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= Sighals & Systems:

= |s about using mathematical techniques
to help describe and analyze systems
which process signals

» Signals are variables that carry information

« Systems process input signals to produce output signals
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» Discrete-Time Signals:

= The weekly Dow-Jones stock market index
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= Discrete-Time Signals:

= A monochromatic picture
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= Continuous-Time Signals:

= Source voltage & capacity voltage
in a simple RC circuit

= Recording of a speech signal




» Graphical Representations of Signhals:

= Continuous-time signals x(t) or x.(t)

X[t}

v/\

o t

= Discrete-time signals x[n] or x [n]

x[=1]} x[1] «




» Energy & Power of a resistor:

= Instantaneous power «C

p(®) = v(B)i(t) = 0(2)

= Total energy over a finite time interval

/tg p(t)dt = /tz %vg(t)dt

i1 t1

= Average power over a finite time interval

1 t 1 to 1
f 2 p(t)dt = / 2 202(t)dt
t1 R
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= Signhal Energy & Power: —

= Total energy over a finite time interval

o 1

a [tz _ _
F = f |m(t)|2dt continuous-time
tl 1na[|]j
no
I :-c1]xlzl
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a1 §1

n=n1

E = 3 Jz[n]|?  discrete-time :'[1
1—1

= Time-averaged power over a finite time interval

A 1 2 :
P= f z(¢)|°dt  continuous-time
t2 =11/t
A 1 e : :
P = S |z[n]|?  discrete-time

ny —ny + 1,=3,



= Sighal Energy & Power:

= Total energy over an infinite time interval
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= Time-averaged power over an infinite time interval
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= Three Classes of Signals: Bo = im [ s

. Py = Tnm___i " )Pt
= Finite total energy & zero average power T2l T
Eoc
O<E x = Py = lim —=0
= oo s oo > T—oc 27T

= Finite average power & infinite total energy

0< Px<oo = FEsx=o00 (if Po>0)

= Infinite average power & infinite total energy

Poo =00 & Foo =0



= |Introduction
= Continuous-Time & Discrete-Time Signals

* Transformations of the Independent Variable

— Time Shift

— Time Reversal

— Time Scaling

— Periodic Signals

— Even & Odd Signals

= Exponential & Sinusoidal Signals

= The Unit Impulse & Unit Step Functions

= Continuous-Time & Discrete-Time Systems
= Basic System Properties



= Time Shift:

{

ny U
ng, tp < 0:

x(t)

delay
advance

z(t — to)

th}

tp <O

z(t + 5)



= Time Reversal:
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z(t)



= Time Scaling:

t— 2t

t—t/2




s X(t)—=x(-t+1) 2(8)
At

1

0 1 2

t —t+1 l

y(t) = z(t+1)




t — t+41 1

y(t) = x(t+1)

=1 0 1

t — —t l

z(t) =1y(—t) = z(—t+1)

t

t—>t—|—ll

2(t) = y(t+1) = o(—t—1)
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ax(t) = x(3/2t+1)

a”ﬁ(t)t;
| a\g t
t — t+1 1 t — 5t
y(t) = z(t+1) y(t) = z(3t)
1 \
-1 0 1 2 ! 0 EI:’E 413
t— 5t 1 t—t41

2(t) = y(3t) = 2(3t+1) 2(t) = y(t+1) = 2(5t+3)

t N

—2/3 0 2/3 —1 —-1/3 0 1/3




sXx(t)—>x(at-b)

- lal < 1:
lal > 1:
a <0:
b >0:
b <0:

linearly stretched
linearly compressed
time reversal
delayed time shift
advanced time shift



» CT & DT Periodic Signhals:

VAWA A\ AN U -

N

N=23

x(t) =x(t+T) for T > 0 and all values of ¢

z[n] = z[n+ N] for N > 0 and all values of n



= Periodic Signals:

x(t) =x(t+T) forT >0 and all values of ¢

z[n] = z[n+ N] for N > 0 and all values of n

* A periodic signal is unchanged by a time shiftof T or N
» They are also periodic with period
- 2T 3T 4T
— 2N, 3N 4N

