ECS 452: Digital Communication Systems 2015/2

HW 4 — Due: Not Due

Lecturer: Asst. Prof. Dr. Prapun Suksompong

Problem 1 (HW4-2015-2, Free). In each row of the table below, compare the entropy H (X)
of the random variable X in the first column with the entropy H(Y') of the random variable

Y in the third column by writing “>”, “=", or “<” in the second column. Watch out for
approximation and round-off error.

Each entropy value can be calculated directly from the given row vectors, Here, we use MATLAB to

do this task.
0.8813=| H(X) when p = [0.3,0.7]. > | H({Y) when q = [0.8,0.2]. = 0.7219
1.5710=| H(X) when p = [0.3,0.3,0.4]. = | H(Y) when q =[0.4,0.3,0.3]. |= 41,5710
0.3, ze€{1,2},
1.9710%| H(X) when p(v) ={ 0.2, z€{3,4}, | 7 | H(Y) when g = [0.4,0.3,0.3]. |= 1.5710
function H = entropy2{p) O, otherwise.
% ENTROPY2 accepts probability mass fanction
“0 asa row_vec_tor. calculate the corresponding
:;0 ?)?It;:)[r[‘{;tl):[ilt}rsll[p] 1)=1e-8)); % Eliminate 1 or see 2-44 in the IeCture note.
p=p(find{abs(p)>1e-8)); % Eliminate 0
iflenglr!tp]==0
else ’
i B oblem 2 (HW4-2015-2, Free). Consider random variables X and Y whose joint pmf is
given by The given expression for the joint pmf can be expressed using the joint pmf matrix as
_ [ el@+y), ze{1,3} andy € {24}, y .
pxy (2,y) = { 0, otherwise. "\ N
1
Evaluate the following quantities. P 3¢ o€
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(a) c= /2-0 (D,'ll slemerts 1a The P watviyx
0) HOCYRR(TE S 3 B]) = -Alud - Bloond ~Rlaud, = amvoe b
The sum of all elements in the P
(c) HX)=n (L% %])uoﬂrﬂo matrix should be 1:
(d) HY)=1n (L% %1) xoa%to 3C+TCE5CrFIC =1
(e) H(X|Y)= RIx,¥) - M(Y) % 0.96a% = 200C =1
A
C ="
(f) HY|X) = R(%Y) ~RH(X) = 0.q¢a? = 20
Y a “ pL)
(g) I( ) Hix) + AlY) =H (%,Y) = 0.001D .\
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Problem 3 (HW4-2015-2, Free). Consider a pair of random variables X and Y whose joint
pmf is given by  The given expression for the joint pmf can be expressed using the joint pmf matrix as

1/15,

2/15,
pxy (x,y) =< 4/15,

/87

07

(a) Find the value of the constant £.

(b) Are X and Y independent?
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r=3,y=1,
r=4,y=1,
r =3,y =3,
r=4,y =3,
otherwise.
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The sum of all elements in the P
matrix should be 1:

ﬁ-+5.+3‘—+‘.°=1

5 15 15
> - &
= P = 1-|$ 1S

Recall that two random variables X and Y
are indepepndent if and only if

pl.y) = pla ogly) for al pair (%, ¥
This is a%u'.va\cn* Yo p = FTQS

Ir ¥hi rro\aicm, P = F_qu There Foaj X Uuy.

(c) Evaluate the following quantities.

() HX)=H(Ll% ¥31)zo0.a113
(i) HY)=nu([% “%])= o.2219
(i) H(X, Y")l,=Hl_x)+Hl“f) T 1.e102
(iv) ]{.(_X'i'i/_); H(X) % 0.9183

(W HEFIX) = BLY) 2 0.7214

kT 0

These are the results of knowing that X
and Y are independent.



