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Example - Problem 1
Given:

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

<latexit sha1_base64="aTvPAE2zXP1jiu3J6pZ7+WR/9Ec="></latexit>

x[0] = 2, x[1] = �3, x[n] = 0 otherwise

h[�2] = 1, h[�1] = 5, h[0] = 0, h[1] = �3, h[n] = 0 otherwise



Example - Problem 1
We know that:  

 
<latexit sha1_base64="KIx7D5qrXs6do/EOY0jEc5QnhmQ="></latexit>

y[n] = x[n] ⇤ h[n] =
+1X

k=�1
x[k]h[n� k]

y[n] = h[n] ⇤ x[n] =
+1X

k=�1
h[k]x[n� k]



Example - Problem 1

Moreover, in this example x[n] and h[n] have finite lengths  
and, in this scenario, there are (at least) two ways/methods  

of computing the convolution sum.  

We will do both (and also with two sub-versions). 

 



Example - Problem 1

In both methods, it is useful to recall that with signals with finite length,  
we have the following “a-priori” information: 

(1) y[n] starts at = start of x[n] + start of h[n] 
(2) y[n] finishes at = end of x[n] + end of h[n] 

(3) the length of y[n] = length of x[n]+ length of h[n]-1 

The rest of y[n] is for “sure” zero … 

 



Example - Problem 1
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  -2 
- end of x[n] at 1,  end of h[n] at  1 
- the length of x[n] is 2 
- the length of h[n] is 4 

(1) y[n] starts at = 0+2=-2 
(2) y[n] finishes at = 1+1=2 
(3) the length of y[n] = 2+4-1=5 

 



Example - Problem 1
FIRST METHOD - first way: Note that we can write 

<latexit sha1_base64="8Kc72x8b1lnv7LIbfBym/dHasCk="></latexit>

x[n] = 2�[n]� 3�[n� 1]

<latexit sha1_base64="cQKXfuRLlTmRT4wM9YNvO8y/CY0="></latexit>

y[n] = x[n] ⇤ h[n] = 2h[n]� 3h[n� 1]

And for the property of convolution with deltas, we have:



Example - Problem 1 FIRST METHOD - first way

<latexit sha1_base64="cQKXfuRLlTmRT4wM9YNvO8y/CY0="></latexit>

y[n] = x[n] ⇤ h[n] = 2h[n]� 3h[n� 1]

We build a table:
<latexit sha1_base64="6D1RC4PGSWXfOIvs8LTouiom8zs="></latexit>n

<latexit sha1_base64="w5vPPL3/ETo8csYSoT6Ns4tXBbo="></latexit>

y[n]
<latexit sha1_base64="vskRFfjssmmfbDqrm0QxUh0nR2U="></latexit>�3

<latexit sha1_base64="wj14trZkiAz52SkHVqk4Wk8TmIE="></latexit>

2h[�3]� 3h[�4] = 0
<latexit sha1_base64="KROKVMd8LlN6P55HBP3mLe9++q0="></latexit>�2

<latexit sha1_base64="egqBVeoBsUQUncqtFmylfttJqTk="></latexit>

2h[�2]� 3h[�3] = 2
<latexit sha1_base64="GV+hzFvs6GrBMDgRA9wcCcRmDO8="></latexit>�1

<latexit sha1_base64="a5wRh+uT9AXxmw1qtHrSDGxWKw8="></latexit>

0
<latexit sha1_base64="TrJRfV53UBGW7pvXxhdxUp8nNIU="></latexit>

1
<latexit sha1_base64="/E6VK1g5x1DHSbEM3/smrdZH8EY="></latexit>

2
<latexit sha1_base64="+Vh6NrDODbe1Av6NixOh8+LMdXE="></latexit>

3
<latexit sha1_base64="/PMNy3Ef+CIJ00XWxJgdcIbgLBo="></latexit>

4

<latexit sha1_base64="e1A74/WjekZFLmFnqEzEZe0UI30="></latexit>

2h[�1]� 3h[�2] = 7
<latexit sha1_base64="pCqj9mI7exBEXaDZzoMPsm+ytoc="></latexit>

2h[0]� 3h[�1] = �15
<latexit sha1_base64="Gcmgy9O9ExYw2MfZsKRNkY4dRhU="></latexit>

2h[1]� 3h[0] = �6
<latexit sha1_base64="+IeoA5ek4Kj8dhBdQr6qrWbajjY="></latexit>

2h[2]� 3h[1] = 9
<latexit sha1_base64="a0c+0EDiy1B6bXBTg5EofZpE/KI="></latexit>

2h[3]� 3h[2] = 0
<latexit sha1_base64="9jNZyfUBQ1ToawtQHnqBmxiZl8Y="></latexit>

2h[4]� 3h[3] = 0



Example - Problem 1 FIRST METHOD - first way

Solution:

