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Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="MVfPBxPmfwAdZqAWGr+50RIcXMQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToCkDNhYWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjczv/WESvNYPppxgn5EB5KHnFFjpYe7C69XLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NQpObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y9SdcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdl76pcua+UatUsjjycwCmcgwfXUINbqEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AHyLjUE=</latexit>

L� 1
<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="KSc9RB6pn2bL3XDUUswG9yMpwvo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7AekoWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp5NMEdolCU/UIMSaciZp1zDD6SBVFIuQ0344vSv8/hNVmiXy0cxSGgg8kSxiBJtCiv1pMKo33Ka7AFonXkkaUKIzqn8NxwnJBJWGcKy177mpCXKsDCOczmvDTNMUkymeUN9SiQXVQb64dY4urDJGUaJsSYMW6u+JHAutZyK0nQKbWK96hfif52cmagU5k2lmqCTLRVHGkUlQ8TgaM0WJ4TNLMFHM3opIjBUmxsZTsyF4qy+vk95V07tpXj9cN9qtMo4qnME5XIIHt9CGe+hAFwjE8Ayv8OYI58V5dz6WrRWnnDmFP3A+fwD4Go4s</latexit>

h[k]

(convolution for infinite length sequences)

(finite length sequence)

(finite length sequence)



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="gPT84dhF/7RsKvB/bCPOu6bwEtk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5pklyQrlKV/wYsHRbz6h7z5b8y2e9DWBwOP92aYmRfEnGnjut9OYW19Y3OruF3a2d3bPygfHrV1lChCWyTikeoGWFPOJG0ZZjjtxopiEXDaCSa3md95okqzSD6aaUx9gUeShYxgk0mX9xfeoFxxq+4caJV4OalAjuag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp/NbZ+jMKkMURsqWNGiu/p5IsdB6KgLbKbAZ62UvE//zeokJ637KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfuq6l1Xaw+1SqOex1GEEziFc/DgBhpwB01oAYExPMMrvDnCeXHenY9Fa8HJZ47hD5zPH+MkjXY=</latexit>�L+ 1

<latexit sha1_base64="HoxjN7MbrexL81ehpQPX9obSGWs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYNpCGspmu2mX7m7C7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0sbm1vVPereztHxweVY9POjrJFKE+SXiiehHWlDNJfcMMp71UUSwiTrvR5G7ud5+o0iyRj2aa0lDgkWQxI9hYyR8HV5NwUK25dXcBtE68gtSgQHtQ/eoPE5IJKg3hWOvAc1MT5lgZRjidVfqZpikmEzyigaUSC6rDfHHsDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8IDNxM8yZTDNDJVkuijOOTILmn6MhU5QYPrUEE8XsrYiMscLE2HwqNgRv9eV10rmuezf1xkOj1moWcZThDM7hEjy4hRbcQxt8IMDgGV7hzZHOi/PufCxbS04xcwp/4Hz+AGJkjmM=</latexit>

h[�k] (flipped = time reversed)



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="XvAur+Nc0vw8wmz9RI9l5aVQGSE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5tNliQrlKX/wYsHRbz6f7z5b8y2e9Dqg4HHezPMzAtizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D9paJorQFpFcqm6ANeVM0JZhhtNurCiOAk47weQ68zuPVGkmxb2ZxtSP8EiwkBFsrNQW57dnXmlQrrhVdw70l3g5qUCO5qD82R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP59fO0IlVhiiUypYwaK7+nEhxpPU0CmxnhM1YL3uZ+J/XS0xY91Mm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9pX1S9y2rtrlZp1PM4inAEx3AKHlxBA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+Mb5eSOAg==</latexit>

