Locimze 3

Imbellectasl shemes:
* Dcapn of compler e
* Modeimp end contralinp phyveical nasces
* Ampmeontmp pheescal nascrea with compatesioe
* Building rvatorms that ase roburt o wnccteamty
Enecllectasl themes s developed io comrte=xs of 2 saobile robot
The geal o o coeney 2 chsnc: perapesiive about cogisconng

Afodcla:
* Eqgmaly acd apatomma
= Circexis
* Frohehility
" Fleemicse
Agproack: fooos om koy comerpis asd pamecin degprth

Sofbware Engiccering
We will wme programening throuphess B.00:
" @1 em oacmbal ool for enpince and sscotbat

* o eolitate learning

SIGNAL 1 —= [EETEM]— DEMAL T

Frogmammming &y isienicellr rberobing: excplifpioy the o mest smpestent themes in 500 : Abstraction end madularnier

Rrpresess o arabom Hlnegen], marthematicsl, or coenpeetesional’ by the woy = tammferma iegrut ignal isrtn an ootpaot signal

Sigeal Heprocntaten

DhScenee equatsan: @] = =fr] - x[=-1]

From Szxmplcs to Signal

LT I

Lumping all of the mmples (ponitly inhnics) istn 2 single objecr—the dignal—aimpliSo in manipuhson

Tkhis lumping i snalepoua ta
v Reproacoting coordiness im theec-apacs o poina

* Fopooscoiicg i of nusmbers 2z vociees iz Encar algebea

" Croasng an chyecs i Pribom
Ciporasory manigaleis aigealy rattes dhan isdnadual asmplca
Modea represcert whaole aigealb [ ie 20 and ¥
The boxo operots an those ngnala
v Delmy: absft whele sgeel to the raghs onc tme wep
* Add: muen twn Epneh
r Caim: mulsmhbe T -1
Sigeal arc primishes
COperasory ase the e of combizesian

Cperator MNotten
Srmbols can compaciy repreent diaprama
Lz K ropeeaemt the sipht-ahilt oporasr:

T = R0 where X repoescess the whole et signal Sx[n] §orall o} end ¥ reproent the whele pesput sgeel (vfn)] forall =7

Srrtema are conciscly reproonted with operacan
Thr block chag=am ix the difeenee machine
Equenalent sepresentstion mith K T =20 - ROC = [1-H°K

Chesk youeel Oiperacor Motatom,
Cormef e 3

LY = FOU Gipen that oguaison, we know kot v[=+1] = x[z] for ol nia fruc

COperaror Fepreseneesion of 8 Camcade Tatem
Srrtem opeaitcm hee Emngple aperstor seprocntatoma
Cmeede sywioma —= medophby aperessar cpoeanana
LUiing opcsabes ootaion
T, =1-R3C
Y=0-KY,
Satitoting oo ¥ -
Y=[-R-EX

Cperamr Algrhre

-7 T —
Loomp? L

R - BX =1 -RRX

Tkia ia caxih: proved by the deficttion of R and 2 implio that caceded mmtcma comamuts: [aneming imital o]

Mualtglication dirribuis over addision
Eie (e

Toad = = St

EXAMPE Trb

grw—u G alE R W



Cperarar
The mapcatne property simiash: heldh for oporatar expoeasoma
Eqrenalent opoater cxprenies: 12 - KSR -RT =2 - RR][1 -E

xtﬂ]@—@ﬁ L.EE—.@JE_P? _ IT—*E]:-—-IEI—‘T% L,'Ez;—rqtl:m—qmnj_w
Chesi: Towrel Orpezater Alpeirs

e e 5
AL thoee of theac syrisma are cavalet

= | #2 #3 rlbem—
g b g —g mm—ple
COperammr Apmensch
Agrplics vous exieing exporsise with pabmorisl o vndemaiasd Block disgramma, and thecksr undemined aratersa
Foodback F—
"
Focdback complicate relation betwoon, imput and caspeat < | I Ep__.m_'|
YT=T1-RoC
Withoe: fofanck, ouspus Sgmal & lncar comisinstios of shificd vorsiona of Epus Sgae %m—”
Y=X+ENY

