ECS 315: In-Class Exercise # 1

Instructions Date: 21/08 /2018
1. Separate into groups of no more than three persons. Name ID (last 3 digits)
2. Write down all the steps that you have done to obtain your answers. You may not get P ra p un 5 5 5

full credit even when your answer is correct without showing how you get your
answer.
3. Do not panic.

1. (6 pt) A fair coin is flipped eight times. The results are: Recall that, for #ae Fis+ A '\'r'.n);

THHTTHHT. % Yriols that A occurs
R(AR) =
Let A be the event that heads occurs. -
Let R(A,n) denote the relative frequency of event A for the first n flips.
Calculate R(A,n) from n =1 to n = 8. Write your answers in the form X.XX.
n 1 2 3 4 5 6 7 8
RAN) |L=0.00 |1 =0.502~0.63% - 030 % =040 > =030 L 20.57 2. = 0.90
1 z 3 v 5 G 7 ]
o —T—
E?.'I If"lf %
2. (3 pt) List all of Dr.Prapun’s office hours for this week. / |
Hint: Check Google Calendar on the course website. :-5f' i
http://www2.siit.tu.ac.th/prapun/ecs315/index.html —
Time
Date From To
August 20, 2018 10:00 10:40
August 21, 2018 15:00 15:30 o i s so- 26,20 - e
August 22, 2018 14:30 15:30
s = e e
August 23, 2018 10:00 10:30 i VR,
August 24, 2018 14:30 15:30 | o——

(1 pt) (This one final task has to be worked on individually, not as a group.)
Use your own Line account to send

your student id, followed by your full name, and then your nickname inside the parentheses

into the ECS315 Line group.

Example: “50764555 Nadech Kugimiya (Barry)”

Remark: If you don’t have a Line account, email the message as instructed above to

prapun@siit.tu.ac.th.



Instructions

1.

as any of your former groups.
2.

ECS 315: In-Class Exercise # 2

Separate into groups of no more than three persons. The group cannot be the same

Write down all the steps that you have done to obtain your answers. You may not get

full credit even when your answer is correct without showing how you get your

answer.
3. Do not panic.

Date: 23 /08 /2018

Name

ID (last 3 digits)

Prapun

5

515

For each of the sets provided in the first column of the table below, indicate (by putting a Y(es) or an N(o) in

the appropriate cells of the table) whether it is “finite”, “infinite”, “countably infinite

Explanation is not needed.

(@)
(b)
()
(d)

(e)

a4

, “uncountable”.

Finite Infinite Countably Infinite | Uncountable
R N Y N @
{7, 27} @ N N N
(1,311 [2,4] N Y N O,
[1,2]1[3,4] ©) N N N
The set of all real-
valued X satisfying @ N N N
sin(X) = x

Each circle above indicates the key answer for the corresponding part.
(a) We have seen in class that the set of all real numbers is uncountable (Ex. 2.18).

Any uncountable set is infinite. Any infinite set is not finite.
Any uncountable set is not countable and therefore can not be countably infinite.

(b) The given set contains only two elements. Therefore, it is finite.
Any finite set can not be infinite, countably infinite, nor uncountable.
(c) The intersection gives [2,3] which is an interval of positive length (Ex. 2.18). Therefore, it is uncountable.

Because it is an uncountable set, the answers should be the same as part (a).
(d) The intersection gives empty set which is a finite set.

Because it is a finite set, the answers should be the same as part (b).
(e) There is only one solution: x = 0. Therefore, the set is a singleton which is finite.
Because it is a finite set, the answers should be the same as parts (b) and (d).

Note that we can plot sin(x) and x and see their intersection.

Even with lousy plots, one can tell that the number of solution is finite.




ECS 315: In-Class Exercise # 3

Instructions

1) Arandom experiment has 24 equiprobable outcomes:

1 ={ab.c,d.e f,g.hi j.kl.mno,p qr,stuvwx}

2)

1.

2.

3.

Let A denote the event {a.b.c.d.e, f,g.h.i, j.k.I}, and let B denote the event {i, j.k,l.m,n.o, p}.

Separate into groups of no more than three persons. The group cannot be the same
as any of your former groups.

Write down all the steps that you have done to obtain your answers. You may not get
full credit even when your answer is correct without showing how you get your
answer.

Do not panic.

