Math 167 Ch 17 Review 1 (c) Janice Epstein, 2014

CHAPTER 17 — INFORMATION SCIENCE

Binary and decimal numbers — a short review:

base [© . .
For @ecunal numbers) we have 10 digits available (0, 1, 2, 3, ... 9)

4731 = d 7 3

_,—4'-"_-_——-_. —
(Oop 2z (0" 15 € place valyes

Y (o) 1 5 (l00) 13(12) M)

For binary numbers we have 2 digits available, 0 and 1.

64 32 16 8 4 2 1
26 25 24 23 22 21 20

Express the following binary numbers as decimal numbers:

10101 =" [(lg) +o(8) +1(y) + 2)+1() = |G t41/= 2|

[

11100010 = 1(19) £1(6 1)+ (31 0(€) - 0GB) roly)+ 1(2) -2

1 63 ¥ 2|
'711 =~ (28 + Q#3242 = 246

6Y
Express the following decimal numbers as binary numbers:

&5 8
— ol ~32 ~G
55:2_[*'1“ 0 L 1 _L -0 23 2
32 (6 ? 9 .? / é'_//qq. ”"/‘1(‘ ",6 ~/ Q
8= 0 | | ¢ ¢ o -=lollooo,, ;Z g
6y 32 (6 g Y 2 | Eplcmaler _E?. o
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An orbiting satellite can follow 16 different directions that are labeled 0 to
15 in binary (0000 to 1111). Each message is sent as the command along
with 3 check digits. The check digits are arranged so that certain sums
have even parity. These are called parity-check sums where the parity of
a number refers to whether a number is even or odd. Even numbers have
even parity and odd numbers have odd parity.

For our satellite, the following sums must be even (0 mod 2)
a +a,‘+a+¢ , g tata,t6.and @ ta+ato,

What are the check digits for command 9? } 0 @ _L
atasrasrq = | +O +OT ¥, B Bl

C,i =/ SO Sam /3 eveq

. C‘?C‘kdf ;b~
G,N?Jrqqf(; = /?L or / 'f\.—-- Cz :0‘ Jo Sam 15 t¢eén are (of
@t rayrc;= O OF [P G| 5o semss evr Callode worf is
/2o (ol

For this type of parity-check sum,
the check digits or find errors.

e can use a Venn diagram to help find

Fix the error in the code 1101101if it is known only one digit has an error,
O] |o
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A set of words composed of 0’s and 1’s that has a message and parity
check sums appended to the message is called a binary linear code. The
resulting strings are called code words.

The process of determining the message you were sent is called decoding.

If you are sent a message x and receive the message as y, how can it be
decoded?

The distance between two strings of equal length is the number of
positions in which the strings differ.

KXXXx

(a) 101013nd11101 (b) llllllandOOOOOO
[110] € 0000006 ————
AiStance ~F 1 AT5Fance 2K 6

The nearest neighbor decoding method decodes a message as the code
word that agrees with the message in the most positions provided there is

———
e

only one such message.

How good a code is at detecting and correcting errors is determined by the
weight of the code. The weight of a binary code is the minimum number
of 1’s that occur among all non-zero code words of that code.

Consider a code of weight ¢,

° The code can detect 1—1 or fewer errors.

r—1

© If ¢ is odd, the code will correct T or fewer errors.

-2

e [If7iseven, the code will correct any —2— or fewer errors.
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Consider the code C = {0000000, 0001111, 1111000, 1111111}
¥ ¥ 7

(a) What is the weight of the code? L/,l

(b) How many errors can this code detect? weighr~/ —

y~) =3
(¢) How many errors can this code correct? y-2 _ 2 _ !r
7 = 2 ) |

(d) Decode the message received as 0001101,
ooe [f]]

A compression algorithm converts data from an easy-to-use format to one
that is more compact. jpg photo files use data compression as do most
video and audio files.

Delta function encoding uses the differences in one value to the next to
encode the data.

The data below is the closing price of the Dow Jones on Oct. 1, 2012 —
Oct 5,2012. Compress the data using delta function encoding and
determine how much the data is compressed.

13610 13575 13495 13482 13515 25 characte,s

|3G/l0 T35 “8o I3 33 |G Characte

__?__ - 36é‘(‘&¢/
S

€SS, d‘&q

Qﬁ\glé = ?Oéaf‘?cf((f/_'j‘

S
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Binary codes can also be compressed by assigning short codes to
characters that occur frequently and longer codes to characters that occur
rarely. -

We have 5 symbols, 7, U, 6, 8, and a.. If we give all the symbols a code of

the same length, we would need 3 binary digits (000 to 101). So a string
of 6 symbols would be 6 x 3 = 18 characters long. Can we devise a
different binary code if we knew how often each character occurred?

