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symbols encoder &
Interleaver

Write scheduler

Magnetic tape
(8 tracks)

Column−code
decoder

Row−code encoder

Row−code decoder

Information Column−code

�:Ñ²Ô�åCÕ/Ëi�0�<ìXÓ²ÓºåFà�Ð©ÕoÒ}Ð/ÑºÎZÏ�Î�Ø0Ð/ÊCË	ò�óªó»à�åFãFà�ß�à�Ð©ËpÛ!Î«Ø>Ò¨Ð/Ò«Í6Ë	Ù�Õ/ÑºáZË±à©ß�àeÐ/ËkÛ'ä

Ö�Ë�ÙCË�üFÏCË"Ò�Ï�ËpÕ©Õ/Î�Õ�Ð©ÕoÒ«ÏDà�ÑºÐ©Ñ²Î�Ï�Û�Ò«Ð©Õ/Ñ�Ìhâ<>µ·�B)ÒZàJÒ�ÿ d ÿ¨Û�Ò«Ð©Õ/Ñ�ÌTÖªÊFÎZà©Ë�üDÕ/à�ÐªÕ©Î}Ö�Ò�ÏFÙ�Þ�Î�Ó²åCÛ�Ï'Þ�Î�Õ/Õ/Ëpà©ÍDÎZÏFÙ�Ð/Î¨Ð/ÊCË"ËkÕ/Õ/Î�Õ©ðRØÚÕ/ËkË
à�Ð/Ò}Ð/Ë&ñÚÎZÕj�}ðXà�Ð/Ò}Ð/Ë@ô�ê:Ò�ÏFÙ¦Ð©ÊCË�à�Ë@Þ�Î�ÏDÙÕ/Î}Ö,Ò«ÏFÙ×ÞkÎ�Ó²åCÛ�ÏþÞkÎ�Õ/Õ©Ë@à�Í6Î�ÏDÙ&Ð/Î§Ð©ÊFËTËkÕ/Õ©ÎZÕ	àeÐoÒ}Ð/ËÆñÚÎ�Õ�÷�ðXàeÐoÒ}Ð/Ë@ô*ä§ùHåFÞoÊÜÒ'Û�Ò«Ð©Õ/Ñ�ÌþÑ²à�Ò
Þ�ÎZÏHá�ËkÏFÑºËpÏZÐ�Õ©ËpÍCÕ©Ë@à�ËpÏPÐ/Ò}Ð/ÑºÎZÏ'Î«Ø>Ð©ÊFËl��õÆõ Ð/ÊFÒ}Ð±ÖªÑºÓ²Ó0ã6Ë½åFà�Ë@Ù§Ë�ÌHÐ/ËkÏFà©ÑºáZËkÓ²ß�Ñ²ÏÆÐ/ÊCÑ¼à¸ÍFÒ�ÍDËpÕpä�ìXÏ&é	ägÿ�ê�Ö�Ë�ÎZå�Ð©Ó²ÑºÏFË¨ÒTÛ�ËkÐ©ÊCÎ�Ù'Ð/Î
ÞkÒ�Ó²ÞkåCÓ¼Ò}Ð©Ë±Ð/ÊCË<â >D·¿B ØÚÎ�Õ´Ò�Ñ�ò�óæÛ½Î�Ù�ËpÓmÙ�ËküFÏCËpÙ�ãHß ¶ >µ·¸B ê0 Ôuà �CêDÒ«ÏFÙh Ö�à �Cä
ã ä ÃTÄ��!pÈkÀ�åçæéèêè ë�Åì�%�í�%�Á?��"
é´ÏÒ«ÍCÍCÓ²Ñ¼ÞkÒ}Ð/ÑºÎZÏ§ÖªÊCËkÕ/Ë	ÍCÕ/Î�Ù�åFÞ�Ð±Þ�Î�Ù�Ë@à¸Ò�Õ©Ë	åDà�Ë@Ù'ØÚÎ�Õ�ËkÕ/Õ©ÎZÕ´Þ�Î�Õ/Õ/ËpÞ*Ð/ÑºÎZÏ'Ñ²à¸Ð©ÊCË�Ð/Ò�ÍDË½Ù�Õ©Ñ²á�Ë¨à�ß�à�Ð©ËkÛ'ä¸ÉJÊFË¨ò�óªó à©åCãFà©ß�àeÐ/ËkÛ Î«Ø
Ò¨Ð/Ò�ÍDË	Ù�Õ/Ñ²á�Ë�à�ß�à�Ð©ËkÛ.Ñ²àJÑ²Ó²ÓºåFà�Ð©ÕoÒ}Ð/ËpÙ�ÑºÏ�:Ñ²ÔFäN�Fä�ÉJÊFË�ÙCËká�ËpÓºÎZÍCÛ�ËkÏPÐªÎ«Ø0Ð©ÊCË�î�ï)ï ® w0Ë ®`ðH®}¯ s$yêyem{r�s^v0ØÚÎ�ÕªÍ6ËkÕ©ØÚÎ�Õ/Û�Ò�ÏFÞ�Ë�Ò«ÏDÒ«Ó²ßHà©Ñ¼à
Ñ¼à	ãFÒZà�Ë@ÙÎZÏþÐ©ÊCË�à�Í6ËpÞkÑ�ü6ÞkÒ}Ð/ÑºÎZÏFà"Ñ²ÏþÐ©ÊCË�ò�ó�õÆé´ð�öF÷pø§ùPÐoÒ«ÏFÙCÒ�Õ/Ù��º÷$��ä§ÉJÊCÑ²à¨ò�ó�õÆé.ùPÐ/Ò�ÏFÙCÒ«ÕoÙ�ê<Ò�ÞpÞ�ËkÍCÐ©ËpÙþãHßÐ©ÊCËTÐ/Ò«Í6Ë�ðXÙ�Õ/ÑºáZË
Û�Ò«ÏHå�Ø°ÒZÞ*Ð©åFÕ©Ñ²ÏCÔÞkÎ�Û�ÍFÒ�ÏCÑºË@àkê)à�Í6ËpÞkÑ�üFË@à½ÍCÊHßHà©Ñ¼ÞkÒ«ÓJÒ«ÏDÙÜÛ�Ò«ÔZÏCË�Ð/Ñ²Þ�ÞoÊFÒ«ÕoÒ�Þ�Ð©ËpÕ©Ñ¼àeÐ/Ñ²Þpà	Î�Ø¸Û�Ò«Ô�ÏFË�Ð©Ñ¼Þ�ÐoÒ«Í6Ë§ÞkÒ«Õ©Ð©Õ/Ñ¼Ù�Ô�Ë@à	Ñ²ÏÝÎ�ÕoÙ�ËpÕ�Ð/Î
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é¸à¸à�Í6ËpÞkÑ�üFË@Ù'ÑºÏ�Ð/ÊCË¨ùPÐoÒ«ÏFÙCÒ�Õ/Ù�ê�Ð©ÊCË�ÑºÏ�ØÚÎZÕ©Û�Ò«Ð©Ñ²Î�Ï§à�ßHÛ¨ãDÎZÓ²à"ñRÒ«Ó²Î�ÏCÔ�ÖªÑºÐ©ÊÆÒ½ØÚËpÖ ó�ý´ó�ÞoÊCËpÞoç�ãPßPÐ/ËpàoôJÒ«Õ/Ë"Ô�Õ/Î�åCÍ6ËpÙxÐ©Î�ØÚÎZÕ©Û
Òñr °o¯�°H® s ¯ Ð©ÊFÒ«Ð½ÞkÎ�ÏPÐ/Ò�ÑºÏFàx÷��8�o� d �~��ò«ð�Ò�Õ©ÕoÒAß�à�Ò�ÍCÍDËpÏFÙ�Ë@Ù×Ð©Î&ØÚÎ�Õ/Û Ò&Õ©Î}Ö,áZËpÞ*Ð/Î�Õ@äÆò ÒZÞoÊ×Î�ÏCË�Î«ØªÐ©ÊFËh�o� d �t�tò}ðXÒ«Õ/Õ/ÒAß�à�Ò«Õ/ËÕ/Ë�ØÚËkÕ/Õ/ËpÙ�Ð©Î�Ò�à ® w0Ë^�+r °K¯±°o® s ¯�® ê�Ò�ÏFÙÆÒ�Õ©Ë	ËpÏFÞ�Î�Ù�Ë@ÙÆà©ËkÍFÒ�Õ/Ò«Ð©ËkÓ²ß�ä�é ÍCÕ/Î�Ù�åFÞ�Ð±Þ�Î�Ù�Ëj� >µó	ô0õ)ö¸B ÖªÑºÐ©ÊÆÐeÖ�Îxý¸ù&Þ�Î�Ù�Ë@àT= >A@+B Ò«ÏFÙ�= >DCEB
