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Continuous-Time (CT) signal

* Continuous-Time (CT) signal x(¢) is a signal that exists at every instant of time
= A CT signal is often referred to as analog signal
= The independent variable is a continuous variable
= Continuous signal can assume any value over a continuous range of numbers

Continuous-Time
Continuous-Amplitude

N

* Most of the signals in the physical world are CT signals.
* Examples: voltage & current, pressure, temperature, velocity, etc.

x(t)

Discrete-Time (DT) Signals

* Asignal defined only for discrete values of time is called a discrete-time (DT) signal
or simply a sequence
* Discrete-time signal can be obtained by taking samples of an analog signal at

discrete instants of time : x[ n]= x[nT]

* The values of each sample x[n] is continuous

Continuous-Time
Continuous-Amplitude

/ Sampling : x[n] = x[nT]>

0 | — '
— e mm-- >
Continuous time Discrete time

Discrete-Time

x(t) :
Continuous-Amplitude

Continuous amplitude
Continuous amplitude
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Digital Signals

= Discrete-Time

= Discrete-Amplitude

- -

Discrete amplitude

x[n]

Discrete-Amplitude

s
[&]

Discrete time

* Digital signal is a discrete-time signal whose values are quantized and represented by digits

* The digital signal is the sampled and quantized (rounded) representation of the analog signal. A
digital signal consists of a sequence of samples, which in this case are integers: 0, 1, 2, 2, 3, 3, 4, 3,

Discrete-Time

Digital Signals

Continuous-Time Signal

Continuous-Time
Continuous-Amplitude

N\,

x[n]

x(t)

4
Digital Signal 3
2
1

Discrete-Time Signal

Discrete-Time

4
x[n] Continuous-Amplitude
o “TIT% =

Discrete-Time
Discrete-Amplitude

1] h_“--T
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Digital Signals

* Discrete-Time (DT) signals are represented by sequence of numbers
= The nt number in the sequence is represented with x[ n]

period
10

x® OW

-100
10

x[n] = x[nT] o ‘lu.".'"'l“""""“"u

T

0 10 20 3

= Often times sequences are obtained by sampling of Continuous-Time signals

®* In this case x[n] is value of the analog signal x(t) at x[nT] where T is the sampling

20 40 60 80 100 t(ms)

40 50 n(samples)

Causal Sequences

n<0.
* Here is an example of a causal sequence

——e
—e
—eo

AL

* Discrete-time signal or sequence is called causal if it has zero values for
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Causality and Duration of Sequences

* A sequence that is nonzero only over a finite interval of indices is
called a finite-duration (finite-length) sequence

* A sequence whose samples are zero-valued for negative indices is
causal

* Non-causal sequence can have nonzero samples for negative indices

This is an example of causal finite-duration sequence
* x[n]= 0 forn < 0 (causal)
* x[n] #0onlyfor0 <n <8

x[n]

Basic Discrete-Time Signals (Sequences)

The most basic discrete-time signals (sequences) are
= Unit Impulse Sequence
= Unit Step Sequence
= Unit Ramp Sequence
= Power Sequence
= Exponential Sequence 5

= Sinusoidal Sequence
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Unit Impulse Sequence

has the value 1.

amplitude at each sample.

Amplitude

* The unit impulse (sample) sequence is defined as the sequence with values

Unit Sample Sequence

10 3

08 5[71]

Time [samples]

* The unit impulse sequence 5[71] has an amplitude of zero at all samples exceptn =0, where it

* Every discrete-time signal can be written as a sum of unit impulse sequences, using the

Scaled and Shifted Unit Impulse Function

1. Draw the sequence of x[n] = 44[n]

i)

3. Draw the sequence of x [n]| = &[n — 2]

Shift to right

2.

x[n]

Draw the sequence of x [n] = —246[n|
5
4
3
ll?
1
o o o o o o o L
-2 2 1
-
-4
-5

-4 -3 2 o 1 2 3 4

4. Draw the sequence of x[n] = 6[n + 2]

Shift to left
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Finite-Duration Sequence in Terms of Unit Impulses

* Write a sequence x[n] in terms of §[n] to describe the sequence as
shown below:

12

X[n]
x[n]

1

0.8

0.6

P A Y
°

° i
o

— 5
.

