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� `@�b[�T-]_\^Y�SJiH]_SJT-Y�\oT-���-\^W_]�["�XSJi�V����X�)�+���p�'����Z�c�VXT�T-S�n�WOc�V"WHZ�[�T-]_\^]_W_]�[��}WOc�iDS�S���VXi�V"n^n�S�n��A\oT-Y�SJ��SJT-Y�SJT�WJ�
�-\ T�V�iDf�]_f+s¡s�S�WOiD\^Z@Z�c�VXT�T-S�n^]J`�¢@W�W�c-S@]_SJT-Y�\oT-��SJT-Y��XWOc-S��-\^W/W_[�]_SJT-Yy\�]/Y�h��-n^\�ZJV�W_S�Y£V�T-Y�WOi_VXT-]�s�\^W_W_S�Y
[�T¤V"n^n�WOc�i¥S�S¦Z�c�VXT�T-S�n^]J§�V"WyWOc-S¦iDS�Z�S�\^�-\oT-�¨SJT-Y��)WOc-S�WOc�iDS�S�iDS�Z�S�\^�XS�Y©�-\^W_]ªV�iDS�Z�[Xn^n�S�Z�W�S�Y©VXT-Y«WOc-S
s�V"¬D[�iD\^WDf�\^]�WOV�j"SJT�`�@c-S�iDS�Z�S�\^�XS�Y®�-\^W�\^]�d�c�V"W�S��XSJi��-\^W��"V"noh-S�\^]�V"��iDS�S�Y�h���[-T��Xf>W�c-S¯s¡V"¬D[�iD\^WDf�["�
WOc-S��-\oT�VXiDf>]_f�s�s�S�WOi¥\�Z°Zpc�V�T�T-S�n�]*`²±'SX`³��`o�-\´�}µ �X� \^]�iDS�Z�S�\^�XS�Yª[�T�WOc-S�WOc�iDS�S°Zpc�V�T�T-S�n�]*��WOc-S°Z�[�s��¶[X]_\^W_S
Zpc�VXT�T-S�n�]OV*f�]@W�c�V"W@V � c�V"]��¶S�SJTªiDS�Z�S�\^�XS�Y�·

majorityduplicatesender receiver

±�V�·y¸�SJiD\^�XS�WOc-S�SJi_iD[-i>s�[�Y�S�nH��[�iyWOc-S¹Z�[�s���[�]_\^W_S�Z�c�VXT�T-S�n�`º@c�V"W>\^]J�mY�S�W_SJi_s�\oT-S»WOc-S���[X]_]�\ �-n^S
[�h-W_Z�[�s�S�]>±�VXT-Y»WOc-S�\oi���iD[���V��-\�n^\^W_\^S�]O·¡d�c-SJT»V¦µv\^]�]_SJT�W¯V�T-Y®d�c-SJT�V � \�]¡]_SJTXW*`¦¼½W¯s¡VJf��¶S
c-S�n ���¾h-nAW_[�Y�i_V*d©V�Y�\oV"��i_V�s¿["�lWOc-S���[X]�]_\o�-\�n^\^W_\^S�]J`

±���·v�@VXT°WOc-SbZ�[�s��¶[X]_\^W_S@Z�c�VXT�T-S�n �¶S�iDSJ��iDS�]�SJTXW_S�YyV"]ÀVH]_\oT-�Xn^S²�-\oT�VXi¥fU]�f+s�s¯S�WOiD\^ZbZpc�VXT�T-S�noÁvÂ�h-]_W�\Ã��f
fX[�h�ibVXT-]_dbSJi�`