Ù�ËküFÏCËpÙxÎ}á�ËpÕ)Ñi�JñRÿ�÷pô Ñ²à�åFà©ËpÙTÐ©Î½ÍCÕ/Î«Ð©Ë@Þ*ÐJËpÒZÞoÊxà�åFã�ð�ÙFÒ}Ð/ÒZà�ËkÐ/àpä:ÉJÊFË±ÞkÎHÙCË�=?>A@+B>Ñ¼à�Ò�ñRÿK�t� G ÿ«ö�� G �«ô<ý¸ùxÞ�Î�Ù�Ë�ê�Ò�ÏFÙ�Ð/ÊCË±ÞkÎ�Ù�Ë�=?>DCEBÑ¼à¸Ò§ñ���� G �o� G ÷�÷Aô ý¸ù'ÞkÎ�Ù�Ë�äªÉJÊCË"ËpÏFÞ�Î�Ù�Ë@Ù§à�åCãCð�ÙCÒ«Ð/ÒZà�ËkÐ´Ñ²à�Ò��K� d �tòt�}ðXÒ«Õ/Õ/ÒAß�Î�ãCÐ/Ò«Ñ²ÏCË@Ù�ãHß�ËkÏFÞkÎ�Ù�ÑºÏFÔ�Ëká�ËpÏ§Ò«ÏFÙ'Î�ÙCÙ§à©ßHÛ�ã6Î�Ó¼àÎ«Ø�ËpÒZÞoÊ&Õ/Î}Ö Î«Ø Ð/ÊCË�à�åFã�ð�ÙFÒ}Ð/ÒZà�ËkÐ�ÖªÑºÐ©Ê8=?>A@+BJÐ©Î�ØÚÎ�Õ/Û�Ò�pEm{r�s^nfmokEr Ï0°o² k*ê0Ò�ÏFÙ&Ð©ÊCË�Þ�ÎZÓºåFÛ½ÏDà�ÖªÑºÐ©Êø=?>DCEBoä��´ËpÏFÞ�ËZê�Ð©ÊFË½ËpÏFÞ�Î�Ù�Ë@ÙÙCÒ«Ð/Ò�à©Ë�Ð±Ñ²à�Ò÷ d ÷{�xáZËpÞ*Ð/Î�Õ�Î«Ø ��� d �tòt�TËpÏFÞ�Î�Ù�Ë@Ù&à©åCã�ðXÙCÒ}ÐoÒ�à©Ë�Ð/àpê�Ò«ÏFÙÆÐeÖ)Î�Þ�Î�Ù�ËpÖ)ÎZÕ/Ù'ÍFÒ�ÑºÕoà�Î«Ø�Ð/ÊCË�ËkÏFÞkÎHÙCËpÙ&ÙFÒ}Ð/ÒZà�ËkÐ±Ò�ÓºÎZÏCÔÖªÑºÐ©Ê×ÊCË@Ò�Ù�ËpÕ	ÑºÏCØÚÎ�Õ/Û�Ò«Ð©Ñ²Î�Ï�ê0Õ©ËkØÚËkÕ/Õ©Ë@ÙÆÐ/Î&Ò�àcù^w ° r ® ê<Ò�Õ©Ë�ÏHåCÛ¨ãDËpÕ©Ë@Ù¦Õ©Î}ÖJð�ÖªÑ²à©Ë�ä�ÉJÊCËTà�ËkÐ�Î«ØTò§úPåFÒ�ÙFà	Þ�ÎZÕ©Õ/Ëpà©ÍDÎZÏFÙ�Ñ²ÏCÔ�Ð©Î§Ë@Ò�ÞoÊÕ/Î}Ö Î�Ø>Ð©ÊCË¨ËkÏFÞkÎHÙCËpÙ§ÙCÒ«Ð/Ò�à©Ë�Ð�Ñ²à�ÖªÕ©ÑºÐ�Ð/ËkÏÆÑ²ÏPÐ©Î�ò�Ð©ÕoÒ�Þoç�àªÎ«Ø>Ð/ÊCË�Û�Ò�Ô�ÏCËkÐ©Ñ¼Þ�Ð/Ò�ÍDËZä¸ÉJÊCË	Õ/ËpÞkÎ�ÕoÙ�ÑºÏFÔTà©ÞoÊCË@Ù�åCÓ²Ë�Î�Ø:Ð/ÊCË¨úPåFÒZÙCà´Î�Ø�Ò
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Þ�Î�Ù�ËpÖ)ÎZÕ/ÙFàªÎ«Ø?��>µó	ô¿õ)ö�Boê�Ò«ÏFÙ�Ð/ÊFÒ}Ð¸Ð©ÊCËpß�Ò�Õ©Ë	ÍFÊPß�à©Ñ²ÞpÒ«Ó²Óºß�à�ËpÍFÒ«ÕoÒ}Ð/ËpÙ�ØÚÕ/Î�Û Ë@Ò�ÞoÊ§Î�Ð©ÊCËpÕ´ãHß�Ò«Ð¸ÓºË@Ò�à�Ði� d ø��t� U �J�«ÿK��à©ßHÛ�ã6Î�Ó¼à
ñÚÎZÕú��ö~�o�t�±ãCÑ�Ðoà�ØÚÎZÕúò«ðUãFÑ�Ð)à©ßHÛ�ã6Î�Ó¼à/ô�ä�ùHÑºÏDÞ�ËªÐ/ÊCË�ÍFÕ©ÎZãFÒ«ãCÑ²Ó²Ñ�Ðeß¨Î«ØmÒ«Ï�ËpÕ©Õ/Î�Õ ãCåCÕoàeÐJÞ�Î}á�ËpÕ©Ñ²ÏCÔ�Û�Î�Õ/ËªÐ©ÊDÒ«Ï���ö~�o�t�±ãCÑ�Ðoà Ñ¼à)á�ËkÕ/ß¨à©Û�Ò«Ó²ÓRê
ÑºÐ Ñ²à�Ø°Ò«Ñ²Õ�Ð/Î�Ò�à/à�åFÛ½Ë´ÒZà�ÖªÕ/Ñ�Ð/ÑºÏFÔ�Ð©ÊCË@à�Ë´Õ/Î}ÖèÞ�Î�Ù�ËkÖ�Î�ÕoÙCà>Ñ²Ïcò�Ñ¼Ù�ËkÏPÐ©Ñ¼ÞkÒ�ÓDÒ�ÏFÙ�ÑºÏDÙ�ËkÍ6ËkÏFÙCËkÏPÐ�ÞoÊFÒ�ÏCÏCËpÓ²àpä0ìXÏ�Î�Ð©ÊCËpÕ Ö�Î�ÕoÙCàpê}Ð©ÊCË±ò�óªó
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Ö�Ë"ÊFÒAá�Ë±Õ©Ë@àeÐ/Õ©Ñ¼Þ*Ð/ËpÙ�Î�åFÕ/à©ËkÓ²á�Ë@à Ð/Î�Ñ�ò�óæÛ½Î�Ù�ËpÓ²àpê�Ð/ÊCË�Ò«ÏDÒ«Ó²ßHà©Ñ¼à Ð/ËpÞoÊCÏFÑ²úPåCË@àªÍCÕ/Ëpà©ËkÏPÐ©Ë@Ù�Ñ²Ï�Ð©ÊCÑ¼àªÍFÒ�ÍDËpÕ¸ÞkÒ�Ï�Ë@Ò�à©ÑºÓ²ßTã6Ë	Ë�ÌHÐ/ËkÏFÙ�Ë@Ù
Ð©Î��'ðXà�Ð/Ò}Ð/Ë��¸õÆõÆàpä

