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6.003: Signals and Systems

Dviscrete-Time Systenms

Seploynber 14, SRNNE

Discrete-Time Systems

W start with discrebe-tirme systems because they

@ are conoeptoalty =ampler than contimsoos-time systerms

@ jlustrate P same mportant modes of Ehinking

« are increasingly important {digital dectroncs and compuotation)
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Multiple Representations of Discrete-Time Systems

Systems con be represented i different saeys to rmoee easiby sddness
different types of EEmes,

Werbal descriplion: " To redsce the nurmber of bits needed Lo sbore
a =eypeence of large number=s that are mearky egqueasl, record the first
nurmber, and then record seooesne differences.”

CriiTeEre e egueabion:

yi] = 2fn] - xin 1]

Block disgrarm:

afnl | p rm—- sl

Wie will explodt particuls strengths of esch of these representatons.

DiiiTerence Cquations

Difference sguations ane mathematically precese and compact..
Exarnple:

winl = zlm]  z[n 1]

Let 2] equal the “unit ample” =Sgnal daf,

i[nl-{l:' if 1= ik

h, otherwise

zln] ~ &fal

i
1 I X 3 4

We will use the unit sample as a “primitiee” (boilding-Block sigral)
b constnsct moee compiex sgmabs.

Step-By-5tep Solutions

Difference egeations anre comvemient for step-byestep analy=es.

in] = zin] -~ zfn 1]
1=z 1] 2[Y =D =0
oltl] = =[if =] 1] -1 l=1
o1] = =[1] =] - 1= 1
oiz] = =[¥ =[] -1 =1
pl3] = =[4 =] = A=l

Find yjn] given zfn] = §n):

2] - dn] wim|

Step-By-Step Soalutions

Block diagrams are also useful for step-by-steg analyses.

Represent gin] = £je] z[n 1] with a block diagram: start “al rest”

2|m| )

e {Dea 0
zlr| = #n] vir|

|TJ:.!;+4
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Check Yoursell

DT =ystems can be described by difference equations and for
otk diagramss.

DifTerence egualon:
vin] = z[n] - =n 1]

Bloack cdiageam:

afnl | S -{I:u—n[nl

[ In what warys are these representations different? ]

-

From Samples to Signals

Lusnping all of the {poeibly infinite) sampiles into a gk object —
the signal — simplifies its manipulation.

This umping = an abstraction that = analogous o

& representing ooondinates n threse-space as poents
& representing st of nombers as vecbors an linear algebra
& cregting an cigect in Python

From Samples to Signals

Operators manipulate sgnaks rather than imdndual =armphes.

z[m| | wfn|
DDy

Modes represent whole sigmals (eg., X and ¥)o
The boxes Opeerate on bhose sigmaks:

«  Deday = shift whole signal o night 1 time sbegp
e Add = =um two signals

- I- muitiply by 1

Sgnals are the priemibves.
Operabors e the means of combinatm.

Crperator Notation

Symbols can now coimpacthy represent disgeams.
Let R represent the nght-shift operator:
F=R{X}]=RX
whore X represents the whole input signal (zj] for all &) and ¥
represents the whole output signal ()] for all w)

Representing the difference machime:

[l | .} -{I:'—- lel

with |/ hssds to the equadent representation
R} X

¥ X RX =1

Operator Notation: Check Yoursell

-

[ Let ¥ = RX. Which of the following isfare troe:

pin] = =] for all «
gl | 1] = zfn] for all n
pin] = £jn i 1] for all o
pln 1] = zfn] for all n
none of the abowe

e N

Operator Representation of a Cascaded System

Syslem operabtions hove simgle operator regresenbations.
Corsede sy=toms

X | .',, ?- r|' :.} v

Lising opaerator motation:
Fi=(1 R)X
¥y = [] :E:I ki
Substituting for ¥:
=01 Rl R)X

s nultiply operator expressions.
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Operator Algebra

COiperator expressions can be manipulated @ pobymnomials

X D— (= ¥
- T Dey
U=y difference eouabiones:
] = wifR] ol 1]
O I | | R |
= £ln]  2rfm 1] 4 zfm 2]

U= operator notation:
¥o={1 ®)¥, ={1 W1 R}X
= (1 R)*X
-1 "R | R X

Operator Approach

Applies woor exsting ecpertse with polymosmials too anderstand block
disgrams, and thereby under=stamd systbemes.

Operator Algebra

COiperator notation facilitates sesing relabtions among sy=stems.

“Equivalent™ block diagrams (e=aming both mitially at rest):
X L n (1 ¥a
-+ Do)
X ol ¥

i 1)
Iy
[

NE

Equivalent operator cxpressions:
(1 Rl R)=1 2R R

The operator egunsalence & mech easier Lo see,

Check Yoursell

COiperator expressions for the=e “eguivalent™ systermes
(if storted “at rest™ ) obey what mathematical property?

A, disstribortiee
b, none of the abose

Check Yoursell

-

Hiree mamy of the follesing systerms ane eguvalent to
¥Y=[4R 4R 51} X T

1(}}—*’
R OB =R SN

x—v

Cperator Algebra: Explicit and Implicit Rules

Recipes versus constrainks.

Fecipes: spidract a right-shifted version of the input sigmal frome a
cogry of Lhe input sigraal.

X = | ¥
¥ o= i X
T Dok N

Comstraml: the difference between ¥ oand &8 s X

.t'—l-m -
I I s
0-R)¥ =X

But how does one sobee such a constraint ¥