n� L+ 1

<latexit sha1_base64="NnxSCYHSj8MTqlCMIScYpCqgjSg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYD8gDWWz3bRLNpuwuxFK6I/w4kERr/4eb/4bN2kO2vpg4PHeDDPz/IQzpW3726psbG5t71R3a3v7B4dH9eOTvopTSWiPxDyWQx8rypmgPc00p8NEUhz5nA788C73B09UKhaLRz1PqBfhqWABI1gbaTBzxVXo1cb1ht20C6B14pSkASW64/rXaBKTNKJCE46Vch070V6GpWaE00VtlCqaYBLiKXUNFTiiysuKcxfowigTFMTSlNCoUH9PZDhSah75pjPCeqZWvVz8z3NTHbS9jIkk1VSQ5aIg5UjHKP8dTZikRPO5IZhIZm5FZIYlJtoklIfgrL68TvrXTeem2XpoNTrtMo4qnME5XIIDt9CBe+hCDwiE8Ayv8GYl1ov1bn0sWytWOXMKf2B9/gBmYI7v</latexit>

h[n� k]

<latexit sha1_base64="uYAeUZYXDrT1ePrLDknJTre7s+c=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ENIVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg/qxu2XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuimHNz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6p3Vb28v6zUa3kcRTiBUzgHD66hDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBxZ6NcQ==</latexit>

n < 0

<latexit sha1_base64="VjlHzQqbLeywOE3x69TKYBWuzOk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwICWRoj0oFLx4rGA/oA1ls9m0SzebuLsRQql/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPMTzpR2nG9rZXVtfWOzsFXc3tnd27cPDlsqTiWhTRLzWHZ8rChngjY105x2Eklx5HPa9kc3U7/9SKVisbjXWUK9CA8ECxnB2kh9u5R1hYeukXOGeg8pDpC4cvp22ak4M6Bl4uakDDkaffurF8QkjajQhGOluq6TaG+MpWaE00mxlyqaYDLCA9o1VOCIKm88O36CTowSoDCWpoRGM/X3xBhHSmWRbzojrIdq0ZuK/3ndVIc1b8xEkmoqyHxRmHKkYzRNAgVMUqJ5ZggmkplbERliiYk2eRVNCO7iy8ukdV5xLyrVu2q5XsvjKMARHMMpuHAJdbiFBjSBQAbP8Apv1pP1Yr1bH/PWFSufKcEfWJ8/8fyTAQ==</latexit>

y[n] = 0, n < 0

(flipped and shifted)

(no overlap)



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="XvAur+Nc0vw8wmz9RI9l5aVQGSE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5tNliQrlKX/wYsHRbz6f7z5b8y2e9Dqg4HHezPMzAtizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D9paJorQFpFcqm6ANeVM0JZhhtNurCiOAk47weQ68zuPVGkmxb2ZxtSP8EiwkBFsrNQW57dnXmlQrrhVdw70l3g5qUCO5qD82R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP59fO0IlVhiiUypYwaK7+nEhxpPU0CmxnhM1YL3uZ+J/XS0xY91Mm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9pX1S9y2rtrlZp1PM4inAEx3AKHlxBA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+Mb5eSOAg==</latexit>

n� L+ 1

<latexit sha1_base64="NnxSCYHSj8MTqlCMIScYpCqgjSg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYD8gDWWz3bRLNpuwuxFK6I/w4kERr/4eb/4bN2kO2vpg4PHeDDPz/IQzpW3726psbG5t71R3a3v7B4dH9eOTvopTSWiPxDyWQx8rypmgPc00p8NEUhz5nA788C73B09UKhaLRz1PqBfhqWABI1gbaTBzxVXo1cb1ht20C6B14pSkASW64/rXaBKTNKJCE46Vch070V6GpWaE00VtlCqaYBLiKXUNFTiiysuKcxfowigTFMTSlNCoUH9PZDhSah75pjPCeqZWvVz8z3NTHbS9jIkk1VSQ5aIg5UjHKP8dTZikRPO5IZhIZm5FZIYlJtoklIfgrL68TvrXTeem2XpoNTrtMo4qnME5XIIDt9CBe+hCDwiE8Ayv8GYl1ov1bn0sWytWOXMKf2B9/gBmYI7v</latexit>

h[n� k]