Ä



Ä `@@c-S���[Xn^n^[ed)\ T-�>\^]�V�Y�\oV"�-i_VXs¿["�ÀW�c-S�]_W_SJ�-]H\oTX��[Xn^�XS�Y�\ Tv��h-n^]_S�Z�[-Y�SUs�[-Y�h-noV"W_\^[�T�`@¢H]_]Oh�s¯S�]OVXs¡�-n�S�]
VXiDS�W�VXj"SJT>V"W�V�i�V"W_S�["�ÀÅyW_\os�S�]���SJiH]_S�Z�[�T-Y����¶S��X\oT�T-\oT-�¦V"WHÆÀÇÈµ�`b¢H]_]Oh�s�S�[�T-S�É6�-\^W�Ê�h�VXTXW�\�ËJV�W_\^[�T��
d@\^WOc�Ê�h�VXTXW�\�ËJV�W_\^[�T�n^S��XS�n^]@S���SJT-n�fy]O��V"Z�S�Y¡\ TyW�c-S�i_VXT-�XSHµ�W�[�ÅUW�[�s�\oT-\ s¯\�Ë�S°SJi_iD[�iÌ�Í[-i�]OVXs¡�-n�SH�eV�n h-S�]
h�T-\Ã��[�i_s¯n�f�Y�\^]_WOi¥\ ��h-W�S�Y>\ T¡WOc-S�i�VXT-�XS@µ�W_[�Å�`l¢H]_]Oh�s¯S@WOc-S@SJT-Z�[-Y�SJiÀh-]_S�]br�Î)ÏÐ±½T-[�T�É6iDS�WOh�i_T�É¾W�["É¾Ë�SJiD[�·
SJT-Z�[�Y�\oT-��`

SAMPLE QUANT. ENCODE DECODE DEQUANT

time (seconds)

    channel

0.5 1.0

  4

   3

   2

   1

¢@WbSJV"Zpcv��[X\oT�W@\oT-Y�\^ZJV"W_S�Y���S�n^["d���Y�i_V*d¨W�c-S�]_\^��T�V"n�`

±�V�·>Ñ�h-WO��h-W@["��]OVXs��-n^SJi�`

±���·vÑ�h-WO��h-W@["��Ê+h�V�TXW_\^Ë�SJi�`

±'ZJ·vÑ�h-WO��h-W@["��SJT-Z�[�Y�SJiÒ`

±'Y�·vÑ�h-WO��h-W@["��Y�S�Ê+h�V�TXW_\^Ë�SJi�`

±'SJ·v¼¾Ty[�T-S°]_SJTXW�SJT-Z�SX��]_WOV"W�S�WOc-S���h�i_��[�]_S�["����h-n�]�SUZ�[-Y�SUs¯[�Y�h-noV"W_\^[�T�`
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Ó `@@c-SU�'Ô-Õ6����ÖD×�ØXÙ���ØDÚ��XÕ��Û��Ù����JÜ��bd}[-i_jX]bV"]���[Xn^n^["d@]J`ÀÝ/V"Zpcy�-\^Wb\ TyW�c-SH�½i_V�s�S@\^]�iDSJ�-n^\^ZJV"W_S�Y>WOc�i¥S�S�W_\os�S�]
W_[°�Í[�i�s¿WOc-S�Z�[-Y�S�d}[-iDY�`À@c-h-]J��Vm�¾i_VXs�S�["�Àµ �X� \^]HZ�[�Y�S�Y�V"]�µXµXµ �X�X�X�X��� `

±�V�·yÞßc�V�WU\^]�W�c-Sªà�VXs¡s�\oT-��Y�\^]_WOVXT-Z�Sv["��WOc-\^]yZ�[�Y�SJÁáR}V�]_S�Y�[�T-n^f�[�T»WOc-S>à�V�s�s�\oT-�®Y�\^]_W�VXT-Z�SX�
d�c�V"W@VXiDS�WOc-S�SJi�iD[�ibY�S�W_S�Z�W�\�[-TªVXT-Y>Z�[�i�iDS�Z�W_\^[�T>ZJV���VX�-\^n�\^W_\^S�]�["��WOc-S�Z�[-Y�SJÁ

±���·�Þßc�V�W8V�Y�Y�\�W�\�[-T�V"nlSJi�iD[�i/Y�S�W_S�Z�W_\^[�TvVXT-YªZ�[�i�iDS�Z�W_\^[�TyZJVX��VX�-\^n^\^W_\^S�]�Y�[-S�]@WOc-\^]HZ�[�Y�S�c�VJ��SJÁ

