ECS 452: In-Class Exercise # 11

Instructions

1. Separate into groups of no more than three persons. The group cannot be the same
as any of your former groups. Only one submission is needed for each group.

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. Assume GF(2). Calculate the following quantities:

a. 1®&1=0
b. 1@1@1=L1@1)@1 =0(®1 =9
c. 1-0=0

d. 1.0-1=0

@

-

. [o 1 1]®[0 1 1]:[_0@0 1®

o

x
2. A codevW)rd\Tl 1 0 1] is sent over the BSC. Suppose the error patternis e=[0 0 1 1].

Find the observed vector at the receiver.

Date: 20/ 03/2018

Name

ID (last 3 digits)

Prapun

5

5

5

[1 1 1]e[1 o 1]:[_.@1 1®o  1©1])=[o 1 0]
‘@1]=[0 o o] Foct :

[1 o 1]jo 1 =[(H)@(°‘@®("") Q-°)®(°")®(1'°)]=[° °]

y=x@®e=f1o1]OPO0 1 1]=1110]

-
3. A codeword [1

5
X=[O 11 l]L/Flnd the error pattern.
X =% @ e

L CH AR LR e=2®y =[1_0 10

4, A codeword is sent over the BSC.

IOFS

o

1] is sent over the BSC. Suppose the observed vector at the receiver is

4 1+ o 1]
[0414]®

Suppose the observed vector at the receiveris y=[0 1 1 1] and the error patternis e=[0 0 1 1].

Find the transmitted codeword.
/ = 2®L [o 1
y@Pe =x®eBSe

1__\®

[c 01 1]
woy@e = [o 10 a]




ECS 452: In-Class Exercise # 12.1

Instructions Date: 30/03 /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 after the midterm.
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.
3"
, _ _ 0 1 1 1}
1. Alinear block code uses the following generator matrix G = m . zu.)
!

a. Findthe code lengthn The generator marix has 4 columns. n=4

b. Find the codeword for the message b=[0 1]

(o]
E:_’gé:[o ‘l] 1;‘;:‘]:[100‘1]

c. Find the codebook for this code. - Y
Methad @ 28 = pd loA.- g(-ﬁ) where L;_ e 4 ¢|¢n~u\'\- b

Py \ £ o) X
~ thd gt Re A vow of @
l—) X 3 w) o) l‘-)____ M¢+h°é 2 g =LL1 LLJ
—° 10 L b -
00 0000 o) ) e =bé
m 1)
10 M= 1.9 ®o-21=2 b, b, by bob, |
11 1171\0 / )’ l
) @) UL The fost
1- SU &) -9 = 3 ®2 Wi i S'.""fl/ Tre second T::' h‘ﬂ'
Q“A '\'h;rJ "\' i
z. "'L\G Sua,
L.4s Ove _; N
2. Each row of the table below correspond to a code that uses single-parity-check. he some e 1
The error pattern is given. cs b . ond \.77__
1
Find the corresponding values of codeword length n, code dimension k, and N1 213 s
Indicate whether the given error pattern is detectable. 1, odd /CVC”
A /
Error Pattern codeword lengthn | code dimension k | eis detectable (Y‘és or No?)
e=[1 0 0 1] “ 3 No
e=[l 0 1 0 1] 5 & es
e=[0 0 0 0 1] 5 9 Mes
_=[1111110] T [ N6
Fo

TL\'_ \._,\ﬁ-\fb\ °+ VQ-C-\'O’S v s;"s‘c_ '-)a,'.*/_c»\ccu CQACJ

e, %, 7. o
shoold all be ¥ same. ez n !