1 1 1

1 1 1

« T or N is called the fundamental period

denoted as T, or N,



= Periodic signal ? gl ==(t-T) Yo, T >0

cosit), ift <D
z(t) =

sin(t), ift>0
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= Problems:
« P125forCT
- P1.26 for DT



= EFven & odd signals:

A signal is even if z(—t) = z(t) or z[-n] = z[n]

A signal is odd if z(—t) = —x(t) or z[—n] = —=z[n]

= w(t
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= Even-odd decomposition of a signal:

« Any signal can be broken into a sum of
one even signal and one odd signal

Ev {m(t)} = %[:E(t) -+ ;t:*(—ri)] = %[ﬂ(—é) + ﬁ?(t)}
Od{m(t)} — %{m(t) - ;1:(—5)] = _%h(_;) — 2(t)
= o2(t) = Ev{m(t)}-l-(f)d{x(t)}



= Fven-odd decomposition of a DT signal:

1,n=0
o {ﬂ.n-:ﬂ
1l| I | ]I[lr
= s g a-2-1 0 1 2 8

-1 0123

."._n-c_'ﬂ

2
Sv{x[n]}= 1.n=0

%,nbﬂ

eo{atnl} =3 [alal +2t-n1]  _y1qln1y..

04 {xir} = [_E:E:ﬂ
Od {:t:[n]} = % [:c[n] - ;E[_-n]] ji LE%I l I —_ .

= P1231orCT
« P1.24 for DT




= Unigqueness of even-odd decomposition:
Assume that z(t) = Ev1(t) + Ody (1)
and z(t) = Evs(t) + Od»(t)

So, Ev1(t) + Od1(t) = Eva(t) + Odo(t)

and Evq(—t) + Od1(—t) = Evo(—t) + Od>(—t)

Evi(—t) = Ev1(t) Qdi1(—t) = —Od1(t)
Because { Eva(—t) = Evo(t) "9 | Oda(—t) = —0ds(t)
Then, Ev1(t) — Ody(t) = Eva(t) — Odo(t)

= 28v1(t) = 2Ev>(t) or, Ev1(t) = Eva(t)
= 20d1(t) = 20d>(t) or, Od{(t) = Od>(t)



* |ntroduction

= Continuous-Time & Discrete-Time Signals

= Transformations of the Independent Variable
= Exponential & Sinusoidal Signals

= The Unit Impulse & Unit Step Functions

= Continuous-Time & Discrete-Time Systems
= Basic System Properties



» Magnitude & Phase Representation:

' r = \/{:rz—l—iru::2 Im
o+ jw = 1 (o, w)
tan(0) = rSing =
= o+jw = rel’
I rRe
= Euler’s relation: T COS @

e)! = cos6 + jsin®

= a+jw=r(cosﬁ+jsin9)

= (rcosf) + j(rsind)



= CT Complex Exponential Signals:

z(t) = Ce™

« where C & a are, In general, complex numbers

a =0+ jw

C =|C|el?



» Real exponential signhals:

* If C & a are real z(t) = Ce*

il

a>0

g« D




= Periodic complex exponential signals:

- If a is purely imaginary e 0

2(t) = w0t
* |t Is periodic

27

~ |wol

—Because let Ty

— Then

— Hence

G_;.iwD(.!—l—Tg) — Ej-wgﬂej-ngg — Ej’woﬂ



= Periodic sinusoidal signals:

x(t) = Acos(wgt + ¢)

x(t) = Aco

A
Acos ¢
/

5 {wgt + b)

\

AN
U

wo = 27 [o
2
7, = 2%
wo
1
To = —
Jo
To : (sec)

wq : (rad/sec)

fo:(1/sec = Hz)



= Period & Frequency:
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= Fuler's relation:

cos(f) = Re {e(jﬂ)}
jO — G :
e Cost + jsin o sin(8) = Tm {6(30)}
2

el (—0) = cos(—0) + jsin(—=0) = cos(f) =

= cos(f) — jsin(6) = sin(6) — ei0) — ¢—(0)
2j

= Acos(wot+¢) = g Ej(’:’}"'wﬂt)_'_g o—J (o+wot)