<latexit sha1_base64="HlTAsMjOEmvBkcjXWsr+zAnfSKg=">AAACIHicbVDLSgMxFM3UV62vUZdugkUQpGVGiu2ii4IbF11UsQ/oDCWTpm1oJjNNMkoZ+ilu/BU3LhTRnX6NaTuIth4IHM45l5t7vJBRqSzr00itrK6tb6Q3M1vbO7t75v5BQwaRwKSOAxaIlockYZSTuqKKkVYoCPI9Rpre8HLqN++IkDTgt2ocEtdHfU57FCOlpY5Z5LnqmQ3L0IIOIyPIoTOKUBc6N7Q/UEiI4D5RfgJlWM3ZHTNr5a0Z4DKxE5IFCWod88PpBjjyCVeYISnbthUqN0ZCUczIJONEkoQID1GftDXlyCfSjWcHTuCJVrqwFwj9uIIz9fdEjHwpx76nkz5SA7noTcX/vHakeiU3pjyMFOF4vqgXMagCOG0LdqkgWLGxJggLqv8K8QAJhJXuNKNLsBdPXiaN87x9kS9cF7KVUlJHGhyBY3AKbFAEFXAFaqAOMHgAT+AFvBqPxrPxZrzPoykjmTkEf2B8fQP0AZ/A</latexit>

n� L+ 1 < 0  n ) 0  n < L� 1

(flipped and shifted)

(partial overlap = startup transient)

<latexit sha1_base64="n/BfqEJNYOw/kkyKt0pD+uZbPKQ=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqFKqgo6MFRiYWAoEn1IbVQ57k1r1XGC7SBVURd+hYUBhFj5DDb+BrfNAC1Hsu/ROffKvsePOVPacb6t3Mrq2vpGfrOwtb2zu2fvHzRVlEgKDRrxSLZ9ooAzAQ3NNId2LIGEPoeWP7qe+q1HkIpF4l6PY/BCMhAsYJRoI/XsIwd3OTxgMS+352V8ZW63ZxedkjMDXiZuRoooQ71nf3X7EU1CEJpyolTHdWLtpURqRjlMCt1EQUzoiAygY6ggISgvnS0wwadG6eMgkuYIjWfq74mUhEqNQ990hkQP1aI3Ff/zOokOql7KRJxoEHT+UJBwrCM8TQP3mQSq+dgQQiUzf8V0SCSh2mRWMCG4iysvk2a55F6UKneVYq2axZFHx+gEnSEXXaIaukF11EAUTdAzekVv1pP1Yr1bH/PWnJXNHKI/sD5/AHohk7s=</latexit>

0  n  L� 2 < L� 1

<latexit sha1_base64="GambcJEMY9AHjZQ4xENtAcr9FMc=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCgiTshqC5CAEvHnKIYB6QLGF2MpsMmX0wMyuEJeCvePGgiFe/w5t/4yTZgyYWNBRV3XR3uRFnUlnWt7G2vrG5tZ3Zye7u7R8cmkfHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2x7czv/1IhWRh8KAmEXV8PAyYxwhWWuqbp/l6sVxARZS3CugS2egG1Yt238xZJWsOtErslOQgRaNvfvUGIYl9GijCsZRd24qUk2ChGOF0mu3FkkaYjPGQdjUNsE+lk8zPn6ILrQyQFwpdgUJz9fdEgn0pJ76rO32sRnLZm4n/ed1YeVUnYUEUKxqQxSIv5kiFaJYFGjBBieITTTARTN+KyAgLTJROLKtDsJdfXiWtcsm+KlXuK7laNY0jA2dwDnmw4RpqcAcNaAKBBJ7hFd6MJ+PFeDc+Fq1rRjpzAn9gfP4AQ0KRKQ==</latexit>