S“, = \Chﬁ*\n o" S__



ECS 452: In-Class Exercise # 12.2

. Date: 201
Instructions ate: 30/03 /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 after the midterm.
2. Write down all the steps that you have done to obtain your answers. You may not get Prapu n 5 5 5

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

3. Do not panic.

Consider a block code whose generator matrix is

1 0 01 01
G=|01 0 0 1 1
001 110

1. Find the code length n

The #columns of G is 6

2. Find the length k of each message block
The #rows of G is 3

3. Inthe table below, list all possible data (message) vectors b in the leftmost column (one in each row).
Then, find the corresponding codewords x and their weights in the second and third columns, respectively.

b X w(x)

000 | 000000

001 (001110
010 | 010011
011 | 011101
100 | 100101
101 | 101011
110 110110

111 [111000

4. Find the minimum di.sté{hce dmin for this code.
min_.:

be =k b, b6
[l b b, L@ R ]

—————

S;mr‘) :ory The
bits $rom 1

T
The 4™ colomn of @ is[104] Therefove, Tre 4™ elemenit
of # i3 the sum of tre 1% 0 d 3 clements of b

The 5™ cobimn of & is Lo (1]1: ."L\CV&&I&J‘.’R st ‘\‘»‘“‘.’,
of 2 s Hhe sum of the 27%0nd 37 ckmints of 13

T AR wAWWo

&
3



ECS 452: In-Class Exercise #13

Instructions Date: 03/04 /2017
1.  Separate into groups of no more than three persons. Name ID s s
2. The group cannot be the same as your former group. Prapun 5 5 5
3. Only one submission is needed for each group.
4. 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.
5. Do not panic.

1. Consider a linear block code that uses parity checking on a square array:

b, b, P> =L,®IOZ

by | by | p3= L;@’Oa,

L:,@ b3= P1 P4 = f’z@)o%

Each parity bit p; is calculated such that the corresponding row or column has even parity.
Suppose the following bits arrangement is used in the codeword:

a. Find the generator matri),(,G’.,,":/::f’:/::r’:;':://
’lz’,’,’:,"::::/::,’::/::a"' A]-)-c,m‘*'uve))/) Ve e S%UQ’Q av/oy .
L”L',L,”:’L”":IZ”L"" * b
11100000 lvde Yo 4 2,y @celedate e
v’ ¥
G = 00110001 He 1 0 = Py
s /C
01001010 L 2y 1z @por e valus in
00000111 1 e cotres pordia
b. Find the codeword for the message h:[O 11 O]. 011 11__91__4_ Tos'in'ons
- )

9 .
e<bB=[c110] 9" -;QL)@_(”,._ 00110001@

of® 01001010
g | 01111011

Identity matrix in the data positions becomes identity
matrix in the parity positions

-

c. Find the parity-check matrix H.

11100000 11001000
c=| 00110001 10110000 - §
01001010 00001110

00000111 00010101

..........................................................

Bit values in the parity positions are transposed and
put in the data positions



ECS 452: In-Class Exercise #14

Instructions

Date:10 /04 /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 after the midterm.
2. Write down all the steps that you have done to obtain your answers. You may not get Prapu n 5 5 5
full credit even when your answer is correct without showing how you get your
answer.
3. Do not panic.
Consider a block code whose generator matrix is T-s P
1 0 0||]1 0 1
G=||0 1 0|0 1 1
0O Ufir 1 0

a. Find the parity check matrix H of this code.
PT I

2o DDy (3] (8) - oo

ii. Find the decoded codeword X

The syhAvow\e A i3 Fre some a3 Yhre las-\— column o“ .

T\ncr--(-\ore’ Ig\._ = Y_O - XY ]

iii. Find the decoded message b.

Froa é, we \wwe IS

N
'2. :E 1 1_) hP Y+re 'Fvon'\'J $o

t+e Ma.sSnbl- E_ will Le e &-ﬁ-
Theee L'.'h o&: e C°Jewof4 ”®.




ECS 452: In-Class Exercise #15

Instructions

1.

2.

3.

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

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.

Date: 20 /04 / 2018

Name

ID (last 3 digits)

Prapun 55

5

Consider a convolution encoder represented by the following diagram

(a) Draw the corresponding state (transition) diagram

T

AL x?)

©/00

SO0
S S, a2 0000
_ - OO0 = =00
OO0 =00
2000 =0

(b) Suppose the information bits (the message bits)

are b=11101.

Find the corresponding codeword x

1. by using the direct method (filling out the
table below) without the help of the state
diagram from part (a).

b s1 s2 xV x®

1\0\0 1 1
1\,1\0 0 0
(1)\1\1 0 1
SNKR1.1 .0
1To¥1 11 Lo

and

ii. by “tracing” the corresponding path on the
state diagram derived an part (a)
Draw/highlight your trace on the state

diagram in part (a) using different pen color.