A A

— = )9 gJwot + = e~ J® o—Jwol
2
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= Total energy & average power: : (o, w)
To| . |2 Smwot_-
Boeoa =[]0 a
0 1
T y
= [P1.4t = T Ot Re
0 COS wqt
1
FPperiod = ,ITDEDeriod = 1
EQ{_‘] — 00
2

ejwot

|
|—1

dt

1 T
lim —f
T—oo 27T J_T

&
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= Problem:
P1.3



= Harmonically related periodic exponentials

Quwnt 1 lwnt | 200t  3wnt
e’ L‘J: el D? e 0? e’ O:

Ej(—l)“wgt’ ej(_z)“’ﬂ":,
ﬁbkr(t) —eJ k awq f= kEk=0,+1,+2,...

e For k =0, ¢;(t) is constant

e For k # 0, ¢3.(t) is periodic with

fundamental frequency |k|wg and

fundamental period %



» General complex exponential sighals:

Cett —= (l(—” e_jﬂ)(ﬂ(r-l—ng)t) o+jw = r el

= (|C] 10y (et efwot ) e!V = cosf + jsiné@

= |C| e el (wot=+6)

= |Cle" cos(wot + 6) + j|C|e"'sin(wgt + 6)




= DT complex exponential signal or sequence:

z[n] = Ca"

- where C & a are, in general, complex numbers

= Alternatively,

z[n] = Ce™

= (e with a = ¢€b



» Real exponential sighals:

 If C & a are real z[n] = Ca™
-1 <a<0O
g >3
‘I.‘.l'!lj [ =
_ inaeset H‘I“I‘””””””H”” .
D<a<}
g2 —3

HH““HHmeT ..... . -




= DT Complex Exponential & Sinusoidal Signals

- If b is purely imaginary (or |a| = 1) el = cosf + jsin®

z[n] = eIwon

= coswqgn —+ jSinwgn
z[n] = Acos(won + @) JJHLW ”‘Lqﬂ l”J_L

: 4 .- 2w
z[n] = cos ( n)




= Fuler’s relation:

el"0" = coswon + jsinwon
= And,

A . - A _ -
Acos(wgn + ¢) = 5 EJ¢’ el WO | E E—Jeﬁ' e Jwon



= General complex exponential signhals:

Cca™ = (|Cle??)((|ale’™0)™)

= |C||a|"cos(wgn + 8) + F|C||a|"sin(wgon + 6)

la] < 1

'm“"'""fﬁiiiiij_:_:“
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= Periodicity properties of DT complex exponentials:
e]°™ = cos2mn + jsin 27n

ej(u?g—l—ﬂﬂ)ﬂ — 6321'1'-11 gJwon — jwon)

 The signal with frequency o, is identical to
the signals with frequencies wq £ 27, wo £ 47, wg £ 67, -

« Only need to consider a frequency interval of length 2n
—Usuallyuse O <wp<2m Or — < wg <,

* The low frequencies are located at wg = 0, =2m, - -+
The high frequencies are located at = 5 = 47, +37, -

Ej(o)ﬂ’ =1 and Ej(ﬂ)ﬂ’ — (Ej(ﬂ))ﬂ — (_1)?’1



= CT exponential signhals
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=CTe

xponential signals

I ﬂ.ﬂ.ﬂr.w.“w w ‘n iy
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= CT & DT exponential sighals
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CT &DT exponential signals
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= CT & DT exponential signals
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= Periodicity properties of DT exponential sighals
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= Perjodicity properties of DT exponential signals

= Periodicity of N > 0 * Problem:
+ P1.35

eng(n—l-N) — Jwon o pJwoN —1q

. wg m
= That is wogN = 2mm or — = —
’ ° 2r N

» Hence, €/“0" is periodic  if 52 is a rational number

z[n] = cos (%H) z[n] = cos (43$ﬂ”) z[n] = cos (g)

IIULWHI.IIIJ.LW[.IHIL_ L‘ﬂ ]“ l“ “I HI I r’ J|]HilthHH“H”ﬂ”“|,TI



= Comparison of CT & DT signals:

TABLE 1.1 Comparison of the signals e/’ and e'o”,

CT e Jwot DT & Jjwagn

Distinct signals for distinct values of @y Identical signals for values of wy
separated by multiples of 27

Periodic for any choice of g Periodic only if @q = 2mm/N for some integers N = 0 and m.
Fundamental frequency wq Fundamental frequency” w/m
Fundamental period Fundamental period”

wy = (0 undefined wy = O undeﬁned

mn#{]:i—’: mn#ﬂtm(ffJ

“Assumes that m and & do not have any factors in common.

