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?A@�B�C	DFE0GIHJDFK0LNMPORQ�QASAC	LUT�HWVYXAZ[K0\]T,^U_`DaEWbcZ[GIHedaXf^�CHgdhK	\
x1

C	D
x2

^Ai�LjS�iA\]kml_]ncdabcH	@podhK0\]K0^�C0qFHFK0\]Z[K0E	C	DF_rHJXcqFHFi�ZfbcLUT�XA_sH�XcE
nx1,

_]\I\]KHJSAK�XcE
nx2

bctRqubcE	iA\ daXR@
v�wjxry{zr|c}cx�~��g�hxU�=�U���=|W�YyA}Ax=���F���r��xU�������R���hx=�R���
�=@NB�C	DFE0GIHJDFK0L�^Ai�qFqJK0\`bAl0_InAH�DFE	bAZ�GIHFnNMPOmQAQAS�C0LUTjH	V7XcZ[K0\]T��mQ�TAK	\IK	Z�tYKfSAK	DFE0_.X�dhK0\]K0^C0qFHFK	\IZ[K	E0C	DF_�HuXcqFHFiAZfbALjTjXc_IH�_`D	@���X�DaE	Lmbc\ daX�MPK0\�XcE�K	\I��E0��MPORQAQ�SAC	LjTjHWV�X�HJOR^UqF��E0C	DF�RK	E

� K	 =_]QfX[Z[bAq¡K0\]^AC	DFE0GIHFK0HaH �=|!�=v=¢m|W£ MPORQAQ�SAC	LjTjHW@
v�wjxry{zr|c}cx�~��g�hxU�=�U���=|W�YyA}�¤U¤��F���r��xU�������R���,xU�R���
¥R@�o�E�K	\I��E0�fMPORQ�QAS�C0LUT¦DFK0Q�GsHuDaC	QAC0S�K0\�^�C	DFE0GIHJDFK�K0\�Xf^��{SAKHJ^AK	E0��dhK0\]K0^�Xc§RHFic¨uVm_]\]\IK0HFSAK^AK	qFKWDaE0HF^�iAqJqFK	\]b�l_]nA_IH	©
x[n] = (0.9)n 0 ≤ n ≤ 20
y[n] = (0.8)n − 20 ≤ n ≤ 0

rxx[l] =?
ryy[l] =?
rxy[l] =?
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· QAT¸=¹¡º�qFK	Lm RDFE0K0q�Z[K0QjXA =�mXcHFn�K	QAT»\]_ILmK	bcqJ_`D0V�K	QAC	DFE�K	QATUO=HFHF�mXcHFn�D� =_I¼YK	qFK	Lml_`bc\]K¨QAT�K0LR\]KHpDFK0Q�GsHuDaC	QAC0S�K0\Y_]D	½
N∑

k=0

aky[n − k] =
M∑

m=0

bmx[n − m], aN 6= 0

o¾ =_s¼rK0qJK0L�l_`bc\]K0QAT�K0LR\]KH±Z�K	QAi�\] =��X{HFn#X�¿�XcHF\`Xct
filter

MPORQAQ�SAC0LUT�DaK	QAGIHJDFC0Q�C0SAK	\A_`D0VcXAZ[K¨\]TAKH X¡^��{SAK0HF^AK	E0��^AC �m� K	Lp^AK	\I\cZ[K	QA�RG]SULR_À½
y = filter(b, a, x),

Xc�Ri�\
b = [b0, b1, , bM ],

a = [a0, a1, , aN ]
@

?



?A@�o� =icHFH7K	QAT�¸=¹¡º�qJK0Lm mDaE	K0qWVcXcZ[K0\]TAK0H7X#^A�{SAK0HF^�K0E0�p R_s¼rK0qJK0Lml0_]bA\IK	QAT�K0LR\]KHFHFK0\UXA R§RLR^Z[K0Q
y[n] − y[n − 1] + 0.9y[n− 2] = x[n]; ∀n

•
�#X{HubcqJiAE0EWX�Z[K0Q�CWDgbAtRqJbAE0i�\ daX�qJK0Lm mDaE	K0qg_]Z � §R\]E0§mDFS{bc\`XADFE	bcH�ÁeX�qJK0L� RDaE	K0q.S!bA\]X�DaEWXX[ =_`DFE0^UqFC0HpÂ�_]qJX�l.dhK0\]qFK!Ã

h[n], n = −20, . . . .100.

•
�#X{HubcqJiAE0EWX�Z�K	Q�C	D�bAtRqubcE0i�\ daX�X¡qJK0Lm RDFE0K	q�S{bc\`XADFE	b{H�XAE�K0QAT=DFC0Q�\IC � l	Da��qFK s[n], n =
−20, . . . , 100.

• Ä _IEWDaQjbc\ daX�Z�K	QfX h(n)
DFkR\]T�MPOmQAQAS�C0LRLUT�K0\jdhK0\]\IK	Z[E0KHFHpqFK	Lm RDFE0K	q¡DaHJXAtR_]\I_IHJb�DFbcH	©

�=@Åo� =iAHaH�K0Q�T�¸=¹¡º�qFK	Lm RDFE0K0q�X�^A�{S�KHJ^AK0E	�� =_I¼rK0qJK0Lml0_]bA\IK	QATAK	LR\]KHaHJK0\Æ½
y[n] + 0.5y[n − 1] = x[n] + 1.1x[n − 1] + 0.64x[n− 2]; ∀n

•
�#X{HubcqJiAE0EWX�Z�K	Q�C	D�bAtRqubcE0i�\ daX�X¡qJK0Lm RDFE0K	q�_IZ � §m\IE	§mDaS{bA\]X�DaEWb{HÅÁ h[n], n = −20, . . .80)

@
•
�#X{HubcqJiAE0EWX�Z�K	Q�C	D�bAtRqubcE0i�\ daX�X¡qJK0Lm RDFE0K	q�S{bc\`XADFE	b{H�XAE

x1[n] = cos(0.25πn), n =
−20, . . . , 80.

�#XADFE0LmbA\ daX[X
filter

MPORQAQ�SAC0LUTjH	©
•
�#X{HubcqJiAE0EWX�Z�K	Q�C	D�bAtRqubcE0i�\ daX�X¡qJK0Lm RDFE0K	q�S{bc\`XADFE	b{H�XAE

x1[n] = cos(0.25πn), n =
−20, . . . , 80.

�#XADFE0LmbA\ daX[X
conv

MPORQAQ�SAC	LjTjHW©
•
�#XADFiALR\]GIHJDJX��jDFDFE0K�X�^AC0HpZ�n= RDFE0K	qFqJK0\r^{X � icHFHpK0qJK	 =Z[C	LjTjHW©

�


