔÈfiÛÂÈ Ì· ÂflÌ·È ÙÔ Ï›ÛÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· (mean square error (MSE)), ‰ÁÎ·‰fi
ÙÔ ‹ËÒÔÈÛÏ· Ù˘Ì ‰È·ÛÔÒ˛Ì ¸Î˘Ì Ù˘Ì ÔÏ‹‰˘Ì, ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÁÌ ÂÓflÛ˘ÛÁ 3.2.

MSE�K� �
KX
i�1

vi (3.2)

 ·Ù' ·ıÙ¸Ì ÙÔÌ ÙÒ¸Ô, Á ÏÂÙ·ˆÔÒ‹ ÂÌ¸Ú ‰Â‰ÔÏ›ÌÔı ·¸ Ïfl· ÔÏ‹‰· ÛÂ Í‹ÔÈ· ‹ÎÎÁ



ÂÈÙÒ›ÂÙ·È Ï¸ÌÔÌ Â‹Ì Á ÏÂfl˘ÛÁ ÙÁÚ ‰È·ÛÔÒ‹Ú ÙÁÚ Ò˛ÙÁÚ ÔÏ‹‰·Ú ÂflÌ·È ÏÂ„·Î˝ÙÂÒÁ ·¸
ÙÁÌ ·˝ÓÁÛÁ ÙÁÚ ‰È·ÛÔÒ‹Ú ÙÁÚ ‰Â˝ÙÂÒÁÚ ÔÏ‹‰·Ú.

‘Ô „Â„ÔÌ¸Ú ·ıÙ¸ ›˜ÂÈ Í·È ›Ì· ‹ÎÎÔ ·ÓÈÔÛÁÏÂfl˘ÙÔ ÛÙÔÈ˜ÂflÔ. ◊‹ÒÁ ÛÂ ·ıÙ¸Ì ÙÔÌ ÙÒ¸Ô
ÎÂÈÙÔıÒ„fl·Ú ÙÔı ·Î„¸ÒÈËÏÔı, ÂflÌ·È Â˝ÍÔÎÔ Ì· ·Ô‰ÂÈ˜ËÂfl ¸ÙÈ ·ıÙ¸Ú Ûı„ÍÎflÌÂÈ ‹ÌÙÔÙÂ, ‰fl˜˘Ú
ÔÙ› Ì· ÂÈÛ›Ò˜ÂÙ·È ÛÂ ·Ù›ÒÏÔÌ· ‚Ò¸˜Ô (endless loop), Í·Ë˛Ú ÏÂÙ·ÍÈÌÂfl ‰Â‰ÔÏ›Ì· ·¸ Ïfl·
ÔÏ‹‰· ÛÂ Ïfl·Ì ‹ÎÎÁ (Ô¸ÙÂ Í·È ÛıÌÂ˜flÊÂÈ Ì· ÂÍÙÂÎÂflÙ·È), Â‹Ì Í·È Ï¸ÌÔÌ Â‹Ì, Á ÏÂÙ·ÍflÌÁÛÁ
·ıÙfi Ë· Ô‰Á„fiÛÂÈ ÛÂ ÏÂfl˘ÛÁ ÙÔı Ï›ÛÔı ÙÂÙÒ·„˘ÌÈÍÔ˝ Ûˆ‹ÎÏ·ÙÔÚ.  ·Ë˛Ú, ‰Â, ÙÔ Ï›ÛÔ
ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· ÂflÌ·È Ïfl· ÏÁ ·ÒÌÁÙÈÍfi ÔÛ¸ÙÁÙ·, ÂflÌ·È ÒÔˆ·Ì›Ú ¸ÙÈ ‰ÂÌ ÏÔÒÂfl Ì·
ÏÂÈ˛ÌÂÙ·È Â' ‹ÂÈÒÔÌ.

¡ıÙ¸ ÙÔı ÙÔ ÎÂÔÌ›ÍÙÁÏ· ·ÔÙÂÎÂfl ¸Ï˘Ú Ù·ıÙÔ˜Ò¸Ì˘Ú Í·È ÙÔ ÏÂ„‹ÎÔ ÙÔı ÏÂÈÔÌ›ÍÙÁÏ·,
Í·Ë˛Ú Ô K-MEANS, Í·Ù‹ ÙÁÌ ·Ì·ÊfiÙÁÛfi ÙÔı „È· ÙÔ ‚›ÎÙÈÛÙÔ ‰È·˜˘ÒÈÛÏ¸ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÛÂ
ÔÏ‹‰ÂÚ, ÂflÌ·È ‰ıÌ·Ù¸Ì Ì· Â„ÍÎ˘‚ÈÛÙÂfl ÛÂ Í‹ÔÈÔ ÙÔÈÍ¸ ÂÎ‹˜ÈÛÙÔ ÙÔı ˜˛ÒÔı ·Ì·ÊfiÙÁÛÁÚ

(search space). ∏ÙÛÈ, ¸Ù·Ì Ô K-MEANS ˆË‹ÛÂÈ ÛÂ ›Ì· Ù›ÙÔÈÔ ÙÔÈÍ¸ ÂÎ‹˜ÈÛÙÔ, Ù¸ÙÂ Ë·
·Ò·ÏÂflÌÂÈ ÛÂ ·ıÙ¸, Í·Ë˛Ú „È· Ì· ÓÂˆ˝„ÂÈ Ë· Ò›ÂÈ Ì· ÏÂÙ·ÍÈÌfiÛÂÈ Í‹ÔÈ· ‰Â‰ÔÏ›Ì·
ÛÂ ÔÏ‹‰ÂÚ Ôı ÂflÌ·È ÙÔÈÍ‹ ıÔ‚›ÎÙÈÛÙÂÚ.  ‹ÙÈ Ù›ÙÔÈÔ ¸Ï˘Ú, ¸˘Ú ‰Âfl˜ËÁÍÂ, ‰ÂÌ „flÌÂÙ·È
ÔÙ›. –ÒÔÍÂÈÏ›ÌÔı Ì· ÓÂÂÒ·ÛÙÂfl ·ıÙ¸ ÙÔı ÙÔ ÏÂÈÔÌ›ÍÙÁÏ·, ÛıÌfiË˘Ú ÔÈ ÂÒÂıÌÁÙ›Ú ÙÒ›˜ÔıÌ
ÙÔÌ ·Î„¸ÒÈËÏÔ ·ÒÍÂÙ›Ú ˆÔÒ›Ú ÏÂ Ù· fl‰È· ‰Â‰ÔÏ›Ì·, ÂÈÎ›„ÔÌÙ·Ú Í‹ËÂ ˆÔÒ‹ ‰È·ˆÔÒÂÙÈÍ›Ú
·Ò˜ÈÍ›Ú Ùı˜·flÂÚ ÔÏ·‰ÔÔÈfiÛÂÈÚ Í·È ÂÈÎ›„ÔÌÙ·Ú ÛÙÔ Ù›ÎÔÚ ÂÍÂflÌÁ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ Ôı ›˜ÂÈ
ÙÔ ÏÈÍÒ¸ÙÂÒÔ Ï›ÛÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·.

3.1.1 –·Ò·ÎÎ·„›Ú ÙÔı  Î·ÛÛÈÍÔ˝ K-MEANS

’‹Ò˜ÔıÌ ‰È‹ˆÔÒÂÚ ·Ò·ÎÎ·„›Ú ÙÔı ÍÎ·ÛÛÈÍÔ˝ ·Î„¸ÒÈËÏÔı K-MEANS, Ôı ·ÓflÊÂÈ Ì· ·Ì·-
ˆÂÒËÔ˝Ì. ‘· ÛÁÏÂfl· ÙÔı ·Î„¸ÒÈËÏÔı Ôı ÏÔÒÔ˝Ì Ì· ·ÎÎ·˜ËÔ˝Ì ÂflÌ·È Ù· ÂÓfiÚ ‰˝Ô [Har75]:

1. « ÂÈÎÔ„fi Ù˘Ì ·Ò˜ÈÍ˛Ì ÔÏ‹‰˘Ì (‚fiÏ· 1 ÛÙÔÌ ·Î„¸ÒÈËÏÔ ÙÔı flÌ·Í· 3.1).

2. œ Í·Ì¸Ì·Ú ÂÌÁÏ›Ò˘ÛÁÚ Ù˘Ì Í›ÌÙÒ˘Ì Ù˘Ì ÔÏ‹‰˘Ì Í·Ù‹ ÙÁ ÏÂÙ·ÍflÌÁÛÁ ‰Â‰ÔÏ›Ì˘Ì
(‚fiÏ· 2 ÛÙÔÌ ·Î„¸ÒÈËÏÔ ÙÔı flÌ·Í· 3.1).

ºÛÔÌ ·ˆÔÒ‹ ÙÁÌ ÂÈÎÔ„fi Ù˘Ì ·Ò˜ÈÍ˛Ì ÔÏ‹‰˘Ì, ı‹Ò˜ÔıÌ ÙÒÂÈÚ ÂÒÈÙ˛ÛÂÈÚ:

1. œÈ ·Ò˜ÈÍ›Ú ÔÏ‹‰ÂÚ ÏÔÒÔ˝Ì Ì· ÂÈÎÂ˜ËÔ˝Ì Ùı˜·fl˘Ú. ‘¸ÙÂ Ô ·Î„¸ÒÈËÏÔÚ Â·Ì·-
Î·Ï‚‹ÌÂÙ·È ÏÂ ‰È·ˆÔÒÂÙÈÍ›Ú ·Ò˜ÈÍ›Ú ÔÏ·‰ÔÔÈfiÛÂÈÚ ÒÔÍÂÈÏ›ÌÔı Ì· ÂÓ·˜ËÂfl Í‹ÔÈÔ
ÛıÏ›Ò·ÛÏ· „È· ÙÁ Ë›ÛÁ ÙÔı ÔÎÈÍÔ˝ ‚ÂÎÙflÛÙÔı ·¸ ÙÁ ‰È‹Ù·ÓÁ ÛÙÔ ˜˛ÒÔ Ù˘Ì ÙÔÈÍ˛Ì
ÂÎ·˜flÛÙ˘Ì Ôı ˆË‹ÌÂÈ Í‹ËÂ ˆÔÒ‹ Ô ·Î„¸ÒÈËÏÔÚ. –ÒÔÍÂÈÏ›ÌÔı Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl ·ıÙfi
Á ÙÂ˜ÌÈÍfi, Ë· Ò›ÂÈ Ì· ı‹Ò˜ÂÈ Í‹ÔÈ· ËÂ˘Òfl· „È· ÙÁ Í·Ù·ÌÔÏfi Ôı ÛıÌ‰›ÂÈ Ù·
ÙÔÈÍ‹ Í·È ÔÎÈÍ‹ ‚›ÎÙÈÛÙ· ÛÁÏÂfl· ÙÔı ˜˛ÒÔı ·Ì·ÊfiÙÁÛÁÚ.

2. ÃÔÒÂfl Ì· ÂÈÎÂ˜ËÂfl Ïfl· Ûı„ÍÂÍÒÈÏ›ÌÁ ÏÂÙ·‚ÎÁÙfi Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì, Ì· ˜˘ÒÈÛËÂfl ·ıÙfi ÛÂ
K flÛ· ‰È·ÛÙfiÏ·Ù· Í·È Ì· ˜˘ÒÈÛËÔ˝Ì Ù· ‰Â‰ÔÏ›Ì· ÛÂ K ÔÏ‹‰ÂÚ ÏÂ ‚‹ÛÁ ÙÔ ‰È‹ÛÙÁÏ·
Ôı ·ÌfiÍÂÈ Á ·ÌÙflÛÙÔÈ˜Á ÏÂÙ·‚ÎÁÙfi ÙÔı Í‹ËÂ ‰Â‰ÔÏ›ÌÔı.

3. œÈ ·Ò˜ÈÍ›Ú K ÔÏ‹‰ÂÚ ÏÔÒÔ˝Ì Ì· ÂflÌ·È fl‰ÈÂÚ ÏÂ ·ıÙ›Ú Ôı Âfl˜Â Í·Ù·ÎfiÓÂÈ Ô ·Î„¸ÒÈËÏÔÚ
„È· K � 1 ÔÏ‹‰ÂÚ, ÏÂ ÙÁ ‰È·ˆÔÒ‹ ¸ÙÈ ÙÔ ‰Â‰ÔÏ›ÌÔ ÂÍÂflÌÔ Ôı ·Âfl˜Â ÂÒÈÛÛ¸ÙÂÒÔ ·¸
ÙÔ Í›ÌÙÒÔ ÙÁÚ ÔÏ‹‰·Ú ÙÔı, Ù˛Ò· Ë· ·ÔÙÂÎÂfl ÓÂ˜˘ÒÈÛÙfi ÔÏ‹‰·.

¡ÌÙÈÛÙÔfl˜˘Ú, „È· ÙÔÌ Í·Ì¸Ì· ÂÌÁÏ›Ò˘ÛÁÚ ı‹Ò˜ÔıÌ ÔÈ ÂÓfiÚ ‰˝Ô ÂÒÈÙ˛ÛÂÈÚ:

1. ‘· Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì ÏÔÒÔ˝Ì Ì· Â·Ì·˚ÔÎÔ„flÊÔÌÙ·È ÏÂÙ‹ ·¸ Í‹ËÂ ÏÂÙ·ÍflÌÁÛÁ
‰Â‰ÔÏ›ÌÔı ·¸ Ïfl· ÔÏ‹‰· ÛÂ Ïfl· ‹ÎÎÁ.



2. ‘· Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì ÏÔÒÔ˝Ì Ì· Â·Ì·˚ÔÎÔ„flÊÔÌÙ·È ÛÙÔ Ù›ÎÔÚ ¸Î˘Ì Ù˘Ì ÏÂÙ·ÍÈ-
ÌfiÛÂ˘Ì ‰Â‰ÔÏ›Ì˘Ì ·¸ Ïfl· ÔÏ‹‰· ÛÂ Ïfl· ‹ÎÎÁ.

»· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl ˘Ú Ô ÍÎ·ÛÛÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ K-MEANS Ôı ›˜ÂÈ ıÎÔÔÈÁËÂfl
ÛÙ· Î·flÛÈ· ÙÔı CLUE [Lab95], Í‹ÌÂÈ Ùı˜·fl· ÂÈÎÔ„fi Ù˘Ì ·Ò˜ÈÍ˛Ì ÔÏ‹‰˘Ì Í·È ÂÌÁÏÂÒ˛ÌÂÈ
Ù· Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì ÛÙÔ Ù›ÎÔÚ ¸Î˘Ì Ù˘Ì ÏÂÙ·ÍÈÌfiÛÂ˘Ì ÒÔÍÂÈÏ›ÌÔı Ì· ÂÈÙ·˜ıÌËÂfl Á
ÎÂÈÙÔıÒ„fl· ÙÔı.

3.2 ’ÎÔÔflÁÛÁ ÙÔı K-MEANS ÏÂ ˜ÒfiÛÁ ÕÂıÒ˘ÌÈÍ˛Ì ƒÈÍÙ˝˘Ì

« ÏÂ„‹ÎÁ ‰ÁÏÔÙÈÍ¸ÙÁÙ· ÙÔı K-MEANS, Ô‰fi„ÁÛÂ Í·È ÛÙÁÌ ÏÂÙ·ÙÒÔfi ÙÔı ÒÔÍÂÈÏ›ÌÔı
Ì· ÏÔÒÂfl Ì· ıÎÔÔÈÁËÂfl ÏÂ ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ [Llo82],[MD89], [HL88]. ¡ıÙ¸ ›„ÈÌÂ
ÒÔÍÂÈÏ›ÌÔı Ì· ÏÔÒÂfl Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl Ô K-MEANS Í·È ÛÂ ·ÍÔÎÔıËflÂÚ ·¸ ‰Â‰ÔÏ›Ì·,
‰ÁÎ·‰fi Í·È ÛÙÈÚ ÂÒÈÙ˛ÛÂÈÚ ÂÍÂflÌÂÚ ¸Ôı ‰ÂÌ ı‹Ò˜ÔıÌ ¸Î· Ù· ‰Â‰ÔÏ›Ì· ‰È·Ë›ÛÈÏ· ÂÓ·Ò˜fiÚ
¸˘Ú ··ÈÙÂfl Ô ÍÎ·ÛÛÈÍ¸Ú K-MEANS, ·ÎÎ‹ ·ıÙ‹ „flÌÔÌÙ·È ‰È·Ë›ÛÈÏ· Í·Ù‹ ÙÁÌ ‹ÒÔ‰Ô ÙÔı
˜Ò¸ÌÔı.

‘Ô ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ Ôı ıÎÔÔÈÂfl ÙÔÌ K-MEANS, ÙÔ ÔÔflÔ Í·È ÔÌÔÏ‹ÊÂÙ·È ·Ì·ÒÔ-
Û·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS ÒÔÍÂÈÏ›ÌÔı Ì· ‰È·˜˘ÒflÊÂÙ·È ·¸ ÙÔÌ ÍÎ·ÛÛÈÍ¸ K-MEANS, ›˜ÂÈ  
ÙÔÌ ·ÒÈËÏ¸ ÌÂıÒ˛ÌÂÚ, ÔÈ ÔÔflÔÈ ·ÌÙÈÛÙÔÈ˜Ô˝Ì ÛÙÈÚ   ÊÁÙÔ˝ÏÂÌÂÚ ÔÏ‹‰ÂÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì.
ƒÂ‰ÔÏ›ÌÔı ¸ÙÈ ÛÍÔ¸Ú ÙÔı K-MEANS ÂflÌ·È Ì· ‰˛ÛÂÈ Ù· Í›ÌÙÒ· Ù˘Ì   ÔÏ‹‰˘Ì, ·ıÙ‹
·ÔËÁÍÂ˝ÔÌÙ·È ÛÙ· ‰È·Ì˝ÛÏ·Ù· Ù˘Ì ‚·Ò˛Ì Ù˘Ì ÛıÌ‹¯Â˘Ì Ù˘Ì ÌÂıÒ˛Ì˘Ì.

« ıÎÔÔflÁÛÁ ÙÔı K-MEANS ÏÂ ›Ì· ÙÂ˜ÌÁÙ¸ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ·ÒÔıÛÈ‹ÊÂÙ·È ÛÙÔÌ
flÌ·Í· 3.2. œ ‰ÂflÍÙÁÚ Â„ÍÎÂÈÛÏÔ˝ Ôı ·Ì·ˆ›ÒÂÙ·È ÛÙÔÌ flÌ·Í· ·ıÙ¸, ‰ÂÌ ÂflÌ·È ÙflÔÙ·
‹ÎÎÔ ·¸ Ïfl· ``Ï·ËÁÏ·ÙÈÍÔÔÈÁÏ›ÌÁ'' ›ÍˆÒ·ÛÁ ÙÔı ``ÂflÎÂÓÂ ÙÁÌ ÔÏ‹‰·, ÙÔ Í›ÌÙÒÔ ÙÁÚ
ÔÔfl·Ú ÂflÌ·È ÎÁÛÈ›ÛÙÂÒÔ ÛÙÔ ÙÒ›˜ÔÌ ‰Â‰ÔÏ›ÌÔ ÂÈÛ¸‰Ôı''. –Ò‹„Ï·ÙÈ, ¸˘Ú ˆ·flÌÂÙ·È ·¸
ÙÈÚ ÂÓÈÛ˛ÛÂÈÚ 3.3 Í·È 3.4, „È· ¸ÎÔıÚ ÙÔıÚ ÌÂıÒ˛ÌÂÚ ÎÁÌ ÙÔı i-ÔÛÙÔ˝, ÙÔ Mj��x� ÂflÌ·È flÛÔ
ÏÂ ÏÁ‰›Ì, Ô¸ÙÂ Ù· ‚‹ÒÁ ÙÔıÚ ·Ò·Ï›ÌÔıÌ ÛÙ·ËÂÒ‹. ºÏ˘Ú, ÙÔ Mi��x� ÂflÌ·È flÛÔ ÏÂ ÙÁ
ÏÔÌ‹‰·, Ô¸ÙÂ ÙÔ ‰È‹ÌıÛÏ· ‚·Ò˛Ì ÙÔı i-ÔÛÙÔ˝ ÌÂıÒ˛Ì· Ë· ÏÂÙ·‚ÎÁËÂfl Í·Ù‹ ÙÁÌ ÔÛ¸ÙÁÙ·

 � ��x�T �� �ci�T ��.

ŒÂ˜Ì˛ÌÙ·Ú ÒÔÛ˘ÒÈÌ˛Ú ÙÔ ÛıÌÙÂÎÂÛÙfi 
, Á ÔÛ¸ÙÁÙ· Ôı ÒÔÛÙflËÂÙ·È ÛÙÔ ‰È‹ÌıÛÏ·
‚·Ò˛Ì ‰ÂÌ ÂflÌ·È ÙflÔÙ· ‹ÎÎÔ, ·Ò‹ Á ‰È·ˆÔÒ‹ ÙÔı ‰Â‰ÔÏ›ÌÔı ÂÈÛ¸‰Ôı ·¸ ÙÔ ÙÒ›˜ÔÌ ‰È‹-
ÌıÛÏ· ‚·Ò˛Ì. œıÛÈ·ÛÙÈÍ˛Ú ‰ÁÎ·‰fi, ÏÂÙ·‚‹ÎÎÂÙ·È ÙÔ ‰È‹ÌıÛÏ· ‚·Ò˛Ì ÒÔÚ ÙÁÌ Í·ÙÂ˝ËıÌÛÁ
ÙÔı ‰Â‰ÔÏ›ÌÔı ÂÈÛ¸‰Ôı, ÒÔÛ·Ë˛ÌÙ·Ú Ì· ÙÔ ÒÔÛÂ„„flÛÂÈ.

≈ÈÛÙÒ›ˆÔÌÙ·Ú Ù˛Ò· ÛÙÔ ÛıÌÙÂÎÂÛÙfi 
, Ë· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ ÛÙÁÌ ·Ò˜ÈÍfi
ıÎÔÔflÁÛÁ ÙÔı K-MEANS ÏÂ ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ, ·ıÙ¸Ú fiÙ·Ì ÛÙ·ËÂÒ¸Ú Í·Ë' ¸ÎÁ ÙÁÌ
ÂÍ·fl‰ÂıÛÁ ÙÔı ‰ÈÍÙ˝Ôı Í·È ÂÒÈÔÒÈÊ¸Ù·Ì ÛÙÔ ‰È‹ÛÙÁÏ· �0� 1�. ≈ÓÂÙ‹ÊÔÌÙ·Ú ÙÈÚ ·ÍÒ·flÂÚ
ÙÈÏ›Ú ÙÔı ‰È·ÛÙfiÏ·ÙÔÚ ÛÙÔ ÔÔflÔ Î·Ï‚‹ÌÂÈ ÙÈÏ›Ú ÙÔ 
, ·Ò·ÙÁÒÂflÙ·È ¸ÙÈ Â‹Ì ÂflÌ·È flÛÔ
ÏÂ ÏÁ‰›Ì, Ù¸ÙÂ Ù· ‚‹ÒÁ ÙÔı ‰ÈÍÙ˝Ôı Ë· ·Ò·Ï›ÌÔıÌ ‹ÌÙÔÙÂ ÛÙ·ËÂÒ‹, Ô¸ÙÂ Í·È ‰ÂÌ Ë·
Ï·Ë·flÌÂÈ ÙÔ ‰flÍÙıÔ ÙflÔÙ· ·¸ Ù· ‰Â‰ÔÏ›Ì· Ôı ÙÔı ·ÒÔıÛÈ‹ÊÔÌÙ·È. ¡ÌÙÈË›Ù˘Ú, Â‹Ì
ÂflÌ·È flÛÔ ÏÂ ÙÁ ÏÔÌ‹‰·, Ù¸ÙÂ Ù· ‚‹ÒÁ Ë· ÙflËÂÌÙ·È flÛ· ÏÂ ÙÔ ÂÍ‹ÛÙÔÙÂ ‰Â‰ÔÏ›ÌÔ ÂÈÛ¸‰Ôı,
ÓÂ˜Ì˛ÌÙ·Ú ÔıÛÈ·ÛÙÈÍ˛Ú ¸Î· Ù· ÒÔÁ„Ô˝ÏÂÌ· ‰Â‰ÔÏ›Ì· Ôı Âfl˜·Ì ·ÒÔıÛÈ·ÛÙÂfl. ≈ÔÏ›Ì˘Ú,
Ô ÛıÌÙÂÎÂÛÙfiÚ 
 Í·ËÔÒflÊÂÈ ÙÔ ÔÛÔÛÙ¸ ÏÂ ÙÔ ÔÔflÔ Î·Ï‚‹ÌÂÙ·È ı¸¯Á ÙÔ ÙÒ›˜ÔÌ ‰Â‰ÔÏ›ÌÔ
ÂÈÛ¸‰Ôı ÛÂ Û˜›ÛÁ ÏÂ Ù· ÒÔÁ„Ô˝ÏÂÌ‹ ÙÔı ÒÔÍÂÈÏ›ÌÔı Ì· ıÔÎÔ„ÈÛËÂfl Á ÙÒ›˜ÔıÛ· ÙÈÏfi Ù˘Ì
‚·Ò˛Ì. ◊ÒÁÛÈÏÂ˝ÂÈ, ‰ÁÎ·‰fi, „È· Ì· ıÎÔÔÈÁËÂfl ›Ì· Âfl‰ÔÚ ÏÌfiÏÁÚ, ¸˘Ú Í·È Ô ·ÌÙflÛÙÔÈ˜ÔÚ
ÛıÌÙÂÎÂÛÙfiÚ 
�t� Ôı ·Ì·ˆÂÒ¸Ù·Ì ÛÙÁÌ ÂÒÈ„Ò·ˆfi ÙÔı ·Î„¸ÒÈËÏÔı SOFM ÛÙÔÌ flÌ·Í· 2.1
ÙÔı ıÔÍÂˆ·Î·flÔı 2.5.1.

« Û˜›ÛÁ ÏÂ ÙÔ ıÔÍÂˆ‹Î·ÈÔ 2.5.1 ‰ÂÌ ÂÒÈÔÒflÊÂÙ·È Ï¸ÌÔ ÛÙÁÌ ·ÒÔıÛfl· ÙÔı ÛıÌÙÂÎÂÛÙfi
·ıÙÔ˝ ÙÁÚ ÏÌfiÏÁÚ. ≈‹Ì ·Ò·‚ÎÁËÔ˝Ì ÔÈ ‰˝Ô ·Î„¸ÒÈËÏÔÈ (flÌ·Í·Ú 2.1 Í·È flÌ·Í·Ú 3.2) Ù¸ÙÂ
ÂflÌ·È ˆ·ÌÂÒ¸ ¸ÙÈ Ô ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS ·ÔÙÂÎÂfl Ïfl· ıÔÂÒflÙ˘ÛÁ ÙÔı SOFM



∏ÛÙ˘ K ÌÂıÒ˛ÌÂÚ Í·È ›ÛÙ˘ �c1� � � � ��cK Ù· ‰È·Ì˝ÛÏ·Ù· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì ÙÔıÚ ‚·Ò˛Ì, Ù·
ÔÔfl· ÙÂÎÈÍ˛Ú Ë· ÂÒÈ›˜ÔıÌ Ù· ‰È·Ì˝ÛÏ·Ù· ÂÒÈ„Ò·ˆfiÚ Ù˘Ì K ÔÏ‹‰˘Ì (‰ÁÎ·‰fi Ù· Í›ÌÙÒ·
ÙÔıÚ).
¡Ì �x�T � Í·È �ci�T � ÂflÌ·È Ù· ‰È·Ì˝ÛÏ·Ù· ÂÈÛ¸‰Ôı (‰Â‰ÔÏ›ÌÔ) Í·È ÙÔ ‰È‹ÌıÛÏ· Ù˘Ì ÛıÌ·ÙÈÍ˛Ì
‚·Ò˛Ì ÙÔı i-ÔÛÙÔ˝ ÌÂıÒ˛Ì· ÙÁ ˜ÒÔÌÈÍfi ÛÙÈ„Ïfi T, Í·È d��x��ci� � jj�x��cijj

2 ÂflÌ·È ÙÔ ÙÂÙÒ‹„˘ÌÔ
ÙÁÚ ≈ıÍÎÂfl‰È·Ú ·¸ÛÙ·ÛÁÚ Ù˘Ì ‰˝Ô, Ù¸ÙÂ ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ Â·Ì·ÒÔÛ‰ÈÔÒflÊÂÈ ÙÈÚ ÙÈÏ›Ú
Ù˘Ì ‚·Ò˛Ì ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ 3.3.

�ci�T � 1� � �ci�T � �Mi��x�T �� � 
 � ��x�T �� �ci�T �� (3.3)

¸Ôı 
 ÂflÌ·È Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ (learning rate) ÙÔı ‰ÈÍÙ˝Ôı, Ôı Í·ËÔÒflÊÂÈ ÙÁÌ Ù·˜˝ÙÁÙ·
Í·È ·ÍÒfl‚ÂÈ· ÙÁÚ ÒÔÛ›„„ÈÛÁÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì, Í·È ÙÔ Mi��� ÂflÌ·È ›Ì·Ú ‰ÂflÍÙÁÚ Â„ÍÎÂÈÛÏÔ˝

(membership indicator) Ôı Í·ËÔÒflÊÂÈ ÙÔ Í·Ù‹ ¸ÛÔÌ ÙÔ ‰Â‰ÔÏ›ÌÔ ÂÈÛ¸‰Ôı �x�T � ·ÌfiÍÂÈ ÛÙÁÌ
i-ÔÛÙfi ÔÏ‹‰·.
”ÙÔ ‰flÍÙıÔ ·ıÙ¸, Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ, 
, ÔÒflÊÂÙ·È Ì· ÂflÌ·È Ïfl· ÛÙ·ËÂÒ‹ Í·È Ô ‰ÂflÍÙÁÚ
Â„ÍÎÂÈÛÏÔ˝ Mi ÔÒflÊÂÙ·È ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ 3.4:

Mi��x� �

�
1 Â‹Ì d��x��ci� � d��x��cj� �j �� i
0 ·ÎÎÈ˛Ú

(3.4)

–flÌ·Í·Ú 3.2: ’ÎÔÔflÁÛÁ ÙÔı K-MEANS ÏÂ ›Ì· ÙÂ˜ÌÁÙ¸ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ.

·Î„¸ÒÈËÏÔı, ÛÙÁÌ ÔÔfl· Á „ÂÈÙÔÌÈ‹ ÂÌ¸Ú ÌÂıÒ˛Ì· ÂflÌ·È ‹ÌÙÔÙÂ ÛÙ·ËÂÒfi Í·È flÛÁ ÏÂ ÙÔÌ
fl‰ÈÔ ÙÔÌ ÌÂıÒ˛Ì·.

œ Î¸„ÔÚ Ôı ˜ÒÁÛÈÏÔÔÈÂflÙ·È Ô ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS ·ÌÙfl ÙÔı SOFM, ÂflÌ·È
¸ÙÈ ·Ò¸ÎÔ Ôı Ô ‰Â˝ÙÂÒÔÚ ›˜ÂÈ ÏÂ„·Î˝ÙÂÒÁ ÂıÂÎÈÓfl·, ÂÌÙÔ˝ÙÔÈÚ ÏÂÙ‹ ÙÁÌ Âˆ·ÒÏÔ„fi ÙÔı
‰ÂÌ ÂflÌ·È „Ì˘ÛÙ¸ ÔÈÔfl ÌÂıÒ˛ÌÂÚ ›˜ÔıÌ ÂÍ·È‰ÂıÙÂfl Ì· ·Ì·„Ì˘ÒflÊÔıÌ ÛÙÔÈ˜Âfl· ÙÁÚ fl‰È·Ú
ÔÏ‹‰·Ú.

∏ÙÛÈ, ÏÂÙ‹ ÙÁÌ Âˆ·ÒÏÔ„fi ÙÔı SOFM Ò›ÂÈ Ì· Âˆ·ÒÏÔÛËÂfl ›Ì·Ú ·Í¸Ï· ·Î„¸ÒÈËÏÔÚ
Ô ÎÂ„¸ÏÂÌÔÚ LVQ (Learning Vector Quantization) [Koh90], Ôı ‰È·˜˘ÒflÊÂÈ ÙÔıÚ ÌÂıÒ˛ÌÂÚ,
Î›ÔÌ, ·Ì‹ ÔÏ‹‰ÂÚ. œ ·Î„¸ÒÈËÏÔÚ ·ıÙ¸Ú ¸Ï˘Ú ÂflÌ·È ·Î„¸ÒÈËÏÔÚ ÂÍÏ‹ËÁÛÁÚ ÏÂ ‰È‰‹ÛÍ·ÎÔ,
··ÈÙÂfl ‰ÁÎ·‰fi ÙÁÌ ˝·ÒÓÁ ‰Â‰ÔÏ›Ì˘Ì „È· Ù· ÔÔfl· ÂflÌ·È fi‰Á „Ì˘ÛÙ›Ú ÔÈ ÔÏ‹‰ÂÚ ÛÙÈÚ
ÔÔflÂÚ ·ÌfiÍÔıÌ ·ıÙ‹, ˛ÛÙÂ Ì· ‰ÔÍÈÏ‹ÛÂÈ, ÔıÛÈ·ÛÙÈÍ˛Ú, ÙÔıÚ ÌÂıÒ˛ÌÂÚ ÙÔı SOFM Í·È Ì·
‰ÂÈ ÔÈÔfl ÂÓ ·ıÙ˛Ì ·ÌÙÈ‰ÒÔ˝Ì ÛÂ Ûı„ÍÂÍÒÈÏ›ÌÂÚ ÔÏ‹‰ÂÚ. ≈‹Ì ‰ÂÌ ı‹Ò˜ÔıÌ Ù›ÙÔÈÔı Âfl‰ÔıÚ
ÒÔ-ÔÏ·‰ÔÔÈÁÏ›Ì· ‰Â‰ÔÏ›Ì·, Ù¸ÙÂ ÂflÌ·È ·‰˝Ì·ÙÔ Ì· ÂÒÏÁÌÂıËÂfl Ô ˜‹ÒÙÁÚ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì
ÙÔÌ ÔÔflÔ ›˜ÂÈ Í·Ù·ÛÍÂı‹ÛÂÈ Ô SOFM, ÒÔÍÂÈÏ›ÌÔı Ì· ÂÓ·˜ËÔ˝Ì ÔÈ ÂÒÈ„Ò·ˆ›Ú Ù˘Ì ÔÏ‹‰˘Ì.

3.3 –ÒÔ‚ÎfiÏ·Ù· ÙÔı ¡Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS

œ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS, ¸˘Ú Í·È Ô ÍÎ·ÛÛÈÍ¸Ú K-MEANS, ›˜ÂÈ ÙÔ Ò¸‚ÎÁÏ·
¸ÙÈ ÏÔÒÂfl Ì· ·„È‰ÂıËÂfl ÛÂ Í‹ÔÈÔ ÙÔÈÍ¸ ÂÎ‹˜ÈÛÙÔ, Ôı Ì· ·›˜ÂÈ ·ÒÍÂÙ‹ ·¸ ÙÔ
ÔÎÈÍ¸ ‚›ÎÙÈÛÙÔ. ¡ıÙ¸ ÔˆÂflÎÂÙ·È ÛÙÔ „Â„ÔÌ¸Ú ¸ÙÈ, Í·Ù‹ ÙÁÌ ·Ò˜ÈÍÔÔflÁÛÁ, Í‹ÔÈ· ·¸ Ù·
‰È·Ì˝ÛÏ·Ù· ‚·Ò˛Ì ÏÔÒÂfl Ì· ‹ÒÔıÌ ÙÈÏ›Ú Ôı Ì· ‚ÒflÛÍÔÌÙ·È ÛÂ ÂÒÈÔ˜›Ú ÙÔı ˜˛ÒÔı
·Ì·ÊfiÙÁÛÁÚ ÔÈ ÔÔflÂÚ ÂÒÈ›˜ÔıÌ Îfl„· fi Í·È Í·Ë¸ÎÔı ÛÙÔÈ˜Âfl·. ∏ÙÛÈ, Í·Ù‹ ÙÁÌ ÂÍ·fl‰ÂıÛÁ
ÙÔı ‰ÈÍÙ˝Ôı, ÔÈ ÌÂıÒ˛ÌÂÚ ·ıÙÔfl ‰ÂÌ Ò¸ÍÂÈÙ·È ÔÙ› Ì· ‚ÒÂËÔ˝Ì ÍÔÌÙ‹ ÛÂ Í‹ÔÈÔ ·¸ Ù·
‰Â‰ÔÏ›Ì· ÂÈÛ¸‰Ôı Í·È ÂÔÏ›Ì˘Ú, Ù· ‰È·Ì˝ÛÏ·Ù· ‚·Ò˛Ì ÙÔıÚ Ë· ‰È·ÙÁÒfiÛÔıÌ ÙÈÚ ·Ò˜ÈÍ›Ú
Ùı˜·flÂÚ ÙÈÏ›Ú ÙÔıÚ. ∏Ì·Ú ÍÎ·ÛÛÈÍ¸Ú ÙÒ¸ÔÚ ı›Ò‚·ÛÁÚ ÙÁÚ ıÔ˜ÒÁÛÈÏÔÔflÁÛÁÚ ·ıÙfiÚ
ÂflÌ·È Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl Á ÎÂ„¸ÏÂÌÁ ‰È·ÒÒ›ÔıÛ· ÂÍÏ‹ËÁÛÁ (leaky learning) [RZ86] ¸Ôı, ÛÂ
ÛıÌ‰ı·ÛÏ¸ ÏÂ ÙÁÌ ÂÌÁÏ›Ò˘ÛÁ ÙÔı ÎÁÛÈ›ÛÙÂÒÔı ÒÔÚ ÙÔ ‰Â‰ÔÏ›ÌÔ ÂÈÛ¸‰Ôı ÌÂıÒ˛Ì· Í‹ËÂ



ˆÔÒ‹, ÂÌÁÏÂÒ˛ÌÔÌÙ·È Í·È ÔÈ ı¸ÎÔÈÔÈ ÌÂıÒ˛ÌÂÚ ·ÎÎ‹ ÏÂ ÏÈÍÒ¸ÙÂÒÔıÚ ÒıËÏÔ˝Ú ÂÍÏ‹ËÁÛÁÚ.
Ãfl·Ì ‹ÎÎÁ ÒÔÛ›„„ÈÛÁ ÂflÌ·È Á ˜ÒfiÛÁ ÙÔı Í·Ì¸Ì· ÂÍÏ‹ËÁÛÁÚ ÏÂ Ù˝¯ÂÈÚ (conscience

learning law) [Des88], ¸Ôı Ô Í·ËÔÒÈÛÏ¸Ú ÙÔı ÎÁÛÈ›ÛÙÂÒÔı ÌÂıÒ˛Ì· ÒÔÚ ÙÔ ÙÒ›˜ÔÌ
‰È‹ÌıÛÏ· ÂÈÛ¸‰Ôı ˜ÒÁÛÈÏÔÔÈÂfl Ïfl· Ì¸ÒÏ· Ôı ÂÌÈÛ˜˝ÂÈ ÙÔıÚ ÌÂıÒ˛ÌÂÚ Ôı Âfl˜·Ì ··ÌÙfiÛÂÈ
ÛÂ ÎÈ„¸ÙÂÒ· ‰Â‰ÔÏ›Ì· ÂÈÛ¸‰Ôı ÛÙÔ ·ÒÂÎË¸Ì. ‘Ô ¸ÌÔÏ· ÙÔı Í·Ì¸Ì· ÒÔÍ˝ÙÂÈ ·¸ ÙÔ ¸ÙÈ
ÔÈ ÌÂıÒ˛ÌÂÚ Ôı ›˜ÔıÌ ··ÌÙfiÛÂÈ ÛÙ· ÂÒÈÛÛ¸ÙÂÒ· ‰Â‰ÔÏ›Ì· ÌÔÈ˛ËÔıÌ ``Ù˝¯ÂÈÚ'' „È· ·ıÙ¸
Í·È ·Ò·˜˘ÒÔ˝Ì ÙÁ ÛÂÈÒ‹ ÙÔıÚ ÛÙÔıÚ ı¸ÎÔÈÔıÚ.

ºÏ˘Ú, ¸˘Ú Ûı˜Ì‹ ÛıÏ‚·flÌÂÈ, Á ËÂÒ·Âfl· ÂflÌ·È ˜ÂÈÒ¸ÙÂÒÁ ·¸ ÙÁÌ ·ÛË›ÌÂÈ·.  È ·ıÙ¸
„È·Ùfl ÔÈ ‰˝Ô Ï›ËÔ‰ÔÈ ·ıÙ›Ú Ô‰Á„Ô˝Ì ÛÂ ÔÏ·‰ÔÔÈfiÛÂÈÚ Ôı ‰ÂÌ ÂflÌ·È ‚›ÎÙÈÛÙÂÚ (ÏÂÒÈÍ›Ú
ˆÔÒ›Ú, ‰Â, ‰ÂÌ ÎÁÛÈ‹ÊÔıÌ Í·Ì ÛÙÁÌ ‚›ÎÙÈÛÙÁ) ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ
Ôı ÔÒflÊÂÙ·È ·¸ ÙÔ Ï›ÛÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· ÍÈ ·ıÙ¸ ‰È¸ÙÈ Á ˜ÒfiÛÁ ÙÔıÚ ›˜ÂÈ ˘Ú
·ÔÙ›ÎÂÛÏ· ÙÁÌ ·Ò·ÎÎ·„fi ÙÁÚ ÛıÌ‹ÒÙÁÛÁÚ Í¸ÛÙÔıÚ Ôı ÒÔÛ·ËÂfl Ì· ÂÎ·˜ÈÛÙÔÔÈfiÛÂÈ
ÙÔ ‰flÍÙıÔ. ≈ÍÙ¸Ú ·ıÙÔ˝, Á ‰È·ÒÒ›ÔıÛ· ÂÍÏ‹ËÁÛÁ ·ıÓ‹ÌÂÈ ÙÔıÚ ÛıÌÔÎÈÍÔ˝Ú ıÔÎÔ„ÈÛÏÔ˝Ú
Ôı Ò›ÂÈ Ì· ÂÈÙÂÎÂfl ÙÔ ‰flÍÙıÔ „È· Í‹ËÂ ‰Â‰ÔÏ›ÌÔ ÂÈÛ¸‰Ôı, ·ˆÔ˝ Ù˛Ò· Î›ÔÌ Ò›ÂÈ Ì·
ÂÌÁÏÂÒ˛ÌÔÌÙ·È ¸Î· Ù· ‰È·Ì˝ÛÏ·Ù· ‚·Ò˛Ì.