Determine the following:

a) PAy= Al 12 (4
| 24 2
b) P(AUB)= Y 1o
=1-zi-1= a ~ 0.2333

Date: 28/ 0§ /2018

Name

ID (last 3 digits)

Prapun

5

5

5

)ave| ] ) -lLAva‘)"l= ,- | E6B) | )BNA) _, 1{mn 0 p}]

12 3

Consider a random experiment whose sample space is {a,b,c,d}

a b c d
with outcome probabilities 0.2, 0.2, 0.3, and 0.3, respectively.
Let A={a,b,c},B={c,d}, andC ={a,c}.
Find the following probabilities.

a)

b)

c)

d)

P(A) = P({a,b,c}) = P({a})+P({b})+P({c}) = 0.2+0.2+0.3 = 0.7

P(ANB)=P({c})=0.3

P(B®) = P({a,b}) = P({a})+P({b}) = 0.24+0.2 = 0.4

P(AUB) = P({a,b,c,d}) = P({a})+P({b))+P({c})+P({d}) = 0.2+0.2+0.3+0.3 = 1

24




ECS 315: In-Class Exercise # 4

Instructions Date: 30/08/2018
1. Separate into groups of no more than three persons. The group cannot be the same Name ID (last 3 digits)
as any of your former groups. Prapu n 5 5 5

2. Write down all the steps that you have done to obtain your answers. You may not get
full credit even when your answer is correct without showing how you get your

answer.
3. Do not panic.

In each of the parts below, find P(A), P(B), and P(ANB).

(a) P(A)=0.5, P(B*)=0.7,and P(AUB)=0.6.
P(A)=1-P(A)=1-0.5 =0.§
P(B) =1-P(8°)=1-0-7=0.3

From , PLAUDB) = PLA) + F(B) - P(ANR)
Thevefore PLANB) = PLA) +P(B) - P(AUD) =0.516.3 0.6 =0-2

4

P(4)= 0.5 , P(B)= 0.3 ,and P(AnB)= 0.2 .

(b) P(A°NB)=0.1, P(ANB®)=02,and P(A° "B)=0.3.
["aV, V)

We knows that PLOL) =1 PLA) =PLANB) + plAnE)

]
A B i
m / HchJ we rausk lhave i =0-2 +0-9
] -
% 0.14+0.2 +PLANB)+0.3 =1. | see
4 i _ 3
0.1 ' Thcn{'-ofe, PLAAB) = 0 i P(B) =P(AR)+P(AnD)

=044+ 03
=0.7

P(A)= 0.¢ , P(B)= ©0.% ,and P(AnB)=0.%

(c) P(AUB)=043, P(AUB®) =062, P(A°UB)=0.97.
P(ANB ) =1-PAUR) = 1-0.423 =0.57
P(A‘nb) = 1°PLAUB‘) =1-0.62 =0.%%
P(ANB") =1-p(AUB)=1-0.97 =0.03
We know Fhrat PLOL) =14 PLA) =PLAAT) + P(ANE)

]
A B ;
? / HC'CJ e musy L\Avc i =0031'OOL
: =0.0%5
0.5+ 0.03+ PLANB) +0.238=1. :
]
]
]

(4
N < Theefoe FANB) <00p | TB) =P(ANB)TPAND)

=06.02+ O0.>¥
=0. "r

P(A)=0.0% , P(B)=0-% ,and P(ANB)=0.02 .



ECS 315: In-Class Exercise # 4 Alternative Solution

: Date: /08/2018
Instructions 30/08
1. Separate into groups of no more than three persons. The group cannot be the same Name ID s
as any of your former groups.
2. Write down all the steps that you have done to obtain your answers. You may not get P rap un 5 5 5
full credit even when your answer is correct without showing how you get your
answer.

3. Do not panic.

In each of the parts below, find P(A), P(B), and P(ANB).

(a) P(A°)=0.5, P(B)=0.7,and P(AUB)=0.6.

B
A P1:0-“\
PatPL =C7 > pyno-3
Po*Pa™ry =0-C Ps=©:%
P } =0.1
: PaTPat s, = e
P(A)= 6.5 ,PB)= 0.3 ,and P(ANnB)= 0.2 .
PotPq Pa tfPu F3
(b) P(A°NB°)=0.1, P(ANB)=0.2, and P(A°NB)=03.
A B
Pa=0.2
P‘t=o-3
P PyTPoTPsT Py =1 P P3=1-0.1-0.2 -0.320.4
PoTFPq Patfu Fs
P(A)= 0.6 , P(B)= 0-# ,and P(AnB)= 0-&%
(c) P(AUB)=043, P(AUB*)=0,62, P(A°UB)=0.97.
B
A pPy=05*
Pi+P2*Py = 0.2 Py =0.03
P,*ParPy=0.9% P3 =0.02
P PaTl2TPst Py =1 Pq =0.28
Po*Fq Pa t Py Fs

P(A)= 005 , P(B)= 0-40 ,and P(ANB)= p.oz .



ECS 315: In-Class Exercise #5

Instructions Date: 30/08 /2018
1. Separate into groups of no more than three persons. The group cannot be the same Name ID s
as any of your former groups. Prapun 5 5 5

2. Write down all the steps that you have done to obtain your answers. You may not get
full credit even when your answer is correct without showing how you get your
answer.