ùHÑ²ÏFÞ�Ë	Ð©ÊCË�úPåFÒZÙCà´Ò�Õ©Ë"ÖªÕ/Ñ�Ð©Ð©ËpÏ§ÑºÏÆÒ½Ð/Õ/ÒZÞoçxÎ«Ø:Ð©ÊFË�Û�Ò«ÔZÏCË�Ð/Ñ²Þ±ÐoÒ«Í6Ë	åFà©ÑºÏCÔTÒTãCÑºÏDÒ«Õ/ßxÛ�Î�Ù�åCÓ¼Ò}Ð©Ñ²Î�Ï�ØÚÎZÕ©Û�Ò}Ð@êFÑºÐ¸Ñ¼à¸Ò«ÍFÍCÕ©ÎZÍCÕ/Ñ²Ò«Ð©Ë
Ð©Î�åFà©Ë¨ÒøË ²P¯ �+Ë °o® sErÆÙ�Ë�üFÏFÑ�Ð/ÑºÎZÏÆØÚÎ�Õ�Ð©ÊFËlÑ�ò�ó Î�Ø ÒxòJóªó�à�åCãDà�ß�à�Ð©ËkÛ�Û�Î�Ù�ËkÓUä¸ìXÏ¦Ò.Ë ²P¯ �+Ë °H® s`r.Ñ�òJó�êDË@Ò�ÞoÊÆà�Ð/Ò«Ð©Ë�Ñ¼à�ËpúPåCÑ²áAÒ�ÓºËpÏPÐÐ©ÎTÒ�ãFÑºÏFÒ�Õ©ß�à�ßHÛ�Û�Ë�Ð©Õ/Ñ¼Þ"ÞoÊFÒ«ÏCÏFËkÓ�ÖªÑºÐ©Ê'Ð/ÊCË	Þ�Õ/ÎZà/à�Î}áZËkÕ�ÍCÕ/Î�ãFÒ�ãCÑºÓ²ÑºÐeßxËpúPåFÒ�Ó�Ð©Îc Ô Î�Õ� Ö ä)ÉJÊFË�Ð©ÕoÒ«ÏFà©Ñ�Ð/ÑºÎZÏ�ÍFÕ©ÎZãFÒ«ãCÑ²Ó²Ñ�Ðeß�Û�Ò«Ð©Õ/Ñ�Ì
Î«Ø:Ð©ÊFË"ãCÑ�Ð©ðUãDÒ�à©ËpÙ�Ñ�ò�óèÛ�Î�Ù�ËpÓ�Ñ²à¸Ù�ËkÏCÎ�Ð©Ë@Ù�ÒZà ¶ >µ· Å û^ü ý Boä)é´Ï�þxð�ãCÑºÐ´à�ßHÛ�ã6Î�ÓmÑ²àJËpÕ©Õ/Î�Õ©ðRØÚÕ/ËkË�Ñ�Ø>Ò«ÏDÙ�ÎZÏCÓ²ßTÑ�Ø?þëÐ/Õ/Ò�ÏFà�ÑºÐ©Ñ²Î�ÏDàJÑºÏ�Ð©ÊFË
ãCÑºÐ�ð�ãFÒ�à©ËpÙ�Ñ�ò�ó¤Ò«Õ/Ë�ËkÕ/Õ©ÎZÕ�ðUØÚÕ©ËpË�äl�´ËkÏDÞ�Ë�êmÐ©ÊCË�ËpÕ©Õ/Î�Õ�Ð©ÕoÒ«ÏDà�ÑºÐ©Ñ²Î�Ï¦Û�Ò}Ð©Õ/ÑºÌøâ<>D·¿B�Î«Ø�Ò�ÏË@úPåCÑºá}Ò�ÓºËpÏZÐ ®}ð y�Ë`mov Ë °H® s`r8Ñ�ò�ó ÞkÒ«Ï¦ã6Ë
Ù�ËpÕ©Ñ²á�Ë@ÙxãHßxÒ�ÍCÍCÓ²ßPÑ²ÏCÔ½Ð©ÊFË"Û½ËkÐ©ÊCÎ�Ù'à©ÊCÎ}ÖªÏ�Ñ²Ï§é	ägÿ¨Î�Ï ¶ >µ·¿B*ñ�ÿxô)� U�� ¶ >µ· Å û�ü ý B*ñ�ÿxô�����êCÖªÊFËkÕ/Ë