0.4 =

—
o—

//' \ \ -4 8 2 - o 1 2 3 :
x[n] = 8[n] + 8[n — 1]+ 8[n — 2] + 8[n — 3] x[n] = 48[n] - 28[n-1] + 38[n-2] - §[n-3]

Unit Step Sequence

* The unit step sequence is defined as the sequence with values

1 n=0 f
0 n<O os

un] ={

0 & o
4 -3 2 - 0 1 2 3 4
n

e The unit step function u[n] has an amplitude of zero for n < 0 and an
amplitude of one for all other samples.

* The signal u[—n] has the value one up to and including n = 0, and the value
zero thereafter.
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Unit Step Sequence Examples

1-Draw the sequence as
sum of two step sequences:

x[n] = u[n] + 2u[n — 2]

&

L
4
|
m

“1 o 1

uln] 3
3
>
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3
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u[n]+2ufm-2] 3§
b
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%
=
=

2-Draw the sequence as sum of two
step sequences:

x[n] = u[n] — uln — 3]
This is a finite duration sequence

ulnl [
a s = e
—0.5
- |
—1.5
-3 -2 -1 Q 1 2 4
s
15 -
uln — 3] T,
0s -
a B e W s W
0.5
)
=15
-3 -2 -1 0 1 2 4
i
-
x[n]
- [
a o o o
“os
—1
-1.5
= = - o 1 =

By

Connection between Impulse and Step Sequences

step sequences of the figure.

Unit Impulse Sequence

Unit Step Sequence
x[n] = 2u[n] — 6u[n-2]

x[n] = 28[n] + §[n-1] - 48[n-2] - 45[n-3] -48[n-4] - ..........

* Write a sequence to describe the signal in terms of unit sample and unit

x[n]

S = N W s,
T
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Unit Ramp Sequence

* The unit-ramp sequence is defined as

n=>0

n,
Al = {0, n<o

]

-3-2-1012 34

}anw#

Power Sequences

* Power sequences take the form:

x[n] = A afm

* In the special case where a = e (Euler number), such sequences are called
exponential sequences.

* When f is positive, the values of the sequence decays.

* When f is negative the values of the sequence grows.

* When «a is negative, the values of the sequence alternate positive and negative.

* The value of 4 is determined the magnitude/amplitude/value of the sequence when
n=0
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Power Sequence Examples

Draw a signal
x[n] = 0.8(0.75)"

The magnitude of the
sequence is decaying
due to a is positive but
less than one.

Power Sequence

0.8

0.7

0.6

0.5

0.4

0.3

0.2

: 1irs,

* Draw a sequence of x[n] =(-0.6)"

The magnitude of the signal is
alternating between positive
and negative due to a is
negative.

Power Sequence

1.0
0.8
0.6

0.4

N

7oiz 1 ‘

-0.4

-0.6

Exponential Sequences

Exponential functions are special cases of Power function, which take

the form:

x[n] = A efn

Where e = 2.71828 (a is fixed and positive)
When B is positive, the function decays.

When B is negative the function grows.

The value of A is determined the magnitude/amplitude/value of the function when

n=0

The magnitude of the signal is

decaying due to B is negative

ande>1

* Draw an Exponential Sequence of

x[n] = ¢—05n

10
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Complex Exponential Sequences

* Asequence of the form

x[n] = A eifn

is called a complex exponential sequence.

* For all n, samples of this sequence lie in the complex plane on a circle with radius A.
* By Euler’s Formula, a complex exponential may be expressed as a rectangular-form
complex number

elfn = cos(Bn) + jsin(Bn)

* The general form of a complex exponential sequence has the forms é ;
x[n] = |Ale(@on*d) = | A|cos(won + ¢) + jlA|sin(won + ¢) ! ol 7
Plot the first eight samples of a complex i =
exponential sequence: e ’
x[n] — e‘j”n/6 ank o ey
. , mn . . _(Tmn o ke i
Using Euler’s Formula x[n] = cos (?) +j sin (?) - 5

Sinusoidal Sequence

e The sinusoidal functions take the form

x[n] =Acos(on+¢) or x[n] =Asin(wn+ ¢p)
for all n with real A
* Where w is a discrete-time angular frequency in radians/sample and ¢ is a

phase shift.

2nf

Fs

» ( is the continuous-time frequency in radians/second

w=QT =

» f is continuous-time frequency in Hz and (. = 2rf

x[n]
» Tis the sampling period in seconds al

- F.is the sampling frequency and F, = 1 ZTT TTD DTT TTQ DTT TTD 11
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Periodicity of Sinusoidal Sequence

x[n] = A cos(wn + ¢) x[n] = Asin(wn + ¢)

or

e Compared to analog counterpart,
discrete-time sine and cosine signals
are not always periodic sequences.