Focdback mmtrecinoe: & zimnilar comsereint. ot oowe the npes rignal s 2 Bnoas combinaties of 1hified verriona of the gutpue sgeal

Cheskt youeelf Foedheck

et e I ‘:["]—"%?—‘%—1.—‘?1‘]

The diffcrenee oquation that sclates 20 end T is v[a] = =fn-1] = ¥n-I]

Exomple: Accumehieaor
Ta End Y, v sep-bv-atcp analymia
Seprs o rew
The mapemac of the sccumelatar systerma could alip be preesaied by 2 natcm with inSpitchy masyr paths fom mpus to eoipeet. cech with one unie
of dd=r mees them the previous
The srricm funciceal for e accusmalstor i the reoprecal of 2 pelroomial B
The product [l -R] = [l + K +RF+ R +..] ore seoprecals thas we can woic -E" '|'.'|'r|-|'P_|H|" = R

Grometmie Geowh
The =geal can imereaac or deceme wich &me if the loop guin e 1

Coometric growth pives wa the eaaSon F:".I" B = ’Ei-.l:,.'l'gh- x[n] = L_Iﬁ"]
This preencinic greest amnes from cvelic rignal e ] qu‘__léﬂ
Crelic ngral Sewr patiy — 3 pormiscot sempanac ia 1 ey
Thoe nakcm roposecs can be charactesized by 2 zingle number fthe pale], which is the base of tix grometic sgomes
Chesh yoursl’ Geomemiz Growts ttﬁ
Carreet e & i T ¥
What valuz of § repressna the 2gnal? p = 0.3 [ :
The value of p determeinm the mate of prowth ﬁa ] I*‘i #| 4“1 El
v = 1 megeihede Shrerpes monotcanicalby [ s I"I I i ]
v I<=p =< 1: magnimde comerpes monotomicalby | l
r -1« p <l mapmibede correge., altcreatng ngn : . - - .
' g€ -1: magnitnde dibvepo, albereatng ngn 1 ; :
Sccend-Ooder Exaterma ,1|_|
The unit-aamgle sorponic of meer coenplicesod cydic matcrma ase meoe coenplicated \
Tkhis ropenes i1 oot poommcic

Fachar the oporaics cxproaion o beeek the arriem o Saw nemiles rwboma % N W
YT =X+ 1.BEY - DLESE~Y
Nl-1aR-0DeERTY =2

1-08EY]-0ATRY =X qa
N T j 1 . . 5 - T ‘ﬁﬂ
CREN AR | TR T S T ) (RI-NE S

Srwtema thee can be eopresested b hoea s differeser oquetinen with comgemt cociicenes heve apomatar repeeacmrinticoms that ase e mabo of
pelrnomicly = R

Folca
Fole: can b idenaiicd by cxpassding the ayricm fenctional iz partial Eacticna
The pelo are p bee 02 1 & o wibee o ia thie onder of the n=denosmnates



Fole: can b idenaiicd by replacing eech B i the matems finctonal wish IS
‘Then the pola are the rooh of the denomingtor pohmamal o=

Camplex Froica
Fowen of compler crumibhen are cany to comparic uring polar beemma
Expermthepolcaiz = o+ jb s ' whorr =2 + 5 and =nf =L/
Then the capde ia :::"r =g ™
peemnctric growth of megmihede
bncar prowih of asgic

bainary

Complex: Poic Example (,_hﬁ i ginss
Conzider s ceenple= poleat e whem s =008 and 8= 0.2 < 2l
The nth mammple af the cosrerpondnp mede i et = Fg® l\‘_|_‘f

Camaplex Boon

DhScrnee cguaisons that represces phvrical roaeema hene real ralued cecfSmienia
DhScrnee cguaiyons with realvabsed coclEcessy prnermie real-valued petpety Bom real-ralued inpo