(L� 2)� (0) + 1 = L� 1

Number of samples in startup transient = L-1

<latexit sha1_base64="Tr34nrSNLve8nAy0ChDnGpXQfr0="></latexit>

y[n] =
nX

k=0

x[k]h[n� k], 0  n  L� 2



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="XvAur+Nc0vw8wmz9RI9l5aVQGSE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5tNliQrlKX/wYsHRbz6f7z5b8y2e9Dqg4HHezPMzAtizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D9paJorQFpFcqm6ANeVM0JZhhtNurCiOAk47weQ68zuPVGkmxb2ZxtSP8EiwkBFsrNQW57dnXmlQrrhVdw70l3g5qUCO5qD82R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP59fO0IlVhiiUypYwaK7+nEhxpPU0CmxnhM1YL3uZ+J/XS0xY91Mm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9pX1S9y2rtrlZp1PM4inAEx3AKHlxBA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+Mb5eSOAg==</latexit>

n� L+ 1

<latexit sha1_base64="NnxSCYHSj8MTqlCMIScYpCqgjSg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYD8gDWWz3bRLNpuwuxFK6I/w4kERr/4eb/4bN2kO2vpg4PHeDDPz/IQzpW3726psbG5t71R3a3v7B4dH9eOTvopTSWiPxDyWQx8rypmgPc00p8NEUhz5nA788C73B09UKhaLRz1PqBfhqWABI1gbaTBzxVXo1cb1ht20C6B14pSkASW64/rXaBKTNKJCE46Vch070V6GpWaE00VtlCqaYBLiKXUNFTiiysuKcxfowigTFMTSlNCoUH9PZDhSah75pjPCeqZWvVz8z3NTHbS9jIkk1VSQ5aIg5UjHKP8dTZikRPO5IZhIZm5FZIYlJtoklIfgrL68TvrXTeem2XpoNTrtMo4qnME5XIIDt9CBe+hCDwiE8Ayv8GYl1ov1bn0sWytWOXMKf2B9/gBmYI7v</latexit>

h[n� k]

<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1
<latexit sha1_base64="YiD6fMlL5uzl33dCzmMeENB57MM="></latexit>

0  n� L+ 1 and n  N � 1 ) L� 1  n  N � 1

<latexit sha1_base64="7JIFhKm3Dtnw5VvvIAxD3tsE4Zk="></latexit>

y[n] =
nX

k=n�L+1

x[k]h[n� k], L� 1  n  N � 1

(flipped and shifted)

(full overlap = valid outputs)

Number of valid output samples = N - L + 1
<latexit sha1_base64="PLjDCnOFsortguAt2anYhydkbN0=">AAACAnicbVDLSgMxFM34rPU16krcBItQKS0zUrQboeDGRSkV7APaoWTSTBuayQxJRihDceOvuHGhiFu/wp1/Y6adhbYeuNzDOfeS3OOGjEplWd/Gyura+sZmZiu7vbO7t28eHLZkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y5vEr/9QISkAb9Xk5A4Phpy6lGMlJb65nG+XrTPYRHma0kvQBtew3qxVrD7Zs4qWTPAZWKnJAdSNPrmV28Q4MgnXGGGpOzaVqicGAlFMSPTbC+SJER4jIakqylHPpFOPDthCs+0MoBeIHRxBWfq740Y+VJOfFdP+kiN5KKXiP953Uh5FSemPIwU4Xj+kBcxqAKY5AEHVBCs2EQThAXVf4V4hATCSqeW1SHYiycvk9ZFyb4sle/KuWoljSMDTsApyAMbXIEquAUN0AQYPIJn8ArejCfjxXg3PuajK0a6cwT+wPj8AVvdkkU=</latexit>

(N � 1)� (L� 1) + 1 = N � L+ 1



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="XvAur+Nc0vw8wmz9RI9l5aVQGSE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5tNliQrlKX/wYsHRbz6f7z5b8y2e9Dqg4HHezPMzAtizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D9paJorQFpFcqm6ANeVM0JZhhtNurCiOAk47weQ68zuPVGkmxb2ZxtSP8EiwkBFsrNQW57dnXmlQrrhVdw70l3g5qUCO5qD82R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP59fO0IlVhiiUypYwaK7+nEhxpPU0CmxnhM1YL3uZ+J/XS0xY91Mm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9pX1S9y2rtrlZp1PM4inAEx3AKHlxBA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+Mb5eSOAg==</latexit>

