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Linear Constant-Coefficient Difference
Equations (LCCDE)

* We calculate the output (response) of an LTI

system using the input and the system’s impulse
response

 However, as n gets larger, the convolution sum
results in increased computation time and
memory requirement

e Systems for which the output can be represented
in terms of the input signal’s present and past
values and the output signal’s past values reduce
these requirement



Linear Constant-Coefficient Difference
Equations (LCCDE)

* An important class of LTI systems consists of
those systems for which the input x[n] and
output y[n] satisfy Nth-order eq. form of:

kﬁ;aky[n—k] :mf;)bmx[n—m]



Linear Constant-Coefficient Difference
Equations

* If we choose a,=1;

y|n] =ni)bkx[n—m]—kﬁ;aky[n—k]



e All systems cannot be represented in terms of
an LCCD



Linear Constant-Coefficient Difference
Equations

If the output is not related with the previous output
values:

M
As a special y[n] = me.X[n—WZ]
m=0

case, if the
output of the
system does not

M
depend on past _ .
output values: h[n] o meg[n m]
m=0



Linear Constant-Coefficient Difference
Equations

Sistemin durtt yaniti dogrudan giris degerlerinin katsayilari olarak
bulundugundan LCCDE gosterimikonvolusyon toplamina
donudsmektedir.

M
y[n] = Z byx[n — k] = z h[k]x[n — k]
k=0 k

=0



e Sistem cikisinin sadece giris degerlerine bagl oldugu bu
sistemserde LCCDE ile konvolusyon toplaminin sonucu
aynidir.

* Sistemin durtl yaniti sonlu sayida sifirdan farkl
degerlere sahip oldugu icin bu tur sistemler yapi
itibariyle FIR sistemlerdir.

* The length of impulse response is M+1 (FIR)



Linear Constant-Coefficient Difference
Equations

* Example: y[n]zx[n]—x[n—l]

x[n]={2, %,O,—l,—Z,l}

n=0

n]=0 an_d y[n]=0

n<-1 X

n=-1 v[-1]=x[-1]-x[-2]=2
n=0 y[0]=x[0]-x[-1]=-1
n=1 y[1]=x[1]-x[0]=
n=2 y[2]=x[2]-x[1]=
n=3 y[3]=x[3]-x[2]=-
n=4 v[4]=x[4]-x[3]=3
n=>5 y[5]=x[5]-x[4]=-
n>5 y[n]=0
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Linear Constant-Coefficient Difference
Equations

Ozyinesiz(Non-Recursive): Bir sistem LCCDE seklinde
tanimlandiginda sistem cikisi girisin o andaki ve eski degerlerine
bagl ise

Ozyineli (Recursive): Bir sistem LCCDE seklinde tanimlandiginda
sistem cikisi girisin o andaki ve eski degerlerine ek olarak c¢ikisin da
eski degerlerine bagli ise

Recursive sistemlerde giris degerleri yaninda cikisin baslangic
kosullari da verilmelidir.

Baslangi¢ kosullari sistemin calisma bicimine dogrudan etkisi
bulundugu icin onemlidir.



system

LCCDE

* Example: Find the output of the accumulator

n

v[n]= 2. x[K]

k=—00

n—1

y[n]=x[n]+ 2. x[K]

LCCDE representation y

|

n

n

=X

|-

e N =1
_n]+y[n—1_ .
0

:n—l]zx[n:% a, =-1
b, =1



Linear Constant-Coefficient Difference
Equations

x[n] = {10 -1, 21}

* We need an initial value fory
y[0] = y[-1] + x[O0]

* |f the system start with y[-1]=0



Linear Constant-Coefficient Difference

Equations
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Linear Constant-Coefficient Difference
Equations

* Block diagram of the accumulator:

One-sample
delay

y[n—1]




Linear Constant-Coefficient Difference

Equations

 Example: Moving-average system

M
v[n] = TR i'vfj 3 I-_;m x|ln —k]

1 M

with M| =0 y[n] = >+ 1) g] x[n — k]

hin] = 0, 1) (uln] —uln — M, —1])
vin] —vln —1] = ; (x[n] —x[n — M, — 1])

(M»> +1)
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Linear Constant-Coefficient Difference
Equations

* Block diagram of the moving-average system:

1
xi1ln] = x[n] —x[n — M> — 1]
; Mot D) 2~ 1]
Attenuator 4
I AL{;B?:?E[M
x [n] (M, + 1) ot xqln | A y 1]
y[n}y— yln — 1] = x1[n]
(M, + 1)
—-1 sample f— M i
dela Y x[n] - \'\/ Yy [:']

One-sample
delay

y[n-1]
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Linear Constant-Coefficient Difference
Equations

* Effect of moving-average system
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Linear Constant-Coefficient Difference
Equations

* Example: y:n:zay:n—1]+x[n]

y[O =a+b _)/—2 —q
y[l =a’ +ab y —3 —q”
V2l=divah  y[-4]=a"
Y 3 =a'+a’b y :—5: —a™
/ N\

y[n]=a"" +a'b , n>0 y[n]=a"" , n<0



Linear Constant-Coefficient Difference
Equations

y[n]z Tra'b a"' , n<0

\ /

y[n] =a"" +a"bu [n]

* If b=0 - x[n]=0, but y[n]=a"*!is not equal to

Zero.
* Therefore, scaling the input with zero is not
gives zero output (the system is not linear).



Linear Constant-Coefficient Difference
Equations

* For the shifted input
x [n|=x[n—n,|=b6|n-n,]

wnl=a"" +a" " buln—n,|
v n|#y|n—n,]

* the system is time variant.



Linear Constant-Coefficient Difference
Equations

If y[-1]=0 is given
y[n] = a”bu[n]

The system is linear and time invariant in this
case (evaluate with x[n]|=b5[n—1]).

NOTE: Initial conditions of a LCCDE for systems
affect the characteristics directly!

In general, x[n]=0, n<O0 and initial conditions
are chosen as zero for the causal LTI systems.



Linear Constant-Coefficient Difference
Equations
e Alternative representation for the
accumulator y|n|=ay[n—1]+x[n]
y[0]=ay[-1]+x[0]
y[1]= ay[0]+ x[1] = a(ay[-1]+ x[0]) + x[1] = @ y[~1] + ax[0]+ x[1]
y[2] =.ay 1]+x[2]=a’y[-1]+a’x[0]+ ax|1]+ x[2]

/ N\

Response to the initial conditions Response to the input signal x[n]
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Linear Constant-Coefficient Difference
Equations

If the system initially relaxed at time n=0
y[-1]=0

Thus a recursive system is relaxed if it starts with
zero initial conditions.

We say that the system is at “zero state” in this
case.

The response of the system is called as
“ZERO STATE RESPONSE”

V. ln]



Linear Constant-Coefficient Difference
Equations

v..|n] :Zn:akx[n—k] , n=0
k=0

h[n] =a'u [n] (IIR, causal)



Linear Constant-Coefficient Difference
Equations

* Suppose that the system is initially nonrelaxed
and x[n]=0 for all n.

* Then the output of the system with zero input
is called the

“ZERO INPUT RESPONSE”

Yz [n]

Va[n]=a" y[-1]



Linear Constant-Coefficient Difference
Equations
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