±'ZJ·vk�\^�XSJT�W�c-Sy�½V"Z�WyWOc�V"W��-\^W>SJi_iD[-iD]�W_SJT-Y¤W_[¹[�Z�ZJh�i¡\oTãâ�i_h�T-]_ä�["��Z�[�T-]_S�ZJh-W�\���Så�-\^W_]*�bd}[-h-n�Y«VXT
V"n^W_SJi_T�V"W_\^�XS�VXi_i�VXT-�XSJs�SJT�W�["��WOc-S��-\�W�]}\oTyWOc-SHZ�[-Y�S�d}[-iDY�s�VXj�S@\^W8s¯[�iDS�iD[���h-]_WbV"��V"\oT-]_W/SJi_iD[�iD]�Á
Ý�æ��-n V�\ T�`
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Å�`@k�\^�XSbWOc-SÀZ�[-Y�S�db[�iDY°��[�il�)Î}�»SJT-Z�[-Y�\oT-�Uh-]_\oT-��Vb�¾i_VXs�SbçèÇéµXµXµ ��� VXT-Y�VHY�\^��\^]_[�i/êéÇ � µ �X� `�a�c-["d
��[XWOc¡WOc-S�n^[�T-��Y�\^�-\^]_\^[�TvZJV"n^ZJh-n V�W_\^[�T>["�AWOc-S�Z�[�Y�S�db[�i¥YªVXT-Y�W�c-S�]Oc-\´�ÍW�i¥S��X\^]_W_SJib\os��-n^SJs�SJT�WOV"W_\^[�TvVXT-Y
ZJV"n^ZJh-n V�W_\^[�T�`

ë `bì�\�n^n@\oT
WOc-Sª�-noVXT�jX]y\oT�WOc-S�à@¸�í��¿Y�\oV"��i_VXsî��S�n^["d�`�¢H]_]Oh�s�SªT-[�i�s�V"n@iDS�]O�¶[�T-]_S¦s¯[�Y�S>d@\^WOc
[�T-S
��iD\os�VXiDf�±'¢�·}V�T-YªWDdb[U]�S�Z�[�T-Y�VXiD\^S�]�±�RH�Ã�@·�`�¢�]_]�h�s�S�WOc-S�]�S�Ê+h-SJT-Z�S�T-h�sU�¶SJiD]@]_W�VXiDWbd@\^WOcªµ¶`
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ï `@k�\^�XS�Z�[�T-Z�\^]_S)¬¥h-]_W�\Ãð�ZJV�W_\^[�T>["��fX[�h�i)VXT-]_dbSJiD]bW_[�WOc-SH��[Xn^n^["d@\oT-��Ê�h-S�]_W_\^[�T-]Jt
±�V�·yÞ�[�h-n^YªfX[-h>��iDS��ÍSJiHV�Z�c�VXT�T-S�nAd@\^WOcª��VXT-Y�d)\�Y�W�c ë µ�ñ�à)ËUVXT-Yv]_\^��T�V"n�W�[�T-[X\^]_SU�¶["d}SJi)i_V"W_\^[�["�

� µXµ��-[�ibV�Z�c�VXT�T-S�nAd@\^WOc>��VXT-Y�d@\^Y�WOc � µXµ�ñ�à)Ë�VXT-Y>]_\^��T�V"n�W�[�T-[X\^]_SU�¶["d}SJibi_V�W_\^[�["� � µXÁ

±���·�Þßc�f�]Oc-[-h-n�Y��-\^W@]_W�h�ò£T-����S°Y�[�T-SUVe�ÍW_SJi/Z�[�s¡��h-W_\oT-��WOc-S��)Î}�ß\ TvV�Y�V"WOV¯n�\oT�j>��iD[�W_[�Z�[�n Á