n� L+ 1

<latexit sha1_base64="NnxSCYHSj8MTqlCMIScYpCqgjSg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYD8gDWWz3bRLNpuwuxFK6I/w4kERr/4eb/4bN2kO2vpg4PHeDDPz/IQzpW3726psbG5t71R3a3v7B4dH9eOTvopTSWiPxDyWQx8rypmgPc00p8NEUhz5nA788C73B09UKhaLRz1PqBfhqWABI1gbaTBzxVXo1cb1ht20C6B14pSkASW64/rXaBKTNKJCE46Vch070V6GpWaE00VtlCqaYBLiKXUNFTiiysuKcxfowigTFMTSlNCoUH9PZDhSah75pjPCeqZWvVz8z3NTHbS9jIkk1VSQ5aIg5UjHKP8dTZikRPO5IZhIZm5FZIYlJtoklIfgrL68TvrXTeem2XpoNTrtMo4qnME5XIIDt9CBe+hCDwiE8Ayv8GYl1ov1bn0sWytWOXMKf2B9/gBmYI7v</latexit>

h[n� k]

<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="DyESocO1x1Q8AO5PVgf4nNVqleE="></latexit>

y[n] =
N�1X

k=n�L+1

x[k]h[n� k], N � 1 < n  N + L� 2

<latexit sha1_base64="TfZ7etjM7SgCxAi82CHWtSJmvds="></latexit>

n� L+ 1  N � 1 < n ) N � 1 < n  N + L� 2

(flipped and shifted)

(partial overlap = ending transient)

Number of samples in ending transient = L-1

<latexit sha1_base64="37xCL287hvMCC2qKcNF9vJARjZE=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIC0zpWgXLgpuXEipYB/QDiWTpm1oJjMmGaGU4sZfceNCEbd+hTv/xrSdhbYeuNzDOfeS3ONHnCntON/W0vLK6tp6aiO9ubW9s2vv7ddUGEtCqyTkoWz4WFHOBK1qpjltRJLiwOe07g+uJn79gUrFQnGnhxH1AtwTrMsI1kZq24flrIsuURm1OL1HYtbKZzfZfNvOODlnCrRI3IRkIEGlbX+1OiGJAyo04VipputE2hthqRnhdJxuxYpGmAxwjzYNFTigyhtNTxijE6N0UDeUpoRGU/X3xggHSg0D30wGWPfVvDcR//Oase4WvRETUaypILOHujFHOkSTPFCHSUo0HxqCiWTmr4j0scREm9TSJgR3/uRFUsvn3PNc4baQKRWTOFJwBMdwCi5cQAmuoQJVIPAIz/AKb9aT9WK9Wx+z0SUr2TmAP7A+fwCxa5Ro</latexit>

N � 1 < N  n  N + L� 2

<latexit sha1_base64="KVD/yncdSosbH1rzYv1YoAdM1sg=">AAACAHicbVBNSwJBGJ61L7OvrQ4dugxJoIiyK1JeAqFLBxGD/ABdZHac1cHZ2WVmNpDFS3+lS4ciuvYzuvVvGnUPpT3wwsPzvC/v+z5uyKhUlvVtpDY2t7Z30ruZvf2DwyPz+KQtg0hg0sIBC0TXRZIwyklLUcVINxQE+S4jHXdyO/c7j0RIGvAHNQ2J46MRpx7FSGlpYJ7lGoV6sZyHRZhr5GEB2vAG1ov2wMxaJWsBuE7shGRBgubA/OoPAxz5hCvMkJQ92wqVEyOhKGZklulHkoQIT9CI9DTlyCfSiRcPzOClVobQC4QuruBC/T0RI1/Kqe/qTh+psVz15uJ/Xi9SXtWJKQ8jRTheLvIiBlUA52nAIRUEKzbVBGFB9a0Qj5FAWOnMMjoEe/XlddIul+yrUuW+kq1VkzjS4BxcgBywwTWogTvQBC2AwQw8g1fwZjwZL8a78bFsTRnJzCn4A+PzB33hkdQ=</latexit>