∏Ì· ‹ÎÎÔ Ò¸‚ÎÁÏ· ÙÔı ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS ›˜ÂÈ Ì· Í‹ÌÂÈ ÏÂ ÙÔ ÒıËÏ¸
ÂÍÏ‹ËÁÛÁÚ 
 Ôı ˜ÒÁÛÈÏÔÔÈÂflÙ·È ÛÂ ·ıÙ¸Ì. ”ÙÁÌ ÂÈÎÔ„fi ÙÔı, ·Ì·„Í·ÛÙÈÍ˛Ú Ë· ı‹Ò˜ÂÈ
Ïfl· ·ÌÙÈÛÙ‹ËÏÈÛÁ (tradeoff) ÏÂÙ·Ó˝ ÙÁÚ Âfl‰Ò·ÛfiÚ ÙÔı ÛÙÁÌ ‰ıÌ·ÏÈÍfi Âfl‰ÔÛÁ (dynamic
performance) (‰ÁÎ·‰fi ÙÔ ÒıËÏ¸ Û˝„ÍÎÈÛÁÚ) Í·È ÙÁÌ Âfl‰ÔÛÁ ÛÙÁ ÛÙ·ËÂÒfi Í·Ù‹ÛÙ·ÛÁ (steady-
state performance) (‰ÁÎ·‰fi ÙÁÌ ÙÂÎÈÍfi ·¸ÍÎÈÛÁ ·¸ ÙÁÌ ‚›ÎÙÈÛÙÁ Î˝ÛÁ, Ôı ·Ò·ÙÁÒÂflÙ·È
ÛÙÔ Ù›ÎÔÚ ÙÁÚ ÂÍÏ‹ËÁÛÁÚ) ÙÔı ‰ÈÍÙ˝Ôı. ƒÁÎ·‰fi, ¸Ù·Ì ˜ÒÁÛÈÏÔÔÈÂflÙ·È ›Ì·Ú ÛÙ·ËÂÒ¸Ú ÒıËÏ¸Ú
ÂÍÏ‹ËÁÛÁÚ, ·ıÙ¸Ú Ë· Ò›ÂÈ Ì· ÂflÌ·È ·ÒÍÂÙ‹ ÏÈÍÒ¸Ú ÒÔÍÂÈÏ›ÌÔı Ì· Ûı„ÍÎflÌÂÈ Á ‰È·‰ÈÍ·Ûfl·
ÙÁÚ ÂÍÏ‹ËÁÛÁÚ. ºÛÔ ÏÈÍÒ¸ÙÂÒÔÚ ÂflÌ·È Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ, Ù¸ÛÔ ÏÈÍÒ¸ÙÂÒÁ ÂflÌ·È Á ÙÂÎÈÍfi
·¸ÍÎÈÛÁ ·¸ ÙÁ ‚›ÎÙÈÛÙÁ Î˝ÛÁ, ·ÎÎ‹ Ù·ıÙÔ˜Ò¸Ì˘Ú Ù¸ÛÔ ÏÈÍÒ¸ÙÂÒÔÚ Ë· ÂflÌ·È Í·È Ô ÒıËÏ¸Ú
ÏÂ ÙÔÌ ÔÔflÔ ÂÈÙÂÎÂflÙ·È Á ÂÍÏ‹ËÁÛÁ.  ·Ë˛Ú Ô ‚›ÎÙÈÛÙÔÚ ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ ÂÓ·ÒÙ‹Ù·È ·¸
ÙÈÚ È‰È¸ÙÁÙÂÚ ÙÔı Ûı„ÍÂÍÒÈÏ›ÌÔı ÒÔ‚ÎfiÏ·ÙÔÚ Í‹ËÂ ˆÔÒ‹, ‰ÂÌ ÂflÌ·È ‰ıÌ·Ùfi Á ÂÈÎÔ„fi ÙÔı
ÂÓ ·Ò˜fiÚ, ·ÎÎ‹ ÙÔ Û˝ÌÁËÂÚ ÂflÌ·È Ì· ÂÈÎ›„ÂÙ·È ·Ò˜ÈÍ˛Ú ›Ì·Ú Û˜ÂÙÈÍ˛Ú ÏÈÍÒ¸Ú ÒıËÏ¸Ú Í·È
Í·Ù¸ÈÌ Ì· ‚ÂÎÙÈ˛ÌÂÙ·È ·ıÙ¸Ú ÏÂ ‰È·‰Ô˜ÈÍÔ˝Ú ÂÈÒ·Ï·ÙÈÛÏÔ˝Ú.

≈Ó ·ÈÙfl·Ú ÙÁÚ ‰ıÛÍÔÎfl·Ú ÙÁÚ Î˝ÛÁÚ ·ıÙfiÚ, ›˜ÔıÌ ÏÂÎÂÙÁËÂfl ‰È‹ˆÔÒÂÚ ÙÂ˜ÌÈÍ›Ú „È· ÙÁÌ
Âˆ·ÒÏÔ„fi ÂÌ¸Ú ÏÂÙ·‚·ÎÎ¸ÏÂÌÔı ÒıËÏÔ˝ ÂÍÏ‹ËÁÛÁÚ. ”ÙÔ [DM90a], ÒÔÙ‹ËÁÍÂ „È· Ò˛ÙÁ
ˆÔÒ‹ Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ ÙÔı Í‹ËÂ ÌÂıÒ˛Ì· Ì· ÂflÌ·È ·ÌÙÈÛÙÒ¸ˆ˘Ú ·Ì‹ÎÔ„ÔÚ ÒÔÚ ÙÁÌ
ÙÂÙÒ·„˘ÌÈÍfi ÒflÊ· ÙÔı ·ÒÈËÏÔ˝ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ›˜ÔıÌ ·Ô‰ÔËÂfl ÛÂ ·ıÙ¸Ì, ËÂ˘Ò˛ÌÙ·Ú ¸ÙÈ
¸Û· ÂÒÈÛÛ¸ÙÂÒ· ‰Â‰ÔÏ›Ì· ›˜ÔıÌ ·Ô‰ÔËÂfl ÛÂ ›Ì·Ì ÌÂıÒ˛Ì·, Ù¸ÛÔ ÂÒÈÛÛ¸ÙÂÒÔ ›˜ÂÈ Ï‹ËÂÈ
·ıÙ¸Ú.  ·Ë˛Ú Á Û˝„ÍÎÈÛÁ ÙÁÚ ÏÂË¸‰Ôı ·ıÙfiÚ fiÙ·Ì ÔÎ˝ ·Ò„fi, ÒÔÙ‹ËÁÍÂ ·¸ ÙÔıÚ fl‰ÈÔıÚ
Ïfl· Ï›ËÔ‰ÔÚ ·Ì·ÊfiÙÁÛÁÚ-Û˝„ÍÎÈÛÁÚ (search-then-converge), ¸Ôı 
�t� � �0

�1�t��� [DM90b].

ÃÂ ÙÁ Ï›ËÔ‰Ô ·ıÙfi, Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ Ï›ÌÂÈ ÍÔÌÙ‹ ÛÙÁÌ ÙÈÏfi 
0 „È· ›Ì· ˜ÒÔÌÈÍ¸
‰È‹ÛÙÁÏ· � Í·È Í·Ù¸ÈÌ ÏÂÈ˛ÌÂÙ·È ÏÂ ÒıËÏ¸ 1

t . √È· ÔÎÎ‹ ÒÔ‚ÎfiÏ·Ù·, ·ıÙfi Á Ï›ËÔ‰ÔÚ
Ûı„ÍÎflÌÂÈ ÏÂ ·ÍÒfl‚ÂÈ· Í·È ÛÂ ÏÈÍÒ¸ ˜ÒÔÌÈÍ¸ ‰È‹ÛÙÁÏ·. ºÏ˘Ú, ‰ÂÌ ÂflÌ·È ‰ıÌ·Ù¸Ì Ì·
ÂÈÎ›„ÔıÏÂ ÂÍ ÒÔÔÈÏflÔı ÙÁÌ ‚›ÎÙÈÛÙÁ ÙÈÏfi ÙÔı ˜ÒÔÌÈÍÔ˝ ‰È·ÛÙfiÏ·ÙÔÚ � „È· Í‹ËÂ Ò¸‚ÎÁÏ·.
≈flÛÁÚ, Ù›ÙÔÈÔı Âfl‰ÔıÚ Ï›ËÔ‰ÔÈ, ÏÂ ÒÔÍ·ËÔÒÈÛÏ›ÌÔıÚ ÒıËÏÔ˝Ú ÂÍÏ‹ËÁÛÁÚ, ‰ÂÌ ÂflÌ·È ·ÒÍÂÙ‹
Âı›ÎÈÍÙÂÚ ÒÔÍÂÈÏ›ÌÔı Ì· ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È ÛÂ ÒÔ‚ÎfiÏ·Ù·, Ù· ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ Ù˘Ì ÔÔfl˘Ì
ÏÂÙ·‚‹ÎÎÔÌÙ·È Í·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· ÙÔı ˜Ò¸ÌÔı.

3.4 ¬›ÎÙÈÛÙÔÚ ¡Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS

”ÙÁÌ ÂÒ„·Ûfl· [CS95] ÔÈ Ûı„„Ò·ˆÂflÚ ·Ò·Ë›ÙÔıÌ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÁÚ ÒÔÛ‹ËÂÈ‹Ú ÙÔıÚ Ì·
ÂÈÎ˝ÛÔıÌ Ù· ‰˝Ô ·ıÙ‹ ÒÔ‚ÎfiÏ·Ù· ÙÔı ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS. « ÂÒ„·Ûfl· ÙÔıÚ
Âfl˜Â, ÛÂ ÏÂ„‹ÎÔ ‚·ËÏ¸, ˘Ú ›Ì·ıÛÏ· ÙÁÌ ÂÒ„·Ûfl· [Ger79]. ”ÙÁÌ ÙÂÎÂıÙ·fl· ·Ô‰ÂÈÍÌ˝ÂÙ·È



¸ÙÈ „È· Ïfl· ÎÂfl· (smooth) Í·Ù·ÌÔÏfi P Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Í·È „È· ÏÂ„‹ÎÔ ·ÒÈËÏ¸ ÔÏ‹‰˘Ì K,
Á ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁ ÛıÌ‹ÒÙÁÛÁ MSE, Ë· ‰˛ÛÂÈ ÔÏ‹‰ÂÚ ÏÂ fl‰ÈÂÚ
‰È·ÛÔÒ›Ú vi. »Â˛ÒÁÛ·Ì ¸ÙÈ Ë· Âfl˜Â ·Ófl· Ì· ÒÔÛ·ËfiÛÂÈ Í·ÌÂflÚ Ì· Í·Ù·ÎfiÓÂÈ ÛÂ ÔÏ‹‰ÂÚ
ÏÂ fl‰ÈÂÚ ‰È·ÛÔÒ›Ú, ·Í¸Ï· ÍÈ ·Ì ÙÔ K ‰ÂÌ ÂflÌ·È ·ÒÍÂÙ‹ ÏÂ„‹ÎÔ fi Á P ‰ÂÌ ÂflÌ·È ÎÂfl·. ŸÚ
ÂÍ ÙÔ˝ÙÔı, ‰È·Ï¸Òˆ˘Û·Ì ÙÔÌ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔ K-MEANS ÛÂ ‰˝Ô ÛÁÏÂfl· ÙÔı, Ù· ÔÔfl·
ÂÒÈ„Ò‹ˆÔÌÙ·È ·ÍÔÎÔ˝Ë˘Ú.

3.4.1 ¬›ÎÙÈÛÙÁ ˜ÒfiÛÁ Ù˘Ì ÌÂıÒ˛Ì˘Ì ÙÔı ‰ÈÍÙ˝Ôı

–ÒÔÍÂÈÏ›ÌÔı Ì· ÂÈÎ˝ÛÔıÌ ÙÔ Ò¸‚ÎÁÏ· ÙÁÚ ·„fl‰ÂıÛÁÚ Ù˘Ì ÌÂıÒ˛Ì˘Ì ÛÂ ÂÒÈÔ˜›Ú ÏÂ Îfl„·
fi Í·È Í·Ë¸ÎÔı ‰Â‰ÔÏ›Ì·, Ôı ¸˘Ú ‰Âfl˜ËÁÍÂ ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 3.3 Ô‰Á„Âfl ÛÂ ÔÏ·‰ÔÔÈfi-
ÛÂÈÚ Ôı ·›˜ÔıÌ ÔÎ˝ ·¸ ÙÁ ‚›ÎÙÈÛÙÁ, ÒÔÙÂflÌÔıÌ ÙÁÌ ·ÌÙÈÍ·Ù‹ÛÙ·ÛÁ ÙÁÚ ≈ıÍÎÂfl‰È·Ú
·¸ÛÙ·ÛÁÚ ·¸ Ïfl· ÛıÌ‹ÒÙÁÛÁ ·¸ÛÙ·ÛÁÚ Ôı Î·Ï‚‹ÌÂÈ ı¸¯Á ÙÁÚ Í·È ÙÁ ‰È·ÛÔÒ‹ Ù˘Ì
ÛÙÔÈ˜Âfl˘Ì Ù˘Ì ÔÏ‹‰˘Ì. « ÛıÌ‹ÒÙÁÛÁ ·ıÙfi ·ÒÔıÛÈ‹ÊÂÙ·È ÛÙÁÌ ÂÓflÛ˘ÛÁ 3.5.

dbias��x��ci� � vi � jj�x� �cijj
2 (3.5)

”ÙÁÌ 3.5, Á ÔÛ¸ÙÁÙ· vi ÂflÌ·È Á ‰È·ÛÔÒ‹ ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú, ‰ÁÎ·‰fi Ô Ï›ÛÔÚ ¸ÒÔÚ
Ù˘Ì ·ÔÛÙ‹ÛÂ˘Ì Ù˘Ì ÛÙÔÈ˜Âfl˘Ì ÙÁÚ ÔÏ‹‰·Ú ·ıÙfiÚ ·¸ ÙÔ Í›ÌÙÒÔ ÙÁÚ (ÂÓflÛ˘ÛÁ 3.1).

 ·Ë˛Ú ¸ÛÔ ·ıÓ‹ÌÂÙ·È ÙÔ Ï›„ÂËÔÚ Ïfl·Ú ÔÏ‹‰·Ú ÂÌ „›ÌÂÈ ·ıÓ‹ÌÂÈ Í·È Á ‰È·ÛÔÒ‹ ÙÁÚ, Á
˜ÒfiÛÁ ÙÁÚ ·¸ÛÙ·ÛÁÚ ·ıÙfiÚ ›˜ÂÈ ˘Ú ·ÔÙ›ÎÂÛÏ· ÙÁÌ ÒÔÙflÏÁÛÁ Ù˘Ì ÔÏ‹‰˘Ì ÂÍÂflÌ˘Ì Ôı
›˜ÔıÌ Îfl„· ÛÙÔÈ˜Âfl· ÂÌ Û˜›ÛÂÈ ÏÂ ÙÈÚ ı¸ÎÔÈÂÚ. ∏ÙÛÈ, ·Ì·„Í‹ÊÔıÌ ¸ÎÔıÚ ÙÔıÚ ÌÂıÒ˛ÌÂÚ
Ì· ÛıÏÏÂÙ‹Û˜ÔıÌ ÛÙÁÌ ÔÏ·‰ÔÔflÁÛÁ, ‚ÔÁË˛ÌÙ·Ú ¸ÛÔıÚ ›˜ÔıÌ Â„ÍÎ˘‚ÈÛÙÂfl ÛÂ Í‹ÔÈ· ÛÙÂflÒ·
ÂÒÈÔ˜fi ÙÔı ˜˛ÒÔı ·Ì·ÊfiÙÁÛÁÚ Ì· ·ÔÏ·ÍÒıÌËÔ˝Ì ·¸ ·ıÙfi.

 ·Ë˛Ú ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ‰ÂÌ ‰È·ÙÁÒÂfl Í‹Ôı Ù· ÛÙÔÈ˜Âfl· Ôı ·ÔÙÂÎÔ˝Ì Í‹ËÂ ÔÏ‹‰·,
‰ÂÌ ÂflÌ·È ‰ıÌ·Ù¸Ì Ì· ıÔÎÔ„flÊÂÙ·È Á ·ÍÒÈ‚fiÚ ÙÈÏfi ÙÁÚ ‰È·ÛÔÒ‹Ú ÙÁÚ Í‹ËÂ ÔÏ‹‰·Ú. ∏ÙÛÈ,
·ıÙfi ÒÔÛÂ„„flÊÂÙ·È ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ 3.6:

vi�T � 1� � � � vi�T � � �1� �� �Mi��x�T �� � jj�x�T �� �ci�T �jj
2 (3.6)

œ ÛıÌÙÂÎÂÛÙfiÚ � ÙÁÚ ÂÓflÛ˘ÛÁÚ 3.6 ÂflÌ·È Ïfl· ÛÙ·ËÂÒ‹ Í·Ù‹ ÙÈ ÏÈÍÒ¸ÙÂÒÁ ÙÁÚ ÏÔÌ‹‰·Ú.
ºÛÔ ÈÔ ÍÔÌÙ‹ ÂflÌ·È ÙÔ � ÛÙÁ ÏÔÌ‹‰·, Ù¸ÛÔ ÈÔ ·ÍÒÈ‚fiÚ ÂflÌ·È Á ÒÔÛ›„„ÈÛÁ ÙÁÚ vi, ·ÎÎ‹
Ù¸ÛÔ ÈÔ ·Ò„‹ Ë· „flÌÂÙ·È Á ÒÔÛ›„„ÈÛÁ ·ıÙfi. œÈ Ûı„„Ò·ˆÂflÚ ÙÁÚ ÂÒ„·Ûfl·Ú [CS95] ÛÙ·
ÂÈÒ‹Ï·Ù‹ ÙÔıÚ Ë›ÙÔıÌ ÙÔ � flÛÔ ÏÂ 0�9999.

œ ÒÔÛÂÍÙÈÍ¸Ú ·Ì·„Ì˛ÛÙÁÚ Ë· ·Ò·ÙÁÒfiÛÂÈ ¸ÙÈ ÏÂ ÙÁÌ ·ÎÎ·„fi ÙÁÚ ÛıÌ‹ÒÙÁÛÁÚ ·¸-
ÛÙ·ÛÁÚ Ôı ÒÔÙÂflÌÂÙ·È ÏÂÙ·‚‹ÎÎÂÙ·È ·Ì·„Í·ÛÙÈÍ˛Ú Í·È Á ÛıÌ‹ÒÙÁÛÁ Ôı ÙÂÎÈÍ˛Ú Ë·
‚ÂÎÙÈÛÙÔÔÈfiÛÂÈ ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ.

–Ò‹„Ï·ÙÈ, Á ÛıÌ‹ÒÙÁÛÁ Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl Ù˛Ò· ÙÔ ‰flÍÙıÔ ÂflÌ·È ·ıÙfi Ôı ÔÒflÊÂÙ·È ÛÙÁÌ
ÂÓflÛ˘ÛÁ 3.7. ¡Ì ÎÁˆËÂfl ı¸¯Á Í·È Ô ÔÒÈÛÏ¸Ú ÙÁÚ ‰È·ÛÔÒ‹Ú, Ù¸ÙÂ ·flÒÌÂÈ ÙÁ ÏÔÒˆfi ÙÁÚ
ÂÓflÛ˘ÛÁÚ 3.8:1

VWMSE�K� �
KX
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2
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VWMSE�K� �
KX
i�1

v2i (3.8)

–ÎÁÌ ¸Ï˘Ú, ÔÈ Ûı„„Ò·ˆÂflÚ ·›‰ÂÈÓ·Ì ¸ÙÈ Â‹Ì Ô ·ÒÈËÏ¸Ú K Ù˘Ì ÔÏ‹‰˘Ì ÂflÌ·È ·ÒÍÂÙ‹
ÏÂ„‹ÎÔÚ Í·È Á Í·Ù·ÌÔÏfi Ù˘Ì ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ ‰Â‰ÔÏ›Ì˘Ì ÂflÌ·È ÎÂfl· (smooth), Ù¸ÙÂ Á

1‘Ô ¸ÌÔÏ· VWMSE ÒÔÍ˝ÙÂÈ ·¸ ÙÔ ``variance-weighted mean square error''.



ÛıÌ‹ÒÙÁÛÁ Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÔ ‰flÍÙıÔ (ÂÓflÛ˘ÛÁ 3.8), ÂflÌ·È ÈÛÔ‰˝Ì·ÏÁ ÏÂ ÙÁÌ ·Ò˜ÈÍfi
(ÂÓflÛ˘ÛÁ 3.2), ‰ÁÎ·‰fi ÏÂ ÙÔ Ï›ÛÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·. √È· ‰ÈÂıÍ¸ÎıÌÛÁ, Á ·¸‰ÂÈÓÁ
·Ò·ÙflËÂÙ·È Í·È ÛÙÔ ·Ò‹ÒÙÁÏ· ¡. « ·Ò·‰Ô˜fi Ôı ›Í·Ì·Ì ÂflÌ·È ¸ÙÈ Í·È ÛÙÈÚ ÂÒÈÙ˛ÛÂÈÚ
ÂÍÂflÌÂÚ Ôı ‰ÂÌ ÈÛ˜˝ÂÈ Í‹ÔÈ· ·¸ ÙÈÚ ‰˝Ô ·ıÙ›Ú ÛıÌËfiÍÂÚ, Á ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ ˘Ú
ÒÔÚ ÙÁ ÛıÌ‹ÒÙÁÛÁ VMSE ‰ÂÌ Ë· ·›˜ÂÈ ÔÎ˝ ·¸ ÙÁÌ MSE.

3.4.2 ƒıÌ·ÏÈÍfi —˝ËÏÈÛÁ ÙÔı —ıËÏÔ˝ ≈ÍÏ‹ËÁÛÁÚ

ºÛÔÌ ·ˆÔÒ‹ ÙÔ Ò¸‚ÎÁÏ· ÙÁÚ ÂÈÎÔ„fiÚ ÙÔı ÒıËÏÔ˝ ÂÍÏ‹ËÁÛÁÚ, ·Ò·ÙfiÒÁÛ·Ì ¸ÙÈ Á ‚›ÎÙÈÛÙÁ
Î˝ÛÁ Ë· Ò›ÂÈ Ì· ÂÈÙÒ›ÂÈ ÙÁ ‰ıÌ·ÏÈÍfi Ò˝ËÏÈÛfi (adjustment) ÙÔı, ·Ì·Î¸„˘Ú ÏÂ ÙÔ ¸ÛÔ
·›˜ÂÈ ÙÔ ‰flÍÙıÔ ·¸ ÙÁ ‚›ÎÙÈÛÙÁ Î˝ÛÁ.

”ı„ÍÂÍÒÈÏ›Ì·, ¸Ù·Ì ÙÔ ‰flÍÙıÔ ·›˜ÂÈ ÔÎ˝ ·¸ ÙÁ ‚›ÎÙÈÛÙÁ Î˝ÛÁ, Ù¸ÙÂ Ô ÒıËÏ¸Ú
ÂÍÏ‹ËÁÛÁÚ Ë· Ò›ÂÈ Ì· ·ıÓ‹ÌÂÙ·È ˛ÛÙÂ Ì· ‚ÂÎÙÈ˘ËÂfl „Òfi„ÔÒ· Á ÙÒ›˜ÔıÛ· ÔÏ·‰ÔÔflÁÛÁ,
ÂÌ˛ ¸Ù·Ì ÂflÌ·È ÍÔÌÙ‹ ÛÙÁ ‚›ÎÙÈÛÙÁ Î˝ÛÁ, Ù¸ÙÂ Ë· Ò›ÂÈ Ì· ÂÎ·ÙÙ˛ÌÂÙ·È ˛ÛÙÂ Ì· ÏÔÒ›ÛÂÈ
Ì· ÒÔÛÂ„„ÈÛËÂfl Á ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ ÏÂ ÏÂ„·Î˝ÙÂÒÁ ·ÍÒfl‚ÂÈ·.

√È· Ì· ÂÈÙÂı˜ËÂfl Í‹ÙÈ Ù›ÙÔÈÔ Ë· Ò›ÂÈ Ò˛Ù· Ì· ÔÒÈÛËÂfl Á ÔÈ¸ÙÁÙ· ÙÁÚ ÂÍ‹ÛÙÔÙÂ
ÔÏ·‰ÔÔflÁÛÁÚ, ÛÙÁÌ ÔÔfl· ›˜ÂÈ Í·Ù·ÎfiÓÂÈ ÙÔ ‰flÍÙıÔ, ˛ÛÙÂ Ì· ÏÔÒÂfl Ì· ÏÂÙÒÁËÂfl Í·È Á
·¸ÛÙ·Ûfi ÙÁÚ ·¸ ÙÁ ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ.

ƒÂ‰ÔÏ›ÌÔı ¸ÙÈ ÛÙÁ ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ ÔÈ ‰È·ÛÔÒ›Ú Ù˘Ì ÔÏ‹‰˘Ì vi ÂflÌ·È flÛÂÚ,
‚‹ÛÈÛ·Ì ÙÔ Ï›ÙÒÔ ÙÁÚ ÔÈ¸ÙÁÙ·Ú ÙÁÚ ÙÒ›˜ÔıÛ·Ú ÔÏ·‰ÔÔflÁÛÁÚ ÛÙÔ ¸ÛÔ ¸ÏÔÈÂÚ ÂflÌ·È ÔÈ
‰È·ÛÔÒ›Ú ÏÂÙ·Ó˝ ÙÔıÚ.

 ·Ë˛Ú ·¸ ÙÁ »Â˘Òfl· –ÎÁÒÔˆÔÒfl·Ú „Ì˛ÒÈÊ·Ì ¸ÙÈ Á ÂÌÙÒÔfl· (entropy) ÂÌ¸Ú ÛıÛÙfiÏ·ÙÔÚ
ÏÂ K Í·Ù·ÛÙ‹ÛÂÈÚ ÂÎ·˜ÈÛÙÔÔÈÂflÙ·È ¸Ù·Ì ÔÈ ÈË·Ì¸ÙÁÙÂÚ ¸Î˘Ì Ù˘Ì Í·Ù·ÛÙ‹ÛÂ˘Ì ÂflÌ·È fl‰ÈÂÚ
ÏÂÙ·Ó˝ ÙÔıÚ Í·È flÛÂÚ ÏÂ 1

K , Í·ÌÔÌÈÍÔÔflÁÛ·Ì ÙÈÚ ‰È·ÛÔÒ›Ú ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ÂÓflÛ˘ÛÁ 3.9,
˛ÛÙÂ Ì· ›˜ÔıÌ ·ıÙ›Ú ÙÈÏ›Ú ÛÙÔ ‰È‹ÛÙÁÏ· �0� 1�, ¸˘Ú Í·È ÔÈ ÈË·Ì¸ÙÁÙÂÚ ‹Ì˘ ÛÙÈÚ ÔÔflÂÚ
Âˆ·ÒÏ¸ÊÂÙ·È Á ÛıÌ‹ÒÙÁÛÁ ÙÁÚ ÂÌÙÒÔfl·Ú, Í·È Í·Ù¸ÈÌ ÂˆfiÒÏÔÛ·Ì ÙÁ ÛıÌ‹ÒÙÁÛÁ ÂÌÙÒÔfl·Ú
ÛÂ ·ıÙ›Ú, ¸˘Ú ˆ·flÌÂÙ·È ÛÙÁÌ ÂÓflÛ˘ÛÁ 3.10:

vi�norm �
viPK
j�1 vj

(3.9)

H�v1� v2� � � � � vK� �
KX
i�1

�vi�norm � ln�vi�norm� (3.10)

« ÛıÌ‹ÒÙÁÛÁ 3.10 ÏÂ„ÈÛÙÔÔÈÂflÙ·È, ¸˘Ú fi‰Á ·Ì·ˆ›ÒËÁÍÂ, ¸Ù·Ì vi � vj �i� j 
 vi�norm �
1
K �i, Ô¸ÙÂ Í·È Á ÙÈÏfi ÙÁÚ „flÌÂÙ·È flÛÁ ÏÂ ln� �.

∏ÙÛÈ, Ô ÒıËÏ¸Ú ÂÍÏ‹ËÁÛÁÚ ÏÔÒÂfl Ì· ÔÒÈÛËÂfl ¸˘Ú ÛÙÁÌ ÂÓflÛ˘ÛÁ 3.11. œ ·ÒÈËÏÁÙfiÚ ÙÔı
ÍÎ‹ÛÏ·ÙÔÚ ·Ô‰fl‰ÂÈ ÙÁÌ ·¸ÛÙ·ÛÁ Ôı ›˜ÂÈ Á ÔÈ¸ÙÁÙ· ÙÁÚ ÙÒ›˜ÔıÛ·Ú ÔÏ·‰ÔÔflÁÛÁÚ ·¸
·ıÙfi ÙÁÚ ‚›ÎÙÈÛÙÁÚ Í·È Ô ·ÒÔÌÔÏ·ÛÙfiÚ ˜ÒÁÛÈÏÂ˝ÂÈ ÛÙÔ Ì· Í·ÌÔÌÈÍÔÔÈfiÛÂÈ ÙÁÌ ÙÈÏfi ÙÔı
ÒıËÏÔ˝ ÂÍÏ‹ËÁÛÁÚ, ˛ÛÙÂ ·ıÙfi Ì· ‚ÒflÛÍÂÙ·È ÛÙÔ ‰È‹ÛÙÁÏ· �0� 1�.


 �
ln�K��H�v1� v2� � � � � vK�

ln�K�
(3.11)

3.5 œ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔÚ K-MEANS ÛÙÔ CLUE

 ·Ù‹ ÙÁ ‰ÈÂÓ·„˘„fi Í‹ÔÈ˘Ì ·Ò˜ÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ ÙÂ˜ÌÁÙ˛Ú Í·Ù·ÛÍÂı·ÛÏ›Ì· ‰Â‰ÔÏ›Ì·
(Ù· ‰Â‰ÔÏ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.1) ÒÔÍÂÈÏ›ÌÔı Ì·
·ÓÈÔÎÔ„ÁËÂfl Á Âfl‰ÔÛÁ ÙÔı ‰ÈÍÙ˝Ôı, ·Ò·ÙÁÒfiËÁÍÂ Ïfl· ·ÌÂÈË˝ÏÁÙÁ ÛıÏÂÒÈˆÔÒ‹. ƒÁÎ·‰fi,
ÙÔ ‰flÍÙıÔ Ù· ÔÏ·‰ÔÔÈÔ˝ÛÂ ›ÙÛÈ ˛ÛÙÂ Í‹ËÂ ÔÏ‹‰· Ì· ›˜ÂÈ ·Ò¸ÏÔÈ· ‰È·ÛÔÒ‹, ÏÂÙ·ÍÈÌ˛ÌÙ·Ú



‰Â‰ÔÏ›Ì· ÛÂ ‰È·ˆÔÒÂÙÈÍfi ÔÏ‹‰· ·¸ ·ıÙfiÌ Ôı Ò·„Ï·ÙÈÍ‹ ·ÌfiÍ·Ì, ¸Ù·Ì Á ÙÂÎÂıÙ·fl·
``ÏÂ„‹Î˘ÌÂ'' ·ÈÛËÁÙ‹.

‘Ô ˆ·ÈÌ¸ÏÂÌÔ ·ıÙ¸ ÙÁÚ ÂÛˆ·ÎÏ›ÌÁÚ ÔÏ·‰ÔÔflÁÛÁÚ ÂÏˆ·ÌÈÊ¸Ù·Ì ·Í¸Ï· Í·È ¸Ù·Ì ÔÈ
ÔÏ‹‰ÂÚ Âfl˜·Ì ÙÔ fl‰ÈÔ ÂÒflÔı ÎfiËÔÚ ÛÙÔÈ˜Âfl˘Ì, ÂÓ·ÒÙ¸Ù·Ì, ‰Â, ·¸ ÙÁ ÛÂÈÒ‹ ÏÂ ÙÁÌ ÔÔfl·
·ÒÔıÛÈ‹ÊÔÌÙ·Ì Ù· ‰Â‰ÔÏ›Ì· ÛÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ, Í·Ë˛Ú Í·È ·¸ ÙÁÌ Í·Ù·ÌÔÏfi Ù˘Ì
ÙÈÏ˛Ì Ôı Âfl˜·Ì Ù· ‰Â‰ÔÏ›Ì·.

œÈ ·Ò·ÙÁÒfiÛÂÈÚ ·ıÙ›Ú, ÙÁÚ ÂÓ‹ÒÙÁÛÁÚ ÙÁÚ ÛıÌ‹ÒÙÁÛÁÚ ·¸ÛÙ·ÛÁÚ ·¸ ÙÔ Ï›„ÂËÔÚ Ù˘Ì
‰È·ˆ¸Ò˘Ì ÔÏ‹‰˘Ì Í·Ë˛Ú Í·È ·¸ ÙÁ ÛÂÈÒ‹ ·ÒÔıÛfl·ÛÁÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÛÙÔ ÌÂıÒ˘ÌÈÍ¸
‰flÍÙıÔ, Ô‰fi„ÁÛ·Ì ÛÙÔ ÛıÏ›Ò·ÛÏ· ¸ÙÈ Á ÒÔÙÂÈÌ¸ÏÂÌÁ ÛıÌ‹ÒÙÁÛÁ ·¸ÛÙ·ÛÁÚ ‰ÂÌ ·Ô‰fl‰ÂÈ
Ù¸ÛÔ Í·Î‹ ÏÂ Ù· ‰Â‰ÔÏ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È ÛÙÁÌ ·ÒÔ˝Û· ÂÒ„·Ûfl·, ¸ÛÔ ÏÂ ÂÍÂflÌ· Ôı
Âfl˜·Ì ˜ÒÁÛÈÏÔÔÈÁËÂfl ÛÙÁÌ [CS95]. ŸÚ ÂÍ ÙÔ˝ÙÔı, ÂÍÙ¸Ú ·¸ ÙÔ ‰flÍÙıÔ Ôı ÂÒÈ„Ò‹ˆÁÍÂ
·Ì˘Ù›Ò˘, ÙÔ ÔÔflÔ Ë· ·Ì·ˆ›ÒÂÙ·È ÛÙÔ ÂÓfiÚ ˘Ú NN-VWMSE, ıÎÔÔÈfiËÁÍÂ ÛÙÔ CLUE Í·È
›Ì· ·Ò·ÎfiÛÈÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ÙÔ ÔÔflÔ ˜ÒÁÛÈÏÔÔÈÂfl ÙÁÌ ÍÎ·ÛÛÈÍfi ≈ıÍÎÂfl‰È· ·¸ÛÙ·ÛÁ
·ÌÙfl ÙÁÚ 3.5, ‰È·ÙÁÒÂfl ¸Ï˘Ú ÙÁ Ï›ËÔ‰Ô ÙÁÚ ‰ıÌ·ÏÈÍfiÚ Ò˝ËÏÈÛÁÚ ÙÔı ÒıËÏÔ˝ ÂÍÏ‹ËÁÛÁÚ. ‘Ô
‰flÍÙıÔ ·ıÙ¸ Â›‰ÂÈÓÂ Í·Î˝ÙÂÒÁ ÛıÏÂÒÈˆÔÒ‹ ÛÙ· fl‰È· ÙÂ˜ÌÁÙ‹ ‰Â‰ÔÏ›Ì·. ‘Ô ‰Â˝ÙÂÒÔ ·ıÙ¸
‰flÍÙıÔ Ë· ·Ì·ˆ›ÒÂÙ·È ÛÙÔ ÂÓfiÚ ˘Ú NN-MSE.

‘· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ‚ÒflÛÍÔÌÙ·È ÛÙÔ ÙÏfiÏ· 5.2 ÙÔı ·Ò·ÒÙfiÏ·ÙÔÚ ƒ
„È· ÙÔÌ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔ K-MEANS Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE Í·È ÛÙÔ
ÙÏfiÏ· 5.3 ÙÔı È‰flÔı ·Ò·ÒÙfiÏ·ÙÔÚ „È· ÙÔÌ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔ K-MEANS Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl
ÙÁ ÛıÌ‹ÒÙÁÛÁ MSE.





 Âˆ‹Î·ÈÔ 4

√Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ

œÏ·‰ÔÔflÁÛÁÚ ``≈Ì –ÙfiÛÂÈ''

”Ù· Î·flÛÈ· ÙÁÚ ÂÒ„·Ûfl·Ú ·ıÙfiÚ Û˜Â‰È‹ÛÙÁÍÂ Í·È ıÎÔÔÈfiËÁÍÂ Í·È ‹ÎÎÁ Ïfl· Ï›ËÔ‰ÔÚ
ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', Á ÔÔfl· ·ÔÙÂÎÂfl ÒÔ›ÍÙ·ÛÁ Ïfl·Ú „Ò·ˆÔËÂ˘ÒÁÙÈÍfiÚ ÏÂË¸‰Ôı
ÔÏ·‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú (batch processing).

”ÙÔ ·Ò¸Ì ÍÂˆ‹Î·ÈÔ Ò¸ÍÂÈÙ·È Ì· ‰ÔËÔ˝Ì Ù· „ÂÌÈÍ‹ ÛÙÔÈ˜Âfl· Ù˘Ì „Ò·ˆÔËÂ˘ÒÁÙÈÍ˛Ì
ÏÂË¸‰˘Ì ÔÏ·‰ÔÔflÁÛÁÚ, Ïfl· ÂÒÈ„Ò·ˆfi ÙÁÚ ·Ò˜ÈÍfiÚ ÏÂË¸‰Ôı ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú, Í·Ë˛Ú
Í·È ˛Ú ·ıÙfi ÒÔÂÍÙ‹ËÁÍÂ ÒÔÍÂÈÏ›ÌÔı Ì· ÏÔÒÂfl Ì· Í‹ÌÂÈ ÔÏ·‰ÔÔflÁÛÁ ‰Â‰ÔÏ›Ì˘Ì ``ÂÌ
ÙfiÛÂÈ''.

4.1 √ÂÌÈÍ‹ ”ÙÔÈ˜Âfl· √Ò·ˆÔËÂ˘ÒÁÙÈÍ˛Ì ÃÂË¸‰˘Ì œÏ·‰ÔÔflÁÛÁÚ

œÈ „Ò·ˆÔËÂ˘ÒÁÙÈÍ›Ú Ï›ËÔ‰ÔÈ ÔÏ·‰ÔÔflÁÛÁÚ ÒÔÛÂ„„flÊÔıÌ ÙÔ Ò¸‚ÎÁÏ· ÙÁÚ Â˝ÒÂÛÁÚ Ù˘Ì
ÔÏ‹‰˘Ì, ÛÙÈÚ ÔÔflÂÚ ·ÌfiÍÔıÌ Ù· ‰Â‰ÔÏ›Ì·, ËÂ˘Ò˛ÌÙ·Ú Í‹ËÂ ›Ì· ÂÓ ·ıÙ˛Ì ˘Ú Í¸Ï‚Ô ÂÌ¸Ú
ÎfiÒ˘Ú ÛıÌ‰Â‰ÂÏ›ÌÔı „Ò‹ˆÔı. ”ÙÈÚ ·ÍÏ›Ú ÙÔı „Ò‹ˆÔı ·Ô‰fl‰ÔÌÙ·È ˘Ú ‚‹ÒÁ ÔÈ ≈ıÍÎÂfl‰ÈÂÚ
·ÔÛÙ‹ÛÂÈÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ÛıÌ‰›ÔıÌ ·ıÙ›Ú.

”ÙÁÌ ÂÒ„·Ûfl· [Zah71] ÂÒÈ„Ò‹ˆÂÙ·È ›Ì· Û˝ÌÔÎÔ ‰È·ˆÔÒÂÙÈÍ˛Ì ÏÂË¸‰˘Ì Ôı ÏÔÒÔ˝Ì Ì·
˜ÒÁÛÈÏÔÔÈÁËÔ˝Ì ÒÔÍÂÈÏ›ÌÔı ·¸ ÙÔÌ ÒÔ·Ì·ˆÂÒË›ÌÙ· „Ò‹ˆÔ Ì· ·ÔÍÙÁËÔ˝Ì ÔÈ ÊÁÙÔ˝ÏÂÌÂÚ
ÔÏ‹‰ÂÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì.

œÈ ÂÒÈ„Ò·ˆ¸ÏÂÌÂÚ Ï›ËÔ‰ÔÈ ÒÔ›Íı¯·Ì ·¸ ÙÁÌ ÒÔÛ‹ËÂÈ· ÒÔÛÔÏÔfl˘ÛÁÚ ÙÔı ÙÒ¸Ôı
ÏÂ ÙÔÌ ÔÔflÔ ÔÏ·‰ÔÔÈÂfl ÙÔ ·ÌËÒ˛ÈÌÔ Ï‹ÙÈ ›Ì· Û˝ÌÔÎÔ ·¸ ÛÁÏÂfl· ÛÙÔ ‰ÈÛ‰È‹ÛÙ·ÙÔ
˜˛ÒÔ. –·Ò¸Î· Ù·˝Ù·, Á ˜ÒfiÛÁ ÙÔıÚ ‰ÂÌ ÂÒÈÔÒflÊÂÙ·È Ï¸ÌÔ ÛÂ ‰ÈÛ‰È‹ÛÙ·ÙÔıÚ ˜˛ÒÔıÚ ·ÎÎ‹
‰˝Ì·ÌÙ·È Ì· ˜ÒÁÛÈÏÔÔÈÁËÔ˝Ì Í·È ÛÂ ˜˛ÒÔıÚ ÏÂ„·Î˝ÙÂÒÁÚ ‰È‹ÛÙ·ÛÁÚ.