<latexit sha1_base64="5Q1yFP1NcuDTPaiXwe3DSrll1Qo="></latexit>

y[�2] = 2, y[�1] = 7, y[0] = �15, y[1] = �6, y[2] = 9
<latexit sha1_base64="5V/okxnBaeC4dlGEFsBN1mCxT/M="></latexit>

y[n] = 0 otherwise

This is already the solution… but we solve in other ways…



Example - Problem 1
FIRST METHOD - second way: Note that we can write 

And for the property of convolution with deltas, we have:

<latexit sha1_base64="XloEGz616SwVbNVAPA9z65nqU/4="></latexit>

h[n] = �[n+ 2] + 5�[n+ 1]� 3�[n� 1]

<latexit sha1_base64="VjC9Wv1rA699hTX/ZzsSgLhI3eo="></latexit>

y[n] = x[n] ⇤ h[n] = x[n+ 2] + 5x[n+ 1]� 3x[n� 1]

(IMP. REMARK: note that in this case, we have y[n] expressed as 
a finite linear combination of translated version of x[n]… we 
have already the linear difference equation - with constant 
coefficients - associated to our LTI system. ) 



Example - Problem 1 FIRST METHOD - second way

We build a table:

<latexit sha1_base64="VjC9Wv1rA699hTX/ZzsSgLhI3eo="></latexit>

y[n] = x[n] ⇤ h[n] = x[n+ 2] + 5x[n+ 1]� 3x[n� 1]

<latexit sha1_base64="6D1RC4PGSWXfOIvs8LTouiom8zs="></latexit>n
<latexit sha1_base64="w5vPPL3/ETo8csYSoT6Ns4tXBbo="></latexit>

y[n]
<latexit sha1_base64="vskRFfjssmmfbDqrm0QxUh0nR2U="></latexit>�3
<latexit sha1_base64="KROKVMd8LlN6P55HBP3mLe9++q0="></latexit>�2

<latexit sha1_base64="GV+hzFvs6GrBMDgRA9wcCcRmDO8="></latexit>�1
<latexit sha1_base64="a5wRh+uT9AXxmw1qtHrSDGxWKw8="></latexit>

0
<latexit sha1_base64="TrJRfV53UBGW7pvXxhdxUp8nNIU="></latexit>

1
<latexit sha1_base64="/E6VK1g5x1DHSbEM3/smrdZH8EY="></latexit>

2
<latexit sha1_base64="+Vh6NrDODbe1Av6NixOh8+LMdXE="></latexit>

3
<latexit sha1_base64="/PMNy3Ef+CIJ00XWxJgdcIbgLBo="></latexit>

4

<latexit sha1_base64="O5MVkJKVjV3mGLSV5ETWsIWrW+M="></latexit>

x[�1] + 5x[�2]� 3x[�4] = 0
<latexit sha1_base64="ImCAXRR3Q5p94h6NeBltPb8cS0Q="></latexit>

x[0] + 5x[�1]� 3x[�3] = 2
<latexit sha1_base64="XzncnJEVqGYJzc2FbSj3ZqHZp5k="></latexit>

x[1] + 5x[0]� 3x[�2] = 7
<latexit sha1_base64="WuDbPem7aXDKHM6yyFt1tkh81yg="></latexit>

x[2] + 5x[1]� 3x[�1] = �15
<latexit sha1_base64="Gj1YpN4dveFXVJ7AOwYNyO0ArxY="></latexit>

x[3] + 5x[2]� 3x[0] = �6
<latexit sha1_base64="fyE7JyOheLniiy/iAoMPeEvcWMw="></latexit>

x[4] + 5x[3]� 3x[1] = 9
<latexit sha1_base64="83mGcAJ4CpEpfPporSFgGkKz/zA="></latexit>

x[5] + 5x[4]� 3x[2] = 0
<latexit sha1_base64="0jgZz0jdLMVWdcrXDLRnilijD7I="></latexit>

x[6] + 5x[5]� 3x[3] = 0

…obtaining the 
same solution !!!