= Problem:
- P1.36



= Harmonically related periodic exponentials

piln] = /NN =0 21,42, .
¢L+ -"'N._.'[?'Er] — Ei?(;'-i-'h"")(gﬂ'/ﬁrjﬂ

— Ejk(ﬂ?rﬁ'\")ﬂ. ej??rn — (ﬁﬁc[ﬂr]

« Only N distinct periodic exponentials in the set

doln] = 1, ¢1ln] = ™M) go[n] = (3TN,

on-1ln] = Ejgw( N—-1)n/N

on[n] = 27NN — gi2™ — 1 = ¢oln], ; ¢ni1ln] = d1lnl, ..



* Introduction

= Continuous-Time & Discrete-Time Signals

= Transformations of the Independent Variable
= Exponential & Sinusoidal Signals

= The Unit Impulse & Unit Step Functions

= Continuous-Time & Discrete-Time Systems
= Basic System Properties



= DT Unit Impulse & Unit Step Sequences

= Unit impulse (or unit sample)

6[n]
. 0, n#=0 o
a[n]={ R U IS
é[n — ng]
= Unit step "o
"{L[ﬂ] = { Dl" n <y L uﬂ
1, n>0 l | |



= Relationship Between Impulse & Step

= First difference

é[n] = u[n] — u[n — 1]

= Running sum

u[n] = i o[m]

mM=—00
Interval of summation
""""""" ! & [el
—v—#‘v—v—v—v—l—ﬁv—o—l—'—v—v—y—'—f
I
n i i
i

L




= Relationship Between Impulse & Step

= Alternatively,

0
uln] = Z oln—k], withm=n-—=k

k=00
o0
or, w[n]= ) d[n— k]
k=0
Irterval of summation Intarval ef summation
o e

n<0 * ® n>0



= Sample by Unit Impulse

= For X[n]
x[n]d[n] = z[0]d[n]

= More generally,

z[n]d[n — ng] = z[ngldé[n — nol

x[n]

.l

ia)

L e B e L e B b o



= CT Unit Impulse & Unit Step Functions

= Unit step function 0

1, t>0

u(t) = { 0, 1 <0 1

= Unit impulse function

5(t) ()




» Relationship Between Impulse & Step

= Running integral

[0, t<oO
— 11, t>0

u(t) :f_:e o(7)dr

= First derivative

) du(t)
o(t) =
(1) 7

» But, u(t) is discontinuous at t = 0, hence, not differentiable
» Use approximation



= Relationship Between Impulse & Step

= Use approximation

dup (t)

oa(t) = 10

6(t) = Jim 3()




» Relationship Between Impulse & Step

u(t) :/jwﬁ(r)dr :/Uﬁ(t—cr)(—dcr) =f0m5(t—a)(dcr)

T=t—0 fo'e)
— 0t — 7)(dr
PR | 8= r)ar)
Intarval of Intagration Indery ol of integration
_____________ { Bll—d) N
() I
1 o o t 0
&) fiah

- i Interval of integration




= Sample by Unit Impulse Function

= For x(t)
z(t)o(t) = x(0)4(t)

= More generally,

x(t)d(t —tg) = x(tg)d(t — tg)

B Baf]

sith
- {0

(8) [E3



du(t)
dt

it :
u(t) = f o(7)dr
— o0

= Example 1.7:

o(t) =

(al

2(t) = /;;s,-(r)dfr

1 1
2 3
S (&)

o)




= |ntroduction

= Continuous-Time & Discrete-Time Signals

= Transformations of the Independent Variable
= Exponential & Sinusoidal Signals

= The Unit Impulse & Unit Step Functions

= Continuous-Time & Discrete-Time Systems
= Basic System Properties



» Physical Systems & Mathematical Descriptions

= Examples of physical systems are

signal processing, communications,
electromechanical motors, automotive vehicles,

chemical-processing plants

= A system can be viewed as a process
In which input signals are transformed by the system

or cause the system to respond in some way,
resulting in other signals or outputs

) —

Continuous-time
sysiem

- /(1]

(a)