(N + L� 2)� (N) + 1 = L� 1



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="XvAur+Nc0vw8wmz9RI9l5aVQGSE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuFO2x4MWDhwr2A9qlZNNsG5tNliQrlKX/wYsHRbz6f7z5b8y2e9Dqg4HHezPMzAtizrRx3S+nsLK6tr5R3Cxtbe/s7pX3D9paJorQFpFcqm6ANeVM0JZhhtNurCiOAk47weQ68zuPVGkmxb2ZxtSP8EiwkBFsrNQW57dnXmlQrrhVdw70l3g5qUCO5qD82R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP59fO0IlVhiiUypYwaK7+nEhxpPU0CmxnhM1YL3uZ+J/XS0xY91Mm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9pX1S9y2rtrlZp1PM4inAEx3AKHlxBA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+Mb5eSOAg==</latexit>

n� L+ 1

<latexit sha1_base64="NnxSCYHSj8MTqlCMIScYpCqgjSg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoj0WvHisYD8gDWWz3bRLNpuwuxFK6I/w4kERr/4eb/4bN2kO2vpg4PHeDDPz/IQzpW3726psbG5t71R3a3v7B4dH9eOTvopTSWiPxDyWQx8rypmgPc00p8NEUhz5nA788C73B09UKhaLRz1PqBfhqWABI1gbaTBzxVXo1cb1ht20C6B14pSkASW64/rXaBKTNKJCE46Vch070V6GpWaE00VtlCqaYBLiKXUNFTiiysuKcxfowigTFMTSlNCoUH9PZDhSah75pjPCeqZWvVz8z3NTHbS9jIkk1VSQ5aIg5UjHKP8dTZikRPO5IZhIZm5FZIYlJtoklIfgrL68TvrXTeem2XpoNTrtMo4qnME5XIIDt9CBe+hCDwiE8Ayv8GYl1ov1bn0sWytWOXMKf2B9/gBmYI7v</latexit>

h[n� k]

<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="N4MT70Pfyz8946pj5E/hovuXWP4=">AAACFnicbVBNS8NAEN3Ur1q/oh69LBZBKClJKdqTFLx4KFLFtkJbymazbZduNnF3o5TQX+HFv+LFgyJexZv/xk2bg7Y+GHi8N8PMPDdkVCrb/jYyS8srq2vZ9dzG5tb2jrm715RBJDBp4IAF4tZFkjDKSUNRxchtKAjyXUZa7ug88Vv3REga8Bs1DknXRwNO+xQjpaWeaXGrVnDgGby0HNi5i5AHO9d0MFRIiOAhVXjiF2pWqWfm7aI9BVwkTkryIEW9Z351vABHPuEKMyRl27FD1Y2RUBQzMsl1IklChEdoQNqacuQT2Y2nb03gkVY82A+ELq7gVP09ESNfyrHv6k4fqaGc9xLxP68dqX6lG1MeRopwPFvUjxhUAUwygh4VBCs21gRhQfWtEA+RQFjpJHM6BGf+5UXSLBWdk2L5qpyvVtI4suAAHIJj4IBTUAUXoA4aAINH8AxewZvxZLwY78bHrDVjpDP74A+Mzx/AL5v8</latexit>

n� L+ 1 > N � 1 ) n > N + L� 2

<latexit sha1_base64="c/FQyf8T3X7M5KDmfdg2gk0s8o8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQS1JKdqNUnDjQqSCfUAaymQytUMnkzgzEUIobvwVNy4UcetXuPNvnLZZaOuBC4dz7uXee7yIUaks69vIzc0vLC7llwsrq2vrG+bmVlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3uBi5LceiJA05LcqiYgboDtOexQjpaWuuZM43IVn0DqCnfsY+ZDDc3h9eHVc7ppFq2SNAWeJnZEiyFDvml8dP8RxQLjCDEnp2Fak3BQJRTEjw0InliRCeIDuiKMpRwGRbjp+YQj3teLDXih0cQXH6u+JFAVSJoGnOwOk+nLaG4n/eU6selU3pTyKFeF4sqgXM6hCOMoD+lQQrFiiCcKC6lsh7iOBsNKpFXQI9vTLs6RZLtknpcpNpVirZnHkwS7YAwfABqegBi5BHTQABo/gGbyCN+PJeDHejY9Ja87IZrbBHxifP8tNlHM=</latexit>

y[n] = 0, n > N + L� 2

(flipped and shifted)