Example - Problem 1

SECOND METHOD - first way: Note that 
<latexit sha1_base64="FjC+28+TCbR9j3dnhwGNh3F0HLI="></latexit>

y[n] = h[n] ⇤ x[n] =
+1X

k=�1
h[k]x[n� k]

<latexit sha1_base64="hxT9Ds/qR3RBeYg1taYIA14ZEbY="></latexit>

z[k] = x[�k]

<latexit sha1_base64="g/xvHH6KUZ9yUgce+busewE4RzE="></latexit>

y[n] =
+1X

k=�1
h[k]z[k � n]



Example - Problem 1
SECOND METHOD - first way: Note that 

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ=">AAAD83ichVNLb9NAEHZtHq15pXDksiJyhdo4sp1H4RCpiAvHIpG2km2i9WZTW37iXYMtKxK/ggsHEOLKn+HGv2G8cWlJIxjJ2m9n5puZ/dbrZVHAuGH82pKVGzdv3d7eUe/cvXf/QWf34QlLi5zQKUmjND/zMKNRkNApD3hEz7Kc4tiL6KkXvmzip+9pzoI0ecO </latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="4E3ZhXQPa4KisIctm+kPPu0TI7o="></latexit>

z[k] = x[�k]

<latexit sha1_base64="70ZC0IDTR9RTxLJ2FyQK0Aro/9s="></latexit>

z[0] = x[�0] = 2

<latexit sha1_base64="9kkJPUvtuo8k3ebfIH0aOK+f/Xk="></latexit>

z[�1] = x[�(�1)] = �3

<latexit sha1_base64="g/xvHH6KUZ9yUgce+busewE4RzE="></latexit>

y[n] =
+1X

k=�1
h[k]z[k � n]



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="4E3ZhXQPa4KisIctm+kPPu0TI7o="></latexit>

z[k] = x[�k]

<latexit sha1_base64="70ZC0IDTR9RTxLJ2FyQK0Aro/9s="></latexit>

z[0] = x[�0] = 2

<latexit sha1_base64="9kkJPUvtuo8k3ebfIH0aOK+f/Xk="></latexit>

z[�1] = x[�(�1)] = �3

<latexit sha1_base64="8p+nLmJ7IoG3z4wUQqhhFCbft/8="></latexit>

= ...0 + 0 + (1)0 + 5(�3) + 2(0)� 3(0) + 0 + 0...

<latexit sha1_base64="8chOve/5HSP8C9MHlw8aZSCGCOk="></latexit>

y[0] = �15

<latexit sha1_base64="/sxy5mG4ebjCqAzHmWEhc0E0KGo="></latexit>

y[0] =
+1X

k=�1
h[k]z[k � 0]

=
+1X

k=�1
h[k]z[k]

<latexit sha1_base64="t1KoJ3H2mQk+7VTtggYUxzak2ww="></latexit>

= ...0 + 0 + 0� 15 + 0 + 0 + 0 + 0...



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2

<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4
<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="koiF/hNBQ3kuPgb97v4z6oL3RCY="></latexit>

z[k + 3] = x[�3� k]

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="Zt3imoQhkAI/2abme1bZF4atWjg="></latexit>

y[�3] =
+1X

k=�1
h[k]z[k + 3]

<latexit sha1_base64="2waGwTV5j+HwyReivNOpgvLVwJk="></latexit>

= ...0 + 0 + 0 + 0 + 0 + 0 + 0 + 0....

<latexit sha1_base64="upGZ+11AtaDBYKKVRDYOibUxWrc="></latexit>

y[�3] = 0



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="gJFmnAzy4w+f5TICy2vEapVu5oI="></latexit>

z[k + 2] = x[�2� k]

<latexit sha1_base64="W6WFl1ttCtk/DqfSSb3JzCWrwnI="></latexit>

y[�2] =
+1X

k=�1
h[k]z[k + 2]

<latexit sha1_base64="BXJSrgd4IDg6VcM+ojUsc57WEMs="></latexit>

= ...0 + 0 + 2(1) + 0 + 0 + 0 + 0 + 0....

<latexit sha1_base64="KqZNGkOBhhrPV/7c8CFchqsDi1Q="></latexit>

y[�2] = 2



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="/tnN3Ff4lypa2UC2LGXfunQsqRE="></latexit>

z[k + 1] = x[�1� k]

<latexit sha1_base64="PBv29aKS1QmovmqtNOV3tTJA5e8="></latexit>

y[�1] =
+1X

k=�1
h[k]z[k + 1]

<latexit sha1_base64="nusqa3LEQMK+y4lgqpemAkfJQbg="></latexit>

= ...0 + 1(�3) + 5(2) + 0 + 0 + 0 + 0....

= ...0� 3 + 10 + 0 + 0 + 0 + 0....