¶ >D· Å û^ü ý B ñ�ÿxô U × Ø ñ�÷TÙ8OÔ ô Â Ø OÔ ÿ ñe÷TÙ Ø ô�ñ�÷TÙ8�Ö0ô Â ñe÷TÙ Ø ô+;Ö;ÿñe÷�Ù8Ú�ô�ñ�÷TÙ8OÔ ô Â ñe÷TÙ�Ú�ôQOÔ�ÿ Ú6ñ�÷TÙ8�Ö0ô Â ÚJ;Ö�ÿ Û�Ü ñ��Zô
�:ÑºÏDÒ«Ó²ÓºßZê�Ò�ÞkÎ�Ó²åCÛ�Ï�ðUÕ/Î}Ö¤Ù�Ë@Þ�Î�Ù�Ñ²ÏCÔ�Ñ¼à±ËkÛ�ÍCÓ²Î}ß�Ë@Ù'Ð©Î'Þ�ÎZÕ©Õ/ËpÞ�Ð�ËkÕ/Õ/Î�Õoà´Ñ²ÏZÐ/Õ©Î�Ù�åDÞ�ËpÙãHß'Ð©ÊCË½Õ/ËpÒ�Ù�ðUãFÒZÞoç�ÍFÕ©Î�Þ�Ë@à©àpä	ÉJÊCË�ò�óªó�à©åCã�ð
à©ßHà�Ð©ËpÛ!Û�Î�Ù�ËkÓ�Ñ¼àªÑ²ÓºÓ²åFà�Ð©ÕoÒ}Ð/ËpÙ�ÑºÏ�:ÑºÔDä	�Cä� ë�È�" Å!^#±ÁO�´Ä � �´Â���Ã�Â�" #	À'ÇT� Ã	���%Â>ÃTÄÆÅ'Ç�Ábè,ÃTÄ�&%
ÉJÊCË½ò�óªó à�åFãFà�ß�à�Ð©ËpÛ Û�Î�Ù�ËpÓRê�Ù�Ë�üDÏCËpÙ§ãHßh=?>A@+B©ê�=?>DCEBoê6Ò�ÏFÙÆÒ�Ñ�òJó�êFÑ¼à¸Ñ²Û�ÍCÓ²ËkÛ�ËkÏPÐ©Ë@Ù§Ñ²Ïþó»Ð©Î�Ëká}Ò«Ó²åFÒ}Ð/Ë"Ð©ÊFË�Í6ËkÕ©ØÚÎ�Õ/Û�Ò�ÏFÞ�Ë�Î«Ø
Ð©ÊFË�ÍCÕ/Î�Ù�åFÞ*Ð�Þ�Î�Ù�Ë��Tä�ÉJÊCË	Í6ËkÕ©ØÚÎ�Õ/Û�Ò�ÏFÞ�Ë�Î«Ø � Ñ²à�Ò«ÏFÒ�ÓºßHûpËpÙ'ãHß�ÍFÓºÎ�Ð�Ð©Ñ²ÏCÔxÐ©ÊCË¨Õ©Î}ÖJðXÞ�Î�Ù�ËpÖ)ÎZÕ/Ù�ËkÕ/Õ©ÎZÕªÕ/Ò«Ð©ËxñRÒ«ÏFÙ&à�ßHÛ�ã6Î�Ó0ËkÕ/Õ©ÎZÕ
ÕoÒ}Ð©ËAô)Î�ãFà©ËkÕ/á�Ë@ÙxÒ}ÐªÐ/ÊCË"Î�åCÐ©ÍCå�Ð´Î�ØmÐ/ÊCË"Õ©Î}ÖJðXÙ�Ë@Þ�Î�Ù�ËkÕ�ØÚÎZÕ´Ù�Ñµ��ËkÕ/ËkÏPÐªá}Ò«Ó²åCËpà´Î«Ø¿Ã¿Ä³Å Æ�ÇFä
�åCÕ©Ñ²ÏCÔ�ËpÒZÞoÊxÑºÐ©ËpÕ/Ò«Ð©Ñ²Î�Ï�êNF C þhF @ ðUÐ©åCÍCÓ²Ë�ûkËpÕ©Î½á�Ë@Þ*Ð©ÎZÕ/àJÒ�Õ©Ë�Ð©ÕoÒ«ÏFà©Û�Ñ�Ð©Ð©Ë@Ù�Î}áZËkÕ�Ñ²ÙCËkÏPÐ©Ñ¼ÞkÒ�ÓaF C Ñ²ÏFÙ�ËpÍDËpÏFÙ�ËpÏZÐ¸ÞoÊDÒ«ÏCÏCËpÓ²àªÙCË�üFÏCË@ÙãHßÆÐ/ÊCË�Ñ�ò�ó¤Û�ÎHÙCËkÓUäxé´Ï×ËpÓºËpÛ½ËpÏPÐ	ÑºÏ¦Ð©ÊFËTÎ�å�Ð/ÍCå�Ð©ð�Ò�Õ©ÕoÒAß§Î«Øªà�Ñ²ûkËeF C d F @ Ñ¼à"Ñ²Ï×ËkÕ/Õ©ÎZÕ�Ñ�Ø�Ð©ÊCËpÕ©Ë�Ñ¼à	Ò«Ð	ÓºË@Ò�à�Ð�Ò«Ï¦ËkÕ/Õ©ÎZÕ±Ñ²ÏþÐ©ÊFË

�



Product codeword input

n

1n

Column−code 
decoder Row−code decoder

Symbol−based
GEC

Symbol−based
GEC

Symbol−based
GEC

Symbol−based
GEC

Symbol−based
GEC

2

�:ÑºÔZåCÕ/Ëi�0�>ìXÓºÓ²åFà�Ð©ÕoÒ}Ð/ÑºÎZÏ�Î�ØmÐ©ÊFË	ò�óªóæà©åCãFà©ß�àeÐ/ËkÛ.Û½Î�Ù�ËpÓRä

Þ�ÎZÕ©Õ/Ëpà©Í6Î�ÏFÙ�Ñ²ÏCÔ§ãCÓ²Î�ÞoçÎ�ØTþ ÞoÊFÒ�ÏCÏCËpÓ�ð�Î�å�Ð/ÍCå�Ð�ãFÑ�Ðoàkä&ò)Ò�ÞoÊ×Þ�ÎZÓºåFÛ½ÏÝÎ«ØªÐ©ÊFËTÎ�å�Ð/ÍCå�Ð©ð�Ò�Õ©ÕoÒAß&Ñ¼à�Ù�Ë@Þ�Î�Ù�Ë@Ù×åFà©ÑºÏCÔ¹=O>ÊCMBoê>Ò«ÏDÙþÐ©ÊCËpÏ
ËpÒZÞoÊ�Õ/Î}Ö�Î�ØmÐ/ÊCË	Õ/Ëpà©åCÓ�ÐoÒ«ÏPÐ´Ò«Õ/Õ/ÒAß�Ñ¼à´Ù�Ë@Þ�Î�Ù�ËpÙ�åFà©Ñ²ÏCÔl=O>P@QBoä�ÉJÊCË"ÏHåCÛ¨ãDËpÕ´Î«Ø>à©ßPÛ¨ãDÎZÓ�ËkÕ/Õ©ÎZÕ/àJÒ�ÏFÙxÕ/Î}ÖJðXÞ�Î�Ù�ËkÖ�Î�ÕoÙ�ËpÕ©Õ/Î�Õoà�ÑºÏ�Ð©ÊFË
Þ�ÎZÓºåFÛ½ÏCðUÕ/Î}ÖíÙCËpÞ�Î�Ù�Ë@Ù�Ò«Õ/Õ/ÒAß�Î«Ø�Ð©ÊCÑ¼à�ÑºÐ©ËpÕ/Ò«Ð©Ñ²Î�ÏTÒ�Õ©ËªÛ�ËkÛ�ÎZÕ©Ñ²ûkË@Ù�ä<ù�Ëká�ËpÕ/Ò�ÓCÑºÐ©ËkÕoÒ}Ð/ÑºÎZÏFà Ò�Õ©ËªÍ6ËkÕ©ØÚÎ�Õ/Û�ËpÙ½Ð/Î	Î�ã�ÐoÒ«Ñ²ÏTà�åCâ�ÞkÑºËpÏPÐ ËkÕ/Õ©ÎZÕ
à�Ð/Ò}Ð/Ñ²à�Ð©Ñ¼Þkà:Ð/Î"Þ�Î�Û�ÍCåCÐ©Ë�Ð©ÊCËªÍFÕ©ÎZãFÒ«ãCÑ²Ó²Ñ�Ðeß"Î�Ø6à©ßPÛ¨ãDÎZÓHËkÕ/Õ©ÎZÕpê«Ù�ËpÏCÎ«Ð/ËpÙ½Ò�à�Ã ÄQ½ �� Y�� êZÒ«ÏDÙ�Õ/Î}ÖJð�ÞkÎ�Ù�ËkÖ�Î�ÕoÙ�ËkÕ/Õ©ÎZÕpê}Ù�ËpÏCÎ«Ð/ËpÙ½Ò�à¸Ã ô�� ½ ��� Y�� äé´ÓºÐ©ÊFÎ�åCÔZÊ¦Ñ²ÏPÐ©ËpÕ©Ó²ËpÒAáHÑ²ÏCÔ�Ñ¼à�ÏCÎ�Ð	Ë�Ì�ÍCÓ²Ñ²ÞkÑ�Ð/ÓºßÆÑ²ÏFÞkÓºåFÙCËpÙ¦ÑºÏ¦Ð/ÊCËTà�Ñ²Û�åFÓ²Ò«Ð©Î�Õ@ê�Ö�Ë�ÞkÒ«Ï¦Ñ²ÏZÐ/Õ©Î�Ù�åDÞ�Ë�Ñ�Ðoà"Ë$��ËpÞ�Ð/à"ãHßÆÕ/Ë�ðXÞ�ÎZÛ�ÍCå�Ð©Ñ²ÏCÔ�Ð©ÊFË
ÍFÒ�Õ/Ò�Û½ËkÐ©ËpÕ/à�Î«Ø0Ð©ÊCËjÑ�òJóæÛ�Î�Ù�ËpÓ²àJÖªÑºÐ©Ê'Õ/Ëpà©ÍDË@Þ*ÐªÐ©Î½Ð/ÊCË"Ô�Ñ²á�ËpÏ�Ù�ËpÍ�Ð©Ê'Î�Ø:Ñ²ÏPÐ©ËkÕ/á�Ë@Ò«Ó²ÑºÏFÔFä