* Sinusoidal sequences are periodic

only when 21t/w is a ratio of integers

N/M. .

1

x[n]

* When 21t/w = N/M, N is the
number of samples in the discrete Setl
period, and M is the number of ozl T T
analog cycles that elapse while N 0% l ° l o l

08 1
06+ 1

samples are collected. ﬁi r

0.6+ 1
08} 1
2]

* An analog frequency f in Hz is
related to it corresponding

Xa[n]

0.8+
06+
0.4
0.2+

0
23

_0_2 -

04+

-06}

=08}

discrete-time angular frequency 0 2 4 6 8 10 12 14 16 18 20

w in radians with sampling rate of F;

Periodic n
through the equation Em o
f (a) x1[nJ=sm(n7') m_er_ 7
W= 2T — oI 3
FS 7 Rational Number

(b) Xz[n] = sin (n

D 2 4 6 8 10 12 14 16 18 20

13
7

Non-Periodic
2n _ 2m _ 14m

n

13
Irrational Number

w 13
7

Periodicity of Sinusoidal Sequence Examples

A discrete-time signal is defined as x [n] =
* Is this a periodic sequence?
* Find the first eight elements in the sequence.

cos (1)
* Is this a periodic sequence?
 Find the first eight elements in the sequence.

cos(2n)

A discrete-time signal is defined as x [n] =

Draw a signal x[n] = u[n]u[3-n]
» The signal can also be expressed as a
sum of Impulse functions.

x[n] =6n]+6én—-1]+6n—-2]+6[n—3]
Draw a signal x[n] = e2"u[n]

figure.

» The u[n] has the effect of turning on the other function at n = 0.
* The u[n] is zero for n < 0, so x[n] is also for n < 0.
* The u[n] has a value of 1 for n 2 0, so x[n] is the same as e-2n forn = 0.

« First draw two basic signals (e-2n, u[n]) and then multiply as shown in the

Draw a signal x[n] = 3sin(n11/5 - 1)u[n]

Draw a signal x[n] = 0.5e-0.2nsin(nT1/9)u[n]

12
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Energy and Power Signals

The total energy of a continuous time signal x(t) is defined as:

T w©
E, = lim [x?(t)dt = [x2(t)ht
T—oo S

and its average power is

1 T /2
[ x?(t)dt
-T /2

P —

X

lim —
To>o T

In the case of a discrete time signal x[nT], the total energy of the

Egy' . =T i ‘xz[n]

n=-oo

signal is

N 2

and its average power is defined by Py, = lim ( 2N1 : J 5 |x [nT]
N-oew + n=—N

Energy and Power Signals

+ A signal is referred to as an energy signal, if and only if the total energy of the signal
satisfies the condition 0 <E <

. On the other hand, it is referred to as a power signal, if and only

if the average power of the signal satisfies the condition 0 <P <
. An energy signal has zero average power, whereas a power signal

has infinite energy.
. Periodic signals and random signals are usually viewed as power
signals, whereas signals that are both deterministic and non-periodic 1 3

are energy signals.
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Compute the signal energy and signal power for x[nT] = (-0.5)*nu(nT), T = 0.01 seconds
Solution:

Eg = lim T z|x(nT] —0.01 ZJ(—O 5)"|

N —oc0 n=—N

<o 2n oo
—0.013>(—0.5) =o0.013>0.25"

n=0 n=0
=0.0 1[1 +0.25+(0.25)° +(0.25)° +...... J
— 0.0 =1/ 75
1—0.25

Since Edx is finite, the signal power is zero.

Repeat Example3 for y[nT] = 2ej3”u[nT], T = 0.2 second.

Solution:

j3n|?

1 N 1 N
P,, = lim T =1 2
dx \%(ZN+ JD_Z_:LY(" ) lm(anllzg ‘
. N 4 N . 4N+1)
- lim 1= lim ~~ )
N— (2N+ Jg 2

N—moj_7,N+1ll —0 Nowo 2N+1

= G| — L gL =3
2N+1 2N+1 2

What is energy of this signal?

14
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Tutorial 1:

Determine the signal energy and signal power for each of the given signals and indicate whether it is an
energy signal or a power signal?