<latexit sha1_base64="1Bxc3FK6Y2eo+6vnz/w1d9FAkwU="></latexit>

y[�1] = 7



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1

<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="gR4gYsccctj3U3xKLdrHCdKC2nk="></latexit>

z[k � 1] = x[1� k]

<latexit sha1_base64="vvNoQj/T2QatmsXit2cX5FmP0lc="></latexit>

y[1] =
+1X

k=�1
h[k]z[k � 1]

<latexit sha1_base64="V6Ac8cpy/VL20XCp5cLNY97u8lg="></latexit>

= ...0 + 0 + 0 + 0 + 0� 3(2) + 0 + 0....

= ...0 + 0 + 0 + 0 + 0� 6 + 0 + 0....

<latexit sha1_base64="bDmupPk3FGEYw66f5r8wpOxiDTE="></latexit>

y[1] = �6



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2

<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="nDvegk5iKYAho5xxIS5ye12Fdjs="></latexit>

z[k � 2] = x[2� k]

<latexit sha1_base64="Jlxnt31XD3jWLVJQGgWlZYS0z30="></latexit>

y[2] =
+1X

k=�1
h[k]z[k � 2]

<latexit sha1_base64="jW8fvp1tuVmxev3quab9iyN9+pY="></latexit>

= ...0 + 0 + 0 + 0 + 0 + 0� 3(�3) + 0 + 0....

= ...0 + 0 + 0 + 0 + 0 + 9 + 0 + 0....

<latexit sha1_base64="pAtozaJrPY98KGLcd1zLqHW9dZo="></latexit>

y[2] = 9



Example - Problem 1 SECOND METHOD - first way

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k

<latexit sha1_base64="pAobOZeOluyY2oN/jgu6bq3nFNQ="></latexit>

h[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1 <latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="EMhvIO4hgzMUKRtohJLXlKHEMmE="></latexit>

z[�1] = x[1] = �3

<latexit sha1_base64="phplRnDwnAiWibtIYjKqAxSIqFI="></latexit>

z[0] = x[0] = 2

<latexit sha1_base64="nDvegk5iKYAho5xxIS5ye12Fdjs="></latexit>

z[k � 2] = x[2� k]

<latexit sha1_base64="cNM6sUS2LzE7oM7FDzagMujb6VM="></latexit>

y[3] =
+1X

k=�1
h[k]z[k � 3]

= ...0 + 0 + 0 + 0 + 0 + 0 + 0 + 0 + 0....

<latexit sha1_base64="cyRfPlNHSWrY54tKIuqpyG6qHSU="></latexit>

y[3] = 0



Example - Problem 1

SECOND METHOD - SECOND way: Note that 

<latexit sha1_base64="yfpIcC7cZLs4Z43XJZqnIcWfo78="></latexit>

y[n] = x[n] ⇤ h[n] =
+1X

k=�1
x[k]h[n� k]

<latexit sha1_base64="RGA7hxliTjazj9RjtpLIVzkWAHg="></latexit>

y[n] =
+1X

k=�1
x[k]z[k + n]

<latexit sha1_base64="Eg2tRUiTLB7CmQEkZPvyG4XsT/4="></latexit>

z[k] = h[�k]



Example - Problem 1 SECOND METHOD - 
SECOND way

<latexit sha1_base64="1veuGMQ4vhkOkXLQQ4cOl3GPpRI="></latexit>

y[0] =
+1X

k=�1
x[k]z[k]

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1
<latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2
<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="Rc76h77DNzLK4LIkTAd8PEdpTIc="></latexit>

x[1] = �3

<latexit sha1_base64="3sbBZSTzPnPztQ8zPeRqSLqM9K4="></latexit>

x[0] = 2

<latexit sha1_base64="NECK9OYlfNGVmaxn4uR5gCnSoBY="></latexit>

x[k]

<latexit sha1_base64="ARtQWUNnDUTr8FFamQnFeUypV/w="></latexit>

h[1] = �3

<latexit sha1_base64="pOh/KaEtMik91a3Fhrew2Ou7M6s="></latexit>

h[�2] = 1

<latexit sha1_base64="WSofXjBV1kLYrHKd0u4LSs31dcM="></latexit>

h[�1] = 5

<latexit sha1_base64="GSRGkPmMWkoF6Rl9ukGk211b3ss="></latexit>

k
<latexit sha1_base64="vsNcbPmGb86j/8hmKgu579wm9Dw="></latexit>

1 <latexit sha1_base64="4K+v6UUHBOhUNWFYlfZ++AIztOA="></latexit>

2

<latexit sha1_base64="Kb3fL9/QKnw0AnOcaTDUhaTNWfQ="></latexit>

3
<latexit sha1_base64="gHWta7goWlPz90M/3mWM3SB1QJY="></latexit>�1

<latexit sha1_base64="Dc9Ny7VnJAsaR8X90e5wUt9fiG0="></latexit>�2
<latexit sha1_base64="nneGLkoWYVauy96JcFCKzJfr2IM="></latexit>�4