ÉJÊCË)Ã ô�� ½ ��� Y�� Ò«ÏFÙlÃ ÄQ½ �� Y�� ÍCÓ²Î«ÐoàJÎ«ØO��>µó	ô0õ)ö¸B à©ÊCÎ}ÖªÏ�ÑºÏ��:ÑºÔDä��	ÞkÎ�Õ/Õ©Ë@à�Í6Î�ÏDÙ�Ð©ÎcÑ�òJóèÛ�Î�Ù�ËkÓ¼àJÖªÑ�Ð/Ê�Ô U �Cê	�Ö U ÷�êCÒ�ÏFÙ
Ù�ÑD�6ËpÕ©ËpÏPÐ´áAÒ�ÓºåFËpà�ØÚÎ�Õ Ø ä�ÉJÊCË"ÒAá�ËkÕoÒ«ÔZË¸ãCåFÕ/à�ÐªÓºËpÏCÔ«Ð/Ê�Î�Ø<Ò�Ñ�òJóèÛ�Î�Ù�ËkÓ�Ñ²ÏFÞkÕ©Ë@Ò�à©Ë�ÖªÑºÐ©Ê§Ò«Ï'Ñ²ÏFÞ�Õ/ËpÒZà�Ë±Ñ²Ï Ø ä� � À�#<!}í�Á>È�ÇT#<!�è�Ãl"��§Å�ÁO#±Á>È�Ã½À Ã	�èÁ���� ���´Â��«Ã�Â�" #	À'ÇT� Ã���� Â>ÃTÄÆÅ'Ç�Á è�ÃTÄ�&%
é¸à/à©åCÛ�Ë¨Ð/ÊFÒ}Ð"Ð/ÊCËTò�óªó¤à�åFãFà�ß�à�Ð©ËpÛ�Û�ÎHÙCËkÓ>Ñ¼à"Ù�Ë�üFÏFËpÙ¦ãHß&Ò�ÍCÕ©Î�Ù�åDÞ*Ð	Þ�Î�Ù�Ël� ÙCË�üFÏCË@Ù¦Î}á�ËkÕ"Ò�Ïøþ�ð�ÙCÑºÛ�ËkÏDà�Ñ²Î�Ï&üFËkÓ¼Ù�ê0Ò�ÏFÙ¦Ò
ãCÑºÐ�ð�ãFÒ�à©ËpÙ8Ñ�ò�ó ÖªÑ�Ð/ÊÍFÒ�Õ/Ò�Û�Ë�Ð©ËpÕ/à3 Ô ê; Ö êmÒ«ÏFÙ ¶ >µ· Å û�ü ý Boä¨ÉJÊCË�ËkÕ/Õ/Î�Õ´Ð/Õ/Ò�ÏFà©Ñ�Ð/ÑºÎZÏ&Û�Ò}Ð/Õ©ÑºÌ.â<>D·¿B´Î�Ø Ð/ÊCË�ËpúPåCÑ²áAÒ�ÓºËpÏPÐ�à©ßHÛ�ã6Î�ÓºðãFÒZà�Ë@Ù�Ñ�òJó Ñ¼à	ÞkÎ�Û�ÍCå�Ð/ËpÙ�ä'é¸à	à©ÊCÎ}ÖªÏþÑ²Ï��0Ñ²ÔFä��Cê0Ð©ÊCËpÕ©ËTÒ�Õ©ËeF C Ñ¼Ù�ËkÏPÐ/Ñ²ÞpÒ«Ó²Óºß¦Ù�Ë�üFÏFËpÙ�Ñ�ò�ó�à"Ð©ÊFÒ«Ð	Î�Í6ËkÕoÒ}Ð©Ë�Ñ²ÏFÙ�ËpÍDËpÏFÙ�ËpÏZÐ¨Î«ØËpÒZÞoÊÎ�Ð©ÊCËpÕpäTÉJÊFËTÞoÊFÒ«ÕoÒ�Þ�Ð©ËkÕ/Ñ¼àeÐ/Ñ²Þpà�Î�Ø)Ð/ÊCËpà©Ë�F C Ñ�ò�ó�à"Ò�Õ©Ë�à©å�âTÞ�Ñ²ËkÏPÐ©Ó²ßÙCË�üFÏCË@Ù¦ãPß¦Ò�Û�Ò«Ð©Õ/Ñ�Ì8â<> ª _ ½ Æ³Ç Boê�Ð/ÊFÒ}Ð	Ñ¼à�Ð/ÊCË�F C ðUØÚÎ�Ó¼Ù��Õ/Î�ÏCË@Þoç�ËkÕ�ÍCÕ/Î�Ù�åFÞ*ÐªÎ�Ø?âj>µ·¿BoêDà�ËpË�ñ��Zô�ä�ÉJÊCË"ãFÒ�à©Ñ¼Þ�ÍFÕ©ÎZÍDËpÕ�Ð/ÑºË@à)Î�Ø���Õ/Î�ÏFËpÞoç�ËpÕ)ÍFÕ©Î�Ù�åFÞ�Ð´Ò«Õ/Ë±Ó²Ñ¼àeÐ/ËpÙ�ÑºÏ§é�ä öFä

