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:�;=<�>@?BA	CEDF?BG	H�IKJLDNMOJLP�QSRNT�UVRFJLWXTLD@Y@JVWXG0M[Z�?BT�RNRFJ\G	M^]�>0UVA	_`J#aVbc]�GDdaVG0A	e\W�fg]VG0M[GDdG0a�GD	h
iS;kjlM^e`mLM[M^C^D�G0U�Zn:@oVoVo,WX_[H�DFJLQpTVH`DNTVD�>	?�a�>D�G	UV>@?BAXQpG0Rd_^qsrstg?BD�DFJLRNDdJLM[WuJLA	qv?NA0_[Hwtg?NAx G	M^G0D�yzM[G0U�ZVG0HvJ x G0M{HgG0]VG

x | ;}g;kjlM^e`mLM[M^C^D x JuJ�aVbc]�GDdaVG0A	egY`G0U�ZVGDdM^G	H~_[WXQStSM[A0tg?BD�DdJVRBDFJLM[WuJLA0q�]VG	a`DNTVRND	h
δ1 = [ 1 ];� ;kjlM^]�>0UVA	_�JVA�G0M[eVA	euaV>D x G0M7aVTVHw]�TVM[�g�_[q x mLDk>@?�mLPgRdmVA0TVM x JXJ

stem �z� UVU�]V>	H`Z,?BG	UVC^DB�?N>0U�>0]�G0M�;
�S;kjlM^e`mLM[M^C^D x J�JLA.G0UVZ�GDdM^G	H�_^WXQStSM[A0t�?�D7DdJVRBDFJLM[WXJVA0q�Y!rSG�:	o�o��ST`?N?NA0�g?dmLU��{Y

δ2
]VG	a�DdTVRND	;y�G0U�ZK:��G	?=>@?��V�XrSJLRFJLP~HwtSM^MOmV? |�g;kjlM^]�>0UVA	_�J,?NA0_[Hwtg?NA x G	M

(x)
>@?�J

δ2
aVT�H`]�TVM[�g�_[q x mLD�>	?�mVPSRdmVA0T�M x J~J

stem
?BG	UVC^DB�?N>0U�>0]�G0M�;�IK_ED�DFJLQgJ�?BA0DdJLM^DF�vIK_^PpG0Hva � M[bVHwP�b�A0_[a x ∗ δ1

>	?
x ∗ δ2

�
� ;k��JVHs��G�a � M[bVHwPg?N>0UuJVA x ∗ δ1

>@?�J
δ1 ∗ x

aVb�A0bVDBDF�vI�JLUVZ`JLRFmLA	A	JS�
�g;=��G0aw_[H`Dd? � a�JVA y[n] = x[n]+x[n−1]

G0U�ZVG0HgM^G0DBDNG	MsWXG0U�J�rsTLDND�M^_[HSG	mVRN_O?�RdG0HgrS?NA0G	RBD@;� r x tSa�WXG0U�J�RdG0Hgrg?BA	G0R=_^WXQStgM^A	tg?B]cmVM[J�?BA@mcD	;
�g;=��M^M[C^Dd?NTVH,G0M[e�G	UVZua�>D\rSJLRFJLP�:��G	?NP�e�M�mLM[M^q x G0M[GD

hn = [1 1] � �\PSRFmLA	TVM x J�J x ∗ hna�TVHw]VT�M^���_[q G	RNG@rsWX>0HwZV>0D	;¢¡�bc]VG0M x G�J
hn

�ST`?N?NA	mLD�W�_[HgrsG	H£M[>0Qp>	?NP�G	H¤G0U�UVZ�G0M�YJVWXC^U~:	o��ST`?N?NA0�uHgG0W5M^G@?BA�;ky�aw_^G	UV>	?NA0C^DN]�G�:��G	?NG0awa�G0M | ��>	UVG0A	A0G\G	MpJ�aVTVHw]�TVM[�g�_[qLD@YmVPSRFmLA0T�M x J�JLA�G	RNG@rsWX>0HwZ`D	;�I�_^D�DdJLQ�JV?NADdJVMO�

:
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:�; � rSTLDBD#aVbc]VG0DNa�G0A0e x G0M

n = [−3..3], x[n] = [3, 11, 7, 0, −1, 4, 2].
��M^M[CEDF?BtgaG	M^e�JLA

x[n]
x G0M[P�e�M�G	HSHSG	a�a�>	?NM^G	MEDdGDNG0DBDk>	?�A@J x T`?�]cmLM^DNTVA@JcDFmcD.J�a�bc]VG0DNaVG	A0e�aV>0QgQ�G	H{h

y[n] = x[n − 2] + w[n],

JV�STVM
w[n]

G	UVZ�HSTVRdWumLMLG	M^T`?BA	M[m�?B��A	J x Y!H`tgM^MOJ\a�bVA0>	Q�>	RBDd>0awaVG	Mc>	?�G0U�Zw?N>0U�HwZ`_L?NA0q�Rdm�?��?dJLM�;
iS;�¥sA	mLWXC^Dd?NtSauaw_�JLA

x[n]
>@?

y[n]
x G	M^G	auaVG0RdG	?NADdaVT�RNRdG0MOmV�0_^q x mcD	;{<�>0D � >	M^G	aV>0QgQ�G	H~rsT�ME�U�TVA	�gJcDdtSHSa¦h

• § G	M^��JV?NA0HgmVM^]cJ¨JnI�JcDNMOJLP©a�TVHw]VT�M^���_[q
conv �z� UVU�]V>	H`Z�>D�>@?�J¨a�TVRdRNG	M[m��_[qaV>	QSM[GDN>0D	h

ryx[l] = y[l] ∗ x[−l]

• § G	M^��JV?NA0HgmVM^]cJ�JuIKJcDdM[JVP~a�TVRdRNG	M[m��_[q �z� UVU�]V>	H`Z�>D xcorr
;
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