∏Ì· ‚·ÛÈÍ¸ ÎÂÔÌ›ÍÙÁÏ‹ ÙÔıÚ ÂflÌ·È Á Â˝ÍÔÎÁ ÂÒÈ„Ò·ˆfi Í·È ÂÂÓfi„ÁÛÁ ·¸ ›Ì·Ì
‹ÌËÒ˘Ô Ù˘Ì ÔÏ·‰ÔÔÈfiÛÂ˘Ì Ôı ·Ò‹„ÔıÌ, Í·Ë˛Ú ·ÍÔÎÔıËÔ˝Ì ÙÈÚ fl‰ÈÂÚ ·Ò˜›Ú ÏÂ ÙÈÚ
ÔÔflÂÚ ÔÒ„·Ì˛ÌÔıÌ ÔÈ ·ÌËÒ˛ÈÌÂÚ ·ÈÛËfiÛÂÈÚ Û˝ÌÔÎ· ‰ÈÛ‰È‹ÛÙ·Ù˘Ì ÛÁÏÂfl˘Ì. ƒÁÎ·‰fi,
ÙÂflÌÔıÌ Ì· ÂÌ˛ÌÔıÌ Ù· ‰Â‰ÔÏ›Ì· ÛÂ ÔÏ‹‰ÂÚ ‚·ÛÈÊ¸ÏÂÌÂÚ ÛÙÁÌ Â„„˝ÙÁÙ· Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì
Í·Ë˛Ú Í·È ÛÙÁÌ ıÍÌ¸ÙÁÙ‹ ÙÔıÚ.

œÈ Ï›ËÔ‰ÔÈ ·ıÙ›Ú, ¸˘Ú ·ÒÔıÛÈ‹ÊÔÌÙ·È ÛÙÔ [Zah71], ›˜ÔıÌ ˘Ú ÍÔÈÌ¸ ˜·Ò·ÍÙÁÒÈÛÙÈÍ¸
ÙÔıÚ ÙÔ ¸ÙÈ ‚·ÛflÊÔÌÙ·È ÛÙÁ ˜ÒfiÛÁ ÙÔı ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ ‰›Ì‰ÒÔı (minimum spanning
tree) ÙÔı ÎfiÒÔıÚ „Ò‹ˆÔı. ƒÁÎ·‰fi, Âˆ·ÒÏ¸ÊÔıÌ ·Ò˜ÈÍ˛Ú ÛÙÔÌ ÎfiÒÂÚ „Ò‹ˆÔ Í‹ÔÈÔÌ
·¸ ÙÔıÚ „Ì˘ÛÙÔ˝Ú ·Î„¸ÒÈËÏÔıÚ Â˝ÒÂÛÁÚ ÙÔı ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ ‰›Ì‰ÒÔı, ¸˘Ú ÂflÌ·È
ÔÈ [Kru56] Í·È [Pri57], Í·È Í·Ù¸ÈÌ ˜ÒÁÛÈÏÔÔÈÔ˝Ì Ï¸ÌÔÌ ·ıÙ¸, ·„ÌÔ˛ÌÙ·Ú ÙÈÚ ı¸ÎÔÈÂÚ
·ÍÏ›Ú ÙÔı „Ò‹ˆÔı (ÔÈ ‰˝Ô ·ıÙÔfl ·Î„¸ÒÈËÏÔÈ ıÔÎÔ„ÈÛÏÔ˝ ÙÔı ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ
‰›Ì‰ÒÔı ÂÌ¸Ú „Ò‹ˆÔı ·Ò·ÙflËÂÌÙ·È ÛÙÔ ·Ò‹ÒÙÁÏ· ¬). Ãfl· Û˜ÁÏ·ÙÈÍfi ·Ò‹ÛÙ·ÛÁ ÂÌ¸Ú
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ÛıÌ¸ÎÔı ‰Â‰ÔÏ›Ì˘Ì Ôı ·ÔÙÂÎÂflÙ·È ·¸ ‰˝Ô ÔÏ‹‰ÂÚ ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 4.1(�), ÂÌ˛
ÛÙÔ Û˜fiÏ· 4.1(�) ˆ·flÌÂÙ·È Ô ÎfiÒÁÚ „Ò‹ˆÔÚ Ôı Û˜ÁÏ·ÙflÊÂÙ·È ·¸ ·ıÙ‹ Ù· ‰Â‰ÔÏ›Ì·
Í·È ÛÙÔ Û˜fiÏ· 4.1(�) ÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ·ıÙÔ˝. œÈ ÂÈÍ¸ÌÂÚ ÙÔı Û˜fiÏ·ÙÔÚ 4.1
‰ÁÏÈÔıÒ„fiËÁÍ·Ì ÏÂ ÙÁ ˜ÒfiÛÁ ÙÁÚ LEDA [MN89], [MN95], [N
ah90], Ïfl·Ú ‚È‚ÎÈÔËfiÍÁÚ Ôı
ÒÔÛˆ›ÒÂÈ ‰ÔÏ›Ú ‰Â‰ÔÏ›Ì˘Ì Í·È ·Î„¸ÒÈËÏÔıÚ „È· ÒÔ‚ÎfiÏ·Ù· ”ıÌ‰ı·ÛÙÈÍfiÚ Í·È √Â˘ÏÂÙÒfl·Ú,
Á ÔÔfl· ›˜ÂÈ ˜ÒÁÛÈÏÔÔÈÁËÂfl ÛÂ ÏÂ„‹ÎÔ ‚·ËÏ¸ Í·Ù‹ ÙÁÌ ·Ì‹ÙıÓÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì Ôı
ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ÍÂˆ‹Î·ÈÔ ·ıÙ¸.

(�) ƒ˝Ô ÔÏ‹‰ÂÚ ‰Â‰ÔÏ›Ì˘Ì (�) œ ÎfiÒÁÚ „Ò‹ˆÔÚ Ù˘Ì ‰Â-
‰ÔÏ›Ì˘Ì

(�) ‘Ô ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì-
‰ÒÔ ÙÔı ÎfiÒÔıÚ „Ò‹ˆÔı

”˜fiÏ· 4.1: ÀÂÈÙÔıÒ„fl· ÙÁÚ „Ò·ˆÔËÂ˘ÒÁÙÈÍfiÚ ÏÂË¸‰Ôı: Í·Ù·ÛÍÂıfi ÎfiÒÔıÚ „Ò‹ˆÔı Í·È ÙÔı
ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ ‰›Ì‰ÒÔı ·ıÙÔ˝ ·¸ ›Ì· Û˝ÌÔÎÔ ‰Â‰ÔÏ›Ì˘Ì

¬·ÛÈÊ¸ÏÂÌÂÚ ÛÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ Í·È ¸˜È ÛÙÔÌ ·Ò˜ÈÍ¸ „Ò‹ˆÔ, ÂÈÙı„˜‹ÌÔıÌ Ïfl·

ÛÁÏ·ÌÙÈÍfi ÛıÏflÂÛÁ ÙÁÚ ı‹Ò˜ÔıÛ·Ú ÎÁÒÔˆÔÒfl·Ú, ·ˆÔ˝ ·¸ n��n�1�
2 ·ÍÏ›Ú ÙÔı ÎfiÒÔıÚ

„Ò‹ˆÔı, Í·Ù·Îfi„ÔıÌ Ì· ˜ÒÁÛÈÏÔÔÈÔ˝Ì Ï¸ÌÔ ÙÈÚ n�1, ¸Ôı n ÂflÌ·È Ô ·ÒÈËÏ¸Ú Ù˘Ì Í¸Ï‚˘Ì
- ‰Â‰ÔÏ›Ì˘Ì.

≈ÈÙı„˜‹ÌÔıÌ ÂflÛÁÚ, Ïfl· Í·Î˝ÙÂÒÁ ÂÒÈ„Ò·ˆfi ÙÁÚ ‰ÔÏfiÚ ÙÁÚ ı‹Ò˜ÔıÛ·Ú ÎÁÒÔˆÔÒfl·Ú,
·ˆÔ˝ Ù˛Ò· ÂflÌ·È ÔÎ˝ ÈÔ Â˝ÍÔÎÔ Ì· ÂÌÙÔÈÛÙÔ˝Ì Ù· ‰Â‰ÔÏ›Ì· ÂÍÂflÌ· Ôı ÂflÌ·È ÎÁÛÈ›ÛÙÂÒ·
ÛÂ Í‹ÔÈÔ ‹ÎÎÔ. ¡ıÙ¸ ˆ·flÌÂÙ·È ÍÈ ·¸ ÙÔ Û˜fiÏ· 4.1, ¸Ôı „È· Ï¸ÌÔ 10 ‰Â‰ÔÏ›Ì· ÙÁÚ
Ïfl·Ú ÔÏ‹‰·Ú Í·È 20 ‰Â‰ÔÏ›Ì· ÙÁÚ ‹ÎÎÁÚ, Ô ÎfiÒÁÚ „Ò‹ˆÔÚ ‰ÂÌ ‰flÌÂÈ Í·Ïfl· Ò·ÍÙÈÍfi
ÔÙÈÍfi ÎÁÒÔˆÔÒfl· „È· ÙÈÚ ÛıÛ˜ÂÙflÛÂÈÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì (Û˜fiÏ· 4.1(�)), ·ˆÔ˝ ÂÒÈ›˜ÂÈ 435
·ÍÏ›Ú, ÂÌ˛ ÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ, ÏÂ Ï¸ÎÈÚ 29 ·ÍÏ›Ú, ‚ÔÁË‹ ÔÎ˝ ÂÒÈÛÛ¸ÙÂÒÔ ÛÙÁÌ
Í·Ù·Ì¸ÁÛÁ Ù˘Ì ÛıÛ˜ÂÙflÛÂ˘Ì ÏÂÙ·Ó˝ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì (Û˜fiÏ· 4.1(�)).

« ‚·ÛÈÍfi È‰›· ÛÙÁÌ ÔÔfl· ÛÙÁÒflÊÔÌÙ·È ÔÈ Ï›ËÔ‰ÔÈ ·ıÙ›Ú, ÂflÌ·È ¸ÙÈ ÔÈ ·ÍÏ›Ú ÙÔı
ÊÂı„Ì˝ÔÌÙÔÚ ‰›Ì‰ÒÔı ˜˘ÒflÊÔÌÙ·È ÛÂ ‰˝Ô Û˝ÌÔÎ·, ÙÔ Û˝ÌÔÎÔ Ù˘Ì ·ÍÏ˛Ì Ôı ÛıÌ‰›ÔıÌ
‰Â‰ÔÏ›Ì· Ôı ·ÌfiÍÔıÌ ÛÙÁÌ fl‰È· ÔÏ‹‰· Í·È ÙÔ Û˝ÌÔÎÔ Ù˘Ì ·ÍÏ˛Ì Ôı ÛıÌ‰›ÔıÌ ‰Â‰ÔÏ›Ì·
Ôı ·ÌfiÍÔıÌ ÛÂ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ.

≈ÔÏ›Ì˘Ú, ÙÔ Ò¸‚ÎÁÏ· Ù˛Ò· ÔÒflÊÂÙ·È ˘Ú Á Â˝ÒÂÛÁ ÙÔı ÛıÌ¸ÎÔı ·ıÙÔ˝ Ù˘Ì ·ÍÏ˛Ì
Ôı ÛıÌ‰›ÔıÌ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ Í·È Á ··ÎÔÈˆfi ÙÔıÚ ·¸ ÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ
ÒÔÍÂÈÏ›ÌÔı Ì· ÒÔÍ˝¯ÔıÌ ÔÈ ÊÁÙÔ˝ÏÂÌÂÚ ÔÏ‹‰ÂÚ.

4.2 ¡Ò˜ÈÍfi √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ œÏ·‰ÈÍfiÚ ≈ÂÓÂÒ„·Ûfl·Ú

ÃÂÙ·Ó˝ Ù˘Ì ‰È·ˆ¸Ò˘Ì ÒÔÙÂÈÌ¸ÏÂÌ˘Ì ÏÂË¸‰˘Ì ÔÏ·‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú Í·È
‰Â‰ÔÏ›ÌÁÚ ÙÁÚ ˆ˝ÛÁÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ù· ÔÔfl· ÂÏˆ·ÌflÊÔÌÙ·È ÛÙÔ Ò¸‚ÎÁÏ· ÙÁÚ ÔÏ·‰Ô-



ÔflÁÛÁÚ Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì ÛıÏˆ˛Ì˘Ú ÒÔÚ Ù· ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ÙÔı ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú ÙÔıÚ,
ÂÈÎ›˜ËÁÍÂ ÙÂÎÈÍ˛Ú Ïfl· Ï›ËÔ‰ÔÚ Á ÔÔfl· Âˆ·ÒÏ¸ÊÂÈ ÛÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ÙÁÌ
‰È·‰ÈÍ·Ûfl· ‰È‹Û·ÛÁÚ ·ıÙÔ˝ ÛÂ ıÔ‰›Ì‰Ò·, Ôı ·ÌÙÈÒÔÛ˘Â˝ÔıÌ ÙÈÚ ÊÁÙÔ˝ÏÂÌÂÚ ÔÏ‹‰ÂÚ,
Ôı ˆ·flÌÂÙ·È ÛÙÔÌ flÌ·Í· 4.1.

√È· Í‹ËÂ ·ÍÏfi, e, ÙÔı ‰›Ì‰ÒÔı:

[¬fiÏ· 1]:

’ÔÎ¸„ÈÛÂ ÙÔÌ Ï›ÛÔ ¸ÒÔ Ù˘Ì ÏÁÍ˛Ì Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ·ÍÏ˛Ì ÙÁÚ e.

∏ÛÙ˘ M�e� Á ÙÈÏfi ·ıÙfi ÙÔı Ï›ÛÔı ¸ÒÔı.

ŸÚ „ÂÈÙÔÌÈÍfi ·ÍÏfi ÙÁÚ e ËÂ˘ÒÂflÙ·È Í‹ËÂ ·ÍÏfi ÙÔı „Ò‹ˆÔı Ôı ‚ÒflÛÍÂÙ·È ›˘Ú L
‚fiÏ·Ù· Ï·ÍÒÈ‹ ·¸ ÙÁÌ e Í·È ÛÙÈÚ ÏÂÙ·Ó˝ ÙÔıÚ ·ÍÏ›Ú ‰ÂÌ ı‹Ò˜ÂÈ Í‹ÔÈ· ·ÍÏfi
Ôı Ì· ÛıÌ‰›ÂÈ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ. ƒÁÎ·‰fi, ·Ì Í·Ù‹ ÙÔÌ ıÔÎÔ„ÈÛÏ¸ ÙÔı Ï›ÛÔı
¸ÒÔı ÛıÌ·ÌÙÁËÂfl Ïfl· ÛıÌ‰ÂÙÈÍfi ·ÍÏfi, ·ıÙfi Í·È ÔÈ ·ÍÏ›Ú Ôı ÙÁÌ ·ÍÔÎÔıËÔ˝Ì ÒÔÚ
ÙÁÌ Í·ÙÂ˝ËıÌÛÁ ·ıÙfi Í·È Ï¸ÌÔÌ ·ıÙfi ·„ÌÔÔ˝ÌÙ·È Í·È ÛıÌÂ˜flÊÂÙ·È Ô ıÔÎÔ„ÈÛÏ¸Ú ÙÔı
Ï›ÛÔı ¸ÒÔı ÏÂ ÙÈÚ ·ÍÏ›Ú Ôı ÂÍÙÂflÌÔÌÙ·È ÒÔÚ ÙÈÚ ‹ÎÎÂÚ Í·ÙÂıË˝ÌÛÂÈÚ.

[¬fiÏ· 2]:

≈‹Ì w(e) ÂflÌ·È ÙÔ ÏfiÍÔÚ ÙÁÚ ·ÍÏfiÚ e, Ù¸ÙÂ:

≈‹Ì w�e�
M�e� 
 P , Ù¸ÙÂ ˜·Ò·ÍÙfiÒÈÛÂ ÙÁÌ e ˘Ú ·ÍÏfi Ôı ÛıÌ‰›ÂÈ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ,

‰È·Û˛ÌÙ·Ú ÔıÛÈ·ÛÙÈÍ˛Ú ÙÔ ‰›Ì‰ÒÔ Í·È ‰ÁÏÈÔıÒ„˛ÌÙ·Ú Ïfl· Ì›· ÔÏ‹‰·.

–flÌ·Í·Ú 4.1: √Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú - ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú - ·Î„¸ÒÈËÏÔÚ ‰È‹Û·ÛÁÚ ÂÌ¸Ú
ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ ‰›Ì‰ÒÔı ÛÂ ıÔ‰›Ì‰Ò·.

”ÙÔÌ ·Î„¸ÒÈËÏÔ ÙÔı flÌ·Í· 4.1, Ù· L (Ï›„ÈÛÙÔÚ ·ÒÈËÏ¸Ú ‚ÁÏ‹Ù˘Ì ÒÔÍÂÈÏ›ÌÔı Ì·
ÏÂÙ·‚Ô˝ÏÂ ÛÂ Ïfl· „ÂÈÙÔÌÈÍfi ·ÍÏfi, ÓÂÍÈÌ˛ÌÙ·Ú ·¸ ÙÁÌ ÙÒ›˜ÔıÛ·) Í·È P (ÔÛÔÛÙ¸ ı›Ò‚·ÛÁÚ
ÙÔı Ï›ÛÔı ¸ÒÔı Ù˘Ì ‚·Ò˛Ì Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ·ÍÏ˛Ì, ÒÔÍÂÈÏ›ÌÔı Ì· ËÂ˘ÒÁËÂfl Ïfl· ·ÍÏfi ˘Ú
ÛıÌ‰›ÔıÛ· ‰˝Ô ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ ‰Â‰ÔÏ›Ì˘Ì) ÂflÌ·È ·Ò‹ÏÂÙÒÔÈ ÙÔı ·Î„¸ÒÈËÏÔı. « ÙÈÏfi
ÙÔı P ÍıÏ·flÌÂÙ·È ÛıÌfiË˘Ú ÏÂÙ·Ó˝ ÙÔı 1.5 Í·È ÙÔı 2, ÂÌ˛ Á ÙÈÏfi ÙÔı L ÂÓ·ÒÙ‹Ù·È ·¸ ÙÁ
ˆ˝ÛÁ ÙÔı ÂÍ‹ÛÙÔÙÂ ÒÔ‚ÎfiÏ·ÙÔÚ.

« È‰›· flÛ˘ ·¸ ·ıÙ¸Ì ÙÔÌ ·Î„¸ÒÈËÏÔ ÂflÌ·È ¸ÙÈ ÔÈ ·ÍÏ›Ú Ôı ÂÌ˛ÌÔıÌ ‰Â‰ÔÏ›Ì· ÙÁÚ
fl‰È·Ú ÔÏ‹‰·Ú Ë· ›˜ÔıÌ ÂÌ „›ÌÂÈ ·Ò¸ÏÔÈ· ÏfiÍÁ - ‚‹ÒÁ, ÂÌ˛ ·ıÙ›Ú Ôı ÛıÌ‰›ÔıÌ ‰Â‰ÔÏ›Ì·
‰È·ˆÔÒÂÙÈÍ˛Ì ÔÏ‹‰˘Ì Ë· ›˜ÔıÌ ÏfiÍÁ ÛÁÏ·ÌÙÈÍ‹ ÏÂ„·Î˝ÙÂÒ· ·¸ ÙÈÚ Ò˛ÙÂÚ. ∏ÙÛÈ, Í·Ë˛Ú
Ïfl· ·ÍÏfi Ôı ÛıÌ‰›ÂÈ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ „ÂÈÙÔÌÂ˝ÂÈ ıÔ˜ÒÂ˘ÙÈÍ˛Ú ÏÂ Í‹ÔÈÂÚ ·¸ ÙÈÚ
ÂÛ˘ÙÂÒÈÍ›Ú ·ÍÏ›Ú Ù˘Ì ÔÏ‹‰˘Ì ·ıÙ˛Ì, Á ‰È·ˆÔÒ‹ ·ıÙfi Ë· ˆ·ÌÂfl Í·Ù‹ ÙÁ Û˝„ÍÒÈÛÁ ÙÔı
ÏfiÍÔıÚ ÙÁÚ ÏÂ ÙÔÌ Ï›ÛÔ ¸ÒÔ Ù˘Ì ÏÁÍ˛Ì Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ÙÁÚ ·ÍÏ˛Ì.

œ ·Î„¸ÒÈËÏÔÚ ÙÔı flÌ·Í· 4.1 ÛÙ·Ï·Ù‹ ¸Ù·Ì Î›ÔÌ ›˜ÂÈ ÂÎ›„ÓÂÈ ¸ÎÂÚ ÙÈÚ ·ÍÏ›Ú Ôı
·ÔÙÂÎÔ˝Ì ÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ (n� 1 ÙÔ ÎfiËÔÚ).

« Ï›ËÔ‰ÔÚ ·ıÙfi ›˜ÂÈ ÙÔ ÎÂÔÌ›ÍÙÁÏ· ¸ÙÈ ‰ÂÌ ˜ÒÂÈ‹ÊÂÙ·È Ì· Í·ËÔÒÈÛËÂfl Ô ·ÒÈËÏ¸Ú Ù˘Ì
ÔÏ‹‰˘Ì Ôı ı‹Ò˜ÔıÌ ÛÙÔ Û˝ÌÔÎÔ Ù˘Ì ÛÙÔÈ˜Âfl˘Ì, ·ÎÎ‹ ·Ò‹„ÂÈ Á fl‰È· ÙÔ Í·Î˝ÙÂÒÔ Û˝ÌÔÎÔ
ÔÏ‹‰˘Ì.

–ÒÔÍÂÈÏ›ÌÔı Ì· „flÌÂÈ Ïfl· ·Ò˜ÈÍfi ÏÂÎ›ÙÁ ÙÁÚ ÛıÏÂÒÈˆÔÒ‹Ú ÙÁÚ ÏÂË¸‰Ôı ·ıÙfiÚ, ˜ÒÁÛÈÏÔ-
ÔÈfiËÁÛ·Ì Ù· ÙÂ˜ÌÁÙ˛Ú Í·Ù·ÛÍÂı·ÛÏ›Ì· ‰Â‰ÔÏ›Ì·, Ôı ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.1,
¸˘Ú Âfl˜Â „flÌÂÈ Í·È ÏÂ Ù· ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı· Ôı ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ÍÂˆ‹Î·ÈÔ 3. ‘· ·Ô-
ÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ·ıÙ˛Ì ·ÒÔıÛÈ‹ÊÔÌÙ·È ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.4.



4.3 ÃÂÙ·ÙÒÔfi ÙÁÚ ÃÂË¸‰Ôı œÏ·‰ÈÍfiÚ ≈ÂÓÂÒ„·Ûfl·Ú ÛÂ Ã›ËÔ‰Ô œÏ·-

‰ÔÔflÁÛÁÚ ``≈Ì –ÙfiÛÂÈ''

 ·Ë˛Ú ÛÙÁÌ ·ÒÔ˝Û· ÂÒ„·Ûfl· ÙÔ ÂÌ‰È·ˆ›ÒÔÌ ÂÛÙÈ‹ÊÂÙ·È ÛÙÁ ˜ÒfiÛÁ ÏÂË¸‰˘Ì ÔÏ·‰ÔÔflÁÛÁÚ
‹Ì˘ ÛÂ ‰ıÌ·ÏÈÍ˛Ú ÏÂÙ·‚·ÎÎ¸ÏÂÌÂÚ ·ÍÔÎÔıËflÂÚ ‰Â‰ÔÏ›Ì˘Ì, ›„ÈÌÂ Ïfl· ÒÔÛ‹ËÂÈ· Â›ÍÙ·ÛÁÚ
ÙÁÚ ÒÔÁ„Ô˝ÏÂÌÁÚ ÏÂË¸‰Ôı ÒÔÍÂÈÏ›ÌÔı Ì· ÏÔÒÂfl Ì· Í‹ÌÂÈ ÔÏ·‰ÔÔflÁÛÁ ``ÂÌ ÙfiÛÂÈ''.

”ÙÁÌ ÙÂÎÈÍfi Ï›ËÔ‰Ô, ¸Ù·Ì ÂÏˆ·ÌflÊÂÙ·È ›Ì· Ì›Ô ‰Â‰ÔÏ›ÌÔ, �, ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ, Ù¸ÙÂ
·Ì·ÊÁÙÂflÙ·È Ô Í¸Ï‚ÔÚ - ‰Â‰ÔÏ›ÌÔ ÂÍÂflÌÔÚ ÙÔı ‰›Ì‰ÒÔı, �, Ôı ·›˜ÂÈ ÙÁÌ ÏÈÍÒ¸ÙÂÒÁ ·¸-
ÛÙ·ÛÁ ·¸ ·ıÙ¸. –ÒÔÛË›ÙÔÌÙ·Ú ÙÁÌ ÏÂÙ·Ó˝ ÙÔıÚ ·ÍÏfi, ��� ��, ÛÙÔ ‰›Ì‰ÒÔ, Ë· ‰ÁÏÈÔıÒ„ÁËÂfl
›Ì· Ì›Ô ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ, ÙÔ ÔÔflÔ Ë· Í·Î˝ÙÂÈ Í·È ÙÔıÚ n� 1 Í¸Ï‚ÔıÚ. –ÒÔÍÂÈÏ›ÌÔı ·ıÙ¸
Ì· ÂflÌ·È Í·È ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ, Ë· Ò›ÂÈ Ì· ÂÎÂ„˜ËÂfl Í·Ù‹ ¸ÛÔÌ Á ·¸ÛÙ·ÛÁ ÙÔı
� ·¸ ÙÔıÚ „ÂÈÙÔÌÈÍÔ˝Ú Í¸Ï‚ÔıÚ ÙÔ˝ � ÂflÌ·È ÏÂ„·Î˝ÙÂÒÁ ·¸ ÙÁÌ ·¸ÛÙ·ÛÁ ÙÔı fl‰ÈÔı ÙÔı �
·¸ ·ıÙÔ˝Ú. ¡Ì „È· Í‹ÔÈÔ Í¸Ï‚Ô �, Ôı ÛıÌ‰Â¸Ù·Ì ÏÂ ÙÔÌ �, ÈÛ˜˝ÂÈ w���� ��� 	 w���� ���,
Ù¸ÙÂ Á ·ÍÏfi ��� �� Ë· Ò›ÂÈ Ì· ‰È·„Ò·ˆÂfl Í·È Ì· ·ÌÙÈÍ·Ù·ÛÙ·ËÂfl ·¸ ÙÁÌ ·ÍÏfi ��� ��. ‘Ô
Û˜fiÏ· 4.2 ·ÒÔıÛÈ‹ÊÂÈ ›Ì· ·Ò‹‰ÂÈ„Ï· ÙÁÚ ÂÒflÙ˘ÛÁÚ ·ıÙfiÚ.

λ

κ ξ

μ
(�) ‘Ô ·Ò˜ÈÍ¸ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ

ν
κ ξ

μλ
(�) ‘Ô ÙÂÎÈÍ¸ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ

”˜fiÏ· 4.2: –ÒÔÛËfiÍÁ ÂÌ¸Ú Ì›Ôı ‰Â‰ÔÏ›ÌÔı � Í·È ÏÂÙ·ÙÒÔfi ÙÔı ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ
‰›Ì‰ÒÔı

‘Ô ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ „È· Ù· ÙÒfl· ‰Â‰ÔÏ›Ì· �� �� � Í·È � ÙÔı Û˜fiÏ·ÙÔÚ (�)
ÏÂÙ·ÙÒ›ÂÙ·È ÛÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ÙÔı Û˜fiÏ·ÙÔÚ (�), ¸Ù·Ì ÒÔÛÙflËÂÙ·È ÙÔ
Ì›Ô ‰Â‰ÔÏ›ÌÔ �. œÈ ·ÍÏ›Ú 
�� �� Í·È 
�� �� ·ÌÙÈÍ·ËflÛÙ·ÌÙ·È ·¸ ÙÈÚ 
�� �� Í·È 
�� ��
·ÌÙÈÛÙÔfl˜˘Ú. –ÒÔÛÔ˜fi: « ·ÍÏfi 
�� �� ÒÔÛÙflËÂÙ·È ‹ÌÙÔÙÂ!

”ÙÔ ÛÁÏÂflÔ ·ıÙ¸, Ë· Ò›ÂÈ ÔÈ ÔÏ‹‰ÂÚ, Ôı ‰È·˜˘ÒflÊÔÌÙ·Ì ·¸ ·ÍÏ›Ú Ôı ·ÌÙÈÍ·Ù·ÛÙ‹-
ËÁÍ·Ì, Ì· ÂÌÔÔÈÁËÔ˝Ì. ƒÁÎ·‰fi, ·Ì ÔÈ ÔÏ‹‰ÂÚ ÛÙÔ Û˜fiÏ· 4.2(�) fiÙ·Ì ÔÈ �� �� � Í·È Ï, Ù¸ÙÂ,
·ÍÒÈ‚˛Ú ÏÂÙ‹ ÙÁÌ ÒÔÛËfiÍÁ ÙÔı � Í·È ÙÁÌ ‰ÁÏÈÔıÒ„fl· ÙÔı Ì›Ôı ÂÎ·˜flÛÙÔı ÊÂı„Ì˝ÔÌÙÔÚ
‰›Ì‰ÒÔı, ¸˘Ú ÛÙÔ Û˜fiÏ· 4.2(�), Ë· ı‹Ò˜ÂÈ Ï¸ÌÔÌ Ïfl· ÔÏ‹‰·, Á �� �� �� �� �.

¡ˆÔ˝ ›˜ÂÈ ‰ÁÏÈÔıÒ„ÁËÂfl ÙÔ Ì›Ô ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ, Âˆ·ÒÏ¸ÊÂÙ·È Ô ·Î„¸ÒÈËÏÔÚ
ÙÔı flÌ·Í· 4.1, ·ÎÎ‹ Ï¸ÌÔÌ ÙÔÈÍ˛Ú ÛÙÁÌ ÔÏ‹‰· ÛÙÁÌ ÔÔfl· ÒÔÛÙ›ËÁÍÂ ÙÔ Ì›Ô ‰Â‰ÔÏ›ÌÔ,
ÒÔÍÂÈÏ›ÌÔı Ì· ‰È·Û·ÛÙÂfl ·ıÙfi ·Ì ˜ÒÂÈ‹ÊÂÙ·È.

”ÙÔ ÛÁÏÂflÔ ·ıÙ¸ Ë· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ Í·Ù‹ ÙÁÌ ÒÔÛËfiÍÁ ÙÔı Ì›Ôı ‰Â‰ÔÏ›ÌÔı
ÂflÌ·È ‰ıÌ·Ù¸Ì Ì· ‰È·Ù·Ò·˜ËÔ˝Ì ÔÈ Ï›˜ÒÈ ÛÙÈ„ÏfiÚ ÛıÛ˜ÂÙflÛÂÈÚ ÏÂÙ·Ó˝ Ù˘Ì ÔÏ‹‰˘Ì. ƒÁÎ·‰fi,
ÏÔÒÂfl Á ÒÔÛËfiÍÁ ÙÔı Ì›Ôı ‰Â‰ÔÏ›ÌÔı ÍÔÌÙ‹ ÛÂ Ïfl· ·ÍÏfi, Ôı Ï›˜ÒÈ ÂÍÂflÌÁ ÙÁ ÛÙÈ„Ïfi
ËÂ˘ÒÔ˝ÌÙ·Ì ¸ÙÈ ÛıÌ‰›ÂÈ ‰˝Ô ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ, Ì· ÏÂÙ·‚‹ÎÂÈ ÙÔÌ Ï›ÛÔ ¸ÒÔ Ù˘Ì ‚·Ò˛Ì
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Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ÙÁÚ ·ÍÏ˛Ì. »· Ò›ÂÈ ÂÔÏ›Ì˘Ú Ì· ı‹Ò˜ÂÈ Á ‰ıÌ·Ù¸ÙÁÙ· ·Ô˜·Ò·ÍÙfiÒÈÛÁÚ
·ÍÏ˛Ì ˘Ú ÛıÌ‰ÂÙÈÍ˛Ì Í·È ÏÂÙ·Ù¸ÈÛÁÚ Ù˘Ì ÔÒfl˘Ì Ù˘Ì ÔÏ‹‰˘Ì fi ·Í¸Ï· Í·È Û˝ÏÙıÓÁÚ
ÔÏ‹‰˘Ì.

–ÒÔÍÂÈÏ›ÌÔı Ì· ÂÓÂÙ‹ÊÂÈ Ô ·Î„¸ÒÈËÏÔÚ Ï¸ÌÔÌ ÙÈÚ ·ÍÏ›Ú ÂÍÂflÌÂÚ Ôı ı‹Ò˜ÂÈ ÈË·Ì¸ÙÁÙ·
Ì· ˜ÒÂÈ‹ÊÔÌÙ·È ·Ô˜·Ò·ÍÙÁÒÈÛÏ¸ Í·È ¸˜È ¸ÎÂÚ ÙÈÚ ·ÍÏ›Ú ÙÔı „Ò‹ˆÔı, Ô ·Î„¸ÒÈËÏÔÚ ÍÒ·Ù‹
ÙÔ Û˝ÌÔÎÔ ÂÍÂflÌ˘Ì Ù˘Ì ÛıÌ‰ÂÙÈÍ˛Ì ·ÍÏ˛Ì ÏÂÙ·Ó˝ ‰È·ˆÔÒÂÙÈÍ˛Ì ÔÏ‹‰˘Ì Ôı ‰È·ÂÒÌ‹
Í·Ë˛Ú ÒÔÛ·ËÂfl Ì· ıÔÎÔ„flÛÂÈ ÙÔıÚ Ï›ÛÔıÚ ¸ÒÔıÚ.

 ·Ù¸ÈÌ, ¸Ù·Ì ›˜ÂÈ ÙÂÎÂÈ˛ÛÂÈ Ô ·Î„¸ÒÈËÏÔÚ ÙÔı flÌ·Í· 4.1, ·Ò˜flÊÂÈ Ì· ÂÓÂÙ‹ÊÂÈ ÙÈÚ
ÛıÌ‰ÂÙÈÍ›Ú ·ÍÏ›Ú Ôı Âfl˜Â ÛıÌ·ÌÙfiÛÂÈ Í·È Ì· Â·ÌÂÓÂÙ‹ÊÂÈ ÙÔ Í·Ù‹ ¸ÛÔÌ ·ıÙ›Ú ·ÔÙÂÎÔ˝Ì
Ò‹„Ï·ÙÈ ÛıÌ‰ÂÙÈÍ›Ú ·ÍÏ›Ú. ≈‹Ì „È· Í‹ÔÈ· ÂÓ ·ıÙ˛Ì ‚ÒÂÈ ¸ÙÈ ÔÈ ÛıÛ˜ÂÙflÛÂÈÚ ›˜ÔıÌ Î›ÔÌ
·ÎÎ‹ÓÂÈ, ÙÁÌ ·Ô˜·Ò·ÍÙÁÒflÊÂÈ, ÛıÌ‰›ÔÌÙ·Ú ›ÙÛÈ ÙÈÚ Ò˛ÁÌ ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ ÛÂ Ïfl· ÍÔÈÌfi.
 ·Ù¸ÈÌ, Âˆ·ÒÏ¸ÊÂÈ ·Ì·‰ÒÔÏÈÍ˛Ú ¸ÎÔ ÙÔÌ ·Î„¸ÒÈËÏÔ ÛÙÁ Ì›· ·ıÙfi ÔÏ‹‰·, ÛÁÏÂÈ˛ÌÔÌÙ·Ú
ÙÈÚ ÛıÌ‰ÂÙÈÍ›Ú ·ÍÏ›Ú Ôı ÛıÌ·ÌÙ‹, ‰ÁÏÈÔıÒ„˛ÌÙ·Ú Í·ÈÌÔ˝Ò„ÈÂÚ, Í.Ô.Í.

ÃÂ ÙÁ Ï›ËÔ‰Ô ·ıÙfi ÂÈÙı„˜‹ÌÂÙ·È Á ÂÌÛ˘Ï‹Ù˘ÛÁ ÙÔı Ì›Ôı ‰Â‰ÔÏ›ÌÔı Í·È Ô ˜·Ò·ÍÙÁÒÈ-
ÛÏ¸Ú ÙÔı ÏÂ Û˜ÂÙÈÍ˛Ú ÏÈÍÒ¸ ıÔÎÔ„ÈÛÙÈÍ¸ Í¸ÛÙÔÚ.

œ ÙÂÎÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ ·ÒÔıÛÈ‹ÊÂÙ·È ÛÙÔıÚ flÌ·ÍÂÚ 4.2 Í·È 4.3.
‘ÂÎÂÈ˛ÌÔÌÙ·Ú ÙÁÌ ÂÒÈ„Ò·ˆfi ÙÔı ·Î„¸ÒÈËÏÔı ·ıÙÔ˝, ·ÓflÊÂÈ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ ›˜ÂÈ ÔÎÎ‹

ÍÔÈÌ‹ ÛÁÏÂfl· ÏÂ ›Ì·Ì ‹ÎÎÔÌ, ·ÒÍÂÙ‹ „Ì˘ÛÙ¸ ·Î„¸ÒÈËÏÔ ÔÏ·‰ÔÔflÁÛÁÚ, ÙÔÌ Single Linkage.
œ ·Î„¸ÒÈËÏÔÚ ·ıÙ¸Ú ÂÒÈ„Ò‹ˆÂÙ·È ‰ÈÂÓÔ‰ÈÍ˛Ú ÛÙÔ [Har75]. ‘Ô ÛÁÏÂflÔ Ôı Ò›ÂÈ Ì·
ÒÔÛÂ˜ËÂfl È‰È·ÈÙ›Ò˘Ú ÛÂ ·ıÙ¸Ì, ÂflÌ·È ¸ÙÈ ‰ÂÌ ÒÔÛ·ËÂfl Ì· ÂÎ·˜ÈÛÙÔÔÈfiÛÂÈ ÙÔ Ï›ÛÔ
ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·, ¸˘Ú Í‹ÌÔıÌ Ô K-MEANS Í·È Ô NN-MSE (Í·È ÛÙÁÌ ÔıÛfl· Í·È Ô
NN-VWMSE), ·ÎÎ‹ Á ÔÛ¸ÙÁÙ· Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÂflÌ·È ÙÔ ‹ËÒÔÈÛÏ· Ù˘Ì ‰È·Ï›ÙÒ˘Ì Ù˘Ì
ÔÏ‹‰˘Ì, ¸˘Ú ˆ·flÌÂÙ·È ÛÙÁÌ ÂÓflÛ˘ÛÁ 4.1.

GT-error�K� �
KX
i�1

diameter�Clusteri� (4.1)

ŸÚ ‰È‹ÏÂÙÒÔÚ Ïfl·Ú ÔÏ‹‰·Ú, diameter���, ÔÒflÊÂÙ·È Ô ÂÎ‹˜ÈÛÙÔÚ ·ÒÈËÏ¸Ú G, „È· ÙÔÌ ÔÔflÔÌ
¸Î· Ù· ÊÂ˝„Á Ù˘Ì ÛÙÔÈ˜Âfl˘Ì ÙÁÚ ÔÏ‹‰·Ú ·ıÙfiÚ ÛıÌ‰›ÔÌÙ·È ÏÂÙ·Ó˝ ÙÔıÚ ÏÂ ›Ì· ÏÔÌÔ‹ÙÈ
·ÍÏ˛Ì, Ôı Í·Ïfl·Ú ÙÔ ‚‹ÒÔÚ ‰ÂÌ ıÂÒ‚·flÌÂÈ ÙÔ G. ∏ÙÛÈ, Á ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ Ë· ÂflÌ·È
Ù· Ï›„ÈÛÙ· ÛıÌ‰Â‰ÂÏ›Ì· ÙÏfiÏ·Ù· (maximal connected components) ÙÔı „Ò‹ˆÔı, ¸Ôı ‰˝Ô
Í¸Ï‚ÔÈ Ë· ÛıÌ‰›ÔÌÙ·È ¸Ù·Ì Á ·¸ÛÙ·Ûfi ÙÔıÚ ‰ÂÌ Ë· ıÂÒ‚·flÌÂÈ ÙÔ G, „È· Í‹ÔÈÔ G.

‘Ô „Â„ÔÌ¸Ú ·ıÙ¸, Ô‰Á„Âfl ÙÔÌ ·Î„¸ÒÈËÏÔ ÛÙÁÌ Í·Ù·ÛÍÂıfi ÔÏ‹‰˘Ì ÏÂ Û˜fiÏ· ``ÎÔıÍ‹ÌÈÍÔı'',
·ÌÙfl „È· ÙÈÚ ÍÔflÎÂÚ (convex) ÔÏ‹‰ÂÚ ÛÙÈÚ ÔÔflÂÚ Í·Ù·Îfi„ÔıÌ ÔÈ K-MEANS, NN-MSE Í·È
NN-VWMSE, Î¸„˘ ÙÁÚ ÛıÌ‹ÒÙÁÛÁÚ Ï›ÛÔı ÙÂÙÒ·„˘ÌÈÍÔ˝ Ûˆ‹ÎÏ·ÙÔÚ Ôı ÂÎ·˜ÈÛÙÔÔÈÔ˝Ì.

–ÎÁÒÔˆÔÒÈ·Í‹, ¸˘Ú ·Ì·ˆ›ÒÂÙ·È Í·È ÛÙÔ [Har75], Ïfl· ÛıÌ‹ÒÙÁÛÁ Ôı Ë· ÒÔÛ›„„ÈÊÂ
ÂÒÈÛÛ¸ÙÂÒÔ ÙÔ Ï›ÛÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·, ·ÎÎ‹ Ë· ˜ÒÁÛÈÏÔÔÈÔ˝ÛÂ ÂflÛÁÚ ÙÁ ‰È‹ÏÂÙÒÔ
Ù˘Ì ÔÏ‹‰˘Ì, ÂflÌ·È ·ıÙfi ÙÁÚ ÂÓflÛ˘ÛÁÚ 4.2.

MSE-diameter�K� �
KX
i�1

�diameter�Clusteri�� Number of Elements�Clusteri�� (4.2)

¡ıÙ›Ú ÙÈÚ ÙÂÎÂıÙ·flÂÚ ·Ò·ÙÁÒfiÛÂÈÚ Ë· Ò›ÂÈ Ì· ÙÈÚ ›˜ÂÈ Í‹ÔÈÔÚ ı¸¯Á ÙÔı ¸Ù·Ì
Ë· Ûı„ÍÒflÌÂÈ ÙÔıÚ ‰È‹ˆÔÒÔıÚ ·Î„¸ÒÈËÏÔıÚ ÏÂÙ·Ó˝ ÙÔıÚ. ≈Ì Ù›ÎÂÈ, Á ÂÈÎÔ„fi Í‹ÔÈÔı
·Î„¸ÒÈËÏÔı Ë· ›˜ÂÈ Ì· Í‹ÌÂÈ Ò˛Ù· ·¸ ¸Î· ·¸ ÙÔ Âfl‰ÔÚ Ù˘Ì ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ
‰Â‰ÔÏ›Ì˘Ì Í·È ÙÔ ˛Ú ÔÒflÊÂÙ·È Á ›ÌÌÔÈ· ÙÁÚ ·¸ÛÙ·ÛÁÚ - ÔÏÔÈ¸ÙÁÙ·Ú ÛÂ ·ıÙ‹.