X[N] e

Discrate-time
system

(b)

> y[n]



= Simple examples of CT systems

= RC circuit

Input signal: vs(t) (%) IR e+ Qutput signal: ve(t)

dvc(t) 1 1
& T re" = 7 ®
o WO o) = b

di



= Simple examples of CT systems

= Automobile

Input signal: f(t)
_-_—

Output signal: v(t)

£~ pu(t) = mT0
P = 216~ po(o)
dv (f) _ 1
= D0 4 L) = 25
i "“(” + ay(t) = ba(t)




= Simple examples of DT systems

= Balance in a band account

y[n] = 1.01y[n — 1] + z[n]

or, y[n] — 1.01y[n — 1] = z[n]

= y[n] + ay[n — 1] = bz[n]



= Simple examples of DT systems

= Digital simulation of differential equation

dv(t) _wv(nA)—v((n—1)A) _ v[n] —v[n—1]
at A ~ A ’
t = nA
du (f) _ 1
o (f) f(t)
m A
= v[n] — &U[n —1] = oy p&f[n]

= y[n] + ay[n — 1] = bx[n]



= |[nterconnections of Systems:
« Audio System:

Microphone

Speaker
or Tape
Fa5 T T TT T L — | h2s T T T T T T | T B
+20 - 3 ] -
15 | Swilch position 1 _
”n_.____.--""l'/:'—:-_ |
+5 ‘\‘“\ —
ol Switch poasition 2 |
5
—qa -
—15 L1 1 i1 ] [ | T B B | 15 [ N | ] L1 1 I N I I I
20H: 30 40 B0 100 20 A00ED0 TeH: 2 3 4 & B0 20 P0H: A0 40 B0 00 200 400E00 1w 2 3 4 B 810 20
FeEenic +25 I — T T —T T T T Frequency
&0 a0 =]

k15
+10

om

Responsa (dB)
(=1

-5 -
10

—15 I | L L1 i L1 1
20Hz 3040 G0 100 200 400 800 1w 2 2 4 6 810 20




= [nterconnections of Systems

= Series or cascade interconnection of 2 systems

Input = Systam 1

= e.X. rac

L]

Systermn £

el 011 (s TN

a)

= Parallel interconnection of 2 systems

> g.X. audio

Input =——+%

| System 1

Syalam 2

(k)

} o

akers



= |nterconnections of Systems

= Series-parallel interconnection

| SyE1EM 1

Input =——s=4g

= System 2 —C!)_’

a-| System 3 —1

)

= Feedback interconnection

)

Input

System 1

Systam 4

i ity

-

Systam 2 |-

> @.X. cruise control, electrical circuit

= Ol



= Introduction

= Continuous-Time & Discrete-Time Signals

= Transformations of the Independent Variable
= Exponential & Sinusoidal Signals

= The Unit Impulse & Unit Step Functions

= Continuous-Time & Discrete-Time Systems

= Basic System Properties

— Systems with & without memory
— Invertibility & Inverse Systems
— Causality

— Stability

— Time Invariance

— Linearity



= Systems with & without memory

= Memoryless systems
« Output depends only on the input at that same time

y[n] = (2z[n] — z[n)?)?
y(t) — R:If(t) (resistor)

= Systems with memory

T

1 gt
yln] = Z x[k] (accumulator) (1) = 5/ x(T)dr
—0o0

k=—o00

y[n] = z[n — 1] (delay)



= [nvertibility & Inverse Systems

= Invertible systems

» Distinct inputs lead to distinct outputs

X[n] = System vinl L”;ﬁ:ﬁ b ] = x|
i)
¥l 4

E e R = wit) = vt} =t = x(t)
le]]

A=l yi= 3 Xl

yln]

fch

w(n] = y[n] = ¥[n-1]

= 0 [11] = 3[11]

y(t) = 2(¢)? is not invertible



= Causality

= Causal systems
» Qutput depends only on input at present time & in the past

dve(t) 1 1
= c\t) =
i '+-}2C?“ (t) T

11 t 1
Jtogoﬂ——*f — dn ( ) + ﬁf“(t) — —f(t)
t m m

R d

— L

vs(t)

y[n] = z[n] — z[n + 1]}
* Non-causal systems

y(t) =z(t + 1)

y(t) = a(t) cos(t 4 1) 777



= Stability

= Stable systems
« Small inputs lead to responses that do not diverge

« Every bounded input excites a bounded output
— Bounded-input bounded-output stable (BIBO stable)
— For all |x(t)| < a, then |y(t)| <b, for all t
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- Balance in a bank account? y[n] = 1.01y[n — 1] + z[n]