@ y[nT]=3(=0.2)"u[n-3], T=2ms

() z[nT]=4@.1)u[n+1] T=0.02s

15
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Analog to Digital Conversion

e A/D conversion can be viewed as a three-step process

Sampling: This is the conversion of a continuous time signal into a
discrete time signal obtained by taking “samples” of the continuous
time signal at discrete time instants. Thus, if x(t) is the input to the
sampler, the output is x(nT), where T is called the Sampling interval.

Quantization: This is the conversion of discrete time continuous
valued signal into a discrete-time discrete- value (digital) signal. The
value of each signal sample is represented by a value selected from 1
a finite set of possible values. The difference between unquantized
sample and the quantized output is called the Quantization error.
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Analog to Digital Conversion (cont.)

Coding: In the coding process, each discrete value is represented by a
b-bit binary sequence. A/D Converter

Sampling

Quantization

Encoding

11010110 10110100 11080101

Quantization = Encoding

Sampling of Analog Signals

Uniform Sampling:  x|n] = x|[nT]

-—

=0 0 9

sampled signal

1
=22
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Uniform sampling

Uniform sampling is the most widely used sampling scheme.

This is described by the relation
X[n] = x[nT] -co<nN<oo

where x(n) is the discrete time signal obtained by taking samples of the analogue
signal x(t) every T seconds

The time interval Ts between successive samples is called the Sampling Period or
Sampling interval and its reciprocal 1/Ts = Fs is called the Sampling Rate
(samples per second) or the Sampling Frequency (Hertz).

A relationship between the time variables t and n of continuous time and discrete

time signals respectively, can be obtained as
T=nTs=n/Fs

Shannon’s Sampling Theorem

e How frequently do we need to sample?

The solution: Shannon’s Sampling Theorem: A continuous-time signal x(t)
with frequencies no higher than fmax can be reconstructed exactly from its
samples x[n] = x(nTs), if the samples are taken a rate fs =1 / Ts that is
greater than 2 fmax.

Note that the minimum sampling rate, 2 fmax, is called the Nyquist rate.

Shannon’s theorem tell us that if we have at least 2 samples per period
of a sinusoid, we have enough information to reconstruct the sinusoid.

What happens if we sample at a rate which is less than the Nyquist Rate?

— Aliasing will occur!!!!
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Sampling Theorem

* Signal sampling at a rate less than the Nyquist rate is referred to as
undersampling.

oversampling.

Example 1:

For a continuous time signals x(t)= 8cos(200 mt t). Find
1- Minimum sampling rate.

2- If Fs=400Hz, what is the discrete time signal?

3- If Fs=150Hz, what is the discrete time signal?

4- Comment on result obtained in 2 and 3 with details.

» Signal sampling at a rate greater than the Nyquist rate is known as the

Sampling Theorem

Consider the continuous signal
X(t) = 3cos100mt

(a) Determine the minimum required sampling
aliasing.

(b) Suppose that the signalis sampled atthe rate Fs
200 Hz. What is the discrete time signal
sampling?

Solution:

sampling rate to avoid aliasing is 100Hz.

T
n=3cos—n
2

x[n] = 3c0s1007t

& 200

rate to avoid

obtained after

(a) The frequency of the continuous signal is F = 50 Hz. Hence the minimum
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Sampling Theorem

Example 3
Consider the continuous signal

X(t) = 3cos50mt + 10sin300mt - cos100mtt

What is the Nyquist rate for this signal.
Solution:

The frequencies present in the signal above are
F1=25Hz F2 =150 Hz F3 =50 Hz.

Thus Fmax = 150 Hz.

Nyquist rate = 2.Fmax = 300 Hz.

I

Q1: Find the minimum sampling rate that can be used to obtain samples that
completely specify the signals:
(a) x(t) = 10cos(20mtt) — 5cos(100 1t t) + 20cos(400 rt t)
(b) y(t) = 2cos(20 it t) + 4sin(20  t - 1t /4) + 5cos(8 m t)

Q2: Consider the continuous signal
X(t) = 3c0s2000 mt t + 5sin6000 mt t + 10c0s12000 1t t
(a) What is the Nyquist rate for this signal? S5

(b)Assume now that we sample this signal using a sampling rate Fs = 5000
samples/s. What is the discrete time signal obtained after sampling?
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I

Example
Suppose continuous-time signal x(t) = cos(wot) is sampled at a sampling frequency of 1000Hz to produce x [n]
[ ] (Tl”l’l)
X|n| =cos |—
4