See the trace in the diaaram on the




ECS 452: In-Class Exercise #16

Instructions

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

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.

Date: 24 /04 /2018

Name

ID (last 3 digits)

Prapun

5/5|5

Consider a convolutional encoder whose trellis diagram is given below

y=[ 11 01

QO/OO (1)

10 ]

00 @L2L00 )
2, y,
10 @
0l e
11@

1/10(b)

1. Suppose the data vectoris b =[110]. Find the corresponding codeword x .

Read from the highlighted path: [1101011

2. Suppose that we observe y = 110110 at the input of the minimum distance decoder.

The decoder uses Viterbi’s algorithm.
a. Write down

(1) all the distance values on the branches and

(2) the (chosen) cumulative distance values inside all the circles

in the figure above.

b. Find the decoded codeword x and the decoded message ﬁ

Read from the highlightéd path:
£=_[1101101 b=_[111]

\@@M:n(fbi‘ 2 ,0+0)




ECS 452: In-Class Exercise #17
Date: 27 /04 /2018

Instructions

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 after the midterm. 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.

4 2
1. Suppose v=| 0 Jand i=| 1
-3 -2

a. Find (V,U) = (#)(2) + (o)1) + L-3)(-2) =2+0*6 =14

For —\;;(V.I\’;,V's)-r ana

: =(.“| FaadY) %)TJ
we heave
LD =, rven vy

b. Find (W,u)= 2" 1"r (-0 = r144 =9

For «s(w,«, “')T

we have
o =S 2 2 3
o, Dt rit W, o 0, = W T, Ty

c. Find (V, V):qﬂ Ozf (-s)"s 16+ =25

Similar +o ral+ LL)
Fo' \"’L\’- 'Z,";)

we hove
<w- \r> ‘v—qv- +V'
d. Find ||v“/\/ r;'
L’/ detn-*‘ on
e. Find ||u“ ./4-7:— o>=[q =3
-~ S 28/ q 31111

f. Find proj, v = <‘i‘:> = —-( ) 1‘1‘/4 1.9556

1’7 T Lw) -2 -23/9 -3.1191

Ac‘:'.ni-\—.'oh

Diveet calcvlation:
T
z= (‘L%"b)"...l(?jﬂr—zg) Lg ‘H" 1)
g. Let 2=V—pr0jﬁ v. Find <ﬁ,i> (-14, z > = _Lu(') -.(1x-“r).'L;_)l'1)> -on 0.
We krnow that -P.-‘f"’..h-; and or= \r-P are a\uo/s or-}hoﬁona\.
L 2 ———
Z 4|
“ i ralal\ol 2 exac /_‘
Y e some o &
qo P
Therefore, 4 ond 2 are bﬂ“cacna\ and hence <u,2> =0
A-H-evnal—'vo\, R - ;> A
L2> = <4':'. > - fmdd"'> LD~ (42,@42) Ldc, & -~ -:_:l‘_; ,u>=0
4_, > <= >



ECS 452: In-Class Exercise #18
Date: 01 /05 /2018

Instructions
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 after the midterm. 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.

Consider the two signals s, (t) and s, (t) shown below.

4 Z
O(t LZ/ A The e*u-"'ion for g .L*I 04& '1,

i 5,(t)=) ™ e A g (1) -

() o Yherwioe
r'd

(o) O‘\'hevw:)c.

_P —— o ————

0 2 > L > t
a. Find the energy of each signal.

oo 2 2 ,

E - [o2todt = [22d4 = (wde wnt) suxa=3

1 >

i ((£y? % e

B £ R
- o (o)

b. Find their inner product <s1 (t).s, (t)>

vole T het Fhis 15 2 (nok @)
/ becave A, (t) =0 wher 22t ¢4.
A

2
o® 2
t :S = t__ = i =
LA, A, > = SA,LbA,.L-t)A'c = Sl*-—z-_ &L' tdt > 3 L
- (o) O
c. Find and plot proj, s, (t).
12, olt {2,
: KA, N>, o2 A =

N
]
]
2

CAntiniia nn tha navt nacao



ECS 452: In-Class EXoraise gomr'e

Instructions Date: __/__ /2018

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

as any of your former groups after the midterm.

