Q1

Monday, August 29, 2011
10:20 AM

Consider X ~ Ber nmoull; Lp)

H(X) = = 2 pytee log, Pyl

o€

= - (1= lobu—f') - flog P

Now +ake \im or lim we have H(x) — 0
p—ro g1 ’

lim at;Zh-n = \;M* ;ﬂ‘i =\|'-n Q-JC) =0

a—o¥

L'wa oital’y role

So, f p is cloe to 1 oro0, % entropy  will be olmost+ O.

But we still nced 1 bit to send X. So, tre expected
|e-°'h~ W'l\ be vevy cloe Yo Bx) +1.

Remork © The cases when p=z=o ond pz1  can not be wed hove.
These cares correspond o Aebe.nuak,é X.
( X=0 and X=4, rves (eo'\'ivc\y )

Bccuuseli-\ each case, X v a comien'\'/ we don’t

have to trers miy any LY to commonicate Hhe e
of A A\'}Uwh""\v{,\yj we mcy Miak o{' e ad
SM\J'-AD e evhf'\-/ SM".S (g) Yo e veceiver,

Se, E[ZLX)] = E[O] =0 which b ¥ s o

ECS332 HW7 Sol Page 1



nix).

ECS332 HW7 Sol Page 2



Q2

Tuesday, September 20, 2011

AWEN - BC
(@ Firet, note Trat to have X =a, we need Y %0
Now, Y = X+N. Hence we nced N S 0-X = -X.
There fore, P%=a|x =] =P[NZ2-x |x=«]
=[N 2-x|x=<)
P[Nz—«-—] -f’[_N >-«< )

|) O Oﬂ* Rv
Recall That for n ¢

N~ '/S'L"‘Jéz)J (' ) = G(—( O =Q (_éh\) ]s*
pLNYn]=e[Nzn]) <@ 57 -aC <
N =1-@>L21)=<13L—)

- 2
S;m'-\c.r\// Yo Yave ;( = -~a, we veed Y LKO.

F'rom \f: x+l\\) we V\C&A N <O"X = ~-X.
Thucf-ouj f[2=-%\x=‘1 =|°Y.N( Xl x=¢c]

f{_N("‘]}'f[N <-¢J
N is a0 cont. RV

“@( ) q)(.éu)k
=4- &(.é:u>_&l,én>

A\‘l‘um‘\'ive\)& we can use the fuct Phat ;(\ con on\y

(23

Yche +wo va\uc;J ol ond a’ . Hence,

P[R= -e|x=w] =1- PIX =or| X =n].
s P[R= -a] x=0] T a(s,)
@)y p[R=elx=a] TO(5)
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(&) PI.Q: o | X =°"] ?@(f—:")
(i) ([X= -a]x = -a] 2 H(2)

(o) P[5z ] %= 2] = 0(Z)

(o8
In s rOV"' P =5 end A8,=3 = 6_"0=':35.‘7"1-6?

From [Ya &, Teble 3.4] @ (1-¢3) % 0.7525.
So, O.(1:67) *1-0.9525 = 0.0+ 735.

F;'\ﬁl CGngwevs
(4) 0.0 75 (46) 0.9525  (#&4)0. 2525 () 0.04 35
Remark ]'_-F )/oo wie e exadt valve (—53—.) wi th MATLAb)

e tre ovsvwers N'\“ be 0.0} ¢ MA 0 .UA%22.
(v) P[Q#XJ = P[;a: ~o| x=a] P[x=a’] *f[)l\(= a) X=—a.] I’LX:“"-J

= 0(5)) Plx=el « @(£,) rix=-=]

QL%‘“) (r[_x: c«] ¥ PIX= —c..]) = &L%N 20.04%35
S———— St

1
Rework : we vefer o the ‘oro'.c.\ai\ii-)o in ‘oar'\' (V) o> ¥we evror

rrobu\pi\]f/ which i3 the same oa tre bit error vrate when

X is L'mour)/.
Note alio Fhat it may written as G /SNR) wheve

SNR._._G_,_’: - S‘%f\&-l (_fowef) Yo wvowse Lrowe.’) vaYio.
Ly

(%) p = crossover fra\pab'.\ii'/ = our onswers in part (a.d) ond
(0. av)
--GL(_%N) = a(_%) x O.(«-b?-) % 0.0 #5.
(c) No. As &, ,—00 , fu will decreewe to O
ord QLO) = 4.
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(8) As shown in port U’), f=a(§;,)
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Q3

Tuesday, October 09, 2012
8:37 AM

(@) We woent +to compave P[S=0]Z=‘l] cnd P[S=‘l|2=1).