(no overlap)



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="MVfPBxPmfwAdZqAWGr+50RIcXMQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToCkDNhYWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjczv/WESvNYPppxgn5EB5KHnFFjpYe7C69XLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NQpObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y9SdcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdl76pcua+UatUsjjycwCmcgwfXUINbqEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AHyLjUE=</latexit>

L� 1
<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="KSc9RB6pn2bL3XDUUswG9yMpwvo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7AekoWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp5NMEdolCU/UIMSaciZp1zDD6SBVFIuQ0344vSv8/hNVmiXy0cxSGgg8kSxiBJtCiv1pMKo33Ka7AFonXkkaUKIzqn8NxwnJBJWGcKy177mpCXKsDCOczmvDTNMUkymeUN9SiQXVQb64dY4urDJGUaJsSYMW6u+JHAutZyK0nQKbWK96hfif52cmagU5k2lmqCTLRVHGkUlQ8TgaM0WJ4TNLMFHM3opIjBUmxsZTsyF4qy+vk95V07tpXj9cN9qtMo4qnME5XIIHt9CGe+hAFwjE8Ayv8OYI58V5dz6WrRWnnDmFP3A+fwD4Go4s</latexit>

h[k]

<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

(convolution for infinite length sequences)

(convolution for finite length sequences) 
Total length = N+L-1



Definition of Convolution
<latexit sha1_base64="kXN+UjQzijAnFdaUcydb9K/ciMU="></latexit>

y[n] = x[n] ⇤ h[n] =
1X

k=�1
x[k]h[n� k], �1 < n < 1

<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0
<latexit sha1_base64="mvJSzaY3bW7w9MRal5saGQNgkSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEkEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeri78HrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRVf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn2rsqV+0qpVs3iyMMJnMI5eHANNbiFOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPf5eNQw==</latexit>

N � 1

<latexit sha1_base64="MVfPBxPmfwAdZqAWGr+50RIcXMQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToCkDNhYWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjczv/WESvNYPppxgn5EB5KHnFFjpYe7C69XLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NQpObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y9SdcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdl76pcua+UatUsjjycwCmcgwfXUINbqEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AHyLjUE=</latexit>

L� 1
<latexit sha1_base64="lG4HTk/5WA/DzkBD1MIgs+5+B6o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDeQWMsw==</latexit>

0

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="Hf8RZVtEMn+Fp3PsrG6DlWS2XLU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH0nGM7g==</latexit>

k

<latexit sha1_base64="C5q4dJvOiYppWjoPgyiRQpInHfk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9IQ9lsN+3S3U3Y3Ygl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDa59ORPg2G15tbdBdA68QpSgwLtYfVrMIpJKqg0hGOtfc9NTJBhZRjhdF4ZpJommEzxmPqWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/eX5qomaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/XlddK9qnvX9cZ9o9ZqFnGU4QzO4RI8uIEW3EEbOkBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wcQmY48</latexit>

x[k]

<latexit sha1_base64="KSc9RB6pn2bL3XDUUswG9yMpwvo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48V7AekoWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp5NMEdolCU/UIMSaciZp1zDD6SBVFIuQ0344vSv8/hNVmiXy0cxSGgg8kSxiBJtCiv1pMKo33Ka7AFonXkkaUKIzqn8NxwnJBJWGcKy177mpCXKsDCOczmvDTNMUkymeUN9SiQXVQb64dY4urDJGUaJsSYMW6u+JHAutZyK0nQKbWK96hfif52cmagU5k2lmqCTLRVHGkUlQ8TgaM0WJ4TNLMFHM3opIjBUmxsZTsyF4qy+vk95V07tpXj9cN9qtMo4qnME5XIIHt9CGe+hAFwjE8Ayv8OYI58V5dz6WrRWnnDmFP3A+fwD4Go4s</latexit>

h[k]

<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

(convolution for infinite length sequences)

(convolution for finite length sequences) 
Total length = N+L-1

How do we program this on a computer?