3. Do not panic.

1. Calculate the following quantities:

a. 31=23x2x1=§ c. (6),= GX4x5 =120
L = .
o (6)7_ _c,_!' _ bxsxq | 6 ). G| D exoxa_ Lo
3) 3= 372 x1 " l1,2,3) 112! 3] 2

2. Suppose we sample 4 objects from a collection of 6 distinct objects.
Calculate the number of different possibilities when
a. the sampling is ordered and performed with replacement

u
bxbxbxb = 6 =129¢C
b. the sampling is ordered and performed without replacement

xSx 4% = 360

c. the sampling is unordered and performed without replacement

(’>= = - ex9 _4s
11-

3. Calculate the number of different results when we permute
a. ABC

2] zaxax1=(

b. AABBCC
| 5 X H X
G- . Gx5<48 'b=q°
2'2' 2! 2 X2

Don’t forget to simplify your answers.



ECS 315: In-Cla

ss Exercise # 6

Instructions Date: 04/09/2018
1. Separate into groups of no more than three persons. The group cannot be the same Name ID s
2. ;jr?tr;ydfx:uarllf:l:tren::reirsotizst.you have done to obtain your answers. You may not get Prapun 5 5 5
full credit even when your answer is correct without showing how you get your
3. ;r:‘r,lv:tr.panic.
1) Consider a random experiment whose sample space is {a,b,c,d}
with outcome probabilities 0.2, 0.2, 0.3, and 0.3, respectively.
Let A={a,b,c},B={c,d}, andC ={a,c}.
Find the following probabilities. A np=4{c? A‘NB=B\A-= {A}
. |
P(ANB) =P({8)=p-3 l/
PLANB)_ 0.5 _ 4 P(AARIVP(4dY) o.v
P(A|B)= 7 =07 R
P(B) o6 2 P(B) o, ©OF
P(B)=P(4cd}) = P(4e})+P(3dY)=0.2+0.3=0.L
P(g) =1-P(B) =1-0.6 =0.%
c P(ANBNC) P(A¢}) o _ 3
P(A|B)=T(ACE) _ P(Leb)) 0.4 _ | P(ANBIC)=",— ( _‘1__=—5-
PCe) T o o PLO  oivon OF
Anp = A\p = {2 b} =0.6

2)

D: l
TP: 0 l 0

i

Consider the following sequences of 1s and 0s which summarize the data obtained from 16 testees in a
disease testing experiment.

J

\ﬂl:

The results in the i-th column aré for the i-th testee. The*D row indicates whether each of the testees actually has the
disease under investigation. The TP row indicates whether each of the testees is tested positive for the disease.
Numbers “1”” and “0” correspond to “True” and “False”, respectively.
Suppose we randomly pick a testee from this pool of 16 persons. Let D be the event that this selected person actually
has the disease. Let T, be the event that this selected person is tested positive for the disease.

Find the following probabilities. No explanation is needed here.

P(D) = q Among the 16 testees, P(T.)= Z Among the 16 testees,
(D)= — 9 have the disease pJ 7 test positive.
16 : 16
__L_L 1 Among the 16 testees, . Amon

= = — . _ g the 16 testees,

PO, ND)= JL T4 4havethediseaseand | P(ToND")= 7 3testpositive but do
test positive. 6 not have the disease.
H Among the 9 testees . 3 Among the 16-9 =7 tesjees
P, |D)=— who have the disease, PT, |D)=— = -?_ who do not have the di
4 test positive. 16-9 3 test positive.

ease,




ECS 315: In-Class Exercise # _

Instructions Date: 11/09/2018

1. Separate into groups of no more than three persons. The group cannot be the same Name ID (last 3 digits)

as any of your former groups. Prapun 5 5 5

2. Write down all the steps that you have done to obtain your answers. You may not get

full credit even when your answer is correct without showing how you get your

answer.

3. Do not panic.

P(HIV) = 1/10 = 0.1
Suppose that for the Land of Oz, 1 in 10 people carries the human immunodeficiency virus (HIV). A test for the

resence of HIV yields elther a posmve (+) or negative (-) response. Suppose the test gives the correct answer
90% of the time. (The test is 90% accurate.)

(a) What is P(-|HIV), the conditional probability that a person tests negative given that the person does
have the HIV virus?

The test gives incorrect result.

P(-1HIV) =1-P(+IHv) = 1-0.9 = 0.4

(b) Find the probability that a randomly chosen person tests positive.

P(+) = P(*IHIV) P(BIV) + PL+]RIVE) p(HIV)

0.a* 01 « 0.1x% (1-0.1)

0.0 x2 = 0.18

n

(c) Find the conditional probability that a randomly chosen person has the HIV virus given that the person
tests positive.