<latexit sha1_base64="ytfjfOMyTDjI8eVU5LEh566S9oY="></latexit>�3

<latexit sha1_base64="8sIs0R3wTlxLdNgOlA2TrEex9MA="></latexit>

z[k] = h[�k]

<latexit sha1_base64="qX39JN8MSzXzesijH7boXi7Xick="></latexit>

4

<latexit sha1_base64="8chOve/5HSP8C9MHlw8aZSCGCOk="></latexit>

y[0] = �15

<latexit sha1_base64="PrJxxFKpO+fHKiAokybk8tkxY60="></latexit>

= ...0 + 0 + 0� 15 + 0 + 0 + 0 + 0...



Example - Problem 1

SECOND METHOD - SECOND way

FINISH the second method - second way  at home !!! 
…. and deliver to me your solution, please :)  



Example 2

Given:

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

<latexit sha1_base64="pTTVE4XGJ8QxrdJ2aHcAA45O1ME="></latexit>

x[0] = 1, x[1] = 1, x[2] = 1, x[n] = 0 otherwise

h[0] = 0.5, h[1] = 2, h[n] = 0 otherwise



Example 2
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  0 
- end of x[n] at 2,  finish of h[n] at  1 
- the length of x[n] is 3 
- the length of h[n] is 2 

(1) y[n] starts at = 0+0=0 
(2) y[n] finishes at = 2+1=3 
(3) the length of y[n] = 3+2-1=4 

 



Example 2
Solution (try to do at home as the previous one):

<latexit sha1_base64="itkkHfT0EJ6UQLbn7EObWzI/ioA="></latexit>

y[0] = 0.5, y[1] = 2.5, y[2] = 2.5, y[3] = 2, y[n] = 0 otherwise

<latexit sha1_base64="9/ez8gofp2y8of98nZ1eRPjWSxg="></latexit>

y[n] = 0.5x[n] + 2x[n� 1]



Example 3

Given:

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

<latexit sha1_base64="H9A4zqSSkt5h87vtmK5xu5dp1rI="></latexit>

x[�3] = �3, x[1] = 1, x[2] = 1, x[n] = 0 otherwise

h[0] = �0.5, h[2] = 2, h[n] = 0 otherwise



Example 3
Then, in this example: 
- start of x[n] at  -3,  start of h[n] at  0 
- end of x[n] at 2,  finish of h[n] at  2 
- the length of x[n] is 6 
-  the length of h[n] is 3 

(1) y[n] starts at = -3+0=-3 
(2) y[n] finishes at = 2+2=4 
(3) the length of y[n] = 6+3-1=8 

 



Example 3
Solution (try to do at home as the previous one):

<latexit sha1_base64="3qWlVCntjNUYzGSsJJExixTYu9Y="></latexit>

y[�3] = 1.5, y[�2] = 0, y[�1] = �6, y[0] = 0 y[1] = �0.5,

y[2] = �0.5 y[3] = 2, y[4] = 2, y[n] = 0 otherwise

<latexit sha1_base64="/fVJOmb1W023sQB/hb80ti5twBI="></latexit>

y[n] = �0.5x[n] + 2x[n� 2]



Example 4

Given:

Obtain the output of the LTI system y[n], with impulse response h[n]  

Namely, y[n]=? 

 

<latexit sha1_base64="pT7ir0dhCtJ525gzD4QCCvPlMCU="></latexit>

x[0] = 2, x[1] = �3, x[n] = 0 otherwise

h[�2] = 1, h[�1] = 5, h[0] = 0, h[1] = �3, h[n] = 0 otherwise



Example 5
Then, in this example: 
- start of x[n] at  0,  start of h[n] at  -2 
- end of x[n] at 1,  finish of h[n] at  1 
- the length of x[n] is 2 
-  the length of h[n] is 4 

(1) y[n] starts at = 0+(-2)=-2 
(2) y[n] finishes at = 1+1=2 
(3) the length of y[n] = 4+2-1=5 

 



Example 4
Solution (try to do at home as the previous one):

<latexit sha1_base64="1JsOSd/NVhwbbvhiZiugahID2qU="></latexit>

y[�2] = 2, y[�1] = 7, y[0] = �15, y[1] = �6 y[2] = 9, y[n] = 0 otherwise

<latexit sha1_base64="YJcRCYSAWS/eQ3wGMeG8pldwuUU="></latexit>

y[n] = 2h[n]� 3h[n� 1]



Questions?