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12

(all shifts h[n-k] are shown)



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12

time reversed order, h[n-k] natural order, x[k]



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12

(partial overlap)

(partial overlap)

(full overlap)

<latexit sha1_base64="MVfPBxPmfwAdZqAWGr+50RIcXMQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToCkDNhYWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjczv/WESvNYPppxgn5EB5KHnFFjpYe7C69XLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NQpObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y9SdcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdl76pcua+UatUsjjycwCmcgwfXUINbqEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AHyLjUE=</latexit>

L� 1

<latexit sha1_base64="MVfPBxPmfwAdZqAWGr+50RIcXMQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToCkDNhYWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjczv/WESvNYPppxgn5EB5KHnFFjpYe7C69XLLlldw6ySryMlCBDvVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NQpObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y9SdcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpdl76pcua+UatUsjjycwCmcgwfXUINbqEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AHyLjUE=</latexit>

L� 1

<latexit sha1_base64="Q9b7z3xQFpcoaWPG1Gmjv1BP1d4=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIYtmVoj0WvHgQqeC2hXYp2TTbhibZJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99tZWV1b39gsbBW3d3b39ksHh00dp4pQn8Q8Vu0Qa8qZpL5hhtN2oigWIaetcHQz9VtPVGkWy0czTmgg8ECyiBFsrOTfX9yde71S2a24M6Bl4uWkDDkavdJXtx+TVFBpCMdadzw3MUGGlWGE00mxm2qaYDLCA9qxVGJBdZDNjp2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dJTVQLMiaT1FBJ5ouilCMTo+nnqM8UJYaPLcFEMXsrIkOsMDE2n6INwVt8eZk0LyveVaX6UC3Xa3kcBTiGEzgDD66hDrfQAB8IMHiGV3hzpPPivDsf89YVJ585gj9wPn8Af42Nzg==</latexit>

N � L+ 1

(startup transient) (ending transient)(valid outputs)



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12

Mechanics: (1) flip h[-k], (2) shift h[n-k], (3) multiply x[k]h[n-k], (4) add



Mechanics of Convolution
<latexit sha1_base64="XCwPuUHdahHdL1Tzjib7oSn0edg="></latexit>

y[n] =

min(N�1,n)X

k=max(0,n�L+1)

x[k]h[n� k], 0  n  N + L� 2

<latexit sha1_base64="tuvbm5CoaEUkej47/x1vDAZfRvA=">AAACBXicbZBNS8MwGMfT+TbrW9WjHoJDEMTRjqm7CAMvHoZMcC+wlpFm6RaWpiVJhTF28eJX8eJBEa9+B29+G7OuB938Q+CX//M8JM/fjxmVyra/jdzS8srqWn7d3Njc2t6xdveaMkoEJg0csUi0fSQJo5w0FFWMtGNBUOgz0vKH19N664EISSN+r0Yx8ULU5zSgGCltda3DGryC59B1zVsNlRROa2eOvjilrlWwi3YquAhOBgWQqd61vtxehJOQcIUZkrLj2LHyxkgoihmZmG4iSYzwEPVJRyNHIZHeON1iAo+104NBJPThCqbu74kxCqUchb7uDJEayPna1Pyv1klUUPHGlMeJIhzPHgoSBlUEp5HAHhUEKzbSgLCg+q8QD5BAWOngTB2CM7/yIjRLReeiWL4rF6qVLI48OABH4AQ44BJUwQ2ogwbA4BE8g1fwZjwZL8a78TFrzRnZzD74I+PzB6Ppk4o=</latexit>

L = 5

N = 8

N + L� 1 = 12

Mechanics: (1) flip h[-k], (2) shift h[n-k], (3) multiply x[k]h[n-k], (4) add

Zero padding the input x[n] 
makes coding convolution 

much easier.



Implementation of Convolution

Goto Matlab