â > ª _ ½ Æ³Ç B U � â >µ·¿B�� ª _� U â >µ·¿B! â >µ·�B" £^£�£  â >D·¿B# $&% 'ª _ ý�ü (�)�Ä ñ��Pô
�CÕ/Î�Û%Ð©ÊFË¸Þ�ÎZÏPáZËkÏPÐ©Ñ²Î�Ï�Ñ²ÏPÐ©Õ/ÎHÙCåFÞ�Ë@Ù�ÑºÏ�ÿCä ÿCê«Ð/ÊCË�ÞkÎ�Ó²åCÛ�ÏFà¸ñRÒ«ÏFÙ�Õ/Î}Ö´à/ô:Î�ØZâ<> ª _ ½ Æ³Ç B>Ò«Õ/ËªÓ²Ò�ãDËpÓºÓ²ËpÙTåFà�Ñ²ÏCÔ�F C ðRÐ/åCÍCÓ²Ë´ãCÑ²ÏFÒ«Õ/ß½á�ËpÞ�Ð©ÎZÕ/àpä�CÎZÕ�Ë�ÌCÒ«Û�ÍCÓ²Ë�ê)Ñ�Ø�F C U öFê>Ð©ÊFËkÏæÒ«Ï�ËkÓ²ËkÛ�ËkÏPÐ�ÑºÏ�Ð©ÊFË À � G ÷ G � Á ð�Ó²Ò�ãDËpÓºÓ²ËpÙÝÕ©Î}Ö!Ò�ÏFÙ À ÷ G ÷ G � Á ð�Ó¼Ò«ã6ËkÓ²ÓºË@ÙÝÞ�ÎZÓºåFÛ½Ï�Õ©ËpÍCÕ/Ëpà©ËkÏPÐ/à¨Ð©ÊFËÍCÕ/Î�ãFÒ�ãCÑ²ÓºÑºÐeß�Î�Ø�Ð©ÕoÒ«ÏFà©Ñ�Ð/ÑºÎZÏ�ØÚÕ©ÎZÛ Ð/ÊCË¸ËpÕ©Õ/Î�Õ©ðUØÚÕ©ËpËJà�Ð/Ò«Ð©ËªÐ/Î"Ð©ÊFË¸ËkÕ/Õ/Î�Õ à�Ð/Ò«Ð©Ë´Ñ²Ï�Ð©ÊFË´üFÕoàeÐ)Ñ�ò�ó�ê«ØÚÕ/Î�Û%Ð©ÊFË¸ËkÕ/Õ/Î�Õ à�Ð/Ò«Ð©ËªÐ/Î"Ð©ÊCË�ËkÕ/Õ©ÎZÕ
à�Ð/Ò}Ð/Ë	Ñ²Ï'Ð©ÊCË½à�Ë@Þ�Î�ÏDÙ�Ñ�òJó�êDÒ�ÏFÙ�ØÚÕ©ÎZÛ Ð/ÊCË�ËpÕ©Õ/Î�Õ©ðUØÚÕ©ËpË±à�Ð/Ò«Ð©Ë"Ð/Î�Ð©ÊCË�ËkÕ/Õ©ÎZÕ�ðUØÚÕ©ËpË"àeÐoÒ}Ð©Ë�ÑºÏ'Ð/ÊCË	Ð/ÊCÑºÕoÙ¹Ñ�ò�ó�ä��´Ï�ØÚÎZÕ�Ð/åCÏFÒ«Ð©ËkÓ²ß�êDÐ©ÊFË

�



10
−2

10
−1

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

Average channel symbol error rate (p
s,ch

)

R
ow

−c
od

ew
or

d 
/ s

ym
bo

l e
rr

or
 r

at
e 

@
 r

ow
 d

ec
od

er

CW Error Rate: b= 0.95
CW Error Rate: b=0.96
CW Error Rate: b= 0.975
Symbol Error Rate: b= 0.95
Symbol Error Rate: b= 0.96
Symbol Error Rate: b= 0.975

Product Code: [240, 234, 7] & [64, 54, 11]
                                          
8 bits/symbol                             
                                          
GEC: P

G
= 0, P

B
= 1                       

�0Ñ²Ô�åFÕ©Ëj�J�¸Ã ô�� ½ ��� Y�� Ò«ÏDÙjÃ Ä�½ ��� Y�� Î�Ø���>Dó	ô0õ)ö¸B Î}áZËkÕªÞoÊFÒ«ÏFÏCËkÓ¼àJÖªÑ�Ð/Ê§Ù�Ñµ��ËkÕ/ËkÏPÐ´ÒAá�ËpÕ/Ò�Ô�Ë�ãCåCÕoàeÐ´Ó²ËkÏCÔ�Ð©ÊFàpä

ò



à©ÑºûpË"Î«Ø â<> ª _ ½ Æ³Ç B�Ô�Õ/Î}Ö´à)ËkÌ�ÍDÎZÏCËkÏPÐ©Ñ¼Ò«Ó²Ó²ßTÑºÏF C êFÒ«ÏDÙ�ÊFËkÏFÞkË"Ñ�Ð¸Ñ¼àªÏCÎ�ÐªØÚËpÒZà�Ñ²ãCÓ²Ë�Ð©ÎTÞ�ÎZÛ�ÍCå�Ð©Ë�Ð/ÊCÑ¼à´Û�Ò}Ð/Õ©ÑºÌxØÚÎZÕªÍCÕ/ÒZÞ*Ð/Ñ²ÞpÒ«Ó�á}Ò«Ó²åCËpà´Î«ØF C ä é,Õ/ËpÙ�åFÞ�Ð©Ñ²Î�ÏþÑ²ÏÐ/ÊCËxÞkÎ�Û�ÍCå�ÐoÒ}Ð©Ñ²Î�Ï×ÞkÎ�Û�ÍCÓ²Ë�Ì�Ñ�Ðeß&Ñ²à	ÒZÞoÊCÑ²Ëká�Ë@Ù&ãHßÕ©Ë@Ò«Ó²ÑºûpÑºÏCÔ�Ð/ÊFÒ}Ð	ÏCÎ�Ð¨Ò«Ó²Ó>Ñ²Ï�ØÚÎ�Õ/Û�Ò}Ð©Ñ²Î�Ï×à�Ð©ÎZÕ©Ë@Ù&Ñ²Ï�â<> ª _ ½ Æ³Ç BÑ¼à�ÏFËpÞ�Ë@à©à/Ò«Õ/ß�ØÚÎ�Õ±Ð©ÊFË�ÞkÎ�Û�ÍCå�ÐoÒ}Ð/ÑºÎZÏ&Î«Ø)ËkÕ/Õ©ÎZÕ�ð�Õ/Ò«Ð©Ë@àkä"é¸à�ÒxüFÕoàeÐ	à�Ð©ËkÍmê�Ö)Ë½ÊFÒAá�Ë½Ô�Õ/Î�åFÍDË@Ù'Ð©ÊCËeF C ÞoÊFÒ�ÏCÏCËkÓ¼à�ÑºÏPÐ©Î�ÐeÖ�ÎxÔZÕ©ÎZåCÍFàpêÏFÒ�Û½ËpÓºß¹Ñ±Õ/Î�åCÍCð/÷	Ò�ÏFÙ.Ñ±Õ/Î�åCÍ�ðeÿ�ä�Ñ±Õ©ÎZåCÍ�ðo÷	Þ�Î�ÏPÐoÒ«Ñ²ÏFàªÐ/ÊCË�üDÕ/à�Ð�ÞoÊFÒ�ÏCÏCËkÓUê�Ò«ÏFÙ¹Ñ±Õ/Î�åFÍ�ðXÿTÞ�Î�ÏPÐoÒ«Ñ²ÏFà¸Ò�ÓºÓ0Ð©ÊCË¨Î«Ð/ÊCËkÕ±ÞoÊFÒ«ÏCÏFËkÓ¼àkä±é
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Product Code: [240, 234, 7] & [64, 54, 11]
                                          
