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(a) QCIF videoconferencing 144 at 30 frames/sec =

760,000 pixels/sec

—720—
(b) Broadcast TV 4§0 at 30 frames/sec =
1 10.4 x 100 pixels/sec
—— 1920 >
(c) HDTV I at 30 frames/sec =
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(a) Low-pass and idealized low-pass channel
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(a) Frequency components for 10101010
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M= 2mlevels, Dynamic Range ( -V, V), A =2V/M

error = y(nT)-x(nT)=e(nT)

e / /!—2A/IA/ / /2A/3A/ I nput
_\'/////_/// v xnT)

Mean Square Error: 0,2 = 12
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15 - (a) 1 Harmonic

(c) 4 Harmonics
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S(t) = sin(2tWt)/ 2wt
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Received signal
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(a) Information

(b) Baseband
signal Xj(1)

(c) Modulated
signal Y/(t)
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(a) A, —»g)—» Y(t) = A, cos(2nf.t)

cos(2nf_t)

(b)
Low-pass
Y1) =Akcos(2nfct)—>ﬁ<>_> filter with — . X

\cutoff W Hz
2cos(2nf t)

2A, cos?(2nft) = A, {1 + cos(2n2f 1)}
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Ay —>§<)—> Y(t) = A, cos(2nf.t)
cos(2nf, 1) @_, Y(t)

/

B, —»%}—» Y,(t) = B, sin(2nf, 1

sin(2nf,t)
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(a) Geometry of optical fiber
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(b) Reflection in optical fiber
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(a) Multimode fiber: multiple rays follow different paths
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(b) Single-mode fiber: only direct path propagates in fiber

Direct path
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(a) Single signal per fiber with 1 regenerator per span
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All inputs to channel Channel
satisfy pattern or condition output

U Pattern Deliver user
_ ?er tl — checkin — information or
Information 9 set error alarm
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(@) A code with poor
distance properties

(b) A code with good
distance properties

X = codewords 0 = noncodewords

Leon-Garcia/Widjaja Communication Networks Figure 3.62



10010
01000

0
1

10010]0

11011

0

10011

1
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row
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1001 0|0 100 1 0|0
000 0 0|1+ 000 0 0|1+
10010[0 O™ 100100 oo
1101 1|0 1@0 1 1[0—
1({)0111 1001 1|1
100 1 0|0 1001 0|0
0@o@ol1 0@o@ol1
100 1 0|0 Three 1001 0|0
erTors Four errors
100 1 1|0« 1©000 10
1001 1|1 1001 1|1

Arrows indicate failed check bits
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unsigned short cksum(unsigned short *addr, int count)

/*Compute Internet Checksum for “count” bytes
7 beginning at location “addr”.
*
register long sum = 0;
while ( count > 1 ) {
/* This 1is the inner loop*/
sum += *addr++;
coun-=2;

}

/* Add left-over byte, if any */
if ( count > 0 )
sum += *addr;

/* Fold 32-bit sum to 16 bits */
while (sum >>16)
sum = (sum & Oxffff) + (sum >> 1o6) ;

return ~sum;

}
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Addition:

Division;
divisor

3

35) 122
105

17

Multiplication: (x+D(x* +x+1)=x"+x" +x+x" +x+1=x"+1

(X" +x°+ D)+ +x)=x"+ A +1)x° +x° +1

=x"+x°+1

@ = @g(x) quotient

X3+ x+ 1) x5+ x°
X6+ x4+ x3 dividend

X2+ x4+ x3
X°+ X3+ X2

x4+ X2
x4+ X2+ X

@ = r(x) remainder
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Steps:
1. Multiply i(x) by x™¥ (puts zeros in (n-k) low order

posmons) Quotient Remainder

| pd
x"i(x) = g(x) q(x) + r(x)

2. Divide x"* i(x) by g(x)

3. Add remainder r(x) to x" i(x)
(puts check bits in the n-k low order positions):

b(x) = x"*i(x) + r(x) «—— Transmitted codeword
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Generator polynomial: g(x)=x3+ x + 1

Information: (1,1,0,0) —> i(x) = x3 + x?

Encoding: x3i(x) = x® + x°

X3+ X2+ X 1110
X3+ x+1)x8+x° 1011 ) 1100000
X+ xt+xo 1011
X0+ x4+ X3 1110
X5 + X3 + X2 101 1
x4 + X2 1010
x4 + X2+ X 1011
_ X 010
Transmitted codeword:
b(x) = x° + x°+ x
—> b=(1,1,0,0,0,1,0)
Leon-Garcia/Widjaja Communication Networks Figure 3.68




Encoderfor g (x ) =x > +x +1

iGc)=x"+x" lg():l 1&21 g, =1
o) ——@—{Reg0l— @ —{Regil| —{Reg2| —
Clock Input Reg 0 Reg 1 Reg 2
0 - 0 0 0
1 1= 1 0 0
2 1=1, 1 1 0
3 0=1i, 0 1 1
4 0=i, 1 1 1
5 0 1 0 1
6 0 1 0 0
7 0 0 1 0
Check bits: ro=0 r,=1 r,=0

——r(X) =X
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(Transmitter)b(x) @ »R(x) (Receiver)

!

e(x) Error pattern
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1. Single errors: e(x) = x' 0<i<n-1
If g(x) has more than 1 term, it cannot divide e(x)

2. Double errors: e(x)= x+ ¥ 0<i<j<n-1
= x'(1+ X7)
If g(x) is primitive, it will not divide (1 + ») for j-i < 2n+-1

3. Odd number of errors: e(1) =1 if number of errors is odd.

If g(x) has (x+1) as a factor, then g(1) = 0 and all codewords
have an even number of 1s.
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ith
position

A | N

[ =

4. Error bursts of length b: 0000110...00011011]00 ... 0

Lerror pattern d(x

e(x) =x d(x) where deg(d(x)) = L-1
g(x) has degree n-Kk;
g(x) cannot divide d(x) if deg(g(x))> deg(d(x))

L = (n-k) or less: all will be detected

L = (n-k+1): deg(d(x)) = deg(g(x))
i.e. d(x) = g(x) is the only undetectable error pattern,
fraction of bursts which are undetectable = 1/2L-2

L > (n-k+1): fraction of bursts which are undetectable = 1/2"*

Leon-Garcia/Widjaja Communication Networks Figure 3.72



(a) Single bit input
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(b) Vector input
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b1 (0) (0] b2

Set of all n-tuples
within distance t

e}

)

Set of all n-tuples
within distance t
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L codewords
written vertically
in array; then
transmitted row
by row

A long error
burst produces
errors in two
adjacent rows
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(a) S 2

14/ \25

Protective Ground (PGND)
Transmit Data (TXD)
Receive Data (RXD)
Request to Send (RTS)
Clear to Send (CTS)

Data Set Ready (DSR)
Ground (G)

Carrier Detect (CD)

Data Terminal Ready (DTR)
Ring Indicator (RI)

(b)
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Data bits
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Sto
idle bit P

bit
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Receiver samples the bits
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