[¬fiÏ· 1]:

(”ÙÔ ‚fiÏ· ·ıÙ¸ ·Ò˜ÈÍÔÔÈÂflÙ·È Ô „Ò‹ˆÔÚ Í·È Û˜ÁÏ·ÙflÊÔÌÙ·È ÔÈ ·Ò˜ÈÍ›Ú ÔÏ‹‰ÂÚ)

¡Ò˜ÈÍ˛Ú ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È ¸Û· ‰Â‰ÔÏ›Ì· ı‹Ò˜ÔıÌ ÒÔÍÂÈÏ›ÌÔı Ì· Í·Ù·ÛÍÂı·ÛÙÂfl Ô
ÎfiÒÁÚ „Ò‹ˆÔÚ.

 ·Ù·ÛÍÂı‹ÊÂÙ·È ÙÔ ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ÙÔı „Ò‹ˆÔı ·ıÙÔ˝ Í·È Âˆ·ÒÏ¸ÊÂÙ·È Ô
·Î„¸ÒÈËÏÔÚ ÙÔı flÌ·Í· 4.1, ÒÔÍÂÈÏ›ÌÔı Ì· ‰ÁÏÈÔıÒ„ÁËÔ˝Ì ÔÈ ·Ò˜ÈÍ›Ú ÔÏ‹‰ÂÚ.

≈‹Ì ı‹Ò˜ÔıÌ fi‰Á ÔÏ·‰ÔÔÈÁÏ›Ì· ‰Â‰ÔÏ›Ì·, .˜. ÏÂ ÙÁ ˜ÒfiÛÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÔÏ·‰È-
ÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú ÙÔı CLUE (HALC, K-MEANS fi BOND ENERGY ALGORITHM [MSW72]),
Ù¸ÙÂ „È· Í‹ËÂ ÔÏ‹‰· ıÔÎÔ„flÊÂÙ·È Ô ıÔ„Ò‹ˆÔÚ Ôı Û˜ÁÏ·ÙflÊÂÈ ·ıÙfi, Í·Ë˛Ú Í·È ÙÔ
ÂÎ‹˜ÈÛÙÔ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ÙÁÚ.  ·Ù¸ÈÌ, „È· Í‹ËÂ ÊÂ˝„ÔÚ ÔÏ‹‰˘Ì-‰›Ì‰Ò˘Ì, ‚ÒflÛÍÂÙ·È
Á ÏÈÍÒ¸ÙÂÒÁ ·ÍÏfi Ôı ÛıÌ‰›ÂÈ ‰˝Ô ÛÙÔÈ˜Âfl· ÙÔıÚ Í·È ·ıÙfi ÒÔÛÙflËÂÙ·È ÛÙÔÌ ÛıÌÔÎÈÍ¸
„Ò‹ˆÔ, ˜·Ò·ÍÙÁÒÈÊ¸ÏÂÌÁ ˘Ú ÛıÌ‰ÂÙÈÍfi.

 ·Ù' ·ıÙ¸Ì ÙÔÌ ÙÒ¸Ô ÂÈÙı„˜‹ÌÂÙ·È Á ˜ÒfiÛÁ ÙÁÚ Ò¸ÙÂÒÁÚ „Ì˛ÛÁÚ Ôı ›˜ÔıÌ
Û˜ÁÏ·ÙflÛÂÈ ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú Âˆ·ÒÏÔÊ¸ÏÂÌÔÈ ÛÂ fl˜ÌÁ (traces) Ù˘Ì
˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì Ù˘Ì ÏÔÌ‹‰˘Ì ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú. « ˜ÒfiÛÁ ·ıÙfi ÒÔÛˆ›ÒÂÈ Í·È ÛÙÔÌ
˜Ò¸ÌÔ ÎÂÈÙÔıÒ„fl·Ú ÙÔı ·Î„¸ÒÈËÏÔı, Í·Ë˛Ú Ù˛Ò· ‰ÂÌ ˜ÒÂÈ‹ÊÂÙ·È Ì· Í·Ù·ÛÍÂı·ÛÙÂfl
ÔÎ¸ÍÎÁÒÔÚ Ô „Ò‹ˆÔÚ ·ÎÎ‹ Ï¸ÌÔÌ ÔÈ ıÔ„Ò‹ˆÔÈ Ù˘Ì fi‰Á ·Ì·„Ì˘ÒÈÛËÂÈÛ˛Ì ÔÏ‹‰˘Ì.

¡Ù›ÒÏÔÌ·Ú ‚Ò¸˜ÔÚ ( ıÒfl˘Ú ÙÏfiÏ· ÙÔı ·Î„¸ÒÈËÏÔı)

[¬fiÏ· 2]:

(”ÙÔ ‚fiÏ· ·ıÙ¸ ÂÌÛ˘Ï·Ù˛ÌÂÙ·È ›Ì· Ì›Ô ‰Â‰ÔÏ›ÌÔ ÛÙÔ „Ò‹ˆÔ)

√È· Í‹ËÂ ‰Â‰ÔÏ›ÌÔ Ôı ÂÏˆ·ÌflÊÂÙ·È, ‚ÒflÛÍÂÙ·È Ô Í¸Ï‚ÔÚ - ‰Â‰ÔÏ›ÌÔ ÂÍÂflÌÔÚ ÙÔı
„Ò‹ˆÔı, ›ÛÙ˘ Ô Í¸Ï‚ÔÚ �, Ôı ‚ÒflÛÍÂÙ·È ÈÔ ÍÔÌÙ‹ ÙÔı ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÁÌ ≈ıÍÎÂfl‰ÈÔ
·¸ÛÙ·ÛÁ.

ƒÁÏÈÔıÒ„ÂflÙ·È ›Ì·Ú Ì›ÔÚ Í¸Ï‚ÔÚ, �, ÛÙÔ „Ò‹ˆÔ Ôı ·ÌÙÈÛÙÔÈ˜Âfl ÛÙÔ Ì›Ô ‰Â‰ÔÏ›ÌÔ
Í·È ÒÔÛÙflËÂÙ·È Á ·ÍÏfi Ôı ÛıÌ‰›ÂÈ ·ıÙ¸Ì ÏÂ ÙÔÌ Í¸Ï‚Ô �.  ·Ë˛Ú Ô � fiÙ·Ì
Ô ÎÁÛÈ›ÛÙÂÒÔÚ Í¸Ï‚ÔÚ ÒÔÚ ÙÔÌ �, Á ÏÂÙ·Ó˝ ÙÔıÚ ·ÍÏfi Ë· ·ÌfiÍÂÈ ÛÙÔ ÂÎ‹˜ÈÛÙÔ
ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ ÙÔı Ì›Ôı „Ò‹ˆÔı. ∏ÙÛÈ, ‰ÂÌ ˜ÒÂÈ‹ÊÂÙ·È Ì· Í·Ù·ÛÍÂı·ÛÙÂfl ·ıÙ¸ ·¸
ÙÁÌ ·Ò˜fi.

≈Î›„˜ÔÌÙ·È ÔÈ „ÂÈÙÔÌÈÍÔfl ÒÔÚ ÙÔÌ � Í¸Ï‚ÔÈ Í·È ·ÌÙÈÍ·ËflÛÙ·ÌÙ·È ¸ÛÂÚ ·ÍÏ›Ú ˜ÒÂÈ‹-
ÊÔÌÙ·È, ÒÔÍÂÈÏ›ÌÔı ÙÔ ÒÔÍ˝ÙÔÌ ÊÂı„Ì˝ÔÌ ‰›Ì‰ÒÔ Ì· ÂflÌ·È ÙÔ ÂÎ‹˜ÈÛÙÔ. ¡Ì �
›Ì·Ú ·¸ ·ıÙÔ˝Ú, Ù¸ÙÂ Á ·ÍÏfi ��� �� ·ÌÙÈÍ·ËflÛÙ·Ù·È ·¸ ÙÁÌ ��� �� Âˆ¸ÛÔÌ ÈÛ˜˝ÂÈ
w���� ��� 	 w���� ���.

≈‹Ì Í‹ÔÈ· ·¸ ÙÈÚ ·ÍÏ›Ú Ôı ·ÌÙÈÍ·Ù·ÛÙ‹ËÁÍ·Ì, ��� ��, fiÙ·Ì ÛıÌ‰ÂÙÈÍfi, Ù¸ÙÂ Ë·
Ò›ÂÈ ÔÈ ÔÏ‹‰ÂÚ Ôı ·ıÙfi ‰È·˜˛ÒÈÊÂ Ì· ÂÌÔÔÈÁËÔ˝Ì ÛÂ Ïfl· ÏÂ„·Î˝ÙÂÒÁ.

[¬fiÏ· 3]:

(”ÙÔ ‚fiÏ· ·ıÙ¸ ÂÎ›„˜ÂÙ·È Ô „Ò‹ˆÔÚ Ôı ÒÔ›Íı¯Â ·¸ ÙÁÌ ÂÌÛ˘Ï‹Ù˘ÛÁ ÙÔı Ì›Ôı
‰Â‰ÔÏ›ÌÔı „È· Ùı˜¸Ì ·ÎÎ·„›Ú Ôı ˜ÒÂÈ‹ÊÂÙ·È Ì· „flÌÔıÌ)

ŒÂÍÈÌ˛ÌÙ·Ú ·¸ ÙÔÌ Ì›Ô Í¸Ï‚Ô �, ÂÎ›„˜ÔÌÙ·È ¸ÎÂÚ ÔÈ ·ÍÏ›Ú ÒÔÍÂÈÏ›ÌÔı Ì· ÂÌÙÔÈ-
ÛÙÔ˝Ì Ùı˜¸Ì ÛıÌ‰ÂÙÈÍ›Ú. œ ›ÎÂ„˜ÔÚ ·ıÙ¸Ú ÛıÌÂ˜flÊÂÙ·È ÒÔÚ Í‹ÔÈ· Í·ÙÂ˝ËıÌÛÁ Ï¸ÌÔÌ
¸Ù·Ì ÛÙÁÌ Í·ÙÂ˝ËıÌÛÁ ·ıÙfi ‰ÂÌ ›˜ÂÈ fi‰Á ÛıÌ·ÌÙÁËÂfl Í‹ÔÈ· ÒÔ˚‹Ò˜ÔıÛ· ÛıÌ‰ÂÙÈÍfi
·ÍÏfi.

 ·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· ÙÁÚ ‰È‹Û˜ÈÛÁÚ ·ıÙfiÚ ÙÔı „Ò‹ˆÔı ÛÁÏÂÈ˛ÌÔÌÙ·È ÔÈ ÛıÌ‰ÂÙÈÍ›Ú ÂÍÂflÌÂÚ
·ÍÏ›Ú Ôı Í·ËÔÒflÊÔıÌ Ù· ¸ÒÈ· ÙÁÚ ÔÏ‹‰·Ú Ôı ÂÒÈ›˜ÂÈ ÙÔÌ Í¸Ï‚Ô �.

(”ıÌÂ˜flÊÂÙ·È ÛÙÔÌ flÌ·Í· 4.3)

–flÌ·Í·Ú 4.2: √Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ‰Â‰ÔÏ›Ì˘Ì ``ÂÌ ÙfiÛÂÈ'' (Ã›ÒÔÚ
Ò˛ÙÔ)
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(”ıÌ›˜ÂÈ· ·¸ ÙÔÌ flÌ·Í· 4.2)

[¬fiÏ· 4]:

(”ÙÔ ‚fiÏ· ·ıÙ¸ ÂÎ›„˜ÔÌÙ·È ÔÈ ÒÔÁ„ÔıÏ›Ì˘Ú ˜·Ò·ÍÙÁÒÈÛËÂflÛÂÚ ˘Ú ÛıÌ‰ÂÙÈÍ›Ú ·ÍÏ›Ú
ÒÔÍÂÈÏ›ÌÔı Ì· ‰È·ÈÛÙ˘ËÂfl Í·Ù‹ ¸ÛÔ ÛıÌÂ˜flÊÔıÌ Ì· ÂflÌ·È Ù›ÙÔÈÂÚ)

√È· Í‹ËÂ ÛıÌ‰ÂÙÈÍfi ·ÍÏfi Ôı Âfl˜Â ÒÔÛÂ„„ÈÛËÂfl Í·Ù‹ ÙÔ ‚fiÏ· 3, Â·ÌÂÓÂÙ‹ÊÂÙ·È Á
„ÂÈÙÔÌÈ‹ ÙÁÚ „È· Ì· ‰È·ÈÛÙ˘ËÂfl ÈË·Ìfi ÏÂÙ·‚ÔÎfi ÙÁÚ Ûı„ÍÂÍÒÈÏ›ÌÁÚ ÂÒÈÔ˜fiÚ Ôı Ë·
Ô‰Á„Ô˝ÛÂ ÛÙÔÌ ·Ô˜·Ò·ÍÙÁÒÈÛÏ¸ ÙÁÚ.

≈‹Ì Ò‹„Ï·ÙÈ ‰È·ÈÛÙ˘ËÂfl Í‹ÙÈ Ù›ÙÔÈÔ, Ù¸ÙÂ ·Ô˜·Ò·ÍÙÁÒflÊÂÙ·È Á ·ÍÏfi Ô¸ÙÂ Í·È ÔÈ
‰˝Ô ÔÏ‹‰ÂÚ Ôı ÛıÌ›‰ÂÂ ÒÔÁ„ÔıÏ›Ì˘Ú ÂÌÔÔÈÔ˝ÌÙ·È ÛÂ Ïfl·.

 ·Ù¸ÈÌ, ·Ì·‰ÒÔÏÈÍ˛Ú Âˆ·ÒÏ¸ÊÔÌÙ·È Ù· ‚fiÏ·Ù· 3 Í·È 4 ÛÙÁÌ Ì›· ·ıÙfi ÔÏ‹‰·,
ÒÔÍÂÈÏ›ÌÔı Ì· ‚ÒÂËÂfl ÙÔ Ì›Ô ¸ÒÈÔ Ù˘Ì ÔÏ‹‰˘Ì, ·Ì ı‹Ò˜ÂÈ.

≈·Ì‹ÎÁ¯Á

–flÌ·Í·Ú 4.3: √Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ‰Â‰ÔÏ›Ì˘Ì ``ÂÌ ÙfiÛÂÈ'' (Ã›ÒÔÚ
‰Â˝ÙÂÒÔ)





 Âˆ‹Î·ÈÔ 5

¡ÔÙÂÎ›ÛÏ·Ù· ¡Ò˜ÈÍ˛Ì –ÂÈÒ·Ï‹Ù˘Ì

‘Ô ÍÂˆ‹Î·ÈÔ ·ıÙ¸ ·ÒÔıÛÈ‹ÊÂÈ Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ôı ÂÎfiˆËÁÛ·Ì ·¸ Ïfl· ÛÂÈÒ‹ ·Ò˜ÈÍ˛Ì
ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÒÔÍÂÈÏ›ÌÔı Ì· ÏÂÎÂÙÁËÂfl Á Âfl‰ÔÛÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÔÏ·‰ÔÔflÁÛÁÚ
``ÂÌ ÙfiÛÂÈ''. ¡¸ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ·ıÙ‹ ›„ÈÌÂ Ïfl· ·Ò˜ÈÍfi ÂÍÙflÏÁÛÁ Ù˘Ì ‰ıÌ·ÙÔÙfiÙ˘Ì,
Í·Ë˛Ú Í·È Ù˘Ì ÂÒÈÔÒÈÛÏ˛Ì Ôı ÂÏˆ·ÌflÊÔıÌ ÔÈ ·Î„¸ÒÈËÏÔÈ, ‹Ì˘ ÛÙÁÌ ÔÔfl· ÛÙÁÒfl˜ËÁÍÂ
Á ÏÂÙ›ÂÈÙ· ·Ì‹ÙıÓfi ÙÔıÚ.

‘Ô ÍÂˆ‹Î·ÈÔ ˜˘ÒflÊÂÙ·È ˘Ú ÂÓfiÚ: ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.1 ÂÒÈ„Ò‹ˆÂÙ·È ˛Ú Û˜Â‰È‹ÛÙÁÍ·Ì
Ù· ÂÈÒ‹Ï·Ù· ·ıÙ‹ Í·È ÔÈ‹ ÏÔÒˆfi Âfl˜·Ì Ù· ‰Â‰ÔÏ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì.  ·Ù¸ÈÌ, ÛÙÔ
ıÔÍÂˆ‹Î·ÈÔ 5.2 ÂÒÈ„Ò‹ˆÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ôı ÂÎfiˆËÁÛ·Ì ·¸ ÙÔÌ ·Ì·ÒÔÛ·ÒÏÔÊ¸-
ÏÂÌÔ K-MEANS ¸Ù·Ì ·ıÙ¸Ú ÒÔÛ·ËÂfl Ì· ÂÎ·˜ÈÛÙÔÔÈfiÛÂÈ ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ VWMSE
(‚Î›Â ÙÔ ıÔÍÂˆ‹Î·ÈÔ 3.4), ÂÌ˛ ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.3 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ôı
ÂÎfiˆËÁÛ·Ì ·¸ ÙÔÌ ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔ K-MEANS ¸Ù·Ì ·ıÙ¸Ú ÒÔÛ·ËÂfl Ì· ÂÎ·˜ÈÛÙÔÔÈfi-
ÛÂÈ ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ MSE (‚Î›Â ÙÔ ıÔÍÂˆ‹Î·ÈÔ 3.5). ‘›ÎÔÚ, ÛÙÔ ıÔÍÂˆ‹Î·ÈÔ 5.4
·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ôı ÂÎfiˆËÁÛ·Ì ·¸ ÙÔ „Ò·ˆÔËÂ˘ÒÁÙÈÍ¸ ·Î„¸ÒÈËÏÔ ÔÏ·-
‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú (‚Î›Â ÙÔÌ flÌ·Í· 4.1 ÙÔı ıÔÍÂˆ·Î·flÔı 4.2).

5.1 ”˜Â‰È·ÛÏ¸Ú ¡Ò˜ÈÍ˛Ì –ÂÈÒ·Ï‹Ù˘Ì

√È· ÙÔÌ ·Ò˜ÈÍ¸ ›ÎÂ„˜Ô Í·È ÏÂÎ›ÙÁ Ù˘Ì ‰È·ˆÔÒÂÙÈÍ˛Ì ıÎÔÔÈfiÛÂ˘Ì Ù˘Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì
Í·Ë˛Ú Í·È ÙÁÚ „Ò·ˆÔËÂ˘ÒÁÙÈÍfiÚ ÏÂË¸‰Ôı, ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì Í‹ÔÈ· ÙÂ˜ÌÁÙ˛Ú Í·Ù·ÛÍÂı·-
ÛÏ›Ì· ‰Â‰ÔÏ›Ì·.

‘· ‰Â‰ÔÏ›Ì· ·ıÙ‹ ·ÔÙÂÎÔ˝ÌÙ·È ·¸ ‰È·Ì˝ÛÏ·Ù· ·ÍÂÒ·fl˘Ì ·ÒÈËÏ˛Ì. « ‰È‹ÛÙ·Ûfi
ÙÔıÚ ÏÔÒÂfl Ì· ËÂ˘ÒÁËÂfl ¸ÙÈ ·ÌÙÈÒÔÛ˘Â˝ÂÈ ÙÔ ÎfiËÔÚ Ù˘Ì ÛÂÎfl‰˘Ì Ôı ı‹Ò˜ÔıÌ ÛÙÁÌ
Í·Ù·ÌÂÏÁÏ›ÌÁ ‚‹ÛÁ ‰Â‰ÔÏ›Ì˘Ì, ÂÌ˛ ÔÈ ‰È‹ˆÔÒÂÚ ÙÈÏ›Ú ÙÈÚ ·Ì·ˆÔÒ›Ú ÛÂ Í‹ÔÈ· Ûı„ÍÂÍÒÈÏ›ÌÁ
ÛÂÎfl‰· Ôı Í‹ÌÂÈ Á ÏÔÌ‹‰· ˆÔÒÙflÔı.

”ıÌÔÎÈÍ‹ ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì Ù›ÛÛÂÒ· ‰È·ˆÔÒÂÙÈÍ‹ Û˝ÌÔÎ· ‰Â‰ÔÏ›Ì˘Ì, ¸Ôı Á ‰È‹ÛÙ·Ûfi
ÙÔıÚ fiÙ·Ì flÛÁ ÏÂ 500, Í·È ÙÔ Í‹ËÂ Û˝ÌÔÎÔ ÂÒÈÂfl˜Â 2000 ÛÙÔÈ˜Âfl· ÏÔÈÒ·ÛÏ›Ì· ÛÂ 10 ÔÏ‹‰ÂÚ.
‘· Ù›ÛÛÂÒ· ·ıÙ‹ Û˝ÌÔÎ· ·Ò·‰ÂÈ„Ï‹Ù˘Ì fiÙ·Ì:

� ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·.

� ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô.

� ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·.

� ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô.
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”˜fiÏ· 5.1: √Ò·ˆÈÍfi ·Ò‹ÛÙ·ÛÁ Ù˘Ì ‰È·ˆÔÒÂÙÈÍ˛Ì Ù˝˘Ì ‰Â‰ÔÏ›Ì˘Ì
œÈ ‰È·ÛÙ‹ÛÂÈÚ ÙÔı Í‹ËÂ ÙÂÙÒ·„˛ÌÔı ÂÈÎ›˜ËÁÍ·Ì Ùı˜·fl·. ŸÚ Ë¸Òı‚Ô ËÂ˘ÒÔ˝ÏÂ Ùı˜·flÂÚ
ÏÁ ÏÁ‰ÂÌÈÍ›Ú ÙÈÏ›Ú Ôı ‚ÒflÛÍÔÌÙ·È ÂÍÙ¸Ú ÙÔı ÙÂÙÒ·„˛ÌÔı Ôı ÔÒflÊÂÈ ÙÁ Ûı„ÍÂÍÒÈÏ›ÌÁ
ÔÏ‹‰·.

‘Ô Û˜fiÏ· 5.1 ·ÒÔıÛÈ‹ÊÂÈ Ïfl· „Ò·ˆÈÍfi ·Ò‹ÛÙ·ÛÁ ·ıÙ˛Ì.

« ÂÈÎÔ„fi Ù˘Ì ·Ì˘Ù›Ò˘ Ù˝˘Ì ‰Â‰ÔÏ›Ì˘Ì ›„ÈÌÂ ÒÔÍÂÈÏ›ÌÔı Ì· ‰ÔÍÈÏ·ÛËÂfl Á Âfl‰ÔÛÁ
Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'' ÛÂ ‰È·‰Ô˜ÈÍ˛Ú ‰ıÛÍÔÎ¸ÙÂÒ· Û˝ÌÔÎ· ‰Â‰ÔÏ›Ì˘Ì.

≈flÌ·È Â˝ÍÔÎÔ Ì· ‰ÂÈ Í·ÌÂflÚ ¸ÙÈ ÙÔ Û˝ÌÔÎÔ Ù˘Ì ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì ÙÂÙÒ·„˛Ì˘Ì
ÂflÌ·È ÙÔ ·ÎÔ˝ÛÙÂÒÔ, ·ˆÔ˝ ‰Â‰ÔÏ›Ì· Ôı ·ÌfiÍÔıÌ ÛÙÁÌ fl‰È· ÔÏ‹‰· Ë· ›˜ÔıÌ ‹ÌÙÔÙÂ
ÏÈÍÒ¸ÙÂÒÁ ≈ıÍÎfl‰ÂÈ· ·¸ÛÙ·ÛÁ ·¸ ‰Â‰ÔÏ›Ì· Ôı ·ÌfiÍÔıÌ ÛÂ ‰˝Ô ‰È·ˆÔÒÂÙÈÍ›Ú ÔÏ‹‰ÂÚ.
ÃÂ ÙÁÌ ÒÔÛËfiÍÁ ÂÌ¸Ú Û˜ÂÙÈÍÔ˝ ËÔÒ˝‚Ôı ÂÍÙ¸Ú Ù˘Ì ÙÂÙÒ·„˛Ì˘Ì Ôı ÔÒflÊÔıÌ ÙÁÌ Í‹ËÂ
ÔÏ‹‰·, ÙÔ Ò¸‚ÎÁÏ· ‰ıÛÍÔÎÂ˝ÂÈ Í·Ë˛Ú Ù˛Ò· ÔÈ ·Î„¸ÒÈËÏÔÈ Ë· Ò›ÂÈ Ì· Í·Ù·ˆ›ÒÔıÌ Ì·
·Ì·„Ì˘ÒflÛÔıÌ ÙÔ Ë¸Òı‚Ô Í·È Ì· ÓÂ˜˘ÒflÛÔıÌ ¸ÙÂ Í‹ÔÈÂÚ ·Ì·ˆÔÒ›Ú ÔˆÂflÎÔÌÙ·È ÛÂ ·ıÙ¸Ì
Í·È ¸ÙÂ ÔˆÂflÎÔÌÙ·È ÛÙ· ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹ ÙÁÚ ÔÏ‹‰·Ú ÙÔı ˆÔÒÙflÔı ÂÒ„·Ûfl·Ú.

‘Ô Û˝ÌÔÎÔ Ù˘Ì ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì ÙÂÙÒ·„˛Ì˘Ì ÂflÌ·È ·Í¸Ï· ‰ıÛÍÔÎ¸ÙÂÒÔ, ·ˆÔ˝
ÛÂ ·ıÙ¸ ·Ì·ˆÔÒ›Ú ÛÂ Ûı„ÍÂÍÒÈÏ›ÌÂÚ ÛÂÎfl‰ÂÚ ÙÁÚ ‚‹ÛÁÚ ‰Â‰ÔÏ›Ì˘Ì ·ÔÙÂÎÔ˝Ì ÍÔÈÌ‹ ˜·Ò·-
ÍÙÁÒÈÛÙÈÍ‹ ÙÔıÎ‹˜ÈÛÙÔÌ ‰˝Ô ÔÏ‹‰˘Ì. ∏ÙÛÈ ÔÈ ·Î„¸ÒÈËÏÔÈ ·Ì·„Í‹ÊÔÌÙ·È Ì· ‰È·˜˘ÒflÊÔıÌ Ù·
‰Â‰ÔÏ›Ì· ‚·ÛÈÊ¸ÏÂÌÔÈ ÛÂ ›Ì· ÏÈÍÒ¸ÙÂÒÔ Û˝ÌÔÎÔ ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì ·ıÙ˛Ì.

‘›ÎÔÚ, ÙÔ Û˝ÌÔÎÔ Ù˘Ì ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì ÙÂÙÒ·„˛Ì˘Ì ÂflÌ·È ÙÔ Î›ÔÌ ‰˝ÛÍÔÎÔ,



·ˆÔ˝ ÛıÌ‰ı‹ÊÂÈ ÙÁÌ ÂÏˆ‹ÌÈÛÁ ÍÔÈÌ˛Ì ˜·Ò·ÍÙÁÒÈÛÙÈÍ˛Ì ÛÂ ÂÒÈÛÛ¸ÙÂÒÂÚ ÙÁÚ Ïfl·Ú ÔÏ‹‰·Ú,
Í·Ë˛Ú Í·È ÙÁÌ ˝·ÒÓÁ ËÔÒ˝‚Ôı ÛÙ· ‰Â‰ÔÏ›Ì·.

5.2 ¡ÔÙÂÎ›ÛÏ·Ù· ÙÔı ¡Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS (VWMSE)

”Ù· Í‹Ù˘ËÈ Û˜fiÏ·Ù· ·Ò·ÙflËÂÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ ˜ÒfiÛÁ
ÙÔı ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS Í·È ÛıÌ‹ÒÙÁÛÁ ÂÎ·˜ÈÛÙÔÔflÁÛÁÚ ÙÁÌ VWMSE. ‘· fl‰È·
·ÔÙÂÎ›ÛÏ·Ù· ·ÒÔıÛÈ‹ÊÔÌÙ·È Í·È ÏÂ ÙÁ ˜ÒfiÛÁ ·Î˛Ì ÈÌ‹Í˘Ì ÛÙÔ ·Ò‹ÒÙÁÏ· ƒ.

√È· Í‹ËÂ ›Ì· ·¸ Ù· Û˝ÌÔÎ· Ù˘Ì ·Ò·‰ÂÈ„Ï‹Ù˘Ì, ›„ÈÌ·Ì ‰˝Ô ÂÈÒ‹Ï·Ù·. ”ÙÔ Ò˛ÙÔ, Ù·
Í›ÌÙÒ· Ù˘Ì ÔÏ‹‰˘Ì ·Ò˜ÈÍÔÔÈfiËÁÛ·Ì ÏÂ ‰È·Ì˝ÛÏ·Ù· Ôı Âfl˜·Ì ÏÈÍÒ›Ú Ùı˜·flÂÚ ÙÈÏ›Ú (ÙÁÚ
Ù‹ÓÁÚ ÙÔı 0.005), ÂÌ˛ ÛÙÔ ‰Â˝ÙÂÒÔ ÏÂ ›Ì· ‰È‹ÌıÛÏ· ·¸ ÙÁÌ Í‹ËÂ ÔÏ‹‰·.

”Â ¸Î· Ù· ÂÈÒ‹Ï·Ù· Ô ·ÒÈËÏ¸Ú Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì ÔÏ‹‰˘Ì Ù›ËÁÍÂ flÛÔÚ ÏÂ 10, ÂÌ˛
Ô ·ÒÈËÏ¸Ú Ù˘Ì ÂÔ˜˛Ì1 ÒÔÍÂÈÏ›ÌÔı Ì· ÂÍ·È‰ÂıËÂfl ÙÔ ‰flÍÙıÔ Ù›ËÁÍÂ flÛÔÚ ÏÂ 1000.
ŸÚ ‰Â‰ÔÏ›Ì· ÒÔÚ ÂÍ·fl‰ÂıÛÁ Ù˘Ì ‰ÈÍÙ˝˘Ì ˜ÒÁÛÈÏÔÔÈfiËÁÍ·Ì ÙÔ 10% Ù˘Ì ÛıÌÔÎÈÍ˛Ì
‰Â‰ÔÏ›Ì˘Ì Í‹ËÂ ˆÔÒ‹, Í·Ë˛Ú Ù· ÂÈÒ‹Ï·Ù· ·ıÙ‹ ‰ÈÂÓfi˜ËÁÛ·Ì ÒÈÌ ÙÁÌ ÂÌÛ˘Ï‹Ù˘ÛÁ Ù˘Ì
·Î„¸ÒÈËÏ˘Ì ÛÙÔ CLUE, Ô¸ÙÂ ‰ÂÌ ıfiÒ˜Â Á ‰ıÌ·Ù¸ÙÁÙ· ˜ÒfiÛÁÚ ÒÔÁ„Ô˝ÏÂÌÁÚ „Ì˛ÛÁÚ
·ÔÍÙÁËÂflÛÁÚ ·¸ ÙÔıÚ ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú ·ıÙÔ˝ (HALC,
K-MEANS, BOND ENERGY ALGORITHM [MSW72]).

‘Ô Û˜fiÏ· 5.2 ÂÒÈ›˜ÂÈ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÁÚ ÔÏ·‰ÔÔflÁÛÁÚ Ù˘Ì ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì
ÙÂÙÒ·„˛Ì˘Ì, ¸Ù·Ì Ù· Í›ÌÙÒ· ›˜ÔıÌ ·Ò˜ÈÍÔÔÈÁËÂfl ÏÂ Ùı˜·flÂÚ ÙÈÏ›Ú.

‘· ·ÌÙflÛÙÔÈ˜· ·ÔÙÂÎ›ÛÏ·Ù· „È· ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ¸Ù·Ì ›˜ÔıÌ ˜ÒÁÛÈÏÔ-
ÔÈÁËÂfl ·Ò·‰Âfl„Ï·Ù· ˘Ú ·Ò˜ÈÍ›Ú ÙÈÏ›Ú Ù˘Ì Í›ÌÙÒ˘Ì, ˆ·flÌÔÌÙ·È ÛÙÔ Û˜fiÏ· 5.3.

ºÙ·Ì ÂÈÛ·„‹„ÔıÏÂ Í·È Ë¸Òı‚Ô (ÏÁ ÏÁ‰ÂÌÈÍ›Ú ÙÈÏ›Ú ÂÍÙ¸Ú Ù˘Ì ÙÂÙÒ·„˛Ì˘Ì), Ù¸ÙÂ, „È·
Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ Ù˘Ì Í›ÌÙÒ˘Ì Î·Ï‚‹ÌÔıÏÂ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı Û˜fiÏ·ÙÔÚ 5.4, ÂÌ˛ „È·
·Ò˜ÈÍÔÔflÁÛÁ ·¸ Ù· ·Ò·‰Âfl„Ï·Ù·, ·ıÙ‹ ÙÔı 5.5.

ºÙ·Ì ›˜ÔıÏÂ ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· Í·È Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ, Ù¸ÙÂ Î·Ï‚‹-
ÌÔıÏÂ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı Û˜fiÏ·ÙÔÚ 5.6, ÂÌ˛ ¸Ù·Ì Á ·Ò˜ÈÍÔÔflÁÛÁ „flÌÂÙ·È ÏÂ Í‹ÔÈ· ÂÍ
Ù˘Ì ·Ò·‰ÂÈ„Ï‹Ù˘Ì, Ù¸ÙÂ ·ıÙ‹ ÙÔı 5.7.

≈‹Ì ÂÈÎ›ÔÌ, ÂÈÛ·„‹„ÔıÏÂ Í·È Ë¸Òı‚Ô ÛÙ· ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, Ù¸ÙÂ Ù·
·ÔÙÂÎ›ÛÏ·Ù· ÏÂÙ·‚‹ÎÎÔÌÙ·È ¸˘Ú ˆ·flÌÂÙ·È ÛÙÔ Û˜fiÏ· 5.8, Í·Ë˛Ú Í·È ÛÙÔ 5.9.

« Í·Ù·Í¸ÒıˆÁ ‰È‹ÛÙ·ÛÁ Ù˘Ì ÒÔ·Ì·ˆÂÒË›ÌÙ˘Ì Û˜ÁÏ‹Ù˘Ì ‰Âfl˜ÌÂÈ ÙÈÚ Ò·„Ï·ÙÈÍ›Ú ÔÏ‹-
‰ÂÚ Ù˘Ì ·Ò·‰ÂÈ„Ï‹Ù˘Ì (Ò·„Ï·ÙÈÍ‹ ‰Â‰ÔÏ›Ì·), ÂÌ˛ Á ÔÒÈÊ¸ÌÙÈ· ÙÈÚ ÔÏ‹‰ÂÚ Ôı ÂÓfi„·„Â
ÙÂÎÈÍ˛Ú Ô ·Î„¸ÒÈËÏÔÚ (ÂÍÙÈÏÔ˝ÏÂÌ· ·ÔÙÂÎ›ÛÏ·Ù·). ∏ÙÛÈ, .˜. Á Ë›ÛÁ (1,7) ÂÌ¸Ú Û˜fiÏ·ÙÔÚ
·Ì·ˆ›ÒÂÈ ¸Û· ·Ò·‰Âfl„Ï·Ù· ÙÁÚ Ò˛ÙÁÚ ÔÏ‹‰·Ú ÙÔÔËÂÙfiËÁÍ·Ì ÙÂÎÈÍ˛Ú ÛÙÁÌ ›‚‰ÔÏÁ.

–·Ò·ÙÁÒ˛ÌÙ·Ú Ù· ·ÔÙÂÎ›ÛÏ·Ù·, ‚Î›ÔıÏÂ ¸ÙÈ Á Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ ‰flÌÂÈ Í·Î˝ÙÂÒ·
·ÔÙÂÎ›ÛÏ·Ù·, È‰fl˘Ú ÛÙÈÚ ÂÒÈÙ˛ÛÂÈÚ Ôı ı‹Ò˜ÂÈ Ë¸Òı‚ÔÚ fi Ù· ÙÂÙÒ‹„˘Ì· ÂflÌ·È ÏÂÒÈÍ˛Ú
ÂÈÍ·ÎıÙ¸ÏÂÌ·.

≈flÛÁÚ, ·Ò·ÙÁÒÔ˝ÏÂ ¸ÙÈ ÛÙÁÌ ÂÒflÙ˘ÛÁ Ù˘Ì ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì ÙÂÙÒ·„˛Ì˘Ì, Á
ÙÂÎÈÍfi Í·Ù‹Ù·ÓÁ ‰ÂÌ ÂflÌ·È ÈÍ·ÌÔÔÈÁÙÈÍfi, Í·Ë˛Ú ¸ÎÂÚ ÔÈ ÔÏ‹‰ÂÚ ÂÍÙ¸Ú ÙÒÈ˛Ì (ÙÒflÙÁ, ›Ì·ÙÁ
Í·È ‰›Í·ÙÁ) ·Ì·„Ì˘ÒflÊÔÌÙ·È ˛Ú Á ‰›Í·ÙÁ ÍÎ‹ÛÁ Í·È ÂÍÙ¸Ú ·ıÙÔ˝ Á ‰›Í·ÙÁ ›˜ÂÈ ‰È·Û·ÛËÂfl
ÛÂ ‹ÎÎÂÚ ÏÈÍÒ¸ÙÂÒÂÚ.

¡ıÙfi ÙÁÌ Í·Ífi ÛıÏÂÒÈˆÔÒ‹ ‰ÂÌ ÙÁÌ ›˜ÂÈ Ô ·Î„¸ÒÈËÏÔÚ ÛÙ· ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ·
ÙÂÙÒ‹„˘Ì· (·Í¸Ï· Í·È ·ÒÔıÛfl· ËÔÒ˝‚Ôı ÛÙ· ‰Â‰ÔÏ›Ì·).

Ãfl· ÈË·Ìfi ÂÓfi„ÁÛÁ „È· ÙÔ ˆ·ÈÌ¸ÏÂÌÔ ·ıÙ¸, ÂflÌ·È ˘Ú Ù· ·Ò·‰Âfl„Ï·Ù· Ôı ›˜ÔıÌ
ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ÂflÌ·È ÈÔ ÔÏ·Î‹ Í·Ù·ÌÂÏÁÏ›Ì· ÛÙÈÚ ‰È‹ˆÔÒÂÚ ÔÏ‹‰ÂÚ
·¸ ·ıÙ‹ Ôı ‰ÂÌ ›˜ÔıÌ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· Í·È ›ÙÛÈ, Á ‰È·ÛÔÒ‹ vk ÙÁÚ Í‹ËÂ

1« ÂÔ˜fi (epoch) ÔÒflÊÂÙ·È ˘Ú Ïfl· ·ÒÔıÛfl·ÛÁ ¸Î˘Ì Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì, Ôı ‰È·Ë›ÙÔıÏÂ ÒÔÚ ÂÍ·fl‰ÂıÛÁ ÙÔı
‰ÈÍÙ˝Ôı, ÛÂ ·ıÙ¸.



ÔÏ‹‰·Ú ÂflÌ·È ÂÒflÔı Á fl‰È·. ≈ÔÏ›Ì˘Ú, Á ·¸ÛÙ·ÛÁ ÙÂflÌÂÈ Ì· ÒÔÛÂ„„flÛÂÈ ÙÁÌ ≈ıÍÎÂfl‰È·,
Ôı ÛÙÁÌ ÂÒflÙ˘Ûfi Ï·Ú ‰È·˜˘ÒflÊÂÈ Í·Î˝ÙÂÒ· ÙÈÚ ÔÏ‹‰ÂÚ.



”˜fiÏ· 5.2: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.3: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.4: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı˜·fl·)
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.5: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.6: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.7: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.8: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.9: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



5.3 –ÂÈÒ‹Ï·Ù· ÏÂ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ ÙÁ MSE

”ÙÔ ıÔÍÂˆ‹Î·ÈÔ ·ıÙ¸ ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ
˜ÒfiÛÁ ÙÔı ·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS Í·È ÛıÌ‹ÒÙÁÛÁ ÂÎ·˜ÈÛÙÔÔflÁÛÁÚ ÙÁÌ MSE. ‘·
fl‰È· ·ÔÙÂÎ›ÛÏ·Ù· ·ÒÔıÛÈ‹ÊÔÌÙ·È Í·È ÏÂ ÙÁ ˜ÒfiÛÁ ·Î˛Ì ÈÌ‹Í˘Ì ÛÙÔ ·Ò‹ÒÙÁÏ· ƒ.

ÃÂÎÂÙ˛ÌÙ·Ú Ù· Û˜fiÏ·Ù· 5.10, 5.11, 5.12, 5.13, 5.14, 5.15, 5.16 Í·È 5.17 ÂflÌ·È
ˆ·ÌÂÒ¸ ¸ÙÈ ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ÂÈ‰ÂÈÍÌ˝ÂÈ ÔÎ˝ Í·Î˝ÙÂÒÁ ÛıÏÂÒÈˆÔÒ‹ Í·È ÏÂ„·Î˝ÙÂÒÁ
·ÍÒfl‚ÂÈ· ÔÏ·‰ÔÔflÁÛÁÚ ¸Ù·Ì ˜ÒÁÛÈÏÔÔÈÂflÙ·È ˘Ú ÛıÌ‹ÒÙÁÛÁ ÂÎ·˜ÈÛÙÔÔflÁÛÁÚ Á MSE, ‰ÁÎ·‰fi
¸Ù·Ì ˜ÒÁÛÈÏÔÔÈÂflÙ·È Á ÍÎ·ÛÛÈÍfi ≈ıÍÎÂfl‰È· ·¸ÛÙ·ÛÁ ·ÌÙfl ÙÁÚ ‚Â‚·ÒÁÏ›ÌÁÚ ≈ıÍÎÂfl‰È·Ú
ÛıÌ‹ÒÙÁÛÁÚ ·¸ÛÙ·ÛÁÚ Ôı ÒÔÙÂflÌÂÙ·È ÛÙÔ [CS95].