8 bits/symbol                             
                                          
GEC: P

G
= 0, P
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= 1                       
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Analytical − [240, 234, 7]      
                   [242, 234, 9]  
                   [244, 234, 11] 
                   [246, 234, 13] 
                   [248, 234, 15] 

Column−code: [64, 54, 11]                 
                                          
8 bits/symbol, b=0.95                     
                                          
GEC: P

G
= 0, P

B
= 1                       
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Analytical −[240, 234, 7]
                  [242, 234, 9]
                  [244, 234, 11]
                  [246, 234, 13]
                  [248, 234, 15]

Column−code: [64, 54, 11]                 
                                          
8 bits/symbol, b=0.97                     
                                          
GEC: P

G
= 0, P

B
= 1                       
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Analytical −[240, 234, 7]
                  [242, 234, 9]
                  [244, 234, 11]
                  [246, 234, 13]
                  [248, 234, 15]

Column−code: [64, 54, 11]                 
                                          
8 bits/symbol, b=0.98                     
                                          
GEC: P

G
= 0, P

B
= 1                       
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Analytical −[240, 234, 7]
                  [242, 234, 9]
                  [244, 234, 11]
                  [246, 234, 13]
                  [248, 234, 15]

Column−code: [64, 54, 11]                 
                                          
8 bits/symbol, b=0.99                     
                                          
GEC: P

G
= 0, P

B
= 1                       

TVcWCX!YLZ\[ ]&]
�:ÑºÔZåCÕ/Ë�ø0�aÃ ô�� ½ ��� Y�� Î«Ø0ÍFÕ©Î�Ù�åFÞ�Ð¸Þ�Î�Ù�Ë@àJÖªÑ�Ð/Ê'ÙCÑµ��ËkÕ/ËkÏPÐ´Õ/Î}Ö�Þ�Î�Ù�Ë@à�ØÚÎ�Õªá}Ò«Õ/ÑºÎZåFàJãCåCÕoà�ÐªÞkÎ�ÏFÙCÑ�Ð/ÑºÎZÏFàkä
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b = 0.95
      0.96      
      0.97      
      0.98      
      0.99      

Product code: [386,374,13] & [51,43,9]
                                         
10 bits/symbol                    
                                          
GEC: P

G
= 0, P

B
= 1                       

�:Ñ²Ô�åCÕ/Ë�÷��	�¸Ã ô�� ½ ��� Y�� Î«Ø:Ð©ÊFË�üFÕ/à�Ð´ò�óªó»à©ÞoÊCËpÛ�Ë�ØÚÎZÕªá}Ò«Õ/ÑºÎZåFàJãCåCÕoàeÐ´ÞkÎ�ÏFÙ�ÑºÐ©Ñ²Î�ÏDàkä
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Î«ØDÐ©ÊCËªÛ�ÒReÎ�Õ>Þ�Õ/Ñ�Ð/ËkÕ/Ñ²Ò±Ñ²Ï½ÙCËpà©ÑºÔZÏCÑºÏFÔ�Ò�Ï½òJóªó×à/ÞoÊCËkÛ�Ë�ØÚÎ�Õ�Ò�ÐoÒ«Í6ËJÙCÕ©Ñ²á�Ëªà©ßHà�Ð©ËpÛ¤Ñ¼à:Ð©ÊFÒ«Ð Ò«Ï½ËkÕoÒ�à©ËpÙ"Ð/Õ/ÒZÞoç	à�ÊFÎ�åCÓ¼Ù�ã6Ë´Þ�ÎZÛ�ÍCÓºËkÐ©ËpÓºß
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Ð©ÊFË	ÍCÓ²Î«Ð/àpêCÑºÐ¸Ñ¼à´Î�ãHáHÑ²Î�åFà�Ð/ÊFÒ}Ð´Ð/ÊCËpà©Ë	à/ÞoÊCËkÛ�Ëpà´ÍDËpÕ�ØÚÎZÕ©Û.ãDËkÐ�Ð©ËpÕ´Ð/ÊFÒ«Ï'Ð/ÊCË"Î�ÏCË¨à�Í6ËpÞkÑ�üFË@Ù�ÑºÏÆòJó�õÆé¤ùPÐ/Ò�ÏFÙCÒ�Õ/Ù�äúÕ�å�ÐpêDÐ©Î�Û�Ò«çZË
Ò�ÙCË�üFÏCÑºÐ©Ñ²á�Ë�à�Ð/Ò}Ð/ËkÛ�ËkÏPÐJÎ�ÏCË�ÊFÒ�à Ð©Î½Ñ²ÏPáZËpà�Ð©Ñ²ÔZÒ«Ð©ËªÐ/ÊCË�ÍFÕ©Î�Þ�Ë@à©à©Ñ²ÏCÔ	Î}á�ËpÕ©ÊFËpÒ�Ù�Ñ²Û�ÍDÎPà�Ë@Ù�ãHß�Ð©ÊCË@à�Ë�ÏCËkÖ à©ÞoÊCËpÛ�ËpàpêPÒ�ÏFÙxÒ�Ó²à©Î�Ù�ËpáPÑ¼à©Ë
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ìXÏ'Ð©ÊFÑ²à¸ÍFÒ«Í6ËkÕ@êFÖ�Ë	Ù�ËkáZËkÓ²Î�Í6ËpÙ'Ò�Û�Î�Ù�ËkÓ0Î«Ø<Ð©ÊCË¨ò�óªó�à�åCãDà�ß�à�Ð©ËkÛ Î«Ø�Ò�Û�Ò«ÔZÏCË�Ð/Ñ²Þ±ÐoÒ«Í6Ë�Ù�Õ/ÑºáZË	à�ß�à�Ð©ËpÛ Ñ²Ï§Î�ÕoÙ�ËkÕªÐ/Î�ÑºÏHáZËpà�Ð©Ñ²ÔZÒ}Ð/Ë
ÑºÐ/à"Í6ËkÕ©ØÚÎ�Õ/Û�Ò«ÏFÞkË�äTÉJÖ�Î'ÞkÎ�Û�ÍCå�ÐoÒ}Ð/ÑºÎZÏ&Ð/ËpÞoÊCÏCÑ¼úPåCËpà	Ö)ËpÕ©Ë�ÍCÕ/Î�Í6ÎZà©ËpÙÆÐ©ÎÆÞ�ÎZÛ�ÍCå�Ð©Ë�Ð/ÊCËTÞ�Î�Ù�ËpÖ)ÎZÕ/Ù¦Ò«ÏDÙà©ßHÛ�ã6Î�Ó�ËpÕ©Õ/Î�Õ©ðUÕoÒ}Ð/Ëpà¸Î«Ø
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à©ÑºÔZÏFÒ«ÓºðRÐ/Î«ð�ÏCÎ�Ñ¼à©Ë±ÕoÒ}Ð/ÑºÎxÖ�ÒZà´ÍCÕ/Î�ÊCÑ²ãCÑºÐ©Ñ²á�ËZêDÒ«ÏDÙ§ÊCËkÏDÞ�Ë�Ö�Ë�Ù�Ëpá�ËpÓºÎZÍDË@Ù§Ò«Ï&Ò�ÏFÒ«Ó²ßPÐ©Ñ¼ÞkÒ«Ó:Þ�ÎZÛ½ÍFå�Ð/Ò«Ð©Ñ²Î�Ï'Ð©Ë@ÞoÊCÏCÑ¼úPåCË�ä¸ÉJÊFÑ²à¸Ð©Ë@ÞoÊCÏCÑ¼úZåFË
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b = 0.95        
      0.96      
      0.97      
      0.98      
      0.99 