±'ZJ·�¢�n^n�S�n^]_S�S�Ê+h�V�nÍ�-Y�[-S�]@]_S�n^S�Z�W_\^�XS�É6iDSD¬DS�Z�W��¶S�Z�[�s�S�s�[�i¥S@[�i/n^S�]_]@V"Y��eVXT�WOV"��S�[�h-]b[e��SJi��X["É6��V�Zpj�É6r«V"]
WOc-S�WOi_VXT-]�s�\^]_]_\^[�TyW_\os�S°\ T-ZJi¥SJV"]_S�]OÁ
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ó `@�b[�T-]_\^Y�SJi)WOc-S���[Xn^n^[ed)\ T-�ªs¯[�Y�\´ð�ZJV"W_\^[�TvW_[¡WOc-SUkm["É6��V"Z�j"É6rg¢²Îbô¿��iD[XW�[�Z�[Xn�`bÎ@V"WOc-SJi)WOc�VXTvV"Z�j�T-["d@n´É
S�Y��X\oT-�USJV�Zpc°�¾i_VXs¯S@]_SJ��VXi_V�W_S�n^fX�XWOc-S�i¥S�Z�S�\���SJiÀZ�[�n�n^S�Z�W_])WOc�iDS�Sb�¾i_VXs�S�]bVXT-Y�WOc-SJT¡]_SJT-Y�]bVXT�¢��@õ¿±'\´�lV"n^n
WOc�iDS�SHd}SJi¥S²iDS�Z�S�\^�XS�YvZ�[�i_iDS�Z�W�n�f�·��-[�ibV�r@¢H�@õB±Í\Ã�ÀVXT�f�["�lW�c-S�WOc�i¥S�S�dbSJiDS�iDS�Z�S�\^�XS�Y>\oTySJi_i¥[�i/[�i/n�[�]_WO·�`
ö��¶[�T>iDS�Z�S�\^��\oT-�ªV�r)¢��@õ���WOc-S�]�SJT-Y�SJi���V"Z�j�]�h��yW_[�WOc-SHð i¥]_W/�½i_V�s�S�\oT>WOc-S���i¥[�h�����iDS�WOi_VXT-]�s�\^W_W_\oT-�
V"n^n�WOc�iDS�SH�¾i_VXs�S�])\ T�WOc-S���iD[-h���`

±�V�·y¸�i_V*d÷V»�-\^Z�WOh�iDS�["��WOc-S¦T-[-i_s�V"nU±ÍSJi_iD[�iøÉ��¾iDS�SJ·�[-��SJi_V"W�\�[-T�["��WOc-\^]>��iD[XW_[-Z�[Xnb��[�i¡]_SJT-Y�\oT-�¤VXT-Y
V"Zpj-T-["d@n^S�Y��X\oT-��]_\^æª¼'É��¾i_VXs¯S�]J`

±���·�¢�]_]�h�s�\oT-��WOc-S�]�SJT-Y�SJi�h-]_S�]�V�]_n^\^Y�\oT-�>d@\oT-Y�["d©["��]_\^Ë�SUùú��d�c�V�W�i_VXT-�XS�[��Ì]_S�Ê�h-SJT-Z�S�T�h�s��¶SJiD]
VXiDS�T-S�S�Y�S�Yª[-TyWOc-S�¢��@õúVXT-Yªr@¢H�@õH]OÁvÂ�h-]_W_\´��f>fX[�h�ibVXT-]_dbSJi�`

±'ZJ·v¼'��û«\^]>WOc-S¦��i¥[���VX�-\^n^\�WDf«["�UVXT
SJi_iD[�i¡\oT«VXT¤¼ÍÉ��½i_V�s�SX�@[�TüV*�XSJi_V"�XS�c-["dýs�V�TXf»W_\os�S�]>d@\^n^n�V
��VXiDW_\^ZJh-noVXi@¼ÍÉ��½i_V�s�S���S�iDS�WOi_VXT-]�s�\^W_W_S�Y�Á®±Íþ�[�h>s�V*f£V�]_]Oh�s�S�WOc�V�W}W�c-S�¢��@õH]�VXT-Yªr)¢��@õH]HVXiDS
V"n^d8V*f-]bSJi_iD[�iøÉ��¾iDS�SX`Ã·

ó