”˜fiÏ· 5.10: NN-MSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı˜·fl·)
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.11: NN-MSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.12: NN-MSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı˜·fl·)
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.13: NN-MSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.14: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.15: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.16: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.17: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



5.4 ¡ÔÙÂÎ›ÛÏ·Ù· ÏÂ ÙÁ √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰Ô œÏ·‰ÔÔflÁÛÁÚ œÏ·-

‰ÈÍfiÚ ≈ÂÓÂÒ„·Ûfl·Ú

”Ù· Û˜fiÏ·Ù· Ôı ·ÍÔÎÔıËÔ˝Ì 5.18, 5.19, 5.20, Í·È 5.21, ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù·
Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ ÙÁ „Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰Ô ÔÏ·‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú (‚Î›Â
ÙÔÌ flÌ·Í· 4.1 ÙÔı ıÔÍÂˆ·Î·flÔı 4.2).

‘· fl‰È· ·ÔÙÂÎ›ÛÏ·Ù· ·ÒÔıÛÈ‹ÊÔÌÙ·È Í·È ÏÂ ÙÁ ˜ÒfiÛÁ ·Î˛Ì ÈÌ‹Í˘Ì ÛÙÔ ·Ò‹Ò-
ÙÁÏ· ≈.

œÈ ÙÈÏ›Ú Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì fiÙ·Ì:

K ¡ÒÈËÏ¸Ú `Ò·„Ï·ÙÈÍ˛Ì' ÔÏ‹‰˘Ì Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì = 10

L ÃfiÍÔÚ ÏÔÌÔ·ÙÈÔ˝ = 10

P ‘ÈÏfi Ôı Ò›ÂÈ Ì· ıÂÒ‚·flÌÂÈ ÙÔ ÁÎflÍÔ ÙÔı ‚‹ÒÔıÚ Ïfl·Ú ·ÍÏfiÚ ÒÔÚ ÙÔÌ Ï›ÛÔ ¸ÒÔ
Ù˘Ì ‚·Ò˛Ì Ù˘Ì „ÂÈÙÔÌÈÍ˛Ì ÙÁÚ ·ÍÏ˛Ì, ÒÔÍÂÈÏ›ÌÔı Ì· ËÂ˘ÒÁËÂfl ·ıÙfi ˘Ú ÛıÌ‰ÂÙÈÍfi
ÏÂÙ·Ó˝ ‰˝Ô ‰È·ˆÔÒÂÙÈÍ˛Ì ÔÏ‹‰˘Ì = 1.5

¡¸ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ˆ·flÌÂÙ·È ¸ÙÈ Á „Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ÂÏˆ·ÌflÊÂÈ
Ïfl· ·ÒÍÂÙ‹ ÏÂ„‹ÎÁ Âı·ÈÛËÁÛfl· ÛÙÔ Ë¸Òı‚Ô. « Âı·ÈÛËÁÛfl· ÙÁÚ ·ıÙfi ‰ÂÌ ›„ÈÌÂ ‰ıÌ·Ù¸ Ì·
ÒÔÛ‰ÈÔÒÈÛËÂfl ·Ì ÔˆÂflÎÂÙ·È ÛÙÁÌ ÂÈÎÔ„fi Ù˘Ì ·Ò·Ï›ÙÒ˘Ì ÙÔı ·Î„¸ÒÈËÏÔı (L Í·È P) fi ÛÂ
Â„„ÂÌÂflÚ ·‰ıÌ·ÏflÂÚ ·ıÙÔ˝.
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”˜fiÏ· 5.18: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô.
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.19: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô.
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



”˜fiÏ· 5.20: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô.
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.

”˜fiÏ· 5.21: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰ÔÚ: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô.
≈ÍÙÈÏÁËÂflÛÂÚ ÔÏ‹‰ÂÚ ›Ì·ÌÙÈ Ù˘Ì Ò·„Ï·ÙÈÍ˛Ì.



 Âˆ‹Î·ÈÔ 6

¡ÔÙÂÎ›ÛÏ·Ù· ‘ÂÎÈÍ˛Ì –ÂÈÒ·Ï‹Ù˘Ì

”ÙÔ ÍÂˆ‹Î·ÈÔ ·ıÙ¸ ÂÒÈ„Ò‹ˆÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÙÂÎÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì
ÏÂ ÙÔıÚ ‰È‹ˆÔÒÔıÚ ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', Í·Ë˛Ú Í·È ÏÂ ÙÔıÚ ‰˝Ô
·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú, ÙÔÌ K-MEANS Í·È ÙÔÌ HALC.

‘· ÂÈÒ‹Ï·Ù· ›„ÈÌ·Ì ÏÂ ‰˝Ô Âfl‰Á ‰Â‰ÔÏ›Ì˘Ì. ¡Ò˜ÈÍ˛Ú ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ÛıÌËÂÙÈÍ‹
‰Â‰ÔÏ›Ì· Ôı Âfl˜·Ì Í·Ù·ÛÍÂı·ÛÙÂfl ·¸ ÙÔÌ ¡Î›Ó·Ì‰ÒÔ À·ÏÒÈÌfl‰Á Í·È Í·Ù¸ÈÌ Ò·„Ï·ÙÈÍ‹
‰Â‰ÔÏ›Ì· Ôı ÒÔfiÎË·Ì ·¸ fl˜ÌÁ Ôı ÂÎfiˆËÁÛ·Ì ·¸ Ò·„Ï·ÙÈÍ›Ú Âˆ·ÒÏÔ„›Ú ÂÂÓÂÒ„·Ûfl·Ú
‰ÔÛÔÎÁ¯È˛Ì. ‘· ÙÂÎÂıÙ·fl· ·Ò·Û˜›ËÁÛ·Ì ·¸ ÙÁ Siemens Nixdorf Informationssysteme
AG [SNI].

6.1 ”ÂÌ‹ÒÈÔ ÂÈÒ·Ï‹Ù˘Ì

‘Ô ÛÂÌ‹ÒÈÔ Ôı ·ÍÔÎÔıËfiËÁÍÂ ÛÙ· ÂÈÒ‹Ï·Ù· ›˜ÂÈ ˘Ú ÂÓfiÚ:
»Â˘Ò˛ÌÙ·Ú ¸ÙÈ ÛÂ ›Ì· Ò·„Ï·ÙÈÍ¸ Û˝ÛÙÁÏ· ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì Ë· Î·Ï‚‹ÌÂÙ·È

·Ò˜ÈÍ˛Ú ›Ì· fl˜ÌÔÚ ÙÁÚ ÎÂÈÙÔıÒ„fl·Ú ÙÔı, ÙÔ ÔÔflÔ Ë· ˜ÒÁÛÈÏÔÔÈÂflÙ·È „È· ÙÁÌ ·Ò˜ÈÍfi
ÏÂÎ›ÙÁ ÙÁÚ ÛıÏÂÒÈˆÔÒ‹Ú ÙÔı ÛıÛÙfiÏ·ÙÔÚ, Í‹ËÂ Û˝ÌÔÎÔ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ˜˘ÒflÛËÁÍÂ ÛÂ ‰˝Ô
ÙÏfiÏ·Ù·, ›Ì· Ôı ËÂ˘ÒÂflÙ·È ¸ÙÈ ·ÔÙÂÎÂfl ÙÔ ÒÔ·Ì·ˆÂÒË›Ì fl˜ÌÔÚ Í·È ›Ì· Ôı ·ÔÙÂÎÂfl
ÙÈÚ ÙÒÈ‹‰ÂÚ Ôı ÂÏˆ·ÌflÊÔÌÙ·È ÛÙÔ Û˝ÛÙÁÏ· ¸Ù·Ì Î›ÔÌ ›˜ÔıÌ ·Ò˜flÛÂÈ Ì· ÙÒ›˜ÔıÌ ÔÈ
·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', Í·Ù‹ ÙÁ ‰È‹ÒÍÂÈ· ÙÁÚ Í·ÌÔÌÈÍfiÚ ÎÂÈÙÔıÒ„fl·Ú ÙÔı
¸ÎÔı ÛıÛÙfiÏ·ÙÔÚ.

‘Ô Ò˛ÙÔ ıÔÛ˝ÌÔÎÔ ÂÒÈ›˜ÂÈ ÂÒflÔı ÙÔ 10% Ù˘Ì ÛıÌÔÎÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì, ÂÌ˛ ÙÔ
‰Â˝ÙÂÒÔ ÙÔ ı¸ÎÔÈÔ 90%. –ÒÔÍÂÈÏ›ÌÔı Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ì· ÂflÌ·È ¸ÛÔ ÙÔ ‰ıÌ·Ù¸Ì
·ÌÂÓ‹ÒÙÁÙ· ÙÔı Ûı„ÍÂÍÒÈÏ›ÌÔı ÙÒ¸Ôı ÏÂ ÙÔÌ ÔÔflÔ ›„ÈÌÂ Ô ˜˘ÒÈÛÏ¸Ú Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÛÙ·
‰˝Ô Û˝ÌÔÎ·, Í‹ËÂ ÂflÒ·Ï· Ò·„Ï·ÙÔÔÈfiËÁÍÂ ‰›Í· ˆÔÒ›Ú Í·È Í·Ù¸ÈÌ ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ Á
Ï›ÛÁ ÙÈÏfi Ù˘Ì ·ÔÙÂÎÂÛÏ‹Ù˘Ì ÛÙÈÚ ‰È‹ˆÔÒÂÚ „Ò·ˆÈÍ›Ú ·Ò·ÛÙ‹ÛÂÈÚ Ôı ·ÍÔÎÔıËÔ˝Ì. œ
‰È·˜˘ÒÈÛÏ¸Ú Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ›„ÈÌÂ ÏÂ ÙÁ ˜ÒfiÛÁ ÙÔı ÒÔ„Ò‹ÏÏ·ÙÔÚ TTS, ÙÔ ÔÔflÔ ·Ò‹„ÂÙ·È
Ù·ıÙÔ˜Ò¸Ì˘Ú ÏÂ ÙÔ CLUE. ”ÙÔ ·Ò‹ÒÙÁÏ· ”‘ ı‹Ò˜ÂÈ Ïfl· ÂÒÈ„Ò·ˆfi ÙÔı ÒÔ„Ò‹ÏÏ·ÙÔÚ
·ıÙÔ˝, Í·Ë˛Ú Í·È Ù˘Ì ÔÒÈÛÏ‹Ù˘Ì Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ÛÙ· ÂÈÒ‹Ï·Ù·.

”Â Í‹ËÂ Ïfl· ·¸ ·ıÙ›Ú ÙÈÚ Â·Ì·Îfi¯ÂÈÚ, ÊÁÙÂflÙ·È ·¸ ÙÔ CLUE Ì· ·Ò‹„ÂÈ ›Ì·
ÛÙÈ„ÏÈ¸ÙıÔ (snapshot) ÙÁÚ ÙÒ›˜ÔıÛ·Ú Í·Ù‹ÛÙ·ÛfiÚ ÙÔı ÛÂ Ù·ÍÙ‹ ˜ÒÔÌÈÍ‹ ‰È·ÛÙfiÏ·Ù·. ‘·
ÛÙÈ„ÏÈ¸Ùı· ·ıÙ‹ ÂÒÈÂfl˜·Ì Ù¸ÛÔ ÙÔ Û˝ÌÔÎÔ ¸Î˘Ì Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı Âfl˜·Ì ·ÒÔıÛÈ·ÛËÂfl
Ï›˜ÒÈ ÛÙÈ„ÏfiÚ ÛÙÔÌ ÂÍ‹ÛÙÔÙÂ ·Î„¸ÒÈËÏÔ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', ¸ÛÔ Í·È ÙÁÌ ·ÌÙflÛÙÔÈ˜Á
ÔÏ·‰ÔÔflÁÛÁ Ôı ·ıÙ¸Ú Âfl˜Â ·Ò·„‹„ÂÈ.  ·Ù¸ÈÌ, ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰Ô-
ÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú ‹Ì˘ ÛÙ· Û˝ÌÔÎ· ‰Â‰ÔÏ›Ì˘Ì Ù˘Ì ÛÙÈ„ÏÈÔÙ˝˘Ì, ˛ÛÙÂ Ì·
ÂflÌ·È ‰ıÌ·Ùfi Á Û˝„ÍÒÈÛÁ Ù˘Ì ÂÌ‰È‹ÏÂÛ˘Ì ·ıÙ˛Ì ·ÔÙÂÎÂÛÏ‹Ù˘Ì.

« ÔÛ¸ÙÁÙ· Ôı ıÔÎÔ„flÊÂÙ·È ÛÂ Í‹ËÂ ÛÙÈ„ÏÈ¸ÙıÔ, ÒÔÍÂÈÏ›ÌÔı Ì· Ûı„ÍÒÈËÂfl Á Âfl‰ÔÛÁ
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Ù˘Ì ·Î„¸ÒÈËÏ˘Ì, ÂflÌ·È ÙÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· (square error), SE, Ôı ÔÒflÊÂÙ·È ÛÙÁÌ
ÂÓflÛ˘ÛÁ 6.1 (¸Ôı Si ÙÔ ÎfiËÔÚ Ù˘Ì ÛÙÔÈ˜Âfl˘Ì ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú, �ci ÙÔ Í›ÌÙÒÔ ·ıÙfiÚ Í·È
�xij ÙÔ j-ÔÛÙ¸ ÛÙÔÈ˜ÂflÔ ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú).

SE �
KX
i�1

SiX
j�1

jj�xij � �cijj
2 (6.1)

6.2 ”ıÌËÂÙÈÍ‹ ‰Â‰ÔÏ›Ì·

‘· ÛıÌËÂÙÈÍ‹ ‰Â‰ÔÏ›Ì· ‰ÁÏÈÔıÒ„fiËÁÛ·Ì ÏÂ ÙÔ ÂÒ„·ÎÂflÔ TSG Ôı ·Ì·Ù˝˜ËÁÍÂ ·¸ ÙÔÌ
¡Î›Ó·Ì‰ÒÔ À·ÏÒÈÌfl‰Á ÛÙ· Î·flÛÈ· ÙÁÚ ÏÂÙ·Ùı˜È·ÍfiÚ ÙÔı ÂÒ„·Ûfl·Ú [Lab95]. ¡ÔÙÂÎÔ˝ÌÙ·È
¸Î· ·¸ ÂÍ·Ù¸ ÔÏ‹‰ÂÚ ‰Â‰ÔÏ›Ì˘Ì, Á Í‹ËÂ Ïfl· ÂÍ Ù˘Ì ÔÔfl˘Ì ÂÒÈ›˜ÂÈ ‰Â‰ÔÏ›Ì· Ôı Í‹ÌÔıÌ
·Ì·ˆÔÒ›Ú Ï¸ÌÔ ÛÂ Ûı„ÍÂÍÒÈÏ›Ì· Û˝ÌÔÎ· ÛÂÎfl‰˘Ì ÙÁÚ ıÔÍÂflÏÂÌÁÚ ‚‹ÛÁÚ ‰Â‰ÔÏ›Ì˘Ì. ‘·
Û˝ÌÔÎ· ·ıÙ‹ Ù˘Ì ÛÂÎfl‰˘Ì ÂflÌ·È Ó›Ì· ÏÂÙ·Ó˝ ÙÔıÚ, ··ÒÙflÊÔÌÙ·Ú ›ÙÛÈ ›Ì·Ì ‰È·ÏÂÒÈÛÏ¸ Ù˘Ì
ÛÂÎfl‰˘Ì ÙÁÚ ‚‹ÛÁÚ. œÈ ·Ì·ˆÔÒ›Ú Ôı Í‹ÌÂÈ Í‹ËÂ ‰Â‰ÔÏ›ÌÔ ÛÙÈÚ ‰È‹ˆÔÒÂÚ ÛÂÎfl‰ÂÚ ÂflÌ·È ›Ì·Ú
Ùı˜·flÔÚ ·ÒÈËÏ¸Ú. ‘›ÎÔÚ, Ë· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl Í‹ÙÈ ·ÒÍÂÙ‹ ÛÁÏ·ÌÙÈÍ¸ „È· Ù· ‰Â‰ÔÏ›Ì·¥
·Ò‹„ÔÌÙ·È ·Ì‹ ÔÏ‹‰·, ‰ÁÎ·‰fi ÛÙÔ ·Ò˜ÂflÔ Ôı „Ò‹ˆÔÌÙ·È, Ò˛Ù· ı‹Ò˜ÔıÌ Ù· ‰Â‰ÔÏ›Ì·
ÙÁÚ Ò˛ÙÁÚ ÔÏ‹‰·Ú, ÏÂÙ‹ ·ıÙ‹ ÙÁÚ ‰Â˝ÙÂÒÁÚ Í·È Ô˝Ù˘ Í·ËÂÓfiÚ. ¡ıÙ¸ ›˜ÂÈ ÛÁÏ·Ûfl· Í·Ë¸ÙÈ
Á ÛÂÈÒ‹ ·ıÙfi ‰ÂÌ ·Ì·Ï›ÌÂÙ·È Ì· ÛıÌ·ÌÙ‹Ù·È ÛÂ Ò·„Ï·ÙÈÍ‹ ‰Â‰ÔÏ›Ì·, ·ˆÔ˝ ÛÂ ·ıÙ‹ ÂflÌ·È
ÈÔ ÎÔ„ÈÍ¸ Ì· ı‹Ò˜ÂÈ Ïfl· ÈÔ Ùı˜·fl· Í·Ù‹Ù·ÓÁ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ˘Ú ÒÔÚ ÙÈÚ ÔÏ‹‰ÂÚ ÙÔıÚ.

”ıÌÔÙÈÍ˛Ú, Ù· Û˝ÌÔÎ· ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì ÂflÌ·È Ù· Í‹Ù˘ËÈ:

1000x1000=100:diagsR 1000 ÙÒÈ‹‰ÂÚ Ôı Í‹ÌÔıÌ ·Ì·ˆÔÒ›Ú ÛÂ Ïfl· ‚‹ÛÁ 1000 ÛÂÎfl‰˘Ì.
’‹Ò˜ÔıÌ 100 ÔÏ‹‰ÂÚ, Ù· ‰Â ‰Â‰ÔÏ›Ì· ›˜ÔıÌ ÏÔÒˆfi ·Ò·ÎÎÁÎÔ„Ò‹ÏÏ˘Ì Âfl ÙÁ
‰È·„˛ÌÈÔ, ÛÙÔ ˜˛ÒÔ (ÙÒÈ‹‰ÂÚ � ÛÂÎfl‰ÂÚ ‚‹ÛÁÚ � ÎfiËÔÚ ·Ì·ˆÔÒ˛Ì). œÈ ÙÈÏ›Ú Ù˘Ì
·Ì·ˆÔÒ˛Ì ÂflÌ·È Ùı˜·flÂÚ.

10000x1000=100:diagsR 10000 ÙÒÈ‹‰ÂÚ Ôı Í‹ÌÔıÌ ·Ì·ˆÔÒ›Ú ÛÂ Ïfl· ‚‹ÛÁ 1000 ÛÂÎfl‰˘Ì.
’‹Ò˜ÔıÌ 100 ÔÏ‹‰ÂÚ, Ù· ‰Â ‰Â‰ÔÏ›Ì· ›˜ÔıÌ ÏÔÒˆfi ·Ò·ÎÎÁÎÔ„Ò‹ÏÏ˘Ì Âfl ÙÁ
‰È·„˛ÌÈÔ, ÛÙÔ ˜˛ÒÔ (ÙÒÈ‹‰ÂÚ � ÛÂÎfl‰ÂÚ ‚‹ÛÁÚ � ÎfiËÔÚ ·Ì·ˆÔÒ˛Ì). œÈ ÙÈÏ›Ú Ù˘Ì
·Ì·ˆÔÒ˛Ì ÂflÌ·È Ùı˜·flÂÚ.

30000x1000=100:diagsR 30000 ÙÒÈ‹‰ÂÚ Ôı Í‹ÌÔıÌ ·Ì·ˆÔÒ›Ú ÛÂ Ïfl· ‚‹ÛÁ 1000 ÛÂÎfl‰˘Ì.
’‹Ò˜ÔıÌ 100 ÔÏ‹‰ÂÚ, Ù· ‰Â ‰Â‰ÔÏ›Ì· ›˜ÔıÌ ÏÔÒˆfi ·Ò·ÎÎÁÎÔ„Ò‹ÏÏ˘Ì Âfl ÙÁ
‰È·„˛ÌÈÔ, ÛÙÔ ˜˛ÒÔ (ÙÒÈ‹‰ÂÚ � ÛÂÎfl‰ÂÚ ‚‹ÛÁÚ � ÎfiËÔÚ ·Ì·ˆÔÒ˛Ì). œÈ ÙÈÏ›Ú Ù˘Ì
·Ì·ˆÔÒ˛Ì ÂflÌ·È Ùı˜·flÂÚ.

”ÙÔ Û˜fiÏ· 6.1 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ ÙÔ
Û˝ÌÔÎÔ ‰Â‰ÔÏ›Ì˘Ì 1000x1000=100:diagsR. ”ı„ÍÂÍÒÈÏ›Ì·, ·ÒÔıÛÈ‹ÊÔÌÙ·È ÔÈ ÂÈ‰¸ÛÂÈÚ (ÙÂ-
ÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·) ¸Î˘Ì Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÛÂ ÎÔ„·ÒÈËÏÈÍfi ÍÎflÏ·Í·. « ÂÈÎÔ„fi ÙÁÚ ÎÔ-
„·ÒÈËÏÈÍfiÚ ÍÎflÏ·Í·Ú ›„ÈÌÂ ‰È¸ÙÈ Á Âfl‰ÔÛÁ ÙÔı „Ò·ˆÔËÂ˘ÒÁÙÈÍÔ˝ ·Î„¸ÒÈËÏÔı fiÙ·Ì ÔÎ˝
˜ÂÈÒ¸ÙÂÒÁ ·¸ ·ıÙ›Ú Ù˘Ì ıÔÎÔfl˘Ì ·Î„¸ÒÈËÏ˘Ì, ÏÂ ·ÔÙ›ÎÂÛÏ· ÔÈ Í·Ï˝ÎÂÚ Âfl‰ÔÛÁÚ
·ıÙ˛Ì Ì· ÛıÏÈ›ÊÔÌÙ·È ÛÙÔ Í‹Ù˘ Ï›ÒÔÚ ÙÁÚ „Ò·ˆÈÍfiÚ ·Ò‹ÛÙ·ÛÁÚ, Í·ËÈÛÙ˛ÌÙ·Ú ·‰˝Ì·ÙÁ
ÙÁÌ ÏÂÎ›ÙÁ ÙÔıÚ.

–·Ò·ÙÁÒ˛ÌÙ·Ú ÙÔ Û˜fiÏ· 6.1, ‚Î›ÔıÏÂ ¸ÙÈ ÙÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· ·ıÓ‹ÌÂÙ·È ÂÌ
„›ÌÂÈ ÛıÌÂ˜˛Ú. ¡ıÙ¸ ÔˆÂflÎÂÙ·È ÛÙÔ „Â„ÔÌ¸Ú ¸ÙÈ ÂÏˆ·ÌflÊÔÌÙ·È ÛıÌÂ˜˛Ú Ì›ÂÚ ÙÒÈ‹‰ÂÚ Ôı
ÒÔÛÙflËÂÌÙ·È ÛÙÔ ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ Û˝ÌÔÎÔ.

∏Ì· ‹ÎÎÔ „Â„ÔÌ¸Ú, Ôı ·Ò·ÙÁÒfiËÁÍÂ Í·È ÛÙ· ı¸ÎÔÈ· ÂÈÒ‹Ï·Ù·, ÂflÌ·È ¸ÙÈ ÔÈ ·Î-
„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú, ‰ÁÎ·‰fi Ô K-MEANS Í·È Ô HALC, ÂÏˆ·ÌflÊÔıÌ ˜ÂÈÒ¸ÙÂÒÁ
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”˜fiÏ· 6.1: ƒÈ·Í˝Ï·ÌÛÁ ÙÔı ‘ÂÙÒ·„˘ÌÈÍÔ˝ ”ˆ‹ÎÏ·ÙÔÚ „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì
1000x1000=100:diagsR.  ÎflÏ·Í· ÀÔ„·ÒÈËÏÈÍfi.

Âfl‰ÔÛÁ ·¸ ÙÔıÚ ‰˝Ô ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', ÙÔÌ NN-VWMSE Í·È ÙÔÌ
NN-MSE. ¡ıÙ¸ ÔˆÂflÎÂÙ·È ÛÙÔ ¸ÙÈ ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú ›˜ÔıÌ Ì· ·ÌÙÈ-
ÏÂÙ˘flÛÔıÌ ›Ì· ÙÂÒ‹ÛÙÈÔ ÎfiËÔÚ ÈË·Ì˛Ì ‰È·ˆÔÒÂÙÈÍ˛Ì ÔÏ·‰ÔÔÈfiÛÂ˘Ì, ÂÍ Ù˘Ì ÔÔfl˘Ì
·Ì·„Í‹ÊÔÌÙ·È ÂÍ Ù˘Ì Ò·„Ï‹Ù˘Ì Ì· ÂÎ›„˜ÔıÌ Í‹ËÂ ˆÔÒ‹ Ï¸ÌÔ ›Ì· ÔÎ˝ ÏÈÍÒ¸ ÔÛÔÛÙ¸.
¡ÌÙÈË›Ù˘Ú, ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', ÂflÌ·È Û˜Â‰È·ÛÏ›ÌÔÈ ˛ÛÙÂ Ì· ·ÍÔÎÔı-
ËÔ˝Ì ¸ÛÔ ÙÔ ‰ıÌ·Ù¸Ì ÂÒÈÛÛ¸ÙÂÒÔ ÙÁÌ ·Ò˜ÈÍfi ÔÏ·‰ÔÔflÁÛÁ Ôı Âfl˜Â ˜ÒÁÛÈÏÔÔÈÁËÂfl „È· Ì·
ÙÔıÚ ·Ò˜ÈÍÔÔÈfiÛÔıÌ.  ·Ë˛Ú ÛÙÁÌ ÔÏ·‰ÔÔflÁÛÁ ·ıÙfi ÙÔ ÎfiËÔÚ Ù˘Ì ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ
‰Â‰ÔÏ›Ì˘Ì fiÙ·Ì ·ÒÍÂÙ‹ ÏÈÍÒ¸, ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú Ôı ÙÁÌ ·Òfi„·„·Ì
Ï¸ÒÂÛ·Ì Ì· ÒÔÛÂ„„flÛÔıÌ ÙÁ ‚›ÎÙÈÛÙÁ ÔÏ·‰ÔÔflÁÛÁ, ‰flÌÔÌÙ·Ú ›ÙÛÈ ›Ì· ÔÎ˝ Í·Î¸ ÛÁÏÂflÔ
ÂÍÍflÌÁÛÁÚ ÛÙÔÌ NN-VWMSE Í·È ÙÔÌ NN-MSE. œÈ fl‰ÈÔÈ ¸Ï˘Ú ÒÔÛ·ËÔ˝Ì Í‹ËÂ ˆÔÒ‹
Ì· ÂÓÂÙ‹ÊÔıÌ ¸ÛÔ ÙÔ ‰ıÌ·Ù¸Ì ÂÒÈÛÛ¸ÙÂÒÂÚ ÂÌ·ÎÎ·ÍÙÈÍ›Ú Î˝ÛÂÈÚ, ‰fl˜˘Ú Ù·ıÙ¸˜ÒÔÌ· Ì·
Î·Ï‚‹ÌÔıÌ ı¸¯Á ÙÔıÚ ÙÈÚ ÔÏ·‰ÔÔÈfiÛÂÈÚ ÛÙÈÚ ÔÔflÂÚ Âfl˜·Ì Í·Ù·ÎfiÓÂÈ ÛÙÈÚ ÒÔÁ„Ô˝ÏÂÌÂÚ
ÂÒÈÙ˛ÛÂÈÚ, ¸Ôı Ù· ‰Â‰ÔÏ›Ì· fiÙ·Ì ÎÈ„¸ÙÂÒ· Í·È ‹Ò· ÙÔ Ò¸‚ÎÁÏ· ÈÔ Â˝ÍÔÎÔ. ∏ÙÛÈ,
›ˆÙÔıÌ Ë˝Ï·Ù· ÙÔı ÏÂ„›ËÔıÚ ÙÔı ÒÔ‚ÎfiÏ·ÙÔÚ Ôı ·ıÓ‹ÌÂÈ ÂÍËÂÙÈÍ˛Ú Í·È Í·Ù·Îfi„ÔıÌ Ì·
·Ò·„‹„ÔıÌ Î˝ÛÂÈÚ Ôı ÂflÌ·È Ï¸ÌÔÌ ÙÔÈÍ˛Ú ‚›ÎÙÈÛÙÂÚ.

‘›ÎÔÚ, ÂflÌ·È ˆ·ÌÂÒ¸ ¸ÙÈ Á Âfl‰ÔÛÁ ÙÔı „Ò·ˆÔËÂ˘ÒÁÙÈÍÔ˝ ·Î„¸ÒÈËÏÔı ÔÏ·‰ÔÔflÁÛÁÚ
``ÂÌ ÙfiÛÂÈ'' ÂflÌ·È ÔÎ˝ ˜ÂÈÒ¸ÙÂÒÁ ¸Î˘Ì Ù˘Ì ıÔÎÔfl˘Ì. ’‹Ò˜ÔıÌ ·ÒÍÂÙÔfl Î¸„ÔÈ Ôı
ÒÔÍ·ÎÔ˝Ì ÙÔ ˆ·ÈÌ¸ÏÂÌÔ ·ıÙ¸. –Ò˛Ù· Ò›ÂÈ Ì· ·Ì·ˆÂÒËÂfl ¸ÙÈ Ô ·Î„¸ÒÈËÏÔÚ ÏÂÎÂÙfiËÁÍÂ
ÔÎ˝ ÎÈ„¸ÙÂÒÔ ÂÌ Û˜›ÛÂÈ ÒÔÚ ÙÔıÚ ı¸ÎÔÈÔıÚ Í·È ˘Ú ÂÍ ÙÔ˝ÙÔı ÂflÌ·È ÈË·Ì¸Ì ÔÈ
ÙÈÏ›Ú Ù˘Ì ·Ò·Ï›ÙÒ˘Ì Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì Í·Ù‹ ÙÁÌ ÂÍÙ›ÎÂÛfi ÙÔı Ì· ·›˜ÔıÌ ·¸
ÙÈÚ ‚›ÎÙÈÛÙÂÚ. ≈flÛÁÚ, Ô ·Î„¸ÒÈËÏÔÚ ·ıÙ¸Ú ·Ò‹„ÂÈ ÛıÌfiË˘Ú ›Ì· ÔÎ˝ ÏÈÍÒ¸ÙÂÒÔ ÎfiËÔÚ
ÔÏ‹‰˘Ì (ÔÈ ·ÍÒÈ‚fiÚ ·ÒÈËÏÔfl ·ÒÔıÛÈ‹ÊÔÌÙ·È ÛÙÔ ·Ò‹ÒÙÁÏ· ”‘). ∏ÙÛÈ, ÂflÌ·È ‰˝ÛÍÔÎÔ Ì·
ÂÏˆ·ÌflÛÂÈ Í·Îfi Âfl‰ÔÛÁ, Í·Ë˛Ú ÒÔˆ·Ì˛Ú ÔÏ·‰ÔÔÈÂfl ÙÒÈ‹‰ÂÚ Ôı ·ÌfiÍÔıÌ ÛÂ ‰È·ˆÔÒÂÙÈÍ›Ú
ÔÏ‹‰ÂÚ. œ ÈÔ ÛÁÏ·ÌÙÈÍ¸Ú, ¸Ï˘Ú, Î¸„ÔÚ ÙÁÚ ‹Û˜ÁÏÁÚ Âfl‰ÔÛfiÚ ÙÔı ÂflÌ·È ÙÔ „Â„ÔÌ¸Ú ¸ÙÈ



Á ÔÛ¸ÙÁÙ· Ôı ÒÔÛ·ËÂfl Ì· ÂÎ·˜ÈÛÙÔÔÈfiÛÂÈ ‰ÂÌ Û˜ÂÙflÊÂÙ·È ÏÂ ÙÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·,
¸˘Ú ÛıÏ‚·flÌÂÈ ÏÂ ÙÔıÚ ı¸ÎÔÈÔıÚ, Ô¸ÙÂ ÂflÌ·È ÙÂÎÈÍ˛Ú ÎÔ„ÈÍfi Á Í·Ífi ÙÔı Âfl‰ÔÛÁ
ÛıÏˆ˛Ì˘Ú ÒÔÚ ·ıÙ¸ ÙÔ Ï›ÙÒÔ.
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”˜fiÏ· 6.2: ƒÈ·Í˝Ï·ÌÛÁ ÙÔı ‘ÂÙÒ·„˘ÌÈÍÔ˝ ”ˆ‹ÎÏ·ÙÔÚ „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì
10000x1000=100:diagsR.  ÎflÏ·Í· ÀÔ„·ÒÈËÏÈÍfi.

≈ÓÂÙ‹ÊÔÌÙ·Ú Ù˛Ò· Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı ‰Â˝ÙÂÒÔı ÂÈÒ‹Ï·ÙÔÚ ÏÂ ÙÔ Û˝ÌÔÎÔ ‰Â‰ÔÏ›Ì˘Ì
10000x1000=100:diagsR Ôı ·ÒÔıÛÈ‹ÊÔÌÙ·È ÛÙÔ Û˜fiÏ· 6.2, ÂflÌ·È ÒÔˆ·Ì›Ú ¸ÙÈ ÔÈ ·Ò·-
ÙÁÒfiÛÂÈÚ Ôı ›„ÈÌ·Ì „È· Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı ÒÔÁ„Ô˝ÏÂÌÔı ÂÈÒ‹Ï·ÙÔÚ ÛıÌÂ˜flÊÔıÌ Ì·
ÈÛ˜˝ÔıÌ. ≈ÈÎ›ÔÌ, Â‰˛ ˆ·flÌÂÙ·È ÈÔ Í·Ë·Ò‹ Á Ù‹ÛÁ, ÙÔı ÏÂÌ NN-MSE Ì· Ô‰Á„Âfl ÒÔÚ
Ïfl· ÔÏ·‰ÔÔflÁÛÁ ÏÂ ÏÂ„·Î˝ÙÂÒÔ ÛıÌÂ˜˛Ú ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ·, ÙÔı ‰Â NN-VWMSE ÒÔÚ
Ïfl· ÏÂ ÛıÌÂ˜˛Ú ÏÈÍÒ¸ÙÂÒÔ. ≈Ó·ÈÙfl·Ú ÙÔı ˆ·ÈÌÔÏ›ÌÔı ·ıÙÔ˝, ·Ôˆ·ÛflÛËÁÍÂ ÙÂÎÈÍ˛Ú Í·È
Á ‰ÈÂÓ·„˘„fi ÙÔı ÙÒflÙÔı Í·È ÙÂÎÂıÙ·flÔı ÂÈÒ‹Ï·ÙÔÚ ÏÂ ÛıÌËÂÙÈÍ‹ ‰Â‰ÔÏ›Ì·, ‰ÁÎ·‰fi ÏÂ ÙÔ
Û˝ÌÔÎÔ ‰Â‰ÔÏ›Ì˘Ì 30000x1000=100:diagsR, ÒÔÍÂÈÏ›ÌÔı Ì· ˆ·ÌÂfl Â‹Ì ÏÂ ÙÁÌ ‹ÒÔ‰Ô ÙÔı
˜Ò¸ÌÔı Í·È ÏÂ ÙÁÌ ÂÏˆ‹ÌÈÛÁ ÂÒÈÛÛ¸ÙÂÒ˘Ì ·Í¸Ï· ÙÒÈ‹‰˘Ì, ÔÈ ‰˝Ô ·ıÙÔfl ·Î„¸ÒÈËÏÔÈ Ë·
·ÎÎ‹ÓÔıÌ ÙÂÎÈÍ˛Ú ÛıÏÂÒÈˆÔÒ‹.

”ÙÔ Û˜fiÏ· 6.3 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ ÙÔ
Û˝ÌÔÎÔ ‰Â‰ÔÏ›Ì˘Ì 30000x1000=100:diagsR. ”ÙÔ Û˜fiÏ· ·ıÙ¸, ‰ÂÌ ÂÒÈÎ·Ï‚‹ÌÂÙ·È Ô „Ò·-
ˆÔËÂ˘ÒÁÙÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ, Í·Ë˛Ú Ô ˜Ò¸ÌÔÚ ÂÍÙ›ÎÂÛfiÚ ÙÔı fiÙ·Ì ··„ÔÒÂıÙÈÍ¸Ú „È· ÙÔ
Ûı„ÍÂÍÒÈÏ›ÌÔ ÎfiËÔÚ ‰Â‰ÔÏ›Ì˘Ì. ≈flÛÁÚ, fi‰Á ·¸ Ù· ÒÔÁ„Ô˝ÏÂÌ· ÂÈÒ‹Ï·Ù·, Âfl˜Â ˆ·ÌÂfl
¸ÙÈ Á Âfl‰ÔÛfi ÙÔı fiÙ·Ì Í·Ù‹ ÔÎ˝ ˜ÂÈÒ¸ÙÂÒÁ Ù˘Ì ıÔÎÔfl˘Ì ·Î„¸ÒÈËÏ˘Ì, Ô¸ÙÂ ‰ÂÌ ıfiÒ˜Â
Î¸„ÔÚ ÂÒ·ÈÙ›Ò˘ ÏÂÎ›ÙÁÚ ÙÔı.

”ÙÔ ÂflÒ·Ï· ·ıÙ¸ ˆ·flÌÂÙ·È ¸ÙÈ ÙÂÎÈÍ˛Ú Ô ·Î„¸ÒÈËÏÔÚ NN-VWMSE Í·Ù·ˆ›ÒÌÂÈ Ì·
ÏÂÈ˛ÛÂÈ ·ÈÛËÁÙ‹ ÙÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· ÛÙÁÌ ÔÏ·‰ÔÔflÁÛÁ Ôı ·Ò‹„ÂÈ, ÓÂÂÒÌ˛ÌÙ·Ú ÛÙÔ
Ù›ÎÔÚ ¸ÎÔıÚ ÙÔıÚ ‹ÎÎÔıÚ ·Î„¸ÒÈËÏÔıÚ. ¡ÌÙÈË›Ù˘Ú, Ô NN-MSE ·Ò‹„ÂÈ ÔÏ·‰ÔÔÈfiÛÂÈÚ ÏÂ
ÔÎÔ›Ì· ÏÂ„·Î˝ÙÂÒÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· Í·È ıÂÒ‚·flÌÂÈ ÛÙÔ Ù›ÎÔÚ Ù¸ÛÔ ÙÔÌ NN-VWMSE
¸ÛÔ Í·È ÙÔÌ K-MEANS.
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”˜fiÏ· 6.3: ƒÈ·Í˝Ï·ÌÛÁ ÙÔı ‘ÂÙÒ·„˘ÌÈÍÔ˝ ”ˆ‹ÎÏ·ÙÔÚ „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì
30000x1000=100:diagsR.  ÎflÏ·Í· ÀÔ„·ÒÈËÏÈÍfi.

« ÛıÏÂÒÈˆÔÒ‹ ÙÔı NN-VWMSE, Ôı ÛıÌÂ˜˛Ú ·ıÓ‹ÌÂÈ ÙÁÌ Âfl‰ÔÛfi ÙÔı ·¸ ›Ì· ÛÁÏÂflÔ
Í·È ÏÂÙ‹, ˆ·flÌÂÙ·È ÂÍ Ò˛ÙÁÚ ¸¯Â˘Ú Ì· ›Ò˜ÂÙ·È ÛÂ ·ÌÙflËÂÛÁ ÏÂ ÙÁÌ ·Ò·ÙfiÒÁÛÁ Ôı Âfl˜Â
„flÌÂÈ ·Ì˘Ù›Ò˘, ¸ÙÈ Í·Ë˛Ú Ô ·ÒÈËÏ¸Ú Ù˘Ì ÒÔÚ ÔÏ·‰ÔÔflÁÛÁ ÙÒÈ‹‰˘Ì ·ıÓ‹ÌÂÈ, Ë· ·ıÓ‹ÌÂÈ
Í·È ÙÔ ÙÂÙÒ·„˘ÌÈÍ¸ Ûˆ‹ÎÏ· ÙÁÚ ÂÍ‹ÛÙÔÙÂ ÔÏ·‰ÔÔflÁÛÁÚ. « ÂÓfi„ÁÛÁ ¸Ï˘Ú ÙÔı ˆ·ÈÌÔÏ›ÌÔı
·ıÙÔ˝ ÂflÌ·È ·Îfi: Ô NN-VWMSE ÒÔÛ·ËÂfl Ì· ‰ÁÏÈÔıÒ„fiÛÂÈ ÔÏ‹‰ÂÚ ÏÂ Û˜ÂÙÈÍ˛Ú flÛ· ÎfiËÁ
ÛÙÔÈ˜Âfl˘Ì.  ·Ë˛Ú ¸Ï˘Ú ÔÈ ÙÒÈ‹‰ÂÚ ›˜ÔıÌ ·ÔËÁÍÂıÙÂfl Ù·ÓÈÌÔÏÁÏ›ÌÂÚ ˘Ú ÒÔÚ ÙÁÌ ÔÏ‹‰·
ÙÔıÚ, „È· ›Ì· ÏÂ„‹ÎÔ ˜ÒÔÌÈÍ¸ ‰È‹ÛÙÁÏ· ·Ì·„Í‹ÊÂÙ·È Ì· ·„ÌÔÂfl ÙÈÚ Ò·„Ï·ÙÈÍ›Ú ÙÔıÚ ÔÏ‹‰ÂÚ
Í·È Ì· ÙÈÚ ÙÔÔËÂÙÂfl ÛÂ ‹ÎÎÂÚ, ÏÂ ÏÈÍÒ¸ ˘Ú ÂÍÂflÌÁ ÙÁ ÛÙÈ„Ïfi ÎfiËÔÚ ÛÙÔÈ˜Âfl˘Ì, ˛ÛÙÂ Ì·
ÙÈÚ ÈÛÔÍ·Ù·ÌÂflÏÂÈ. ∏ÙÛÈ, ÛÂ ¸Î· Ù· Ï›˜ÒÈÚ ÛÙÈ„ÏfiÚ ÂÈÒ‹Ï·Ù·, ·ÒÔıÛÈ‹ÊÂÈ ·Ò˜ÈÍ˛Ú Ïfl·
ÔÎ˝ ˜ÂÈÒ¸ÙÂÒÁ Âfl‰ÔÛÁ ·¸ ÙÔıÚ ı¸ÎÔÈÔıÚ ·Î„¸ÒÈËÏÔıÚ, ÙÁÌ ÔÔfl· ‚ÂÎÙÈ˛ÌÂÈ, Í·Ë˛Ú
ÂÒÌ‹ Ô ˜Ò¸ÌÔÚ Í·È ÂÏˆ·ÌflÊÔÌÙ·È ÛÙÔ Û˝ÛÙÁÏ· ÙÒÈ‹‰ÂÚ ·¸ ¸ÎÂÚ ÙÈÚ ÔÏ‹‰ÂÚ. ¡ÓflÊÂÈ Â‰˛
Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ ·ıÙÔ˝ ÙÔı Âfl‰ÔıÚ Á Ù·ÓÈÌ¸ÏÁÛÁ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÂflÌ·È Á ˜ÂÈÒ¸ÙÂÒÁ „È·
ÙÔÌ Ûı„ÍÂÍÒÈÏ›ÌÔ ·Î„¸ÒÈËÏÔ. –·Ò¸Î· Ù·˝Ù·, ÙÂÎÈÍ˛Ú Í·Ù·ˆ›ÒÌÂÈ Ì· ÂÈÙ˝˜ÂÈ ÙÁÌ Í·Î˝ÙÂÒÁ
Âfl‰ÔÛÁ, ¸˘Ú ˆ·flÌÂÙ·È Í·È ÛÙÔ Û˜fiÏ· 6.3.