= Example 1.13: Stability

S1: y@t) =tz(t)

Sz y(t) = "™



= Time |nvariance

= Time-invariant systems
» Behavior & characteristics of system are fixed over time

dve(t) 1 1
a(C T et = (t) =
Q & TrRc"W = xe

L dr(f) _ 1
@ > 2+ 2u) = f(t)

» A time shift in the input signal results in
an identical time shift in the output signal

vs(t)

z[n] = y[n] <= z[n —ng] = yln — nol



= Time |nvariance

= Example of time-invariant system (Example 1.14)

y(t) = sin [2(¢)]

21 (1) y1(t) = sin [z ()]

xz2(t) = z1(t —to)  y2(t) = sin[zo(t)] = sin[z1(t — )]

y1(t — to) = sin [z1(t — to)]

y2(t) = y1(t — to)



= Time |Invariance

= Example of time-varying system (Example 1.16)

y(t) = =(2t)
%0 ¥l
1 1
- 2 : 4 t
(a) (b)
Xo(f) = x,({t-2) Ya(t)
1 1




= |_inearity

= Linear systems

» If an input consists of the weighted sum of several signals,
then the output is the superposition of the responses of
the system to each of those signals

z1[n] = y1[n]

xo[n] — yo[n]

IF (1) z1[n] + z2[n] — yiln] +y2[n] (additivity)
(2) az1[n] — ayyi[n] (scaling or homogeneity)

a: any complex constant

THEN, the system is linear



= |_inearity

= Linear systems

* In general, a,b: any complex constants

azi[n] + bxs[n] — ayi[n] + byo[n]  for DT

axq1(t) + bzo(t) — ay1(t) + by (t) for CT

« Or,

x|n] = Z arpxi|n] = a1z1[n] + arzo[n] + ...
k

— yln] =D agyrln] = a1y1ln] + azyaln] + ...
k

This i1s known as the superposition property



= |_inearity

= Example 1.17: Soy(t) = tx(t)

z1(t) = y1(t) =tz (t)

z2(t) = y2(t) = taa(t)

z3(1) = axy(t) + bxa(1)

—  y3(t) = txaz(t)
= t(az1(t) + bzo(t)) = atz1 () + btxo(t)

= ay1(t) + by2(t)



= |_inearity

= Example 1.18: S y(t) = (z(t))?
z1(t) — yi(t) = (21(1))?

za(t) —  y2(t) = (@2(1))?

x3(t) = az1(t) + baa(L)
—  y3(t) = (x3(1))? = (axq (t) + baa(t))?
= a®(21())? + b2 (x2(t))? + 2abxy (t)xa(t)

= a®y1(t) + b2y (t) + 2abxy (t)z2(t)



= | inearity
= Example 1.20: S y[n] =2z[n] + 3

z1[n] — wyiln]l =2z1[n] +3

z2[n] —  yoln] = 223[n] + 3

x3[n] = axy[n] + bxz[n]
—  y3[n] = 2z3[n] + 3
= 2(ax1[n] + bxa[n]) + 3
= a(2z1[n] + 3) + b(2z2[n] +3) +3 — 3a — 3b

= ayi[n] + by2[n] +3(1 —a —b)




= |_inearity

= Example 1.20: S yln]

= However,

= 2z[n] + 3

z1ln] — wyiln] =2z1[n] +3

z2[n] —  y2[n] = 2z2[n] +3

y1[n] —yoln] =2 ($1[n] + 3) -2 (:I?Q[n] + 3)

= 2 21 [n] - 22[n]|

It Is a incrementally linear system
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Bounded/Convergent

Periodic b Aperiodic

-CT —CT (Chap4)
FS )

T FT

(Chap 3) Y — DT (Chap5)

Time-Frequency (Chap 6) Communication (Chap 8)

CT-DT (Chap7) Control (Chap 11)






	Chapter I Signals And Systems
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91