Product code: [480,468,13] & [64,54,11]    
                                          
10 bits/symbol                            
                                          
GEC: P

G
= 0, P

B
= 1                       

�0Ñ²Ô�åFÕ©Ë�÷�÷t�¸Ã ô�� ½ ��� Y�� Î�ØmÐ/ÊCË	à�Ë@Þ�ÎZÏFÙ�òJóªóæà/ÞoÊCËkÛ�Ë�ØÚÎZÕªáAÒ�Õ©Ñ²Î�åDà)ãFåCÕ/à�Ð´Þ�ÎZÏFÙ�ÑºÐ©Ñ²Î�ÏFàpä
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b = 0.95
       0.96     
       0.97    
       0.98   
       0.99

�0Ñ²Ô�åFÕ©Ë�÷@ÿ	�¸Ã ô�� ½ ��� Y�� Î�Ø0Ð/ÊCË±Ð©ÊCÑ²ÕoÙ�òJóªóæà/ÞoÊCËkÛ�Ë�ØÚÎZÕªáAÒ�Õ©Ñ²Î�åDà)ãFåCÕ/à�Ð´Þ�ÎZÏFÙ�ÑºÐ©Ñ²Î�ÏFàpä
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ÉJÊCË´ÏFË�ÌHÐ�à�Ð©ËpÍTÑºÏTÐ©ÊCÑ¼à Ó²Ñ²ÏCË¸Î�Ø�Õ/Ëpà©ËpÒ�Õ/ÞoÊ�à©ÊCÎ�åFÓ²Ù�ã6Ë´Ð/Î�Ñ²ÏPáZËpà�Ð©Ñ²ÔZÒ«Ð©ËJÐ©ÊFË¸Í6ËkÕ©ØÚÎ�Õ/Û�Ò�ÏFÞ�Ë¸Î«Ø�ÑºÐ©ËkÕoÒ}Ð/ÑºáZËªÊFÒ«ÕoÙHðXÙ�ËpÞkÑ²à©Ñ²Î�Ï�Ù�ËpÞkÎ�Ù�ÑºÏFÔ
à/ÞoÊCËkÛ�Ëpà�ØÚÎ�Õ½ÍCÕ/Î�Ù�åFÞ*Ð�Þ�Î�Ù�Ë@àkä¦ìXÏPÐ©åCÑºÐ©Ñ²á�ËpÓºßZê�à�åFÞoÊ�Ò«Ï�Ò�ÍCÍCÕ/ÎZÒZÞoÊþà©ÊCÎZåCÓ²ÙÜÑºÛ�ÍCÕ/Î}á�ËTÎZÏ×Ð©ÊFË�Í6ËkÕ©ØÚÎ�Õ/Û�Ò«ÏFÞkËxÎ«ØªÐ/ÊCË'Þ�Î�Ó²åCÛ�Ï�ð�Õ©Î}Ö
Ù�Ë@Þ�Î�Ù�ËkÕJÞ�ÎZÏFà©Ñ²Ù�ËpÕ©Ë@Ù�Ñ²ÏTÐ©ÊFÑ²àJÍFÒ�ÍDËpÕpä>é¸Ó²à©ÎFêPÑºÏ�Ð©ÊFÑ²à�ÍFÒ�ÍDËpÕ)Ö�Ë�ÊDÒAá�Ë¸ÏFÎ«ÐªÞ�Î�ÏDà�Ñ¼Ù�ËkÕ/ËpÙ�Ð©ÊCË±ÍDÎPà©à©Ñ²ãCÑºÓ²ÑºÐeß½Î�Ø0Ò½Ù�ËpÞkÎHÙCËkÕ�ËkÕ/Õ©ÎZÕ ÖªÊCÑ¼ÞoÊ
Û�ÑºÔZÊPÐ�Õ/Ëpà©åCÓºÐ�Ñ²Ï�Ò¨ãCåCÕoà�Ð�Î�ØmËkÕ/Õ©ÎZÕ/àpä��:Ñ²ÏFÒ«Ó²Ó²ß�ê�ÑºÐJÑ¼à�Ö)ËpÓºÓ�çHÏCÎ}ÖªÏxÐ©ÊFÒ«Ð)Ð/ÊCË"Ò�ÞkÞkåCÕoÒ�Þ�ß�Î�Ø�Ð©ÊCË�ËpÕ©Õ/Î�Õ©ðUÕoÒ}Ð/Ëpà>Ñ¼àJÞ�Õ/Ñ�Ð/Ñ²ÞpÒ«Ó²Óºß�Ù�ËpÍDËpÏFÙ�ËpÏZÐ
Î�ÏþÐ/ÊCËxÒZÞkÞ�åFÕ/ÒZÞ�ßÆÎ�Ø�Ð/ÊCË�òJóªó¤à©åCãFà©ß�àeÐ/ËkÛ Û�ÎHÙCËkÓUä��¸ËkÏFÞkË�ê<ÑºÐ�Ñ²à�ÏCËpÞkËpà/à©Ò�Õ©ßÆÐ©ÎÆÕ/åCÏ×Ë�Ì�Í6ËkÕ/ÑºÛ�ËpÏZÐoà�Ð©ÎÙ�Ëpà©ÑºÔZÏÜÒ�¸õÆõ Ð©ÊFÒ«Ð
à©ËkÕ/á�ËpàJÒZàªÒ¨ã6Ë�Ð©Ð©ËpÕ¸Ò«ÍCÍFÕ©ÎAÌ�Ñ²Û�Ò«Ð©Ñ²Î�Ï�Î«ØmÐ/ÊCË"Û�Ò«ÔZÏCË�Ð/Ñ²Þ±ÐoÒ«Í6Ë�ÞoÊDÒ«ÏCÏCËpÓRä� �e�f�ø��À'ÄÆÈ@gh (+* i�-01&9Z-u/��kju/Pl �?�31 6ø/f�M2nm �����34¸/T1��+�no �M:qp�-	-09;�Q9a�?� � 5�¸à©Ñ²ÏCÔ�Ð©ÊFË	Õ©Î}ÖJðXÞ�ÎZÓºåFÛ½Ï�ËkÏDÞ�Î�Ù�Ñ²ÏCÔxà/ÞoÊCËkÛ�Ë�êCÐ©ÊCË�ñxÃ G:r ô�ðUÐ©Ê§ËpÓºËpÛ½ËpÏPÐpê6ÖªÊCËkÕ/Ë I C�s Ã.º7F C Ò�ÏFÙ I @ts r º�F @ ê6Î«Øvu�ØÚÎZÕ¸Ò�ÔZÑºáZËkÏI C�d I @ Ò«Õ/ÕoÒAß½Î�Ø:Ñ²Ï�ØÚÎZÕ©Û�Ò}Ð/ÑºÎZÏ�à©ßHÛ�ã6Î�Ó¼àªÞkÒ�Ï�ã6Ë"ÖªÕ©ÑºÐ�Ð/ËkÏ§Ò�àuxw�y U À�z >A@+B@|{ >P@QB�}~>A@+By G z >DCMB@|{ >A@+B�}~>A@+By G^£�£^£ZG z >V~ _ B@�{ >A@+B�}~>A@+By Á { >ÊCMB�}~>DCEBw G ñ�÷�÷Aô
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