6.3 –Ò·„Ï·ÙÈÍ‹ ‰Â‰ÔÏ›Ì·

¡ÍÔÎÔ˝Ë˘Ú Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ Ù· Û˝ÌÔÎ· ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì, ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì Û˝-
ÌÔÎ· Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì Ôı Âfl˜·Ì ÎÁˆËÂfl ·¸ ÙÁÌ È˜ÌÔÎÁ¯fl· (tracing) Ïfl·Ú Ò·„Ï·-
ÙÈÍfiÚ Âˆ·ÒÏÔ„fiÚ ‚‹ÛÁÚ ‰Â‰ÔÏ›Ì˘Ì ÛÂ ›Ì· Û˝ÛÙÁÏ· ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì ÙÁÚ ÂÙ·ÈÒÂfl·Ú
Siemens Nixdorf Informationssysteme AG [SNI]. ¡ıÙ‹ Ï·Ú ·Ò·Û˜›ËÁÛ·Ì ·¸ ÙÁÌ ÂÌ Î¸„˘
ÂÙ·ÈÒÂfl· ÛÙ· Î·flÛÈ· ÙÔı ÂÒÂıÌÁÙÈÍÔ˝ ÒÔ„Ò‹ÏÏ·ÙÔÚ LYDIA [ESP], ÛÙÔ ÔÔflÔ ÛıÏÏÂÙ›˜ÂÈ
Ù¸ÛÔ ·ıÙfi ¸ÛÔ Í·È Á ÔÏ‹‰· –·Ò‹ÎÎÁÎ˘Ì Í·È  ·Ù·ÌÂÏÁÏ›Ì˘Ì ”ıÛÙÁÏ‹Ù˘Ì ÙÔı …ÌÛÙÈÙÔ˝ÙÔı
–ÎÁÒÔˆÔÒÈÍfiÚ, ÙÔı …‰Ò˝Ï·ÙÔÚ ‘Â˜ÌÔÎÔ„fl·Ú Í·È ∏ÒÂıÌ·Ú. ‘· Û˝ÌÔÎ· ·ıÙ‹ ÂflÌ·È ‰˝Ô ÙÔÌ



·ÒÈËÏ¸¥ ÙÔ Û˝ÌÔÎÔ PULS Í·È ÙÔ Û˝ÌÔÎÔ DOA.
‘· Û˝ÌÔÎ· ·ıÙ‹ ÏÂÙ·ÙÒ‹ÁÛ·Ì ÛÙÁ ÏÔÒˆfi ÂÈÛ¸‰Ôı Ôı Î·Ï‚‹ÌÂÈ ÙÔ CLUE (‚Î›Â ÙÔ

·Ò‹ÒÙÁÏ· √ „È· ÙÁÌ ÂÒÈ„Ò·ˆfi ÙÁÚ ÏÔÒˆfiÚ ÂÈÛ¸‰Ôı ÙÔı CLUE) Ï›Û˘ ÂÌ¸Ú ÒÔ„Ò‹ÏÏ·ÙÔÚ
ˆflÎÙÒÔı, ÙÔ ÔÔflÔ ·Ò·ÎÎfiÎ˘Ú ÏÂ ÙÁÌ ÏÂÙ·ÙÒÔfi ·ıÙfi Í·Ë' ·ıÙfi, Ûı„Í›Ò·ÛÂ ÙÈÚ ÒÔÛÂ-
Î‹ÛÂÈÚ ÛÙÁ ‚‹ÛÁ ‰Â‰ÔÏ›Ì˘Ì ¸Î˘Ì Ù˘Ì ÓÂ˜˘ÒÈÛÙ˛Ì ÂÒÈÙ˛ÛÂ˘Ì (instances) Ù˘Ì ÙÒÈ‹‰˘Ì,
ÒÔÍÂÈÏ›ÌÔı Ì· ÎÁˆËÂfl ›Ì·Ú Ûı„ÍÂÌÙÒ˘ÙÈÍ¸Ú flÌ·Í·Ú ÒÔÛÂÎ‹ÛÂ˘Ì.

»· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl Â‰˛ Á ·Ò·ÙfiÒÁÛÁ ÙÔı ¡Î›Ó·Ì‰ÒÔı À·ÏÒÈÌfl‰Á [Lab95], ¸ÙÈ
Ù· ‰˝Ô ·ıÙ‹ Û˝ÌÔÎ· ›˜ÔıÌ ÔÎ˝ ˜·ÏÁÎfi ıÍÌ¸ÙÁÙ· ÒÔÛÂÎ‹ÛÂ˘Ì, ¸Ôı Á ıÍÌ¸ÙÁÙ·
ÒÔÛÂÎ‹ÛÂ˘Ì ÔÒflÊÂÙ·È ˘Ú:

ıÍÌ¸ÙÁÙ· ÒÔÛÂÎ‹ÛÂ˘Ì �
ÎfiËÔÚ ÏÁ ÏÁ‰ÂÌÈÍ˛Ì ÒÔÛÂÎ‹ÛÂ˘Ì

ÎfiËÔÚ ÙÒÈÎÂÙ˛Ì� ÎfiËÔÚ ÛÂÎfl‰˘Ì ‚‹ÛÁÚ ‰Â‰ÔÏ›Ì˘Ì
(6.2)

”ı„ÍÂÍÒÈÏ›Ì·, ÙÔ Û˝ÌÔÎÔ PULS ›˜ÂÈ Ù· Í‹Ù˘ËÈ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹:

� 53 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ÒÔ„Ò·ÏÏ‹Ù˘Ì

� 103 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ˜ÒÁÛÙ˛Ì

� 110 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ÙÂÒÏ·ÙÈÍ˛Ì

� 280 ÙÒÈ‹‰ÂÚ

� 66846 ÛÂÎfl‰ÂÚ ‚‹ÛÁÚ

� 178749 ÏÁ ÏÁ‰ÂÌÈÍ›Ú ÒÔÛÂÎ‹ÛÂÈÚ ÛıÌÔÎÈÍ˛Ú

� ıÍÌ¸ÙÁÙ· ÒÔÛÂÎ‹ÛÂ˘Ì: 0,95501%

¡ÌÙÈÛÙÔfl˜˘Ú, ÙÔ Û˝ÌÔÎÔ DOA ›˜ÂÈ Ù· Í‹Ù˘ËÈ ˜·Ò·ÍÙÁÒÈÛÙÈÍ‹:

� 103 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ÒÔ„Ò·ÏÏ‹Ù˘Ì

� 474 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ˜ÒÁÛÙ˛Ì

� 474 ‰È·ˆÔÒÂÙÈÍ‹ ·Ì·„Ì˘ÒÈÛÙÈÍ‹ ÙÂÒÏ·ÙÈÍ˛Ì

� 1984 ÙÒÈ‹‰ÂÚ

� 41003 ÛÂÎfl‰ÂÚ ‚‹ÛÁÚ

� 180017 ÏÁ ÏÁ‰ÂÌÈÍ›Ú ÒÔÛÂÎ‹ÛÂÈÚ

� ıÍÌ¸ÙÁÙ· ÒÔÛÂÎ‹ÛÂ˘Ì: 0,22123%

”ÙÔ Û˜fiÏ· 6.4 ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ ÙÔ Û˝ÌÔÎÔ Ò·„-
Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì PULS, ÛÂ ÎÔ„·ÒÈËÏÈÍfi ÍÎflÏ·Í·.  ·Ë˛Ú ÛÂ ·ıÙ¸, ÔÈ ÙÒÈ‹‰ÂÚ ‰ÂÌ
ÂÏˆ·ÌflÊÔÌÙ·È ÛÙÁ ÛÂÈÒ‹ ÏÂ ‚‹ÛÁ ÙÁÌ ÔÏ‹‰· ÙÔıÚ ¸˘Ú ÛÙ· ÛıÌËÂÙÈÍ‹ ‰Â‰ÔÏ›Ì·, ÔÈ ·Î-
„¸ÒÈËÏÔÈ ÂÏˆ·ÌflÊÔıÌ ‰È·ˆÔÒÂÙÈÍfi ÛıÏÂÒÈˆÔÒ‹, È‰fl˘Ú Ô HALC Í·È Ô NN-VWMSE. ∏ÙÛÈ,
ˆ·flÌÂÙ·È ¸ÙÈ Ô NN-MSE ›˜ÂÈ Û˜Â‰¸Ì ÙÁÌ fl‰È· ÛıÏÂÒÈˆÔÒ‹ ÏÂ ÙÔÌ K-MEANS, „Â„ÔÌ¸Ú Ôı
fiÙ·Ì ·Ì·ÏÂÌ¸ÏÂÌÔ, ‰Â‰ÔÏ›ÌÔı ¸ÙÈ Ô NN-MSE ÂflÌ·È ÛÙÁÌ Ò·„Ï·ÙÈÍ¸ÙÁÙ· Á ıÎÔÔflÁÛÁ ÙÔı
K-MEANS ÏÂ ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ. ≈flÛÁÚ Ô NN-VWMSE Í·Ù·ˆ›ÒÌÂÈ Ì· ÂÙ˝˜ÂÈ ÙÁ ‚›ÎÙÈ-
ÛÙÁ Âfl‰ÔÛÁ, Í·Ë˛Ú Ù˛Ò· Á ÛÂÈÒ‹ ÂÏˆ‹ÌÈÛÁÚ Ù˘Ì ÙÒÈ‹‰˘Ì ÒÔÛÂ„„flÊÂÈ Í·Î˝ÙÂÒ· ÙÔ ÏÔÌÙ›ÎÔ
Ôı ·ıÙ¸Ú ËÂ˘ÒÂfl ¸ÙÈ ÈÛ˜˝ÂÈ.
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”˜fiÏ· 6.4: ƒÈ·Í˝Ï·ÌÛÁ ÙÔı ‘ÂÙÒ·„˘ÌÈÍÔ˝ ”ˆ‹ÎÏ·ÙÔÚ „È· ÙÔ Û˝ÌÔÎÔ Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›-
Ì˘Ì PULS.  ÎflÏ·Í· ÀÔ„·ÒÈËÏÈÍfi.

 ·Ë¸ÙÈ ÙÔ ÎfiËÔÚ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì fiÙ·Ì Û˜ÂÙÈÍ˛Ú ÏÈÍÒ¸, ÛÙ‹ËÁÍÂ ‰ıÌ·Ùfi Í·È Á ·ÓÈÔ-
Î¸„ÁÛÁ ÙÔı „Ò·ˆÔËÂ˘ÒÁÙÈÍÔ˝ ·Î„¸ÒÈËÏÔı ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ''. –·Ò¸ÎÔ Ôı ·ıÙ¸Ú
ˆ·flÌÂÙ·È Ì· ÂÈÙı„˜‹ÌÂÈ ÙÁ ‚›ÎÙÈÛÙÁ Âfl‰ÔÛÁ ÛÙÔ Û˜fiÏ· 6.4, Ë· Ò›ÂÈ Ì· ÛÁÏÂÈ˘ËÂfl
¸ÙÈ ÙÔ ÎfiËÔÚ Ù˘Ì ÔÏ‹‰˘Ì Ôı ·Ì·„Ì˘ÒflÊÂÈ ÂflÌ·È Í·Ù‹ ÔÎ˝ ÏÂ„·Î˝ÙÂÒÔ ·¸ ·ıÙ¸ Ù˘Ì
ıÔÎÔfl˘Ì. ∏ÙÛÈ, ÂÌ˛ ÔÈ ı¸ÎÔÈÔÈ ·Î„¸ÒÈËÏÔÈ ·Ì·„Ì˘ÒflÊÔıÌ ÂÒfl ÙÈÚ 30 ÔÏ‹‰ÂÚ, Ô
„Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'' ·Ì·„Ì˘ÒflÊÂÈ ›˘Ú Í·È 167 ÔÏ‹‰ÂÚ
(ÙÔ ÎfiËÔÚ Ù˘Ì ÔÏ‹‰˘Ì ·ÒÔıÛÈ‹ÊÂÙ·È ·Ì·ÎıÙÈÍ¸ÙÂÒ· ÛÙÔÌ flÌ·Í· ”‘.4 ÙÔı ·Ò·ÒÙfiÏ·-
ÙÔÚ ”‘). ≈ÔÏ›Ì˘Ú, ÂflÌ·È ÒÔˆ·Ì›Ú ¸ÙÈ Á ı¯ÁÎfi ÙÔı Âfl‰ÔÛÁ ÔˆÂflÎÂÙ·È ·ÔÍÎÂÈÛÙÈÍ˛Ú ÛÙÔ
ÏÂ„‹ÎÔ ÎfiËÔÚ Ù˘Ì ÔÏ‹‰˘Ì Ôı ›˜ÂÈ Í·Ù·ÛÍÂı‹ÛÂÈ Í·È ¸˜È ÛÙÔÌ Í·Î¸ ‰È·˜˘ÒÈÛÏ¸ Ù˘Ì
‰Â‰ÔÏ›Ì˘Ì ·ıÙ˛Ì Í·Ë' ·ıÙ˛Ì. ŸÚ ÂÍ ÙÔ˝ÙÔı Í·È ‰Â‰ÔÏ›ÌÔı ÙÔı ¸ÙÈ ÂflÌ·È Û˜ÂÙÈÍ˛Ú ·Ò„¸Ú,
Ô „Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú ·Î„¸ÒÈËÏÔÚ ‰ÂÌ ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ ÛÙÔ ÙÂÎÂıÙ·flÔ ÂflÒ·Ï· ÏÂ ÙÔ Û˝ÌÔÎÔ
Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì DOA.

ÃÂÎÂÙ˛ÌÙ·Ú Ù˛Ò· Í·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ ÙÔ Û˝ÌÔÎÔ Ò·„Ï·ÙÈÍ˛Ì
‰Â‰ÔÏ›Ì˘Ì DOA, Ôı ·ÒÔıÛÈ‹ÊÔÌÙ·È ÛÙÔ Û˜fiÏ· 6.5, ÂÌÈÛ˜˝ÔÌÙ·È Ù· ÛıÏÂÒ‹ÛÏ·Ù· Ôı
ÂÓfl˜ËÁÛ·Ì ·¸ Ù· ÂÈÒ‹Ï·Ù· ÏÂ Ù· Û˝ÌÔÎ· ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì, Í·Ë˛Ú Í·È ÏÂ ÙÔ Û˝ÌÔÎÔ
PULS. ƒÁÎ·‰fi, Ô NN-VWMSE ‰flÌÂÈ ÙÁÌ Í·Î˝ÙÂÒÁ ÔÏ·‰ÔÔflÁÛÁ, Í·Î˝ÙÂÒÁ ·Í¸Ï· Í·È ·¸
ÙÔıÚ ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú K-MEANS Í·È HALC.
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”˜fiÏ· 6.5: ƒÈ·Í˝Ï·ÌÛÁ ÙÔı ‘ÂÙÒ·„˘ÌÈÍÔ˝ ”ˆ‹ÎÏ·ÙÔÚ „È· ÙÔ Û˝ÌÔÎÔ Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›-
Ì˘Ì DOA.  ÎflÏ·Í· ÀÔ„·ÒÈËÏÈÍfi.



 Âˆ‹Î·ÈÔ 7

”ıÏÂÒ‹ÛÏ·Ù· - ÃÂÎÎÔÌÙÈÍ›Ú

 ·ÙÂıË˝ÌÛÂÈÚ

”ÙÔ ÍÂˆ‹Î·ÈÔ ·ıÙ¸ ·Ò·ÙflËÂÙ·È Ïfl· Û˝ÌÔ¯Á Ù˘Ì ÛıÏÂÒ·ÛÏ‹Ù˘Ì ÙÁÚ ·ÒÔ˝Û·Ú ÂÒ„·Ûfl·Ú.
–·ÒÔıÛÈ‹ÊÔÌÙ·È ÂflÛÁÚ ÔÒÈÛÏ›Ì· Ë›Ï·Ù· Ôı Ë· Âfl˜Â ÂÌ‰È·ˆ›ÒÔÌ Ì· ÏÂÎÂÙÁËÔ˝Ì ÛÙÔ Ï›ÎÎÔÌ.

7.1 ◊ÒfiÛÁ Ù˘Ì ¡Î„¸ÒÈËÏ˘Ì ÛÂ –Ò·„Ï·ÙÈÍ‹ ”ıÛÙfiÏ·Ù·

¡¸ Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÙÂÎÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì (‚Î›Â ÙÔ ÍÂˆ‹Î·ÈÔ 6) ÂflÌ·È ÒÔˆ·Ì›Ú
¸ÙÈ ÛÙÈÚ ÂÒÈÛÛ¸ÙÂÒÂÚ, ·Ì ¸˜È ÛÂ ¸ÎÂÚ, ÙÈÚ ÂÒÈÙ˛ÛÂÈÚ Ôı Ò›ÂÈ Ì· ÔÏ·‰ÔÔÈÁËÔ˝Ì
Ò·„Ï·ÙÈÍ‹ ‰Â‰ÔÏ›Ì·, Ô ·Î„¸ÒÈËÏÔÚ Ôı Ë· Ò›ÂÈ Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl ÂflÌ·È Ô NN-VWMSE.
‘· ÂÈÒ‹Ï·Ù· ›‰ÂÈÓ·Ì ¸ÙÈ Í·Ù·ˆ›ÒÌÂÈ ‹ÌÙÔÙÂ Ì· ›˜ÂÈ ÙÁÌ Í·Î˝ÙÂÒÁ Âfl‰ÔÛÁ. ≈‹Ì ¸Ï˘Ú ÛÂ
Í‹ÔÈÔ Û˝ÛÙÁÏ· ÂflÌ·È ÈË·Ì¸Ì Ì· ÂÏˆ·ÌflÊÔÌÙ·È ¸ÏÔÈÂÚ ÙÒÈ‹‰ÂÚ „È· Ï·ÍÒ¸ ˜ÒÔÌÈÍ¸ ‰È‹ÛÙÁÏ·,
¸˘Ú ÛıÌ›‚·ÈÌÂ ÛÙ· ÙÂ˜ÌÁÙ˛Ú Í·Ù·ÛÍÂı·ÛÏ›Ì· ‰Â‰ÔÏ›Ì·, Ù¸ÙÂ Ë· Ò›ÂÈ Ì· ÎÁˆËÂfl ı¸¯Á
¸ÙÈ Ô NN-VWMSE Ë· ˜ÒÂÈ·ÛÙÂfl Í‹ÔÈ· ÂÒflÔ‰Ô ÒÔÛ·ÒÏÔ„fiÚ ÒÔÙÔ˝ ·Ò˜flÛÂÈ Ì· ·Ò‹„ÂÈ
Í·Î˝ÙÂÒÂÚ ÔÏ·‰ÔÔÈfiÛÂÈÚ ·¸ ÙÔÌ NN-MSE.

ƒÂ‰ÔÏ›ÌÁÚ ÂflÛÁÚ ÙÁÚ ·Ì‹„ÍÁÚ „È· ÔÎÎfi „Òfi„ÔÒÁ ÂÂÓÂÒ„·Ûfl· Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì Ôı
ÂÏˆ·ÌflÊÔÌÙ·È, Ë· Ò›ÂÈ Ì· ÂÓÂÙ·ÛËÂfl ÛÔ‚·Ò‹ Í·È Á ·Ò·ÎÎÁÎÔÔflÁÛÁ ÙÔı ·Î„¸ÒÈËÏÔı Ôı
Ë· ÂÈÎÂ˜ËÂfl ÙÂÎÈÍ˛Ú. ‘Ô ·Í¸ÎÔıËÔ ıÔ-ıÔÍÂˆ‹Î·ÈÔ ·Ì·ˆ›ÒÂÙ·È ÂÈ‰ÈÍ˛Ú ÛÙÔ Ë›Ï· ·ıÙ¸.

7.1.1 –·Ò·ÎÎÁÎÔÔflÁÛÁ Ù˘Ì ¡Î„¸ÒÈËÏ˘Ì

œÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'' Ôı ıÎÔÔÈfiËÁÛ·Ì ÏÂ ÌÂıÒ˘ÌÈÍ‹ ‰flÍÙı·, ›˜ÔıÌ
ÙÁÌ ÔÎ˝ ÂÌ‰È·ˆ›ÒÔıÛ· È‰È¸ÙÁÙ· ¸ÙÈ ÏÔÒÔ˝Ì Ì· ·Ò·ÎÎÁÎÔÔÈÁËÔ˝Ì ÒÔÍÂÈÏ›ÌÔı Ì·
„flÌÔıÌ ·Í¸Ï· ÈÔ „Òfi„ÔÒÔÈ. ∏ÙÛÈ, Â‹Ì ˜ÒÁÛÈÏÔÔÈÂflÙ·È ˘Ú ÂÓıÁÒÂÙÁÙfiÚ (server) Í‹ÔÈÔ
ÏÁ˜‹ÌÁÏ· ÏÂ ÂÒÈÛÛ¸ÙÂÒÂÚ ÙÁÚ Ïfl·Ú ÍÂÌÙÒÈÍfiÚ ÏÔÌ‹‰·Ú ÂÂÓÂÒ„·Ûfl·Ú (CPU), ÂflÌ·È ‰ıÌ·Ù¸Ì
Ì· ·ÌÙÈÛÙÔÈ˜ÁËÂfl ›Ì·Ú fi Í·È ÂÒÈÛÛ¸ÙÂÒÔÈ ÌÂıÒ˛ÌÂÚ ·Ì‹ Ïfl· ÍÂÌÙÒÈÍfi ÏÔÌ‹‰· ÂÂÓÂÒ„·Ûfl·Ú.
 ·Ë˛Ú Í‹ËÂ ÌÂıÒ˛Ì·Ú ‰ÔıÎÂ˝ÂÈ ·ÌÂÓ‹ÒÙÁÙ· ·¸ ÙÔıÚ ı¸ÎÔÈÔıÚ, Á ·Ò·ÎÎÁÎÔÔflÁÛÁ ·ıÙfi
Ë· ›˜ÂÈ ˘Ú ·ÔÙ›ÎÂÛÏ· Ïfl· ·ÒÍÂÙ‹ ÏÂ„‹ÎÁ ‚ÂÎÙfl˘ÛÁ ÙÔı ÛıÌÔÎÈÍÔ˝ ˜Ò¸ÌÔı Ôı ··ÈÙÂflÙ·È
„È· ÙÁÌ Â˝ÒÂÛÁ ÙÔı ÌÂıÒ˛Ì· Ôı ·ÌÙÈÒÔÛ˘Â˝ÂÈ ÙÁÌ ÔÏ‹‰· ÙÁÚ ÂÍ‹ÛÙÔÙÂ ÙÒÈ‹‰·Ú Ôı
ÂÏˆ·ÌflÊÂÙ·È ÛÙÔ Û˝ÛÙÁÏ·.

« ÂÈÙ‹˜ıÌÛÁ ·ıÙfi ÔˆÂflÎÂÙ·È ÛÙÔ ¸ÙÈ Ô ıÔÎÔ„ÈÛÏ¸Ú ÙÁÚ ·¸ÛÙ·ÛÁÚ ÙÁÚ ÙÒÈ‹‰·Ú ·¸ ÙÔ
Í›ÌÙÒÔ ÙÁÚ ÔÏ‹‰·Ú Ôı ·ÌÙÈÛÙÔÈ˜Âfl ÛÂ Í‹ËÂ ÌÂıÒ˛Ì·, ÏÔÒÂfl Ì· „flÌÂÈ ·ÌÂÓ‹ÒÙÁÙ· ·¸ ÙÔıÚ
ı¸ÎÔÈÔıÚ ıÔÎÔ„ÈÛÏÔ˝Ú Í·È ‰fl˜˘Ú Ì· ÏÂÙ·‚‹ÎÎÂÈ Í‹ÔÈ· ‰Â‰ÔÏ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈÔ˝ÌÙ·È
ÛÂ ‹ÎÎÔıÚ ıÔÎÔ„ÈÛÏÔ˝Ú. ∏ÙÛÈ, ‰ÂÌ ˜ÒÂÈ‹ÊÂÙ·È Ì· „flÌÂÈ ˜ÒfiÛÁ ÍÎÂÈ‰·ÒÈ˛Ì (locks) fi
ÔÔÈÔı‰fiÔÙÂ ‹ÎÎÔı Âfl‰ÔıÚ ‹ÏÂÛÁÚ fi ›ÏÏÂÛÁÚ ÂÈÍÔÈÌ˘Ìfl·Ú. « ÂÈÍÔÈÌ˘Ìfl· ÏÔÒÂfl Ì·
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ÂÒÈÔÒÈÛÙÂfl ÛÙÔ ÙÂÎÈÍ¸ ÛÙ‹‰ÈÔ Ï¸ÌÔ, ¸Ôı ··ÈÙÂflÙ·È Á Â˝ÒÂÛÁ ÙÁÚ ÂÎ‹˜ÈÛÙÁÚ ÂÍ Ù˘Ì K
ÛıÌÔÎÈÍ˛Ú ·ÔÛÙ‹ÛÂ˘Ì. π‰Á ı‹Ò˜ÔıÌ ÔÎÎÔfl „Ì˘ÛÙÔfl ÙÒ¸ÔÈ ÏÂ ÙÔıÚ ÔÔflÔıÚ ÏÔÒÂfl Ì·
ÂÈÙÂı˜ËÂfl Á „Òfi„ÔÒÁ ıÎÔÔflÁÛÁ ·ıÙÔ˝ ÙÔı ÙÏfiÏ·ÙÔÚ ÙÔı ·Ò‹ÎÎÁÎÔı ·Î„¸ÒÈËÏÔı.

–ÈÔ Ûı„ÍÂÍÒÈÏ›Ì·, ›ÛÙ˘ ¸ÙÈ K ÂflÌ·È Ô ·ÒÈËÏ¸Ú Ù˘Ì ÔÏ‹‰˘Ì Í·È D Á ‰È‹ÛÙ·ÛÁ Ù˘Ì
ÙÒÈ‹‰˘Ì - ‰Â‰ÔÏ›Ì˘Ì. ‘¸ÙÂ „È· ÙÔÌ ıÔÎÔ„ÈÛÏ¸ ÙÁÚ ·¸ÛÙ·ÛÁÚ ÂÌ¸Ú ‰Â‰ÔÏ›ÌÔı ·¸ ÙÔıÚ
ÌÂıÒ˛ÌÂÚ Ë· Ò›ÂÈ Ì· „flÌÔıÌ „È· Í‹ËÂ ÌÂıÒ˛Ì·:

� D ·ˆ·ÈÒ›ÛÂÈÚ

� D+1 ÔÎÎ·Î·ÛÈ·ÛÏÔfl (D ı¯˛ÛÂÈÚ ÛÙÔ ÙÂÙÒ‹„˘ÌÔ + 1 ÔÎÎ·Î·ÛÈ·ÛÏ¸Ú ÏÂ ÙÁ
‰È·ÛÔÒ‹ ÙÁÚ ÔÏ‹‰·Ú)

� D-1 ÒÔÛË›ÛÂÈÚ

»Â˘Ò˛ÌÙ·Ú ÙÔ Í¸ÛÙÔÚ ÙÁÚ Ò¸ÛËÂÛÁÚ Í·È ÙÁÚ ·ˆ·flÒÂÛÁÚ fl‰ÈÔ Í·È flÛÔ ÏÂ Csum Í·È ÙÔı
ÔÎÎ·Î·ÛÈ·ÛÏÔ˝ flÛÔ ÏÂ Cmul, Ù¸ÙÂ ÙÔ Í¸ÛÙÔÚ „È· ÙÁ ÛÂÈÒÈ·Ífi ıÎÔÔflÁÛÁ Ë· ÂflÌ·È ·ıÙ¸
ÙÁÚ ÂÓflÛ˘ÛÁÚ 7.1:

CSerial � K � ��2 �D � 1� � Csum � �D � 1� � Cmul�
D��1

 K �D � �2 � Csum �Cmul� (7.1)

¡ÌÙÈÛÙÔfl˜˘Ú, „È· Ïfl· ·Ò‹ÎÎÁÎÁ ıÎÔÔflÁÛÁ Ôı Í‹ÌÂÈ ˜ÒfiÛÁ N ÂÂÓÂÒ„·ÛÙ˛Ì (N � K),
ÙÔ Í¸ÛÙÔÚ Ë· ÂflÌ·È ·ıÙ¸ ÙÁÚ ÂÓflÛ˘ÛÁÚ 7.2:

CParallel �
K

N
� ��2 �D � 1� � Csum � �D � 1� � Cmul�

D��1



K

N
�D � �2 � Csum � Cmul� (7.2)

≈ÔÏ›Ì˘Ú, Á ÂÈÙ‹˜ıÌÛÁ (speedup) Ôı Ë· ÂÈÙÂı˜ËÂfl Ë· ÂflÌ·È:

speedup �
CSerial

CParallel

 N (7.3)

¡ÓflÊÂÈ Â‰˛ Ì· ÛÁÏÂÈ˘ËÂfl ¸ÙÈ ÂflÌ·È ÈË·Ì¸Ì Ì· ·Ò·ÙÁÒÁËÂfl ·Í¸Ï· Í·È ÙÔ ˆ·ÈÌ¸ÏÂÌÔ
ÙÁÚ ı›Ò - „Ò·ÏÏÈÍfiÚ ÂÈÙ‹˜ıÌÛÁÚ (overlinear speedup), Í·Ë˛Ú ·Ì Ù· ‰È·Ì˝ÛÏ·Ù· Ù˘Ì ‚·Ò˛Ì
Ù˘Ì ÌÂıÒ˛Ì˘Ì ˜˘ÒÔ˝Ì ÛÙÈÚ ÍÒıˆ›Ú ÏÌfiÏÂÚ (caches) Ù˘Ì ÂÂÓÂÒ„·ÛÙ˛Ì, Ù¸ÙÂ Á ·Ò‹ÎÎÁÎÁ
ıÎÔÔflÁÛÁ Ë· ˜ÒÁÛÈÏÔÔÈÂfl ÔÎ˝ ÎÈ„¸ÙÂÒÔ ÙÁÌ ÍıÒfl˘Ú ÏÌfiÏÁ ÙÔı ıÔÎÔ„ÈÛÙfi, ÂÌ ·ÌÙÈË›ÛÂÈ
ÒÔÚ ÙÁÌ ÙÒ›˜ÔıÛ· ÛÂÈÒÈ·Ífi ıÎÔÔflÁÛÁ.

7.2 ≈˝ÒÂÛÁ ¬›ÎÙÈÛÙÔı ¡Î„¸ÒÈËÏÔı

∏Ì· ÔÎ˝ Âı·flÛËÁÙÔ ÛÁÏÂflÔ, Ôı ·Ò¸Î· ·ıÙ‹ ·ÓflÊÂÈ Ì· ·Ì·ˆÂÒËÂfl, ÂflÌ·È ÙÔ Í·Ù‹ ¸ÛÔÌ
·ÓflÊÂÈ Ì· ÏÂÎÂÙÁËÔ˝Ì ÈÔ ÔÎ˝ÎÔÍÔÈ ·Î„¸ÒÈËÏÔÈ ÛÙÔÌ ÙÔÏ›· ·ıÙ¸ ÙÁÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ
ÙfiÛÂÈ''.

–·Ò¸Î· Ù· ÔÎ˝ Í·Î‹ ·ÔÙÂÎ›ÛÏ·Ù· Ôı ÂÎfiˆËÁÛ·Ì ·¸ ÙÔıÚ Ûı„ÍÂÍÒÈÏ›ÌÔıÚ ·Î„¸ÒÈË-
ÏÔıÚ, ÂflÌ·È ·ÒÍÂÙ‹ ÈË·Ì¸Ì Ì· ı‹Ò˜ÂÈ Í‹ÔÈÔÚ ‹ÎÎÔÚ ·Î„¸ÒÈËÏÔÚ Ô ÔÔflÔÚ Ì· ›˜ÂÈ ·Í¸Ï·
Í·Î˝ÙÂÒÁ Âfl‰ÔÛÁ.

∏Ì·Ú Ù›ÙÔÈÔÚ ·Î„¸ÒÈËÏÔÚ ¸Ï˘Ú, ·Ì·„Í·ÛÙÈÍ˛Ú Ë· ÂflÌ·È ÈÔ ÔÎ˝ÎÔÍÔÚ ·¸ ÙÁÌ
ıÎÔÔflÁÛÁ ÙÔı K-MEANS ÏÂ ›Ì· ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ. ¡ıÙ¸, ·ıÙÔÏ‹Ù˘Ú ÛÁÏ·flÌÂÈ ¸ÙÈ Ë·
ÂÍÙÂÎÂfl ÂÒÈÛÛ¸ÙÂÒÂÚ ÂÌÙÔÎ›Ú ÒÔÍÂÈÏ›ÌÔı Ì· ÔÏ·‰ÔÔÈfiÛÂÈ Í‹ËÂ ÙÒÈ‹‰· Ôı ÂÏˆ·ÌflÊÂÙ·È ÛÙÔ
Û˝ÛÙÁÏ·. ≈flÛÁÚ ÂflÌ·È ÎÔ„ÈÍ¸ Ì· ıÔË›ÛÔıÏÂ ¸ÙÈ ÙÁÌ ·ıÓÁÏ›ÌÁ Âfl‰ÔÛfi ÙÔı Ë· ÙÁÌ ÔˆÂflÎÂÈ
ÂÌ Ï›ÒÂÈ Í·È ÛÙÁ ˜ÒÁÛÈÏÔÔflÁÛÁ ÛÙÔÈ˜Âfl˘Ì ·¸ ¸ÎÂÚ ÙÈÚ ÔÏ‹‰ÂÚ fi ·¸ Í‹ÔÈÔ ıÔÛ˝ÌÔÎÔ



·ıÙ˛Ì ÛÂ Í‹ËÂ ‚fiÏ·.  ‹ÙÈ Ù›ÙÔÈÔ ¸Ï˘Ú ÛÁÏ·flÌÂÈ ¸ÙÈ ÛÂ Ùı˜¸Ì ·Ò‹ÎÎÁÎÁ ıÎÔÔflÁÛfi ÙÔı Ë·
ÂflÌ·È ··Ò·flÙÁÙÔ Ì· ÏÂÙ·ˆÂÒËÔ˝Ì Ù· ÛÙÔÈ˜Âfl· ·ıÙ‹ ·¸ ÙÔÌ ›Ì· ÂÂÓÂÒ„·ÛÙfi ÛÙÔÌ ‹ÎÎÔ,
ÏÂÈ˛ÌÔÌÙ·Ú ›ÙÛÈ ·ÒÍÂÙ‹ ÙÁÌ ÂÈÙ‹˜ıÌÛÁ Ôı ‰flÌÂÈ Á ·Ò·ÎÎÁÎÔÔflÁÛÁ.

‘›ÎÔÚ, ›Ì· ·ÒÍÂÙ‹ ÛÁÏ·ÌÙÈÍ¸ ÎÂÔÌ›ÍÙÁÏ· ÙÔı K-MEANS ÂflÌ·È ¸ÙÈ ‰˝Ì·Ù·È Ì· ˜ÒÁÛÈÏÔ-
ÔÈfiÛÂÈ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ Ôı ·Ò‹„ÔıÌ ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú ÒÔÍÂÈÏ›ÌÔı
Ì· ·Ò˜ÈÍÔÔÈfiÛÂÈ ÙÔıÚ ÌÂıÒ˛ÌÂÚ, ·ÔˆÂ˝„ÔÌÙ·Ú ›ÙÛÈ ÙÁÌ ÛıÌfiË˘Ú ˜ÒÔÌÔ‚¸Ò· ‰È·‰ÈÍ·Ûfl· ÙÁÚ
ÂÍ·fl‰ÂıÛÁÚ Ù˘Ì ÌÂıÒ˘ÌÈÍ˛Ì ‰ÈÍÙ˝˘Ì. ¡ıÙ¸ ÂflÌ·È ‰ıÌ·Ù¸Ì ·ÍÒÈ‚˛Ú ˜‹ÒÁ ÛÙÁÌ ·Î¸ÙÁÙ·
Ù¸ÛÔ ÙÔı fl‰ÈÔı ¸ÛÔ Í·È Ù˘Ì ‰ÔÏ˛Ì Ôı ˜ÒÁÛÈÏÔÔÈÂfl „È· Ì· ·ÔËÁÍÂ˝ÛÂÈ ÙÁÌ ı‹Ò˜ÔıÛ·
ÎÁÒÔˆÔÒfl·. ≈‹Ì Ò¸ÍÂÈÙ·È Ì· ˜ÒÁÛÈÏÔÔÈÁËÂfl ÛÙÁ Ë›ÛÁ ÙÔı Í‹ÔÈÔÚ ÈÔ ÔÎ˝ÎÔÍÔÚ
·Î„¸ÒÈËÏÔÚ, ÙÔ ÎÂÔÌ›ÍÙÁÏ· ·ıÙ¸ ÂflÌ·È ÔÎ˝ ÈË·Ì¸ Ì· ˜·ËÂfl. ”ÙÁÌ ÂÒflÙ˘ÛÁ ·ıÙfi, Ô
˜ÒfiÛÙÁÚ ÂÌ¸Ú Ò·„Ï·ÙÈÍÔ˝ ÛıÛÙfiÏ·ÙÔÚ Ë· ·Ì·„Í‹ÊÂÙ·È Ì· ·„ÌÔÂfl Î›ÔÌ ÙÁÌ ÔÏ·‰ÔÔflÁÛÁ
Ôı ·Ò‹„ÔıÌ ÔÈ ·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú „È· Ù· ‰È·Ë›ÛÈÏ· ÒÔÚ ÂÍ·fl‰ÂıÛÁ
‰Â‰ÔÏ›Ì· Í·È Ì· ÂÍ·È‰Â˝ÂÈ ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ·¸ ÙÁÌ ·Ò˜fi.

ŸÚ ÂÍ ÙÔ˝ÙÔı, ÂflÌ·È ‹Ô¯fi Ï·Ú ¸ÙÈ Á ÏÂÎ›ÙÁ ÔÎıÎÔÍÔÙ›Ò˘Ì ·Î„¸ÒÈËÏ˘Ì ÛÙÔ Ûı„ÍÂ-
ÍÒÈÏ›ÌÔ Ë›Ï· Ë· Âfl˜Â Ï¸ÌÔÌ ÂÒÂıÌÁÙÈÍ¸ ÂÌ‰È·ˆ›ÒÔÌ, ÎÁÌ ¸Ï˘Ú ÂÎ‹˜ÈÛÙ· Ë· ÏÔÒÔ˝ÛÂ Ì·
ÒÔÛˆ›ÒÂÈ ÂÈÎ›ÔÌ ÛÙÁÌ Ò·ÍÙÈÍfi ˜ÒfiÛÁ ÂÌ¸Ú ÛıÛÙfiÏ·ÙÔÚ.

7.3 ÃÂÎÎÔÌÙÈÍ›Ú  ·ÙÂıË˝ÌÛÂÈÚ

¡ÌÙfl Ì· „flÌÂÈ ÒÔÛ‹ËÂÈ· Â˝ÒÂÛÁÚ Í·Î˝ÙÂÒ˘Ì ·Î„¸ÒÈËÏ˘Ì, Ë· Âfl˜Â ÂÌ‰È·ˆ›ÒÔÌ Ì· ·ÒËÔ˝Ì
‹ÎÎÂÚ Í·ÙÂıË˝ÌÛÂÈÚ, ÛÙÁ ÛıÌ›˜ÂÈ· ÙÁÚ ÂÒ„·Ûfl·Ú ·ıÙfiÚ.