B); Ba/(,s’ theovem |

Pls=ol2=1] = pl2=1]s=07] Pls=0] . pxU-Ff)

Pl2=1] rlz =]

Pls=1]2=1] = pl2=1ls=1Trls=1] = Q-p2 =P

Flz=1] Plz=1]

Note that both COr\A;"‘;o'\O‘ fvoLab'.\H-ie.s obove have Plz=1]
in Their deviominators and hence Yo determine which

is \Gvgaf, we can ijnore tre f’r_i"=1-_| fau'\’.

ond

oOne

The table below compares  the values of pl1-pe) and (1-p)y,

Fov the f-our 3iven senavios.

P P4 PLA-P1) (-P) Py
(4 o0.3 o.1 0.2% > c.0%
e) 0.9 0.5 0.1% ’4 0.25
(“%) 0.3 0.9 0.03 < 0.5
(» 0.3 0.5 0.35 V4 ©.15

AY Yhe veceiver, Yo deYermine what was tronsmitted when

2=1 13 observe A) we com pare I’[ S=4A \‘t= 1] for al
PosSi\o\\KHes ol . ( For us, S can be O or 1 ) To ~minimize
Yhe fro‘oa\ni\ii-/ of decoA:nj error, the (MAP) decoder set

g Yo be the valve of & Yhat maximize F[S‘A\Z%“J.

From +he Yoble above, we can determine the most \ilae\/
Yransmitted bit

(&) o () 1 () 14 () O
LL) Aaon'n, we comfavc
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p[s=olz=0] < Flz=ols=edPls=ol tizr)l1-po)
Plz=c] Plz=e]

ond

P[s=1]2z=c] o Plz=els=1]fls=0] pxp
rl2=] rlz=c]

P Pa (-pPU1 P P* Py
0.3 o-1 0-62 > 0.03
e 0.9 0.35 >  0.15
0.3 0-4 0.0% 'e 0.27
0.2 0.5 0-195 4 0.-2C
(4> O (#4) o () 1 (i) A

Remark : When we comlbine your answer ‘F’oa—\ re-.r‘\'.s (e) ond (_L)J
we can see that the MAP detctors ave é'n‘“'cren‘r for
J:-F-f-erm’r values ot \o and ‘01

P P S0 (2

©.3 0.1 o & olways gues (o)

0. 0.5 2 & olways follow tie odtput of B5C
0.% 0.9 4 < o)wa):s 3\)::3 1

0.3 0.5 2 & clways quen tre oppevite of

te output of BSC
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Q4

Tuesday, October 09, 2012
8:21 AM

(a)

The Fransmitred bt s n.pea\'e.A S Yimes.
The JCCOAGV uses W\o.:)or'.\'/ voYe ond Thence will clccoc\e tacorrec Tl
it there ove 23 bits (of the Live L&\-s) e :3&1' switched

over BSC.
substituye P= O.%

S

5 ¢k

Therefove N P(e) = Z k),;“ (1-P)s ¥ 0.%2174%
k=>s

— -
—

Let 2 be the number of bits +hat
35-\' sw'.fchcd over PBSC.

Then 2 is a L;hom;a\ (}V\,r) RV,

1Y Cvoss Ovev

pre babi \;‘\7

ey = 2 rlemkl = 1= 2 p[2ek] - F (L))
e<f5] k=) %]

=1- bineedf (L3, ~p) i~ MmaTLAB
(L) Let 2 be tre five obsevved bits ot tre veceiver.
(i) P[s=o) 2 =01001] = PL2 so1001 | s=0] p[s=0)

P[ 2 =01001]
P[S‘O] =04FS

n

PL 2 =o1001]

co'ﬂai*\-'nonecl on S=o}
fre repetition code would be OOo0o0O

ond  there Fore., 2 201001 means
he BSC -F\irs e,xc.c\'\/ two bits.

By the Yota 'ovo\oo\:'s\'n\-/ ‘\'vr,orcm)

P[ 2 = ©1001] = P[ 2 = 01001\ 8= 0] pls=e])

- - - - -
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+ ?[Z 201004 |s=1 | PLS=1]]
<P G-plpe v PPl py

fLSs 1'1 ~0.5%
~0.0292

Tkeu@anl P[S-"° \2:01001] X 0.55 10
(44) F[S‘-‘-1) _'r'.:‘=¢>10°‘l] = q- P[S=O\ 2 :01001]: O.T4q0

(i) p[szol z :oqom] v f’[$=1] _2_:01001],
TkereFou) it s wove \;lﬂ.cl)z hal S=0 won '\'fmsm"\"l’e,a.