- Determine 2 possible positive values of wo , say w1 and wz .
- Discuss if cos(w1 t) or cos(w2 t) will be obtained when passing x [n] through the DC converter .

o YR S ) Ty - = = Won w; is easily computed as:
Sol: With T= 1/10005.C05(4) x[n] =x(nT) COS(MOO) vise ‘Xﬁn puted as: -

= w = 7

4 1000 =230

w2 can be obtained by noting the periodicity of a sinusoid :
nmn 9nn
cos (E) = cos (_ + 2n7r) =cos(__)=cos( V2_
4 4 4 1000

9 n
mn 2n 9000m =2250 11

4 1000

As a result, we have

There are 2001 samples in 0.002 s and interpolating the successive based on plot yields good approximations

Quantization
X=(t)
3 l Original Signal |
[ \\ { Quantized Signal |
2m £
1
0
q\, >
t
* Itis quite apparent that the quantized signal is not exactly the same as the original
analog signal.
* There is a fair degree of quantization error here.
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The notations and general rules for quantization are as follows:
(Xmax—Xmin)
- L

The symbol A is the step size of the ADC resolution.

Where:

Xmax and X;pi, are the maximum and minimum values, respectively, of the analogue input
signal x

The symbol L denotes the number of quantization levels, which is determined by equation

L=2m
Where M is the number of bits used in ADC

. X — Xmin
i =round

A

X4 indicates the quantization level,
i isanindex corresponding to the binary code.

When the DAC outputs the analog amplitude x4 with finite precision , it introduces
quantization error defined as:-

i=0,1,,L—1

Note:

It is important that the quantization errors due to rounding is within the range

N B
N B
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Example:
21

shown in the figure .

vi{r) u
g
o.8
o.6
o.a

o.z

The discrete — time signal V (n) = cos (?) below can be quantized by mapping each
value of V(n) to the 11 quantization levels { -1, -0.8 , -0.6,

F=] o9 10 1

,0.6,08,1}as

4

-0.2

-0.4

-0.6

-0.8

-1

Fi
-
-

I.,-rz 13 14 15 16
.
P

(since 2% > 11)

L = 11 so the minimum length of the binary vectors must be 4 bits

vir)

os
os
oa

oz

r2 13 14 15 16
0.2 /’

I

o8 -~ >

-o.a

S

o6

Some quantization errors can clearly be seen on the digital signal below

Quantisation

Quantisation errors
Quantisation step

J11a=02
g 10 11 "(1‘ ‘ ‘

levels

llgzwauwwen
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Therefore, for the quantized sample values 1 0101

1,1,0.8,04,0,..... 0.8 0100

The binary sequence will be

0101 0101 0100 0010 0000 ... 0.6 0011

This co.mpletes.the conver_sion of 0.4 0010

a continuous signal to a binary signal
0.2 0001
0 0000
-0.2 1001
-0.4 1010
-0.6 1011
-0.8 1100
-1 1101

I

Example1
e Assuming that a 3-bit ADC channel accepts analog input ranging from 0 to 5 volts , determine

a. The number of quantization levels

b. The step size of the quantizer or resolution

c. The quantization level when the analog voltage is 3.2 volts
d. The binary code produced by the ADC.

Solution:

since the rangeis from 0 to 5 volts a 3-bit ADC is used, we have
Xmin = 0volt, X;maex = 5 volts, and
m=3 bits

a. Using equation of quantization level, we get the number of quantization levels as
L=2m=23=8
b. Applying Equation yields B
8A=5—0=0-625volt 9
c. Whenx=3.2, fromequation we get

i=round ( HTM" )=round (5.12)=5

From equation, we determine the quantization level as
xq =0+ 5A =5 Xx0.625 = 3.125 volts
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s

Example2
Using the previous example, determine the quantization error when the analog input is 3.2 volts .