¡Ò˜ÈÍ˛Ú, Ë· ‹ÓÈÊÂ Ì· „flÌÂÈ Ïfl· ÏÂÎ›ÙÁ Ù˘Ì ·ÔÙÂÎÂÛÏ‹Ù˘Ì ÙÔı CLUE, ÂÌ˛ ·ıÙ¸
˜ÒÁÛÈÏÔÔÈÂflÙ·È, ÂflÙÂ ·¸ Í‹ÔÈÔ ÒÔÛÔÏÔÈ˘Ùfi ÂÌ¸Ú ÛıÛÙfiÏ·ÙÔÚ ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì,
¸˘Ú ÂflÌ·È ÙÔ TPsim [Mar95], fi ·¸ ›Ì· Ò·„Ï·ÙÈÍ¸ Û˝ÛÙÁÏ·. ƒÁÎ·‰fi, „È· Í‹ËÂ ‰ÔÛÔÎÁ¯fl·
Ôı ÂÏˆ·ÌflÊÂÙ·È ÛÙÔ Û˝ÛÙÁÏ· ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì Ì· ÊÁÙÂflÙ·È ·¸ ÙÔ CLUE Á ÔÏ‹‰·
Ôı ·ÌfiÍÂÈ ·ıÙfi Í·È Á ÎÁÒÔˆÔÒfl· ·ıÙfi Ì· ˜ÒÁÛÈÏÔÔÈÂflÙ·È „È· ÙÁÌ ÂÓÈÛÔÒÒ¸ÁÛÁ ÙÔı
ˆ¸ÒÙÔı Ù˘Ì ‰È·ˆ¸Ò˘Ì Í¸Ï‚˘Ì Í·È ÙÁ ‰ÒÔÏÔÎ¸„ÁÛÁ ÙÁÚ ‰ÔÛÔÎÁ¯fl·Ú ÒÔÚ ÙÔÌ Í·Ù·ÎÎÁÎ¸ÙÂÒÔ
Í¸Ï‚Ô. ∏ÙÛÈ, Ë· ÛÙ·ËÂfl ‰ıÌ·Ù¸ Ì· ÏÂÙÒÁËÂfl Í·Ù‹ ¸ÛÔ Á „Ì˛ÛÁ ÙÁÚ ÔÏ‹‰·Ú ÛÙÁÌ ÔÔfl·
·ÌfiÍÔıÌ ÔÈ ‰È‹ˆÔÒÂÚ ‰ÔÛÔÎÁ¯flÂÚ ‚ÔÁË‹ Ò·„Ï·ÙÈÍ‹ ÙÔ ÙÂÎÈÍ¸ Û˝ÛÙÁÏ·.

‘Ô Ë›Ï· ·ıÙ¸ ›˜ÂÈ fi‰Á ·Ò˜flÛÂÈ Ì· ÏÂÎÂÙ‹Ù·È ÛÙÁÌ ÂÒÂıÌÁÙÈÍfi ÔÏ‹‰· Ù˘Ì –ÎÂÈ‹‰˘Ì.
”ı„ÍÂÍÒÈÏ›Ì·, Á Ã·Òfl·  ·Ò·‚·ÛflÎÁ Í·È Ô Ã·Ì˛ÎÁÚ Ã·Ò·Ê‹ÍÁÚ ›˜ÔıÌ „Ò‹¯ÂÈ Í˛‰ÈÍ·
Ôı ÂÈÙÒ›ÂÈ ÛÙÔ CLUE Ì· Í·Ù·„Ò‹ˆÂÈ Ïfl·, ¸ÛÔ ÙÔ ‰ıÌ·Ù¸Ì ÎÁÒ›ÛÙÂÒÁ, ÂÈÍ¸Ì· ÙÔı
ÛıÛÙfiÏ·ÙÔÚ, ¸ÛÔÌ ·ˆÔÒ‹ ÙÈÚ ‰ÔÛÔÎÁ¯flÂÚ Ôı ÂÏˆ·ÌflÛËÁÍ·Ì ÛÂ ·ıÙ¸, Í·Ë˛Ú Í·È Í‹ÔÈ·
‹ÎÎ· ÛÙÔÈ˜Âfl·, Ù· ÔÔfl· ÙÔ TPsim Ù· ‰È·‚‹ÊÂÈ Í·È Ù· ˜ÒÁÛÈÏÔÔÈÂfl Í·Ù‹ ÙÁÌ ÒÔÛÔÏÔfl˘ÛÁ
ÙÁÚ ÎÂÈÙÔıÒ„fl·Ú ÙÔı Í·Ù·ÌÂÏÁÏ›ÌÔı ÛıÛÙfiÏ·ÙÔÚ ÂÂÓÂÒ„·Ûfl·Ú ‰ÔÛÔÎÁ¯È˛Ì.

¡ıÙfi ÙÁ ÛÙÈ„Ïfi ‰ÂÌ ›˜ÂÈ „flÌÂÈ ·Í¸Ï· ÎfiÒÁÚ ‰È·Û˝Ì‰ÂÛÁ Ù˘Ì ‰˝Ô ÂÒ„·ÎÂfl˘Ì, ‰ÁÎ·‰fi ÙÔ
CLUE ‰ÂÌ ÏÔÒÂfl Ì· ÂÈÍÔÈÌ˘ÌÂfl ‰ıÌ·ÏÈÍ˛Ú ÏÂ ÙÔ TPsim. ¡Î˛Ú ÙÔ ‰Â˝ÙÂÒÔ ‰È·‚‹ÊÂÈ ÙÁÌ
ÙÂÎÈÍfi ÔÏ·‰ÔÔflÁÛÁ Í·È ˜ÒÁÛÈÏÔÔÈÂfl ·ıÙfi. ∏ÙÛÈ, ‰ÂÌ ÂflÌ·È ‰ıÌ·Ù¸Ì ·Í¸Ï· Ì· ÏÂÎÂÙÁËÂfl
Á Âfl‰Ò·ÛÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', ·Ò‹ Ï¸ÌÔÌ ·Ì ËÂ˘ÒÁËÔ˝Ì ˘Ú
·Î„¸ÒÈËÏÔÈ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú Í·È ÎÁˆËÂfl ı¸¯Á Ï¸ÌÔ Á ÙÂÎÈÍfi ÔÏ·‰ÔÔflÁÛÁ Ôı
·Ò‹„ÔıÌ.

¡¸ ÙÁ ÛÙÈ„Ïfi Ôı Ë· ›˜ÂÈ ÔÎÔÍÎÁÒ˘ËÂfl Á ‰È·Û˝Ì‰ÂÛÁ ·ıÙfi, Ë· Âfl˜Â ÂÌ‰È·ˆ›ÒÔÌ Ì·
ÓÂÍÈÌfiÛÂÈ Ïfl· ÏÂÎ›ÙÁ ‰È·ˆÔÒÂÙÈÍ˛Ì ·Î„¸ÒÈËÏ˘Ì ÂÓÈÛÔÒÒ¸ÁÛÁÚ ÙÔı ˆ¸ÒÙÔı ÂÒ„·Ûfl·Ú Í·È
‰ÒÔÏÔÎ¸„ÁÛÁÚ Ù˘Ì ‰ÔÛÔÎÁ¯È˛Ì, ÔÈ ÔÔflÔÈ Ì· Î·Ï‚‹ÌÔıÌ ı¸¯Á ÙÔıÚ ÙÈÚ ÔÏ‹‰ÂÚ Ù˘Ì
‰ÔÛÔÎÁ¯È˛Ì.





–·Ò‹ÒÙÁÏ· ¡

…ÛÔ‰ıÌ·Ïfl· Ù˘Ì ”ıÌ·ÒÙfiÛÂ˘Ì VWMSE

Í·È MSE

”ÙÔ ·Ò‹ÒÙÁÏ· ·ıÙ¸ ·Ò·ÙflËÂÙ·È Á ·¸‰ÂÈÓÁ ÙÁÚ Ò¸Ù·ÛÁÚ ¸ÙÈ, ¸Ù·Ì Ô ·ÒÈËÏ¸Ú K Ù˘Ì
ÔÏ‹‰˘Ì Ôı ‰ÁÏÈÔıÒ„Ô˝ÌÙ·È ÂflÌ·È ÏÂ„‹ÎÔÚ Í·È Á Í·Ù·ÌÔÏfi P Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì �x ÂflÌ·È
ÎÂfl·, Ù¸ÙÂ Á ‚›ÎÙÈÛÙÁ ‰È·Ï›ÒÈÛÁ Í·È ÙÔ Û˝ÌÔÎÔ Ù˘Ì ‚›ÎÙÈÛÙ˘Ì ‰È·ÌıÛÏ‹Ù˘Ì ·Ì·ˆÔÒ‹Ú
(Í›ÌÙÒ˘Ì Ù˘Ì ÔÏ‹‰˘Ì) Ôı ÂÎ·˜ÈÛÙÔÔÈÔ˝Ì ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ VMSE Í·È ·ıÙ‹ Ôı
ÂÎ·˜ÈÛÙÔÔÈÔ˝Ì ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ MSE ÂflÌ·È Ù· fl‰È·.

« ·¸‰ÂÈÓÁ ·ıÙfi ›˜ÂÈ ·ÌÙÈ„Ò·ˆÂfl ·¸ ÙÔ [CS95].
œÈ ÔÒÈÛÏÔfl Ù˘Ì ÛıÌ·ÒÙfiÛÂ˘Ì VWMSE Í·È MSE, ¸˘Ú Âfl‰·ÏÂ Í·È ÛÙÔ ÍÂˆ‹Î·ÈÔ 3, ÛÙÈÚ

ÂÓÈÛ˛ÛÂÈÚ 3.8 Í·È 3.2, ÂflÌ·È ÔÈ Í‹Ù˘ËÈ:

VWMSE�K� �
KX
i�1

v2i (¡.1)

MSE�K� �
KX
i�1

vi (¡.2)

”ÙÈÚ ÂÓÈÛ˛ÛÂÈÚ ¡.1 Í·È ¡.2, vi ÂflÌ·È Á ‰È·ÛÔÒ‹ ÙÁÚ i-ÔÛÙfiÚ ÔÏ‹‰·Ú (‚Î›Â ÙÁÌ
ÂÓflÛ˘ÛÁ 3.1).

∏ÛÙ˘ I� Á ‚›ÎÙÈÛÙÁ ‰È·Ï›ÒÈÛÁ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ
MSE. »· ‰ÂflÓÔıÏÂ ¸ÙÈ Á ‰È·Ï›ÒÈÛÁ ·ıÙfi ÂÎ·˜ÈÛÙÔÔÈÂfl Í·È ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE.

¡Ì v�1 � � � � � v
�

K ÂflÌ·È ÔÈ ‰È·ÛÔÒ›Ú Ù˘Ì ÔÏ‹‰˘Ì ÙÁÚ ‚›ÎÙÈÛÙÁÚ ‰È·Ï›ÒÈÛÁÚ I�, Ù¸ÙÂ Ë·
›˜ÔıÏÂ:

KX
i�1

vi �
KX
i�1

v�i (¡.3)

√È· ÔÔÈÂÛ‰fiÔÙÂ ÙÈÏ›Ú Ù˘Ì v1� � � � � vK ÂflÌ·È „Ì˘ÛÙ¸ ¸ÙÈ ÈÛ˜˝ÂÈ:

1

K

KX
i�1

v2i � �
1

K

KX
i�1

vi�
2 (¡.4)

,¸Ôı Á ÈÛ¸ÙÁÙ· ÈÛ˜˝ÂÈ ¸Ù·Ì Í·È Ï¸ÌÔÌ ¸Ù·Ì v1 � � � � � vK .
¡ÌÙÈÍ·ËÈÛÙ˛ÌÙ·Ú ÙÁÌ ¡.3 ÛÙÁÌ ¡.4, Î·Ï‚‹ÌÔıÏÂ:

1

K

KX
i�1

v2i � �
1

K

KX
i�1

v�i �
2 (¡.5)
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”ÙÁÌ ÂÒ„·Ûfl· [Ger79] ·Ô‰Âfl˜ËÁÍÂ ¸ÙÈ „È· ·ÛıÏÙ˘ÙÈÍ‹ ÏÂ„‹ÎÔ K Í·È „È· ÎÂfl· Í·Ù·ÌÔÏfi
P Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì, ÔÈ ‰È·ÛÔÒ›Ú Ù˘Ì ÔÏ‹‰˘Ì, v�1 � � � � � v

�

K , ÙÁÚ ‚›ÎÙÈÛÙÁÚ ‰È·Ï›ÒÈÛÁÚ I�

ÈÍ·ÌÔÔÈÔ˝Ì ÙÁ Û˜›ÛÁ:

v�1 � � � � � v�K � v� (¡.6)

”ıÌ‰ı‹ÊÔÌÙ·Ú ÙÈÚ Û˜›ÛÂÈÚ ¡.5 Í·È ¡.6, Î·Ï‚‹ÌÔıÏÂ:

1

K

KX
i�1

v2i � �v��2 (¡.7)

« ÙÂÎÂıÙ·fl· Û˜›ÛÁ ÏÔÒÂfl Ì· „Ò·ˆÙÂfl Í·È ˘Ú:

KX
i�1

v2i � K�v��2 (¡.8)

 ·Ë˛Ú, Á ÔÛ¸ÙÁÙ· K�v��2 ÂflÌ·È Á ÙÈÏfi ÙÁÚ VWMSE „È· ÙÁ ‰È·Ï›ÒÈÛÁ I�, Á Û˜›ÛÁ ¡.8
·Ô‰ÂÈÍÌ˝ÂÈ ¸ÙÈ Á ‰È·Ï›ÒÈÛÁ I� ÂÎ·˜ÈÛÙÔÔÈÂfl Í·È ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE.

∏ÛÙ˘, Ù˛Ò·, I�� Á ‚›ÎÙÈÛÙÁ ‰È·Ï›ÒÈÛÁ Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE. √È·
Ì· ÂflÌ·È ÎfiÒÁÚ Á ·¸‰ÂÈÓÁ ÙÁÚ ÈÛÔ‰ıÌ·Ïfl·Ú Ù˘Ì VWMSE Í·È MSE, Ë· Ò›ÂÈ Ì· ‰ÂflÓÔıÏÂ
¸ÙÈ Á ‰È·Ï›ÒÈÛÁ I�� ÂÎ·˜ÈÛÙÔÔÈÂfl Í·È ÙÁ MSE.

∏ÛÙ˘ ¸ÙÈ Á ‰È·Ï›ÒÈÛÁ I� Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ MSE ÂflÌ·È ‰È·ˆÔÒÂÙÈÍfi ·¸ ÙÁÌ I��.
‘¸ÙÂ, Ë· ›˜ÔıÏÂ:

MSE�I��� 
 MSE�I�� (¡.9)

 ·Ë˛Ú ›˜ÔıÏÂ fi‰Á ‰ÂflÓÂÈ ¸ÙÈ Á I� Ë· ÂÎ·˜ÈÛÙÔÔÈÂfl Í·È ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE Âˆ¸ÛÔÌ
ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ MSE, Á Û˜›ÛÁ ¡.9 Ô‰Á„Âfl ÛÙÔ ÛıÏ›Ò·ÛÏ· ¸ÙÈ:

VWMSE�I��� 
 VWMSE�I�� (¡.10)

¡ıÙfi Á ÙÂÎÂıÙ·fl· Û˜›ÛÁ ¸Ï˘Ú, ·ÌÙÈÙflËÂÙ·È ÛÙÁÌ ·Ò˜ÈÍfi Ï·Ú ı¸ËÂÛÁ ¸ÙÈ Á I�� fiÙ·Ì Á
‚›ÎÙÈÛÙÁ ‰È·Ï›ÒÈÛÁ „È· ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE. ≈ÔÏ›Ì˘Ú, ÔÈ ‰È·ÏÂÒflÛÂÈÚ I� Í·È I�� Ò›ÂÈ
Ì· ÂflÌ·È fl‰ÈÂÚ.



–·Ò‹ÒÙÁÏ· ¬

¡Î„¸ÒÈËÏÔÈ  ·Ù·ÛÍÂıfiÚ ÙÔı ≈Î‹˜ÈÛÙÔı

ΔÂı„Ì˝ÔÌÙÔÚ ƒ›Ì‰ÒÔı

”ÙÔ ·Ò‹ÒÙÁÏ· ·ıÙ¸ ·ÒÔıÛÈ‹ÊÔÌÙ·È ‰˝Ô ·Î„¸ÒÈËÏÔÈ Í·Ù·ÛÍÂıfiÚ ÙÔı ÂÎ‹˜ÈÛÙÔı ÊÂı„Ì˝Ô-
ÌÙÔÚ ‰›Ì‰ÒÔı ÂÌ¸Ú „Ò‹ˆÔı. œÈ ·Î„¸ÒÈËÏÔÈ ·ıÙÔfl ÂflÌ·È Ô ·Î„¸ÒÈËÏÔÚ ÙÔı Kruskal [Kru56]
Í·È Ô ·Î„¸ÒÈËÏÔÚ ÙÔı Prim [Pri57].

Ãfl· ÔÎÎfi Í·Îfi ·ÒÔıÛfl·ÛÁ Í·È ÏÂÎ›ÙÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ·ıÙ˛Ì „flÌÂÙ·È ÛÙÔ [Cor89],
ÂÌ˛ ÛÙÔ [Tar83a] „flÌÂÙ·È Ïfl· ·Ì·ÛÍ¸ÁÛÁ ÙÁÚ ‚È‚ÎÈÔ„Ò·ˆfl·Ú Í·È ·Ò·ÙflËÂÙ·È ›Ì· ·ÒÍÂÙ‹
ÒÔ˜˘ÒÁÏ›ÌÔ ıÎÈÍ¸ ‹Ì˘ ÛÙÔ Ò¸‚ÎÁÏ·. ‘›ÎÔÚ, ÛÙÔ [GH85] „flÌÂÙ·È Ïfl· ÈÛÙÔÒÈÍfi ·Ì·‰ÒÔÏfi
ÙÔı ÒÔ‚ÎfiÏ·ÙÔÚ ·ıÙÔ˝.

‘Ô Ò¸‚ÎÁÏ· ÔÒflÊÂÙ·È ˘Ú ÂÓfiÚ:
∏ÛÙ˘ „Ò‹ˆÔÚ, �, Ôı ·ÔÙÂÎÂflÙ·È ·¸ ›Ì· Û˝ÌÔÎÔ Í¸Ï‚˘Ì, K , Í·È ›Ì· Û˝ÌÔÎÔ ·ÍÏ˛Ì,

A, Ôı ÛıÌ‰›ÔıÌ ÙÔıÚ Í¸Ï‚ÔıÚ ÏÂÙ·Ó˝ ÙÔıÚ. »Â˘Ò˛ÌÙ·Ú ¸ÙÈ Í‹ËÂ ·ÍÏfi ˆ›ÒÂÈ ›Ì· ‚‹ÒÔÚ,
Ôı ıÔ‰ÁÎ˛ÌÂÈ ÙÁÌ ·¸ÛÙ·ÛÁ Ù˘Ì Í¸Ï‚˘Ì Ôı ÛıÌ‰›ÂÈ, ÊÁÙÂflÙ·È ÙÔ Û˝ÌÔÎÔ ÂÍÂflÌÔ Ù˘Ì
·ÍÏ˛Ì Ôı ·ˆÂÌ¸Ú ÏÂÌ ÛıÌ‰›ÂÈ ¸ÎÔıÚ ÙÔıÚ Í¸Ï‚ÔıÚ, ·ˆÂÙ›ÒÔı ‰Â, ›˜ÂÈ ÙÔ ÂÎ‹˜ÈÛÙÔ ÛıÌÔÎÈÍ¸
‹ËÒÔÈÛÏ· ‚·Ò˛Ì Ù˘Ì ·ÍÏ˛Ì ÙÔı.

≈flÌ·È Â˝ÍÔÎÔ Ì· ·Ô‰ÂÈ˜ÙÂfl ¸ÙÈ ÙÔ ÊÁÙÔ˝ÏÂÌÔ Û˝ÌÔÎÔ Ù˘Ì ·ÍÏ˛Ì Ë· ·ÔÙÂÎÂfl ›Ì·
‰›Ì‰ÒÔ Í·È Ë· ›˜ÂÈ Ù¸ÛÂÚ ·ÍÏ›Ú ¸ÛÂÚ Ô ·ÒÈËÏ¸Ú Ù˘Ì Í¸Ï‚˘Ì (�) ÙÔı „Ò‹ˆÔı ÏÂflÔÌ ›Ì·.

œ ·Î„¸ÒÈËÏÔÚ ÙÔı Kruskal ÓÂÍÈÌ‹ ›˜ÔÌÙ·Ú Ù·ÓÈÌÔÏfiÛÂÈ ¸ÎÂÚ ÙÈÚ ·ÍÏ›Ú ÙÔı „Ò‹ˆÔı
Í·Ù‹ ·˝ÓÔıÛ· ÛÂÈÒ‹ ÛıÏˆ˛Ì˘Ú ÒÔÚ ÙÔ ‚‹ÒÔÚ ÙÔıÚ.  ·Ù¸ÈÌ ÂÈÎ›„ÂÈ ·ÍÏ›Ú ÛÙÁ ÛÂÈÒ‹
ÒÔÛ›˜ÔÌÙ·Ú Á ·ÍÏfi Ôı ÂÈÎ›„ÂÈ Í‹ËÂ ˆÔÒ‹ Ì· ÏÁ ‰ÁÏÈÔıÒ„Âfl Í‹ÔÈÔ Í˝ÍÎÔ ÛÙÔ „Ò‹ˆÔ.
”Ù·Ï·Ù‹ ¸Ù·Ì ›˜ÂÈ ÂÈÎ›ÓÂÈ � � 1 ·ÍÏ›Ú, ¸Ôı � ÂflÌ·È Ô ·ÒÈËÏ¸Ú Ù˘Ì Í¸Ï‚˘Ì ÙÔı „Ò‹ˆÔı.

œ ·Î„¸ÒÈËÏÔÚ ÙÔı Prim ÓÂÍÈÌ‹ ·¸ ›Ì·Ì ÔÔÈÔ‰fiÔÙÂ Í¸Ï‚Ô ÙÔı „Ò‹ˆÔı Í·È ÒÔÛË›ÙÂÈ
ÙÁÌ ·ÍÏfi ÂÍÂflÌÁ, ·¸ ·ıÙ›Ú Ôı ÛıÌ‰›ÔÌÙ·È ÛÙÔÌ Í¸Ï‚Ô, Á ÔÔfl· ›˜ÂÈ ÙÔ ÂÎ‹˜ÈÛÙÔ ‚‹ÒÔÚ. «
·ÍÏfi ·ıÙfi Í·È Ù· ‰˝Ô ‹ÍÒ· ÙÁÚ ·ÔÙÂÎÔ˝Ì ÙÔ ‰›Ì‰ÒÔ T1. ‘Ô ‰›Ì‰ÒÔ T� ·Ò‹„ÂÙ·È ·¸ ÙÔ
‰›Ì‰ÒÔ T��1 ÒÔÛË›ÙÔÌÙ·Ú ÛÂ ·ıÙ¸ ÙÁÌ ·ÍÏfi ÏÂ ÙÔ ÏÈÍÒ¸ÙÂÒÔ ‚‹ÒÔÚ Ôı ÛıÌ‰›ÂÈ ÙÔ T��1

ÏÂ Í‹ÔÈÔÌ Í¸Ï‚Ô ÙÔı „Ò‹ˆÔı Ôı ‰ÂÌ ÛıÏÂÒÈÎ·Ï‚‹ÌÂÙ·È ·Í¸Ï· ÛÙÔ T��1. « ‰È·‰ÈÍ·Ûfl·
·ıÙfi ÛıÌÂ˜flÊÂÙ·È ›˘Ú ¸ÙÔı Í·Ù·ÎfiÓÂÈ Ô ·Î„¸ÒÈËÏÔÚ ÛÙÔ ÊÁÙÔ˝ÏÂÌÔ ‰›Ì‰ÒÔ T��1.

∏˜ÂÈ ·Ô‰ÂÈ˜ËÂfl ¸ÙÈ Í·È ÔÈ ‰˝Ô ·Î„¸ÒÈËÏÔÈ ›˜ÔıÌ ÔÎıÎÔÍ¸ÙÁÙ· O�A � ln�K��, ¸Ï˘Ú
Ô ·Î„¸ÒÈËÏÔÚ ÙÔı Prim ÏÔÒÂfl Ì· ·ÔÍÙfiÛÂÈ, ÏÂ ÙÁ ˜ÒfiÛÁ Û˘Ò˛Ì (heaps) ÙÔı Fibonacci,
ÔÎıÎÔÍ¸ÙÁÙ· O�A�K ln�K��. ¡Ì Ô ·ÒÈËÏ¸Ú jKj Ù˘Ì Í¸Ï‚˘Ì ÂflÌ·È ÔÎ˝ ÏÈÍÒ¸ÙÂÒÔÚ ÙÔı
·ÒÈËÏÔ˝ Ù˘Ì ·ÍÏ˛Ì jAj, Ù¸ÙÂ ·ıÙfi Á ·Ò·ÎÎ·„fi ÙÔı ·Î„¸ÒÈËÏÔı ÙÔı Prim Í·Ù·Îfi„ÂÈ Ì·
ÂflÌ·È Ù·˜˝ÙÂÒÁ.
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–·Ò‹ÒÙÁÏ· √

Interacting with CLUE

This appendix describes how one can use CLUE. The information herein is derived from
the information contained in Alexandros Labrinidis' Master thesis [Lab95]. Additions,
enhancements, etc. are marked accordingly.

√.1 CLUE command line options

CLUE accepts the following command line options:

� -in Mandatory

Must be followed by a filename argument, which should contain a description of
transaction triplets in CLUE format.

� -out Mandatory

Must be followed by a filename argument, where output will be stored.

� -par Mandatory

Must be followed by a filename argument, which should contain settings of parameters
and commands to be executed by CLUE.

� -fly Optional

Must be followed by a filename argument, which should contain a description of
transaction triplets in CLUE format. These transaction triplets will be used as input to
one of the on--the--fly clustering algorithms.

� -msg Optional

Must be followed by a filename argument, where messages and other additional
information will be stored.

� -TPsim Optional

Must be followed by a positive integer argument, which should be the number of nodes
that will be used in the experiments with TPsim. CLUE needs to know this, since it
uses it for distributing the Data Base pages to the system nodes.

� -Verbose Optional

Used to instruct CLUE to enter verbose mode, in which it produces additional messages,
informing the user on the particular command it is currently executing.
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The following two sections describe the format of the file where the transaction triplets
are stored (argument to the -in / -fly options) and the format of the script file that is used
to set parameters and give commands to CLUE for execution (argument to the -par option)
respectively.

√.2 CLUE Reference Input File

H CLœU_sample_input

# The header line has to be the first line. THIS is a comment.

# The header line string must not contain any white-space characters.

# The header line string's maximum length is 40 characters.

# Maximum line length is 80 characters.

# -------1---------2---------3---------4---------5---------6---------7---------8

#

# Note: The order of the following SECTIœNS is mandatory. The order of the

# ----- records WITHIN the sections is immaterial.

#

#

# ******************************************************************************

# * Global Section (record_type = G): *

# ******************************************************************************

# Record Format: "G <what_string> = <how_many_string> [comment]".

#

# The global section is the first section after the header line.

# Within this section,the order of the entries is immaterial.

# All global lines are mandatory.

#

G interval_length = 1000 Length of observation interval (seconds).

G no_user_ids = 3 Number of user-IDs (first component of WL class id).

G no_term_ids = 4 Number of terminal-IDs (second component of WL class id).

G no_tran_ids = 5 Number of transaction IDs (third component of WL class id).

G no_workload_class_elements = 12 Number of WL class elements (triplets).

G no_workload_classes = 3 Number of workload classes.

G no_data_class_elements = 10 Number of data class elem. (initial data buckets).

G no_data_classes = 10 Number of data classes.

# >>> Note: This list may be extended in the near future!. <<<

#

# ******************************************************************************

# * List of USER_IDs (contains no_user_ids entries, record_type = U) *

# ******************************************************************************

# Record Format: "U <u_key> <u_id_string> [comment]".

#

# A USER_ID is a character string without white-spaces.

# The maximum length is 8 characters.

# Each USER-ID string is uniquely associated with an integer key.

# The integer key is used to identify "it's" USER_ID string in the

# workload class description (see below). The order of the USER-IDs or

# the integer keys is immaterial. The integer key range must not have gaps.

# Zeroes are not allowed as key values. The number of USER-IDs has to be

# equal to the value of no_user_ids in the global section (this condition

# is checked by the program! Note: ID-Strings are case sensitive!!!

#

# IMPœRTANT NœTE: Actually, the key list must be dense and in increasing

# =============== order. This may be changed in future versions of the



# modules which read and process this type of input file.

# Though it is not really necessary to explicitly represent

# the keys in this file (under this restriction), it makes

# debugging easier because the file is much easier to read.

#

U 1 UALPHA

U 2 UBRAVœ

U 3 UCHARLY

#

#

# ******************************************************************************

# * List of TERM_IDs (contains no_term_ids entries, record_type = T) *

# ******************************************************************************

# Record Format: "T <t_key> <t_id_string> [comment]".

#

# Specifications and restrictions of user_id list applies (see above).

#

T 1 TDELTA

T 2 TECHœ

T 3 TFœXTRœT

T 4 TGœLF

#

#

# ******************************************************************************

# * List of TRAN_IDs (contains no_tran_ids entries, record_type = X (xaction"))*

# ******************************************************************************

# Record Format: "X <x_key> <x_id_string> [comment]".

#

# Specifications and restrictions of user_id list applies (see above).

#

X 1 XINDIA

X 2 XJULIET

X 3 XKILœ

X 4 XLIMA

X 5 XMIKE

#

#

#

# ******************************************************************************

# * Description of Workload Class Elements (no_workload_class_elements, 'e') *

# ******************************************************************************

# Record Format: "e <element_key> <u_key> <t_key> <x_key> [comment]".

#

# œne entry for each occurring Workload Class Member. The members are

# some kind of "refined transaction types" and are uniquely defined

# by the triplet (user_id, term_id, tran_id). The IDs are

# not represented as strings, but as their integer keys as described in the

# above lists (U, T, and X).

#

e 1 1 2 3

e 2 1 2 4

e 3 1 3 1

e 4 1 4 1

e 5 3 3 2

e 6 1 2 5



e 7 3 1 4

e 8 1 4 5

e 9 2 1 5

e 10 2 2 4

e 11 2 3 3

e 12 2 4 2

#

#

# ******************************************************************************

# * Workload Class List (contains no_workload_classes entires, rect = W)*

# ******************************************************************************

# Record Formats: "W <wl_class_key> <number_of_elements> [comment]".

# "w <element_key1> <... _5> [comment]".

#

# Each workload class consists of a set of workload class members. The class

# description is introduced with a workload class record (record type 'W'). This

# record is followed by a series of 'w' records. A 'w' record lists up to

# 5 class members. A class member is identified by the element_key from the

# above element list. In an initial input file, each workload class has exactly

# one member.

#

#

# Workload Class Description (Class_1, 3 Members)

W 1 3

w 1

w 2

w 3

# Workload Class Description (Class_2, 4 Members)

W 2 5

w 9

w 10

w 11

w 12

# Workload Class Description (Class_3, 5 Members)

W 3 5

w 4

w 6

w 5

w 7

w 8

#

# ******************************************************************************

# * Description of Data Class Elements (no_workload_class_elements, 'b') *

# ******************************************************************************

# Record Format: "b <bucket_key> <min> <max> [comment]".

#

# A data class member is a continuous sequence ("bucket": min, ... max) of data

# objects accessed by workload class members/elements. A data class may be

# described by physical block numbers or lock names or whatever as long as

# the identifiers can be used to identify the physical location of data.

# Min and Max may have the same value. The data bucket is an atomic unit;

# Normally, two (or more) buckets are NœT "melted together". If two buckets are

# assumed to be similar, they are put into/assumed to be in the same data class!

#

b 1 0 9



b 2 10 19

b 3 20 29

b 4 30 39

b 5 40 49

b 6 50 59

b 7 60 69

b 8 70 79

b 9 80 89

b 10 90 99

#

#

#

#

# ******************************************************************************

# * Data Class List (contains no_data_classes entires, rect = D) *

# ******************************************************************************

# Record Formats: "D <d_class_key> <number_of_elements> [comment]".

# "d <bucket_key1> <... _5> [comment]".

#

# Each data class consists of a set of data class members (buckets). The class

# description is introduced with a data class record (record type 'D'). This

# record is followed by a series of 'd' records. A 'd' record lists up to

# 5 class members. A class member is identified by the bucket_key from the

# above element list. In an initial input file, each data class has exactly one

# member.

#

# Data Class Description (Class_1, 1 member)

D 1 1

d 1

# Data Class Description (Class_2, 1 member)

D 2 1

d 2

# Data Class Description (Class_3, 1 member)

D 3 1

d 3

# Data Class Description (Class_4, 1 member)

D 4 1

d 4

# Data Class Description (Class_5, 1 member)

D 5 1

d 5

# Data Class Description (Class_6, 1 member)

D 6 1

d 6

# Data Class Description (Class_7, 1 member)

D 7 1

d 7

# Data Class Description (Class_8, 1 member)

D 8 1

d 8

# Data Class Description (Class_9, 1 member)

D 9 1

d 9

# Data Class Description (Class_10, 1 member)

D 10 1



d 10

#

#

#

#

# ******************************************************************************

# * Reference Matrix *

# ******************************************************************************

# Record Formats: "r <workload_class_key> <data_class_key> <#accesses> [comnt]".

# "u <workload_class_key> <data_class_key> <#accesses> [comnt]".

#

# This section contains all non_zero entries of the reference matrix. This

# matrix is organized as follows:

#

# - a row for each workload class

# - a column for each data class

# - each entry consists of two sub-entries:

# . number of retrieval/read accesses (record type 'r')

# . number of update/write accesses (record type 'u')

#

# A line in this file describes exactly one sub_entry of the reference matrix.

#

# Though zero_entries may be stored here, this is not necessary and therefore

# a waste of disk space.

#

r 1 1 1.000000e+02

u 1 1 101

r 2 2 1000

u 2 2 1001

r 3 3 10000

u 3 3 10001

r 1 4 200

r 2 5 2000

r 3 6 20000

u 1 7 301

u 2 8 3001

u 3 9 30001

u 3 10 300001

#

#

# ******************************************************************************

# **************** This is the last line of the workload description file ******

√.3 SCRIPT Reference Input File

# This is a comment

# Maximum line length is 80 characters.

# -------1---------2---------3---------4---------5---------6---------7---------8

# FILENAME: reference-input.pro

# DESCRIPTIœN: Contains a sample protocol script file, and shows all the

# commands / settings of the script grammar.

# CREATIœN DATE: July 13rd, 1994



#

# Note: The order of the following SECTIœNS and the order of each command

# ----- WITHIN the sections is immaterial.

#

# ******************************************************************************

# * Settings Section *

# ******************************************************************************

#

set maximum number of utilization classes = 15

# Sets the maximum acceptable number of utilization classes

# (i.e. the goal of the clustering algorithm)

set automatic clustering = œN

# Sets whether the clustering performed will re-compute the clustering

# distance automatically or not. Valid choices are on/true œR off/false.

set metric = PLDM

# Sets the distance metric to be used by the clustering algorithm.

# For the time being valid choices are :

# PLDM = Pseudo Linear Dependency Metric

# VDM = Vector Dependency Metric

set clustering distance = 0.2

# œR: set clustering distance = sqrt(2.0)

# œR: set clustering distance = sqrt(2.0) / 15

# Sets the (initial or not) clustering distance for the clustering algorithm.

# Valid parameters are of type double or sqrt(double) or sqrt(double) / integer.

set clustering distance increase ratio = 10%

set clustering distance decrease ratio = 10%

# Sets the ratio that CLœU will use while automatically re-adjusting the

# clustering distance (increase or decrease)

set clustering distance upper bound = 0.0001

set clustering distance lower bound = 1.0

# Sets the range of allowable values for the clustering distance

# Upper bound should definitely be 1 (or less) for PLDM

set maximum clustering distance increase ratio = 1000%

set maximum clustering distance decrease ratio = 90%

# Sets the maximum allowable ratio that CLUE can use while automatically

# re-adjusting the clustering distance (increase or decrease).

# Going off bounds equals to the termination of the algorithm.

set maximum number of ping-pongs = 3

# Sets the maximum number, the algorithm is allowed to "ping-pong", i.e.

# to change its mind about decreasing / increasing the clustering distance.

set max compression rate = 10%

# Sets the maximum acceptable compression rate of the number of PUCs.

# When the compression rates becomes more than that value

# the clustering distance has to be re-adjusted (decreased).

# Valid parameters are of type double, or percentage.



set k factor = 15%

# Sets the minimum acceptable compression of the compression rate of PUCs.

# When the compression rates becomes less than some k% of its original value,

# the clustering distance has to be re-adjusted (increased).

# Valid parameters are of type double, or percentage.

set goal almost reached at 5%

# Sets the "proximity" to the original goal criterion which is used

# to relax the k_factor criterion, when goal is almost reached.

set unify style = avg

# Sets the behavior of the unify function regarding the update of the

# reference matrix. For the time being valid choices are :

# ADD: Simply adds up the vector rows of the workload classes to be unified.

# AVG: Calculates the average of the vector rows of the workload classes

# to be unified.

set stop at no change = 10

# Sets whether to stop the clustering when a modification (i.e. increase) of

# the clustering distance does not lead to a reduction of the number of PUCs

# during a ECS for a certain number of times (10 in the example).

# Valid parameters are of type integer.

set write weight = 1

set read weight = 1

# Set the weight to use when adding up the number of read and the number of

# write accesses. Valid parameters are of type integer.

set maximum intervals coefficient = 299%

set minimum intervals coefficient = 43%

# Set the two coefficients that are used to define the range in which the

# number of rows for each intervals must fall in.

set snapshots at every 1000 triplets

set snapshots when learning rate change by 20%

# Sets the conditions that must be met for the on the fly clustering

# algorithms to take a snapshot of their current state.

# ******************************************************************************

# * Commands Section *

# ******************************************************************************

#

store zeroes in column0

# œR: initialize column0

# Fills column 0 entries in the reference matrix with zeroes.

store sums in column0

# Fills column 0 entries in the reference matrix with the sum of

# the elements for each row.

wipeout zero rows

# Completely eliminates rows with all elements=0



sort

# The 1st preprocessing step: sorting of rows in descending order of references.

store sum squares in column0

# Fills column 0 entries in the reference matrix with the sum of

# the squares of the elements for each row.

downscale

# The 2nd preprocessing step: downscaling of all the reference matrix entries.

# (All matrix entries are divided by the maximum number of accesses.)

normalize

# The 3rd preprocessing step: normalization of the row vectors using the

# maximum vector norm.

# (All matrix entries are divided by the maximum of the maximum vector norms.)

do clustering

# Perform the clustering (used when automatic clustering is on).

do clustering with HALC

# Perform the clustering with HALC (= the default)

# (other possible candidates: BEA, KMEANS, ISœDATA).

do clustering step

do 6 clustering steps

# Perform one or more Elementary Clustering Steps.

do clustering on the fly using KMeans minimizing MSE [with KMeans] [@ 8890]

do clustering on the fly using KMeans minimizing VWMSE [with KMeans] [@ 8891]

do clustering on the fly using graph 5 180% [with KMeans] [@ 8892]

# Start on the fly clustering with either one of the two KMeans Neural-Networks

# or the graph theoretical algorithm.

# The last one takes two arguments: the depth (an integer) of the path it will search

# for inconsistent edges and the percentage which will be used as a threshold

# value.

# If `with KMeans' is specified, then batch Kmeans will be run at each snapshot

# in order to compare its clustering with the one of the on-the-fly algorithm.

# Input to the on-the-fly algorithm can be given in two ways:

# i) Through the -fly option at the command line, in which case CLUE will read

# the contents of the specified file, or

# ii) Through a client program which establishes a socket connection with CLUE

# and uses that to pass to CLUE the triplets to be clustered. The socket port

# that will be used in this connection is the number given after the `@' character.

# ******************************************************************************

# **************** This is the last line of the protocol description file ******





–·Ò‹ÒÙÁÏ· ƒ

¡ÔÙÂÎ›ÛÏ·Ù· ¡Ò˜ÈÍ˛Ì –ÂÈÒ·Ï‹Ù˘Ì ÏÂ

ÙÔÌ ¡Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔ K-MEANS

”Ù· Í‹Ù˘ËÈ ÙÏfiÏ·Ù· ·Ò·ÙflËÂÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù· Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ›„ÈÌ·Ì ÏÂ Ù·
‰Â‰ÔÏ›Ì· Ôı ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ÍÂˆ‹Î·ÈÔ 5 ÏÂ ˜ÒfiÛÁ ÛÙÔ ÏÂÌ ÙÏfiÏ· ƒ.1 ÙÔı ·Ì·ÒÔ-
Û·ÒÏÔÊ¸ÏÂÌÔı K-MEANS Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ ÛıÌ‹ÒÙÁÛÁ VWMSE, ÛÙÔ ‰Â ÙÏfiÏ· ƒ.2 ÙÔı
·Ì·ÒÔÛ·ÒÏÔÊ¸ÏÂÌÔı K-MEANS Ôı ÂÎ·˜ÈÛÙÔÔÈÂfl ÙÁ ÛıÌ‹ÒÙÁÛÁ MSE.

‘· ÏÁ‰ÂÌÈÍ‹ ÛÙÔÈ˜Âfl· Ù˘Ì ÈÌ‹Í˘Ì Ôı ·ÍÔÎÔıËÔ˝Ì ›˜ÔıÌ ·Ò·ÎÂÈˆËÂfl ˛ÛÙÂ Ì· ÂflÌ·È
ÂıÍÔÎ¸ÙÂÒÁ Á Í·Ù·Ì¸ÁÛfi ÙÔıÚ.

ƒ.1 –ÂÈÒ‹Ï·Ù· ÏÂ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ ÙÁ VWMSE

œ flÌ·Í·Ú ƒ.1 ÂÒÈ›˜ÂÈ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÁÚ ÔÏ·‰ÔÔflÁÛÁÚ Ù˘Ì ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì
ÙÂÙÒ·„˛Ì˘Ì, ¸Ù·Ì Ù· Í›ÌÙÒ· ›˜ÔıÌ ·Ò˜ÈÍÔÔÈÁËÂfl ÏÂ Ùı˜·flÂÚ ÙÈÏ›Ú.

‘· ·ÌÙflÛÙÔÈ˜· ·ÔÙÂÎ›ÛÏ·Ù· „È· ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ¸Ù·Ì ›˜ÔıÌ ˜ÒÁÛÈÏÔ-
ÔÈÁËÂfl ·Ò·‰Âfl„Ï·Ù· ˘Ú ·Ò˜ÈÍ›Ú ÙÈÏ›Ú Ù˘Ì Í›ÌÙÒ˘Ì, ˆ·flÌÔÌÙ·È ÛÙÔÌ flÌ·Í· ƒ.2.