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.

Continue from Exercise #18.

d. Suppose the Gram-Schmidt orthogonalization procedure (GSOP) (where the signals are applied in

the order given) is used to find two orthonormal functions ¢, (t) and ¢, (t) that can be used as

axes to represent s, (t) and s, (t). A
i. Find and plot ¢, (t) v IT e.LE>
]
wraples AT 2P, . "
oltdL?
Bl = RN 2 N I Vi, ’
d - = 1 - oXhevinise. +)
/E“ /E" 22 o, 2
' 2T <, lr)

ii. Find and plot ¢, (t).

1
!

H !

vep o 4 R
2 4 >t

<, b =2[t) "F"”J“:al =H,L0- Jli/a'L-tJ —q/2
oe 2 % g S
) £\ Lt
B, * S«.fu—nlt = S(“}:*%) £ JL,_) v
- 2
o ° V24129 + /: @,
_-_-L.+’_‘!-.-.‘_'L’-_’—_’;". /G/Z.ﬁ-- l :
6 > 6 (3 r;lq (t_’z 0<t4&, /3/5% -//fz ‘:1 >t
<« ) = = & tin -/%/5%
= —= = [— 4, (.t) - .3— z‘ 2
B % o Zx,
Be, o othene .

)
- 22 0. .
ey = j‘r_/a1Lh o= 42 AW [Hg, (x) = Jﬁ_;b,u-n/: B, Lz 0.31 B,LE) + 2.2 & L&)
iii. Find the two vectors, 5" and 5%, that represent the two waveforms s, (t) and s, (t) in

the new axes based on ¢, (t) and ¢, (t). Draw the corresponding constellation in the figure

below. <2m)_/=m)
- N\ ,
b, (t) E, = )I.s:'Lt)Jt' ) atew)f =) A= (2l2) v o> = 8

y
<l

27/6 2
14 £« (1) s (far) = X
L

=
2w v ) ~e0

>z > p1(8) o), Al = <2": A%y = 1_/2»,12),\0; /“E)

TR 2 /2
A=\ =2




ECS 452: In-Class Exercise #19

Instructions Date: 11/05/2018
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 after the midterm. 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.

A digital communication system transmits a stream of bits by mapping each block o o one of the

Three bits = 8 possibilities for the block

= need 8 different waveforms to represent 8 distinct block patterns

b. Suppose we apply GSOP to the M waveforms and get two orthonormal axes ¢, (t) and ¢, (t). Let

N; =(N(t).¢(t)). Find
See 7.26f i ]E[N] ] =0

ii. Var[Nl] = 'i; =16

iii. oy, =/VerlNd =fie = 4

iv. E[N,N,]=0



ECS 452: In-Class Exercise #20

. Date: 15/05 /2018
Instructions 15/05
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 after the midterm. P ra p un 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.
n 2
2 Iz

£

In a binary antipodal signaling scheme, the message S is randomly selected from the alphabet set S = {—2,2}

with p, =P[S=-2]=0.6 and p, =P[S=2]=0.4. The message is corrupted by an independent additive noise
N whose pdf is shown below:

A
h
fiu ()
7 1 > n
a. What is the value of h?
To be a pdf, we need S?{;('\)Anz'h
-

Al xlh =1 L\:’L
zxﬁ > o

b. Suppose the received symbol is R=r. Find the MAP detector $,,,, (r)

h;\o.b=3:rno.c’-o.1s

-1 -
o 7£L"’°w) hxo .= L¥o0-t = 0.1

S v
I I I I I I > I I I ) 7
.-6 "<1=_a___|x____§ 4
<----1------f> -2, ~&KXrk o-4,
J’ + Az =4
N
0MAP(r) = 2, 0.494v< bJ
Gy, otherwise
Yy o1 -2, r LO-&,
AT -
\/ 2 r204.

]
]
o591 .

i 1 2z 2 ¢ 2

]

i 1 ¥ lon d - uxt =2

I I P 1 = = ) i .

<32 d, ¥ rb\-_—.z-—dz-z —E = =04