P(HIV|+) = P(*\HIV)P(RBIV) _ 0.ax0.1 . A =507
- A Z '
Pl ©




ECS 315: In-Class Exercise # 8

Instructions Datc: 18 /09 /2018
1. Separate into groups of no more than three persons. The group cannot be the same Name ID (last 3 digits)
as any of your former groups. Prapun 5 5 5
2. Write down all the steps that you have done to obtain your answers. You may not get
full credit even when your answer is correct without showing how you get your
answer.
3. Do not panic.

(1) Consider events A, B, C, D defined on a sample space Q.
Suppose

P(B)=1/3, P(D) = 1/4,
P(A|B) =1/5, P(A|B¢) =3/5, P(A|D) =
(a) Find P(A N B).

PLAOR) = P(AIB P(B) = '?,:":15 - ;1_5

(b) Use the total probability theorem to find P(A).

1-p8Y=1-3= %
¢ 1 2 [
PLA> £ PLAIB)P(B) + PLABOPIE) = T*3+ =5 = 5hz =T
(C) Find P(BlA) Ba/ea’ +l~cor¢~. C'FD'M’}A)
PLAIG> P(8) Jé"ji 1
PLBIVA) = —— 7 = =2
PCAD i d
15 L);
(d) Find P(A|D9). in, we apply te Yotal onLa '}7 Hcorem
Metvod 1 : Aﬂa i 1-PLD) (Metned 2:
PLA) = PLAID)P(.D) + PLAIY ‘) 1360
e _ P(AQDS) _13 13
P(A = = =
1_25 - 1x-2-1 + PlAlD‘J(q—i) CAIDY P05 3y \ TS
=2 ._.2:12
P(AI D)= (.ls ‘-| .3 = }:—o‘ *f "?25 PIARDY) =FUM-FLAND) =35 'T“’
:5 A >4
(2) Suppose P(A)=5 and P(B)=—.Find P(ANB) to make A and B/independent. @
To woke ALB we need PlANG) =PLAIFLB)
Thcu'lza/e_’ PLANG) = —:_x% = ié ) FLAND) = PID)F(AID) ‘TW‘ G

(3) Suppose P(C) =— and P(DmC‘ ) =5 Find P(C D) to make C and D independent.

To make C__[_D we rmeed PLCAD) =PLC)PLD) | Let+ Plcnd)=oc,
ae = i Lac+-16-)

c D -l
24’.—(.

e = 35



ECS 315: In-Class Exercise # 9

Instructions Date: 25 /09 /2018
1. Separate into groups of no more than three persons. The group cannot be the same Name ID (last 3 digits)
as any of your former groups. Prapu n 5 5 5

2. Write down all the steps that you have done to obtain your answers. You may not get
full credit even when your answer is correct without showing how you get your
answer.

3. Do not panic.

1) [Digital Communication] A certain binary-symmetric channel has a crossover probability (bit-error rate) of
0.4. Assume bit errors occur independently. Your answers for parts (a) and (b) should be of the form
X XXXX.
a) Suppose we input bit sequence “1010101” into this channel.
i) What is the probability that the output is ”}QQQQQ}”?

Qzrz
(1-PI)==)xpx1-£ ) x Px(1-P)x(1~p) =(1-F);P" =o.(=.sxo.-g7‘= ‘;?ng = 0-0124

ii) What is the probability that exactly 4 bits are in error at the channel output?

Y p* (1-¢)° = 7X6%5 6.4 0.0 0.9 s
9 P L1 f - Q7 x 1

iii) What is the probability that there is at least one bit error at the channel output?

7 1
1-(1—’:) = 1-0.6 % 09720

b) Suppose we keep inputting bits into this channel. What is the probability that the first bit error at the
output occurs on the fourth bit?

)
(1-p)°p = 0.6x0:4 = 0.0¥CH

c) (Optional) Suppose the input bits are generated by flipping a fair coin 7 times. Heads and tails are

represented by 1 and O, respectively.
Same reasening as a4 gives

Let A be the event that the output of the channel is “1000001”.
Let B, be the event that the input of the channel is “1100011”. = P(AIB,) = F Ce- r) & (#>

Let B, be the event that the input of the channel is “1011101”. = P(A)8.) =P (1 -r )H'

Comparend P(B, | A). (Which one is larger? Explain.)

P(p,]A) = PLBOAY _ PLAIB)rLE hote Mat i coin b fair sl
r’(A) ?(A) f(5|)=rl.5|)=2?
Also, ¥we division 9 P(A) happens in both
P(B,1A) P(B,nA) _ PLAVS,)PL8:) P(B,1A) ond P(B,)A).
2 rlA) PLA) Hemce PLBIAY P(AIB,) (4
(44) Lo * PlB1A)  P(A1B)

PLB,1A) ]/ PLAIB, )L Lam := =t ey
FLB,_|A) P(A\Ba_) Pla-r) P 4

= P(8,1A) » PLB,A)