3
(¢) (&) P[s=e| 2 =oreer] = pLI-P)=p- .

2 - 3 3 - 2 1+ _t n
f(.“ P Por P LA-F) Py 1-f P,

_ 9 - 3?0
14+ Zx12F° fot2

3 ro/
(48) P[s: 1) 2 =o0100 1] =1- = 2-2P0

(ol ) f[s‘o‘g‘;O‘looo] 'S wmove \'c\ﬂ-cly ;H

3f° > 2-2f0
Pot2 Pot?

ro > 2‘? =O."|‘

P[5=112=°1°°1] {s wmove \i\nc\)c iH4 Po L O.%

Wwhen I’o=°~‘1, thre concli'\-iono-\ (roka‘o'sli\-iu are thre Same
ornd te o ceoaes cive c«suol\/ likcy,

(V\o.jov:i-/ vof:nj woolé a\wa’s 3u¢ss (o] )N.Coww. e X%0s ina
01001 s lavee»‘\’tr Fravrw e ¥1s. This would agree with

ovr Ccnswer heve when r° > o..
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Q5

Tuesday, October 09, 2012
9:50 AM

In +hiy o6ws\'ion, theve ave four fOSSC\a\e codewords .
Let X be the +rans mitted codeword.

:(_ be the obscrvcé 'oi‘\'s at Tre veceiver.

n-d
Observe that P[I = :z ] }S = ‘—(] = FJ (1-r)
where A = H""‘M;f\j cl.'x‘\'om ce Lei’ween 2¢ o‘nc‘_z

( the kcy is to realize that the l*-bmmiqs
J?S‘\'cmce, 3iw.s the number of birs  that
30‘\' switched over +re Bsc.)

ond n = lu\ﬁ"h of tw code word .

one bi¥ swi*el\bé

p[l; o1oo1] X =mooo] = F1 (1-‘9)5-1.

For excm fle 5

Lb) We F.’nc' ® ot would maximige F[x.—.E‘Y =010o1:),

Now,  p{x=sglyey] = PLYe x| xex](lx- =]

PLY=Y This iy cosumed
Ths Aoc.’ ~noY to be ur\:"-oln-\
depend on 2 ond trere fove it

1s & con s-\-an“' .

So, to compare P[X’-f\‘f:zj r'or Aif-'f-erm\- a_c)

J -d

we coan S:Mf‘/ com pave f[‘{:z ‘ X = J_CJ = ") (- f)
Note trat or P <o.5, FdU"]’)n-d s o S'\'r:c"’\}' elccveaﬁns

'Fu'\cHon of d. To see this note Hrat -‘-'or cl1 >Jz)

d, N=Cyq L
f’ Lr-p) = f”‘f" e pfox (e xUmPIR - x(1-p)
—_——

\ —

A, e n-d, Fimes

4 f"f"" P Li-p)(4-f) = (v=p 2 L1-pPI % -~- x(1-p)
S W —
1 A .. A_A n-d. Yimes

— o
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£ pP<P*-- P =P (1-p) * (r=p 2l1=pPd % ==~ = (1=

N S———— —— .
Jz Yimes d-d. n-d, }imes

times

We con then conclude that  the 2 that maximize P[X=‘_<\\f=ij
i35 the same as the ®  +that minimizes the Hammit\ﬁ distance d

Le‘l‘wcen ”® ond Y. This s Fre same oy R winismum dis bonce

ACCDAGV .

(@) In port L‘O)/ we heave ghown that the mosy \ihe\)l Frans ~itted
code word s tre one thaY minimite $he \—\amminj distance "‘rom
e vre Cf—i\/f—A. SD) we F:l\é e Aia‘l‘c-nces in HYe Yoble bc\on

‘[_01001
= dg, )
0000 O 2
01000 1 &— minmum
{000 1 2
11 111 3

From the Yable, we see Phat the wost \i\u\)/ trorsmitted code word is
01000 .

(o)
*® Am:a =1
000060 ©1000 10001 11111
00000 YR S
©4 900 3 ]
& 1000 1 3

11111

(d>) From pert k), vecall that we need to compare
Pl=x] x=a]rlx=2x]
rly=x1

n-d
[’J(.“'f) Pl X =]
Ply=x1

Pl¥=elyex]-
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The moin diftferrence here i3 Fhat we need Yo dake iate
accoont FPlX =7,

-d
% deex) PLx=a7) fa(‘l'f)“ PL% == J
00000 2 0.1 0.0007%
10001 2 0.1 0.000 %
11111 3 0.3 o.000 6

From the \'a\ale) we see thar e mosy ‘lke\)/ Yeonsvnitttd codeword
is still oO1000.
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