Solution :
Using equation , we obtain

eq=xq—x=3125-3.2=-0.075 volt
Note that the quantization error is less than the half of the step size , that is

eq =0.075< AT2=0.3125 volt

10
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SURF

&ODVVLILFDWLRQ RI 'LVFUHWH 7LPH 6\VWHPV

/[LQHDU 6 \WWIHPWKH VI\VWHP IRU ZKLFK WKH VXSHUSRVLWLRQ SU

6KLIW ,QYDULDQWHE\YWHIP»Qow vivwHP

J\V>Q@ LV WKHUHVSRQVH WRDQ LQSXW [@QWV \@IOHQ WKH UHVSRQ
/[LQHDU 7LPH ,QYDULDBQW 6\VWHP

W LV WKH VA\VWHP WKDW VDWLVILHY ERWK WKH OLQHDULW\ DQGQd

PDWKHPDWLFDOO\ HDV\WR DQDO\]H DQG HDV\ WR GHVLJQ
6WDWLF DQG '"\QDPLF 6\VWHP

&DXVDO 6\VWHP

,Q FDXVDO V\VWHP WKH RXWSXW VLJQDO GHSHQGV RQO\ RQ SU
SUDFWLFDO VLJQDO SURFHVVRUV DUH DOZD\V FDXVDO EHFDXV

,QYHUWLEOH 6\VWHP
, /] D GLILWDO V\VWHP ZLWK LQSXW [>Q@ JLYHV DQ RXWSXW \>Q
\>Q@ ORVW SUDFWLFDO VA\VWHPY DUHLQYHUWLEOH

7KH /7, VIVWHPV DUH DOVR FDXVDO DQG LQYHUWLEOH

JLQFLSC

VH WR [

WKH W

HVHQW
H WKH\ |

D WKHQ




7LPH 'RPDLQ $QDO\VLV

,QWURGXFWLRQ

,Q WKLV WRSLF ZH GHYHORS WKH EDVLF WHFKQLTXHV IRU GHVFULELQJ GLJ
WHFKQLTXHY DUH LPSXOVHUHVSRQVH VWHS UHVSRQVH DQG GLJLWDO FRQY

7KH ,PSXOVH 5HVSRQVH

7KH UHVSRQVH RI GLILWDO V\VWHP WR VHOXMQ¥BP$CK @ H\RRA VIV FDOO
RU VLPBIOM LPSXOVHUUMOSRQVIEHQRWHG DV K>Q@

7KH ,PSXOVH 5HVSRQVH

([IDPSOHQG WKH LPSXOVH UHVSRQVH RI WKH V\VWHP




7KH ,PSXOVH 5HVSRQVH

(IDPSOWLQG WKH LPSXOVH
UHVSRQVH IRU WKH V\VWHP
VKRZQ EHORZE *LYHQ

7KH 6WHS 5HVSRQVH

RU VLPSOAWMISHUHUSRQGHLYV GHERMEH G DV

(IDPSOH

)LOQOG DQG VNHWFK WKH VWHS UHVSRQVH IREB WKH V\VWHP VKRZQ E

HORZ

7KH UHVSRQVH RI D GLVFUHWH WLPH VI\VWHP WR D XRQUWWVWMISSVHHXBR®N

*1

)LQG WKH UHVSRQVH WR WKH UHFWDQJXODU SXOVH LQSXW EDQGPLPLWHC



7KH 6WHS 5HVSRQVH

7KH 6WHS 5HVSRQVH

X 1RWWKDW LQFUHDVLEZWMDIOHLYRFQXID \RH WKH GXUDWL
WKH WUDQVLHQW WKHULVH WLPH
X 7UDQVLHQW UWVISR@AKH SDUW RI D UHVSRQVH WKD!
VDPSOH QXPEHU DSSURDFKHV LQILQLW\
X 6WHDG\ VWDWH WHWS RWEWHSDUW RI WKH UHVSRQVH
QRW YDQLVK DV VDPSOH QXPEHU DSSURDFKHV LQILQ




7TXWRULDO

J)LQG WKH ILUVW WKUHH VDPSOH YDOXHV RI WKH LPSXOVH UHVSRQ
GLITHUHQFH HTXDWLRQ $VVXPLQJ WKH V\VWHP LV D FD

JLQG WKH ILUVW IRXU VDPSOH YDOXHV RI WKH LPSXOVH UHVSRQVH

HK>Q@
X VDO

K>Q@ IF

'LVFUHWH 7LPH &RQYROXWLRQ

‘H KDYH VHHQ KRZ WR FKDUDFWHUL]H /7, SURFHV\
VWHS UHVSRQVHYV ,Q SUDFWLFDO FDVHV ZH QHH(
PHWKRG WR HVWLYDWKN DRYPWHWWR DQ\ IRUP RILQS
7KH PHWKRG ZKLFK ZLOO GRLWKVLLYOLNVNRNYRODX\D VR Q

[>Q@ K>Q@

RUV E
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