ºÙ·Ì ÂÈÛ·„‹„ÔıÏÂ Í·È Ë¸Òı‚Ô (ÏÁ ÏÁ‰ÂÌÈÍ›Ú ÙÈÏ›Ú ÂÍÙ¸Ú Ù˘Ì ÙÂÙÒ·„˛Ì˘Ì), Ù¸ÙÂ, „È·
Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ Ù˘Ì Í›ÌÙÒ˘Ì Î·Ï‚‹ÌÔıÏÂ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı flÌ·Í· ƒ.3, ÂÌ˛ „È·
·Ò˜ÈÍÔÔflÁÛÁ ·¸ Ù· ·Ò·‰Âfl„Ï·Ù·, ·ıÙ‹ ÙÔı ƒ.4.

ºÙ·Ì ›˜ÔıÏÂ ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· Í·È Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ, Ù¸ÙÂ Î·Ï-
‚‹ÌÔıÏÂ Ù· ·ÔÙÂÎ›ÛÏ·Ù· ÙÔı flÌ·Í· ƒ.5, ÂÌ˛ ¸Ù·Ì Á ·Ò˜ÈÍÔÔflÁÛÁ „flÌÂÙ·È ÏÂ Í‹ÔÈ· ÂÍ
Ù˘Ì ·Ò·‰ÂÈ„Ï‹Ù˘Ì, Ù¸ÙÂ ·ıÙ‹ ÙÔı ƒ.6.

≈‹Ì ÂÈÎ›ÔÌ, ÂÈÛ·„‹„ÔıÏÂ Í·È Ë¸Òı‚Ô ÛÙ· ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, Ù¸ÙÂ Ù·
·ÔÙÂÎ›ÛÏ·Ù· ÏÂÙ·‚‹ÎÎÔÌÙ·È ¸˘Ú ˆ·flÌÂÙ·È ÛÙÔÌ flÌ·Í· ƒ.7, Í·Ë˛Ú Í·È ÛÙÔÌ ƒ.8.

« Í·Ù·Í¸ÒıˆÁ ‰È‹ÛÙ·ÛÁ Ù˘Ì ÒÔ·Ì·ˆÂÒË›ÌÙ˘Ì ÈÌ‹Í˘Ì ‰Âfl˜ÌÂÈ ÙÈÚ Ò·„Ï·ÙÈÍ›Ú ÔÏ‹‰ÂÚ
Ù˘Ì ·Ò·‰ÂÈ„Ï‹Ù˘Ì (Ò·„Ï·ÙÈÍ‹ ‰Â‰ÔÏ›Ì·), ÂÌ˛ Á ÔÒÈÊ¸ÌÙÈ· ÙÈÚ ÔÏ‹‰ÂÚ Ôı ÂÓfi„·„Â
ÙÂÎÈÍ˛Ú Ô ·Î„¸ÒÈËÏÔÚ (ÂÍÙÈÏÔ˝ÏÂÌ· ·ÔÙÂÎ›ÛÏ·Ù·). ∏ÙÛÈ, .˜. Á Ë›ÛÁ (1,7) ÂÌ¸Ú flÌ·Í·
·Ì·ˆ›ÒÂÈ ¸Û· ·Ò·‰Âfl„Ï·Ù· ÙÁÚ Ò˛ÙÁÚ ÔÏ‹‰·Ú ÙÔÔËÂÙfiËÁÍ·Ì ÙÂÎÈÍ˛Ú ÛÙÁÌ ›‚‰ÔÏÁ.

–·Ò·ÙÁÒ˛ÌÙ·Ú Ù· ·ÔÙÂÎ›ÛÏ·Ù·, ‚Î›ÔıÏÂ ¸ÙÈ Á Ùı˜·fl· ·Ò˜ÈÍÔÔflÁÛÁ ‰flÌÂÈ Í·Î˝ÙÂÒ·
·ÔÙÂÎ›ÛÏ·Ù·, È‰fl˘Ú ÛÙÈÚ ÂÒÈÙ˛ÛÂÈÚ Ôı ı‹Ò˜ÂÈ Ë¸Òı‚ÔÚ fi Ù· ÙÂÙÒ‹„˘Ì· ÂflÌ·È ÏÂÒÈÍ˛Ú
ÂÈÍ·ÎıÙ¸ÏÂÌ·.

≈flÛÁÚ, ·Ò·ÙÁÒÔ˝ÏÂ ¸ÙÈ ÛÙÁÌ ÂÒflÙ˘ÛÁ Ù˘Ì ÏÁ ÂÈÍ·ÎıÙ¸ÏÂÌ˘Ì ÙÂÙÒ·„˛Ì˘Ì, Á
ÙÂÎÈÍfi Í·Ù‹Ù·ÓÁ ‰ÂÌ ÂflÌ·È ÈÍ·ÌÔÔÈÁÙÈÍfi, Í·Ë˛Ú ¸ÎÂÚ ÔÈ ÔÏ‹‰ÂÚ ÂÍÙ¸Ú ÙÒÈ˛Ì (ÙÒflÙÁ, ›Ì·ÙÁ
Í·È ‰›Í·ÙÁ) ·Ì·„Ì˘ÒflÊÔÌÙ·È ˛Ú Á ‰›Í·ÙÁ ÍÎ‹ÛÁ Í·È ÂÍÙ¸Ú ·ıÙÔ˝ Á ‰›Í·ÙÁ ›˜ÂÈ ‰È·Û·ÛËÂfl
ÛÂ ‹ÎÎÂÚ ÏÈÍÒ¸ÙÂÒÂÚ.

83
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¡ıÙfi ÙÁÌ Í·Ífi ÛıÏÂÒÈˆÔÒ‹ ‰ÂÌ ÙÁÌ ›˜ÂÈ Ô ·Î„¸ÒÈËÏÔÚ ÛÙ· ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ·
ÙÂÙÒ‹„˘Ì· (·Í¸Ï· Í·È ·ÒÔıÛfl· ËÔÒ˝‚Ôı ÛÙ· ‰Â‰ÔÏ›Ì·).

Ãfl· ÈË·Ìfi ÂÓfi„ÁÛÁ „È· ÙÔ ˆ·ÈÌ¸ÏÂÌÔ ·ıÙ¸, ÂflÌ·È ˘Ú Ù· ·Ò·‰Âfl„Ï·Ù· Ôı ›˜ÔıÌ
ÏÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ÂflÌ·È ÈÔ ÔÏ·Î‹ Í·Ù·ÌÂÏÁÏ›Ì· ÛÙÈÚ ‰È‹ˆÔÒÂÚ ÔÏ‹‰ÂÚ
·¸ ·ıÙ‹ Ôı ‰ÂÌ ›˜ÔıÌ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· Í·È ›ÙÛÈ, Á ‰È·ÛÔÒ‹ vk ÙÁÚ Í‹ËÂ
ÔÏ‹‰·Ú ÂflÌ·È ÂÒflÔı Á fl‰È·. ≈ÔÏ›Ì˘Ú, Á ·¸ÛÙ·ÛÁ ÙÂflÌÂÈ Ì· ÒÔÛÂ„„flÛÂÈ ÙÁÌ ≈ıÍÎÂfl‰È·,
Ôı ÛÙÁÌ ÂÒflÙ˘Ûfi Ï·Ú ‰È·˜˘ÒflÊÂÈ Í·Î˝ÙÂÒ· ÙÈÚ ÔÏ‹‰ÂÚ.

œÈ flÌ·ÍÂÚ ƒ.9, ƒ.10, ƒ.11, ƒ.12, ƒ.13, ƒ.14, ƒ.15 Í·È ƒ.16 ·ÒÔıÛÈ‹ÊÔıÌ Ù·
·ÔÙÂÎ›ÛÏ·Ù· Ôı ÒÔ›Íı¯·Ì ¸Ù·Ì ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ Á ≈ıÍÎÂfl‰È· ·¸ÛÙ·ÛÁ.

”Â ·ıÙÔ˝Ú ·Ò·ÙÁÒÔ˝ÏÂ ¸ÙÈ ÙÔ ÌÂıÒ˘ÌÈÍ¸ ‰flÍÙıÔ ÂÈ‰ÂÈÍÌ˝ÂÈ ÔÎ˝ Í·Î˝ÙÂÒÁ ÛıÏÂÒÈ-
ˆÔÒ‹ Í·È ÏÂ„·Î˝ÙÂÒÁ ·ÍÒfl‚ÂÈ· ÔÏ·‰ÔÔflÁÛÁÚ ¸Ù·Ì ˜ÒÁÛÈÏÔÔÈÂflÙ·È Á ÍÎ·ÛÛÈÍfi ≈ıÍÎÂfl‰È·
·¸ÛÙ·ÛÁ.
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≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 59 44 3 70 65 63 157 461

”ıÌÔÎÈÍ‹ 59 44 199 3 70 65 63 1155 185 157 2000

–flÌ·Í·Ú ƒ.1: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

�

–
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·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 6 107 100 5 70 57 116 461

”ıÌÔÎÈÍ‹ 6 107 199 100 158 5 70 57 1182 116 2000

–flÌ·Í·Ú ƒ.2: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
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�
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�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 153 132 2 174 461

”ıÌÔÎÈÍ‹ 181 153 199 132 158 193 160 463 187 174 2000

–flÌ·Í·Ú ƒ.3: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı-
˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 152 136 1 172 461

”ıÌÔÎÈÍ‹ 152 136 199 483 158 193 160 161 186 172 2000

–flÌ·Í·Ú ƒ.4: NN-VWMSE: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô



�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 167 167
3 145 53 198
4 154 15 169
5 1 164 3 168
6 111 111
7 22 150 6 178
8 1 126 127
9 8 9 3 14 6 62 6 108

10 100 98 94 92 97 118 599

”ıÌÔÎÈÍ‹ 108 107 97 300 106 707 154 103 194 124 2000

–flÌ·Í·Ú ƒ.5: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔ-
ÔflÁÛÁ Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 167 167
3 145 53 198
4 154 15 169
5 1 164 3 168
6 111 111
7 22 150 6 178
8 1 126 127
9 4 9 8 8 4 62 13 108

10 85 115 87 109 85 118 599

”ıÌÔÎÈÍ‹ 89 124 95 300 117 707 154 89 194 131 2000

–flÌ·Í·Ú ƒ.6: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô



88 ¡Õ¡–—œ”¡—ÃœΔœÃ≈Õœ K-MEANS

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 119 48 167
3 121 24 53 198
4 1 153 15 169
5 1 125 42 168
6 1 110 111
7 22 150 6 178
8 1 126 127
9 21 62 25 108

10 294 1 304 599

”ıÌÔÎÈÍ‹ 315 294 122 178 142 174 151 101 194 329 2000

–flÌ·Í·Ú ƒ.7: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 174 1 175
2 165 2 167
3 53 121 24 198
4 1 153 15 169
5 1 125 42 168
6 1 110 111
7 22 150 6 178
8 1 126 127
9 10 17 62 19 108

10 170 197 232 599

”ıÌÔÎÈÍ‹ 180 392 122 178 144 174 151 214 194 251 2000

–flÌ·Í·Ú ƒ.8: NN-VWMSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô



ƒ.2 –ÂÈÒ‹Ï·Ù· ÏÂ ÛıÌ‹ÒÙÁÛÁ Í¸ÛÙÔıÚ ÙÁ MSE

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 172 9 181
2 1 105 8 114
3 1 191 7 199
4 1 181 6 188
5 1 152 5 158
6 1 188 4 193
7 1 156 3 160
8 1 158 2 161
9 1 183 1 185

10 1 460 461

”ıÌÔÎÈÍ‹ 181 114 199 188 158 193 160 161 185 461 2000

–flÌ·Í·Ú ƒ.9: NN-MSE: Ãfi ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 461 461

”ıÌÔÎÈÍ‹ 181 114 199 188 158 193 160 161 185 461 2000

–flÌ·Í·Ú ƒ.10: NN-MSE: Ãfi ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
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�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 172 9 181
2 1 105 8 114
3 1 191 7 199
4 1 181 6 188
5 1 152 5 158
6 1 188 4 193
7 1 156 3 160
8 1 158 2 161
9 1 183 1 185

10 1 460 461

”ıÌÔÎÈÍ‹ 181 114 199 188 158 193 160 161 185 461 2000

–flÌ·Í·Ú ƒ.11: NN-MSE: Ãfi ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 461 461

”ıÌÔÎÈÍ‹ 181 114 199 188 158 193 160 161 185 461 2000

–flÌ·Í·Ú ƒ.12: NN-MSE: Ãfi ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô



�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 1 110 56 167
3 1 122 30 45 198
4 1 148 20 169
5 1 121 46 168
6 1 110 111
7 1 18 151 8 178
8 1 126 127
9 1 60 47 108

10 1 598 599

”ıÌÔÎÈÍ‹ 184 110 122 178 141 174 151 101 194 645 2000

–flÌ·Í·Ú ƒ.13: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 9 110 48 167
3 121 24 53 198
4 1 153 15 169
5 1 125 42 168
6 1 110 111
7 22 150 6 178
8 1 126 127
9 62 46 108

10 599 599

”ıÌÔÎÈÍ‹ 184 110 122 178 141 174 151 101 194 645 2000

–flÌ·Í·Ú ƒ.14: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ‰fl˜˘Ú Ë¸Òı‚Ô
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�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 1 110 56 167
3 1 122 30 45 198
4 1 148 20 169
5 1 121 46 168
6 1 110 111
7 1 18 151 8 178
8 1 126 127
9 1 60 47 108

10 1 598 599

”ıÌÔÎÈÍ‹ 184 110 122 178 141 174 151 101 194 645 2000

–flÌ·Í·Ú ƒ.15: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô (¡Ò˜ÈÍÔÔflÁÛÁ
Ùı˜·fl·)

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 175 175
2 9 110 48 167
3 121 24 53 198
4 1 153 15 169
5 1 125 42 168
6 1 110 111
7 22 150 6 178
8 1 126 127
9 62 46 108

10 599 599

”ıÌÔÎÈÍ‹ 184 110 122 178 141 174 151 101 194 645 2000

–flÌ·Í·Ú ƒ.16: NN-MSE: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì· ÏÂ Ë¸Òı‚Ô



–·Ò‹ÒÙÁÏ· ≈

¡ÔÙÂÎ›ÛÏ·Ù· ¡Ò˜ÈÍ˛Ì –ÂÈÒ·Ï‹Ù˘Ì ÏÂ

ÙÁ √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰Ô

”ÙÔıÚ flÌ·ÍÂÚ Ôı ·ÍÔÎÔıËÔ˝Ì ≈.1, ≈.2, ≈.3, Í·È ≈.4, ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù· ·ÔÙÂÎ›ÛÏ·Ù·
Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ÏÂ ÙÁ „Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ï›ËÔ‰Ô ÔÏ·‰ÔÔflÁÛÁÚ ÔÏ·‰ÈÍfiÚ ÂÂÓÂÒ„·Ûfl·Ú (‚Î›Â
ÙÔÌ flÌ·Í· 4.1 ÙÔı ıÔÍÂˆ·Î·flÔı 4.2).
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�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 461 461

”ıÌÔÎÈÍ‹ 181 114 199 188 158 193 160 161 185 461 2000

–flÌ·Í·Ú ≈.1: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ‰fl˜˘Ú Ë¸Òı‚Ô

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 ”ıÌÔÎÈÍ‹

1 181 181
2 114 114
3 199 199
4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185

10 461 461

”ıÌÔÎÈÍ‹ 461 114 185 1082 158 2000

–flÌ·Í·Ú ≈.2: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ: ÃÁ ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ÏÂ Ë¸Òı‚Ô



�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 5 6 7 8 9 10 11 ”ıÌÔÎÈÍ‹

1 184 184
2 110 110
3 101 101
4 122 122
5 178 178
6 141 141
7 174 174
8 151 151
9 194 194

10 624 21 645

”ıÌÔÎÈÍ‹ 184 110 101 122 178 141 174 151 194 624 21 2000

–flÌ·Í·Ú ≈.3: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ‰fl˜˘Ú Ë¸Òı‚Ô

�

–
Ò
·
„
Ï
·
Ù
È
Í
‹

�
≈ÍÙÈÏÔ˝ÏÂÌ·

1 2 3 4 ”ıÌÔÎÈÍ‹

1 184 184
2 110 110
3 101 101
4 122 122
5 178 178
6 141 141
7 174 174
8 151 151
9 194 194

10 645 645

”ıÌÔÎÈÍ‹ 151 194 1533 122 2000

–flÌ·Í·Ú ≈.4: √Ò·ˆÔËÂ˘ÒÁÙÈÍfi Ã›ËÔ‰ÔÚ: ÃÂÒÈÍ˛Ú ÂÈÍ·ÎıÙ¸ÏÂÌ· ÙÂÙÒ‹„˘Ì·, ÏÂ Ë¸Òı‚Ô
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–·Ò‹ÒÙÁÏ· ”‘

‘ÂÎÈÍ‹ –ÂÈÒ‹Ï·Ù·

”ÙÔ ·Ò‹ÒÙÁÏ· ·ıÙ¸ ÂÒÈ„Ò‹ˆÔÌÙ·È Ù· ·Ò˜Âfl· ÂÈÛ¸‰Ôı Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì Í·Ù‹ ÙÁ
‰ÈÂÓ·„˘„fi Ù˘Ì ÂÈÒ·Ï‹Ù˘Ì ˛ÛÙÂ Ì· ÂflÌ·È ‰ıÌ·Ùfi Á Â·Ì‹ÎÁ¯fi ÙÔıÚ.

”‘.1 ƒÈ·˜˘ÒÈÛÏ¸Ú Ù˘Ì ÛıÌ¸Î˘Ì ‰Â‰ÔÏ›Ì˘Ì

‘· Û˝ÌÔÎ· ‰Â‰ÔÏ›Ì˘Ì Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ÛÙ· ÂÈÒ‹Ï·Ù·, ‰È·˜˘ÒflÛËÁÛ·Ì ÛÂ ‰˝Ô ıÔ-
Û˝ÌÔÎ·, ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ „È· ÙÁÌ ÂÍ·fl‰ÂıÛÁ Ù˘Ì ·Î„¸ÒÈËÏ˘Ì ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ
ÙfiÛÂÈ'' Í·È ›Ì· Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ „È· ÙÁÌ ·ÓÈÔÎ¸„ÁÛfi ÙÔıÚ. œ ‰È·˜˘ÒÈÛÏ¸Ú ›„ÈÌÂ ÏÂ ÙÁ
˜ÒfiÛÁ ÙÔı ÒÔ„Ò‹ÏÏ·ÙÔÚ TTS (ÛıÌÙÔÏÔ„Ò·ˆfl· ÙÔı training & testing sets). ‘Ô Ò¸„Ò·ÏÏ·
·ıÙ¸ Î·Ï‚‹ÌÂÈ Ù· ÂÓfiÚ ÔÒflÛÏ·Ù·:

� -f ’Ô˜ÒÂ˘ÙÈÍ¸

–Ò›ÂÈ Ì· ·ÍÔÎÔıËÂflÙ·È ·¸ ÙÔ ¸ÌÔÏ· ÙÔı ·Ò˜ÂflÔı Ôı ÂÒÈ›˜ÂÈ Ù· ÒÔÚ ‰È‹Û·ÛÁ
‰Â‰ÔÏ›Ì· ÛÂ ÏÔÒˆfi ÂÈÛ¸‰Ôı ÙÔı CLUE (‚Î›Â ÙÔ ·Ò‹ÒÙÁÏ· √ „È· ÙÁÌ ÂÒÈ„Ò·ˆfi ÙÁÚ
ÏÔÒˆfiÚ ·ıÙfiÚ).

� -p ’Ô˜ÒÂ˘ÙÈÍ¸

–Ò›ÂÈ Ì· ·ÍÔÎÔıËÂflÙ·È ·¸ ÙÔ ÔÛÔÛÙ¸ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì Ôı Ë· ˜ÒÁÛÈÏÔÔÈÁËÔ˝Ì „È·
ÂÍ·fl‰ÂıÛÁ, ÛÙÔ ‰È‹ÛÙÁÏ· (0,1).

� -c –ÒÔ·ÈÒÂÙÈÍ¸

–Ò›ÂÈ Ì· ·ÍÔÎÔıËÂflÙ·È ·¸ ÙÔ ÎfiËÔÚ Ù˘Ì ÔÏ‹‰˘Ì Ôı Û˜ÁÏ·ÙflÊÔıÌ Ù· ‰Â‰ÔÏ›Ì·.
ºÙ·Ì ‰flÌÂÙ·È, ÙÔ TTS ‚‹ÊÂÈ ÛÙ· ‰Â‰ÔÏ›Ì· Ôı Ë· ˜ÒÁÛÈÏÔÔÈÁËÔ˝Ì „È· ÂÍ·fl‰ÂıÛÁ
flÛÔ ·ÒÈËÏ¸ ·¸ Í‹ËÂ ÔÏ‹‰·.

� -s –ÒÔ·ÈÒÂÙÈÍ¸

–Ò›ÂÈ Ì· ·ÍÔÎÔıËÂflÙ·È ·¸ ›Ì·Ì ·ÒÈËÏ¸ Ô ÔÔflÔÚ Ë· ˜ÒÁÛÈÏÔÔÈÁËÂfl „È· Ì· ·Ò˜ÈÍÔ-
ÔÈfiÛÂÈ ÙÁÌ „ÂÌÌfiÙÒÈ· Ùı˜·fl˘Ì ·ÒÈËÏ˛Ì Ôı ˜ÒÁÛÈÏÔÔÈÂfl ÙÔ TTS. ≈‹Ì ‰ÂÌ ‰ÔËÂfl, Ù¸ÙÂ
˜ÒÁÛÈÏÔÔÈÂflÙ·È Ô ÙÒ›˜˘Ì ˜Ò¸ÌÔÚ ÙÔı ÛıÛÙfiÏ·ÙÔÚ „È· Ì· ıÔÎÔ„ÈÛËÂfl ›Ì·Ú Ù›ÙÔÈÔÚ
·ÒÈËÏ¸Ú Í·È ÙÔ TTS ÙÔÌ ·Ì·ˆ›ÒÂÈ ÛÙÁÌ ›ÓÔ‰¸ ÙÔı.

‘Ô TTS ·Ò‹„ÂÈ ‰˝Ô ·Ò˜Âfl· Ù· ÔÔfl· ÔÌÔÏ‹ÊÂÈ ÒÔÛË›ÙÔÌÙ·Ú ÛÙÔ Ù›ÎÔÚ ÙÔı ÔÌ¸Ï·ÙÔÚ
ÙÔı ·Ò˜ÂflÔı ÂÈÛ¸‰Ôı Ù· ÂÈË›Ï·Ù· -training Í·È -testing. ∏ÙÛÈ, ·Ì ÂÍÙÂÎ›ÛÂÈ Í‹ÔÈÔÚ ÙÁÌ
ÂÌÙÔÎfi:

tts -f input -c 100 -p .10 -s 32481
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Ë· ‰ÁÏÈÔıÒ„ÁËÔ˝Ì ‰˝Ô ·Ò˜Âfl·, ÙÔ input-training Í·È ÙÔ input-testing ÏÂ ÎfiËÔÚ
‰Â‰ÔÏ›Ì˘Ì 10% Í·È 90% ·ÌÙflÛÙÔÈ˜·.

œÈ ÂÌÙÔÎ›Ú Ôı Ë· ·Ò‹„ÔıÌ Ù· fl‰È· ·Ò˜Âfl· ‰Â‰ÔÏ›Ì˘Ì ÏÂ ·ıÙ‹ Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì
ÛÙ· ÙÂÎÈÍ‹ ÂÈÒ‹Ï·Ù· ÙÔı ÍÂˆ·Î·flÔı 6, ÂflÌ·È ÔÈ Í‹Ù˘ËÈ:

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845291227

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845411653

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845637782

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845653660

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845728222

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845741067

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845899157

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845908929

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845915609

tts -f 1000x1000=100:diagsR -c 100 -p .10 -s 845919532

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 845925843

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 845927624

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846174694

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846181050

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846237748

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846238604

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846341981

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846342013

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846416416

tts -f 10000x1000=100:diagsR -c 100 -p .10 -s 846446662

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 846777221

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 846777222

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 846796739

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 846938197

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847039933

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847039935

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847109283

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847109286

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847191772

tts -f 30000x1000=100:diagsR -c 100 -p .03333333333333333333 -s 847191787

tts -f PULS.clue -p .10869565217391304347 -s 847720836

tts -f PULS.clue -p .10869565217391304347 -s 847828982

tts -f PULS.clue -p .10869565217391304347 -s 847829089

tts -f PULS.clue -p .10869565217391304347 -s 847829234

tts -f PULS.clue -p .10869565217391304347 -s 847829441

tts -f PULS.clue -p .10869565217391304347 -s 847829575

tts -f PULS.clue -p .10869565217391304347 -s 847829709

tts -f PULS.clue -p .10869565217391304347 -s 847829844

tts -f PULS.clue -p .10869565217391304347 -s 847829984

tts -f PULS.clue -p .10869565217391304347 -s 847830090

tts -f DœA.clue -p .10 -s 847923159

tts -f DœA.clue -p .10 -s 847923329

tts -f DœA.clue -p .10 -s 847923499

tts -f DœA.clue -p .10 -s 847923671

tts -f DœA.clue -p .10 -s 847923841

tts -f DœA.clue -p .10 -s 847924010



tts -f DœA.clue -p .10 -s 847924179

tts -f DœA.clue -p .10 -s 847924439

tts -f DœA.clue -p .10 -s 847924815

tts -f DœA.clue -p .10 -s 847925176

œ Î¸„ÔÚ „È· ÙÔÌ ÔÔflÔ ÙÔ ÔÛÔÛÙ¸ Ù˘Ì ‰Â‰ÔÏ›Ì˘Ì ÒÔÚ ÂÍ·fl‰ÂıÛÁ ÛÙÁÌ ÂÒflÙ˘ÛÁ
ÙÔı ÛıÌ¸ÎÔı 30000x1000=100:diagsR ÂflÌ·È .033� � � ·ÌÙfl „È· .10 ÂflÌ·È ¸ÙÈ Ë›Î·ÏÂ Ì· ›˜ÔıÏÂ
Ï¸ÌÔ 1000 ‰Â‰ÔÏ›Ì· ÒÔÚ ÂÍ·fl‰ÂıÛÁ, ¸˘Ú Í·È ÛÙÔ Û˝ÌÔÎÔ 10000x1000=100:diagsR.

”ÙÁÌ ÂÒflÙ˘ÛÁ ÙÔı ÛıÌ¸ÎÔı PULS, ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ ÙÔ ÔÛÔÛÙ¸ .10869565217391304347
„È·Ùfl ·ıÙ¸ ›‰ÈÌÂ 30 ‰Â‰ÔÏ›Ì· ÒÔÚ ÂÍ·fl‰ÂıÛÁ ¸ÛÂÚ fiÙ·Ì Í·È ÔÈ ÔÏ‹‰ÂÚ Ôı ÊÁÙÔ˝Û·ÏÂ.
∏ÙÛÈ, ÔÈ ÌÂıÒ˛ÌÂÚ Ù˘Ì ‰˝Ô ‰ÈÍÙ˝˘Ì ÏÔÒÔ˝Û·Ì Ì· ·Ò˜ÈÍÔÔÈÁËÔ˝Ì ¸ÎÔÈ.

”‘.2 ¡Ò˜Âfl· ÂÌÙÔÎ˛Ì ÙÔı CLUE Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì

‘· ÂÈÒ‹Ï·Ù· ÏÂ ÙÔ CLUE ›„ÈÌ·Ì ÙÒ›˜ÔÌÙ‹Ú ÙÔ ˘Ú ÂÓfiÚ (·Ì·Î¸„˘Ú ÏÂ ÙÔÌ ·Î„¸ÒÈËÏÔ Ôı
Ë· ÂÍÙÂÎÔ˝ÌÙ·Ì):

clue -in 1000x1000=100:diagsR-training -fly 1000x1000=100:diagsR-testing \

-out snapshot -par script-1000-nnmse

clue -in 1000x1000=100:diagsR-training -fly 1000x1000=100:diagsR-testing \

-out snapshot -par script-1000-nnvwmse

clue -in 1000x1000=100:diagsR-training -fly 1000x1000=100:diagsR-testing \

-out snapshot -par script-1000-kmeans

clue -in 1000x1000=100:diagsR-training -fly 1000x1000=100:diagsR-testing \

-out snapshot -par script-1000-halc

clue -in 1000x1000=100:diagsR-training -fly 1000x1000=100:diagsR-testing \

-out snapshot -par script-1000-graphos

clue -in 10000x1000=100:diagsR-training -fly 10000x1000=100:diagsR-testing \

-out snapshot -par script-10000-nnmse

clue -in 10000x1000=100:diagsR-training -fly 10000x1000=100:diagsR-testing \

-out snapshot -par script-10000-nnvwmse

clue -in 10000x1000=100:diagsR-training -fly 10000x1000=100:diagsR-testing \

-out snapshot -par script-10000-kmeans

clue -in 10000x1000=100:diagsR-training -fly 10000x1000=100:diagsR-testing \

-out snapshot -par script-10000-halc

clue -in 10000x1000=100:diagsR-training -fly 10000x1000=100:diagsR-testing \

-out snapshot -par script-10000-graphos

clue -in 30000x1000=100:diagsR-training -fly 30000x1000=100:diagsR-testing \

-out snapshot -par script-30000-nnmse

clue -in 30000x1000=100:diagsR-training -fly 30000x1000=100:diagsR-testing \

-out snapshot -par script-30000-nnvwmse

clue -in 30000x1000=100:diagsR-training -fly 30000x1000=100:diagsR-testing \

-out snapshot -par script-30000-kmeans

clue -in 30000x1000=100:diagsR-training -fly 30000x1000=100:diagsR-testing \

-out snapshot -par script-30000-halc

clue -in PULS.clue-training -fly PULS.clue-testing \

-out snapshot -par script-PULS-nnmse

clue -in PULS.clue-training -fly PULS.clue-testing \

-out snapshot -par script-PULS-nnvwmse

clue -in PULS.clue-training -fly PULS.clue-testing \



-out snapshot -par script-PULS-kmeans

clue -in PULS.clue-training -fly PULS.clue-testing \

-out snapshot -par script-PULS-halc

clue -in PULS.clue-training -fly PULS.clue-testing \

-out snapshot -par script-PULS-graphos

clue -in DœA.clue-training -fly DœA.clue-testing \

-out snapshot -par script-DœA-nnmse

clue -in DœA.clue-training -fly DœA.clue-testing \

-out snapshot -par script-DœA-nnvwmse

clue -in DœA.clue-training -fly DœA.clue-testing \

-out snapshot -par script-DœA-kmeans

clue -in DœA.clue-training -fly DœA.clue-testing \

-out snapshot -par script-DœA-halc

‘· ·Ò˜Âfl· script-� � � ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙ· ·Í¸ÎÔıË· ıÔ-ıÔÍÂˆ‹Î·È·:

”‘.2.1 script-1000-nnmse

enable DEBUG_œTHER

#-------------------------- Settings --------------------------

set maximum number of utilization classes = 100

set metric = VDM

set random split = œn

set snapshots at every 50 triplets

store zeroes in column0

store sums in column0

wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one

# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISœDATA

timestamp KMeans_End

timestamp œntheFly_MSE_Start

do clustering on the fly using Kmeans minimizing MSE

timestamp œntheFly_MSE_End

”‘.2.2 script-1000-nnvwmse

enable DEBUG_œTHER

#-------------------------- Settings --------------------------

set maximum number of utilization classes = 100

set metric = VDM

set random split = œn

set snapshots at every 50 triplets

store zeroes in column0

store sums in column0



wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one

# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISœDATA

timestamp KMeans_End

timestamp œntheFly_VWMSE_Start

do clustering on the fly using Kmeans minimizing VWMSE

timestamp œntheFly_VWMSE_End

”‘.2.3 script-1000-graphos

enable DEBUG_œTHER

#-------------------------- Settings --------------------------

set maximum number of utilization classes = 100

set metric = VDM

set random split = œn

set snapshots at every 50 triplets

store zeroes in column0

store sums in column0

wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one

# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISœDATA

timestamp KMeans_End

timestamp œntheFly_Graphos_Start

do clustering on the fly using graph 5 180%

timestamp œntheFly_Graphos_End

”‘.2.4 script-1000-kmeans

enable DEBUG_œTHER

#-------------------------- Settings --------------------------

set maximum number of utilization classes = 100

set metric = VDM

set random split = œn

store zeroes in column0

store sums in column0

wipeout zero rows

copy matrix

timestamp KMeans_Start

do clustering with ISœDATA

timestamp KMeans_End



swap matrix

evaluate results

”‘.2.5 script-1000-halc

enable DEBUG_œTHER

#-------------------------- Settings --------------------------

set maximum number of utilization classes = 100

set automatic clustering = œN

set metric = PLDM

set clustering distance = 0.2

set clustering distance increase ratio = 10%

set clustering distance decrease ratio = 10%

set maximum clustering distance increase ratio = -1.0

set maximum clustering distance decrease ratio = 99.99%

set clustering distance lower bound = 0.00001

set clustering distance upper bound = 0.95 # clust. dist. must be <<1.0

set maximum number of ping-pongs = 0

solve ping-pongs using last

set max compression rate = 10%

set k factor = 15%

set goal almost reached at 5%

set unify style = avg

set stop at no change = 500

set write weight = 1

set read weight = 1

set maximum intervals coefficient = 299%

set minimum intervals coefficient = 43%

#-------------------------- PLDM --------------------------

store zeroes in column0

store sums in column0

wipeout zero rows

downscale

copy matrix

timestamp HALC_PLDM_Start

do clustering

timestamp HALC_PLDM_End

#-------------------------- Settings --------------------------

set metric = VDM

set clustering distance = sqrt(2.0) / 100

set clustering distance increase ratio = 50%

set clustering distance decrease ratio = 30%

set clustering distance lower bound = 0.0001

set clustering distance upper bound = 100.0

set maximum number of ping-pongs = 0

solve ping-pongs using last

store zeroes in column0

store sums in column0



wipeout zero rows

store squares in column0

timestamp HALC_VDM_Start

do clustering

timestamp HALC_VDM_End

swap matrix

evaluate results

‘· ·Ò˜Âfl· script-10000-� � � ÂflÌ·È fl‰È· ÏÂ Ù· ·ÌÙflÛÙÔÈ˜· script-1000-� � � , ÏÂ Ï¸ÌÁ ‰È·ˆÔÒ‹
¸ÙÈ ¸Ôı ıfiÒ˜Â Á „Ò·ÏÏfi:

set snapshots at every 50 triplets

›˜ÂÈ ·ÌÙÈÍ·Ù·ÛÙ·ËÂfl ÏÂ ÙÁ „Ò·ÏÏfi:

set snapshots at every 1000 triplets

¡ÌÙÈÛÙÔfl˜˘Ú, ÛÙ· ·Ò˜Âfl· script-30000-� � � , Á „Ò·ÏÏfi ·ıÙfi ›˜ÂÈ „flÌÂÈ:

set snapshots at every 3625 triplets

”Ù· ·Ò˜Âfl· script-DOA-� � � , Á „Ò·ÏÏfi ·ıÙfi fiÙ·Ì:

set snapshots at every 283 triplets

‘›ÎÔÚ, ÛÙ· ·Ò˜Âfl· script-PULS-� � � , Á „Ò·ÏÏfi ·ıÙfi fiÙ·Ì:

set snapshots at every 30 triplets

–·Ò‹ÎÎÁÎ·, ÛÙ· ·Ò˜Âfl· script-PULS-� � � ·ÎÎ‹˜ËÁÍÂ Í·È Ô ·ÒÈËÏ¸Ú Ù˘Ì ÔÏ‹‰˘Ì Ôı
ÊÁÙÔ˝Û·ÏÂ, ÏÂ ÙÔ Ì· ·ÎÎ‹ÓÔıÏÂ ÙÁ „Ò·ÏÏfi:

set maximum number of utilization classes = 100

ÏÂ ÙÁ „Ò·ÏÏfi:

set maximum number of utilization classes = 30

”ÁÏÂfl˘ÛÁ:
ºÙ·Ì ÂÍÙÂÎÔ˝ÌÙ·Ì ÙÔ CLUE ÏÂ ÙÔıÚ ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'', Ù¸ÙÂ

‰ÁÏÈÔıÒ„Ô˝ÌÙ·Ì, ÂÍÙ¸Ú ·¸ ÙÔ ÙÂÎÈÍ¸ ·Ò˜ÂflÔ ÂÓ¸‰Ôı snapshot Í·È Ù· ·Ò˜Âfl· snapshot-XXX-
triplets, ¸Ôı XXX Ô ·ÒÈËÏ¸Ú Ù˘Ì ÙÒÈ‹‰˘Ì Ôı Âfl˜·Ì ÛıÏÎÁÒ˘ËÂfl ÛÙÔ ÂÍ‹ÛÙÔÙÂ snapshot.
¡ıÙ‹ fiÙ·Ì Ù· ·Ò˜Âfl· ÂÍÂflÌ· Ôı ˜ÒÁÛÈÏÔÔÈfiËÁÛ·Ì ˘Ú ÂflÛÔ‰ÔÚ ÛÙÔıÚ ·Î„¸ÒÈËÏÔıÚ ÔÏ·‰ÈÍfiÚ
ÂÂÓÂÒ„·Ûfl·Ú (K-MEANS Í·È HALC), ÒÔÍÂÈÏ›ÌÔı Ì· ıÔÎÔ„ÈÛËÂfl Á Âfl‰ÔÛfi ÙÔıÚ „È· ÙÈÚ
ÂÌ‰È‹ÏÂÛÂÚ ˆ‹ÛÂÈÚ ÙÁÚ ÔÏ·‰ÔÔflÁÛÁÚ.

”‘.3 –ÎfiËÁ ÔÏ‹‰˘Ì Ôı Í·Ù·ÛÍÂı‹ÛËÁÛ·Ì

”ÙÔıÚ flÌ·ÍÂÚ ”‘.1, ”‘.2, ”‘.3, ”‘.4 Í·È ”‘.5 Ôı ·ÍÔÎÔıËÔ˝Ì, ·ÒÔıÛÈ‹ÊÔÌÙ·È Ù·
ÎfiËÁ Ù˘Ì ÔÏ‹‰˘Ì ÙÈÚ ÔÔflÂÚ ‰ÁÏÈÔ˝Ò„ÁÛ·Ì Ô ·Î„¸ÒÈËÏÔÚ HALC Í·È Ô „Ò·ˆÔËÂ˘ÒÁÙÈÍ¸Ú
·Î„¸ÒÈËÏÔÚ ÔÏ·‰ÔÔflÁÛÁÚ ``ÂÌ ÙfiÛÂÈ'' (¸ÔÙÂ ·ıÙ¸Ú ˜ÒÁÛÈÏÔÔÈfiËÁÍÂ) Í·Ù‹ ÙÁÌ ÂÍÙ›ÎÂÛÁ
Ù˘Ì ÙÂÎÈÍ˛Ì ÂÈÒ·Ï‹Ù˘Ì Ôı ÂÒÈ„Ò‹ˆÔÌÙ·È ÛÙÔ ÍÂˆ‹Î·ÈÔ 6. ”Â ¸ÎÂÚ ÙÈÚ ÂÒÈÙ˛ÛÂÈÚ,
ÎÁÌ ÙÔı ÛıÌ¸ÎÔı Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì PULS, ÙÔ ÎfiËÔÚ Ù˘Ì ÊÁÙÔ˝ÏÂÌ˘Ì ÔÏ‹‰˘Ì fiÙ·Ì
flÛÔ ÏÂ 100. ”ÙÁÌ ÂÒflÙ˘ÛÁ ÙÔı ÛıÌ¸ÎÔı PULS (flÌ·Í·Ú ”‘.4), ÙÔ ÎfiËÔÚ Ù˘Ì ÊÁÙÔ˝ÏÂÌ˘Ì
ÔÏ‹‰˘Ì fiÙ·Ì flÛÔ ÏÂ 30.



Triplets read
on the fly

HALC GRAPHOS

50 96.2 1.0
100 90.6 1.0
150 92.8 1.0
200 90.6 1.6
250 89.8 2.5
300 88.9 8.8
350 88.5 15.3
400 85.1 21.5
450 87.1 24.9
500 84.7 24.5
550 85.3 25.9
600 88 30.4
650 83.9 25.8
700 91.6 33.9
750 87.5 30.4
800 83.4 32.0
850 81.8 32.3
900 92 32.3

–flÌ·Í·Ú ”‘.1: –ÎfiËÔÚ ÔÏ‹‰˘Ì „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì 1000x1000=100:diagsR

Triplets read
on the fly

HALC GRAPHOS

1000 84.9 26.9
2000 85.2 45.3
3000 91.7 50.3
4000 93.1 58.6
5000 87.4 61.4
6000 83.6 63.2
7000 87.7 63.2
8000 92.6 67.9
9000 97.1 71.6

–flÌ·Í·Ú ”‘.2: –ÎfiËÔÚ ÔÏ‹‰˘Ì „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì 10000x1000=100:diagsR



Triplets read
on the fly

HALC

3625 82.6
7250 89.4

10875 92.1
14500 87.7
18125 85.1
21750 87.1
25375 89.7
29000 86

–flÌ·Í·Ú ”‘.3: –ÎfiËÔÚ ÔÏ‹‰˘Ì „È· ÙÔ Û˝ÌÔÎÔ ÛıÌËÂÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì 30000x1000=100:diagsR

Triplets read
on the fly

HALC GRAPHOS

30 27.6 26.6
60 29 34.1
90 28.9 75

120 28.4 100.9
150 28.7 123.5
180 28.6 135.9
210 29.3 144.7
240 28.9 163.4
246 28.4 167.2

–flÌ·Í·Ú ”‘.4: –ÎfiËÔÚ ÔÏ‹‰˘Ì „È· ÙÔ Û˝ÌÔÎÔ Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì PULS

Triplets read
on the fly

HALC

283 99
566 91.8
849 97.3

1132 95
1415 96.4
1698 96.5
1748 93.9

–flÌ·Í·Ú ”‘.5: –ÎfiËÔÚ ÔÏ‹‰˘Ì „È· ÙÔ Û˝ÌÔÎÔ Ò·„Ï·ÙÈÍ˛Ì ‰Â‰ÔÏ›Ì˘Ì DOA
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