Use Huffman coding is a way to assign shorter code words to those
characters that occur more often.

v v v 6./ Ot'/
0.16 0.19 0.23 0.17 0.25

]0, /G oty , o0ld1 9,23  0.25
. \ O,LL,/// /Lﬂ“o(ﬁo(\
o\ |
/S A8 //‘J /\

(9 C.23, 025 O,33

lf_—"i,/ 0/[1 2/\|

.72

o /Nf M o7\
o025 0,33 3 /7‘[
| " psr T oo = U
J‘ Qf = 1o decod®
yZad ot /7 [0 =X IOIW/O//OO/W/O@
o 2R [10= T oL AT u T U

ac<rd
[
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The process of disguising data is called encryption. Cryptology is the
study of making and breaking secret codes.

A Caesar cipher shifts the letters of the alphabet by fixed amount.

EXAMPLE
Create a Caesar cipher that shifts the alphabe,tyo letters and use it to
~ encrypt the message THANKS.

o Q&’K XUC i
I 2 3 Y S % g 9 2 n i i3z vy B2 RI2 26 Bt 327 2y 3T
BICID|IE|F|G|H|I |J |K|LIMN|OIP|Q|R|S|T|UIVIWX|Y|Z
LMW o \P|&lr S |\T |0 VIw| XY 2L |C\0E|F G |# 2
;s T H A/ K ;S & Tb?o Aiffennr
esitien {9 ? @ 3 o 17 merheds .

YW Adw 29 17 o 23 20 2% Vou donet aced
Med 26 3 {7 0 Z3 20 R *:@d” ’l?:?:bc Sort
Taviare  [) 4 K X T They § coole.

The message below was created with a Caesar i with a shift of 14.
What is the original messag‘e"?_’/tlQ Hsz Sp VCEs
e TELEP HowE
B3Iy I (6 (Y 18 19 20 20 22 23 2¢ 25
N|o[P[Q[R[STT[U[VIWX]|Y]Z
BICWI|BIF6|H#2|J KL\
css\ o
9 ’ 18 Z mt’,flm(j,(‘cr
P 1y 12 -3 S iy
Y v % g
T’Z?hdq]’t T E L E /0 H 0 A/ E
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A decimation cipher multiplies the position of each letter by a fixed
number £ (called the key) and then uses modular arithmetic. To use a
decimation cipher,
1. Assign the letters A — Z to the numbers 0 — 25.
2. Choose a value for the key, £, that is an odd integer from 3 to 25 but
not 13 (why not?)
3. Multiply the value of each letter (i) by the key (k) and find the
remainder when divided by 26.
4. To decrypt a message, the encrypted value x needs to be multiplied
by the decryption letter j and then the remainder mod 26 is the
original letter.

0|12 [3[4[5]6 |7 [8]9]10[11[12][13[14[15[16[17]|18[19[20]21]|22|23]|24|25

AIB|CIDIE|F|IGIH|I|J|K|L[MIN|O|P|Q|R|S|T UV W|X]Y |Z

Use a decimation cipher with a key of 11 to encrypt THANKS

T H A N K S w5t
fosition 9 7 o |3 |90 I8 ~2s§

hordh aeg 7 0w Mo 1B 2

wiy | a5 o |3 6 K
Translafe A ¥ /‘] V i Q

The message below was encrypted with a key of 21. The decryption key
is 5. Decode the message.

Q R G S M O J T K
Pssien  J6 17 6 I8 (2 1Y 9 17 |

ﬁ’d?:fb{&/ g0 g5 30 W 6o P 45 75 SO
w27 y 2 8 18 (7 /7 A7

e C H O E M I S T K )
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0 [1[2 |3 |4 |56 |7 [8[9[10]11[12[13]|14|15|16[17|18[19[20|21|22 |23|24]|25
AIB|CID|E|F|G|H|I|J|K|L|M|N|IOIP|Q|R|S|T|U|V|W|X|Y|Z

A Vigenere cipher uses a key word to encode the characters.

Use a Vigenére cipher with a key word of MINT to encode the message
1241317

N E W P R I N T E R
psts 13y 2 U5 U7 g (3 (9 4 17
NJ M T v 3 M Y & N T M 7
ﬁ"ff;,‘!,gt [2 3 /3 17 % 13 ]y 2 g

sam A5 1A 35 34 29 ¢ a6 38 |6 25
wd. 95 2 7 g 3 J6 0 12 |6 25

26
TrwslafC Z M Q} I 0 & /‘4 /“7 Q 2
A Vigenére cipher with a key word of LEX was used to encode the
message below. Decode it. ¢ 2%
b Y M P V J L R
Position 324 42 s o2 7 Uy
Sular L .2 X L E X - E
I 2 L4 25 ¥ 23 Y
pitfet =g 0 =l 4 gy =i O |3
et 3 20 is oy (7 12 O /3

Translafe S % /0 E K M ﬁ /V

To increase security, C(%des can be added together. Find 10110+ 00111
using binary additioﬁ‘.d In binary addition, if the sum is even, enter a 0.

+0,g1[11f @(l)

000]
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SAMPLE EXAM QUESTIONS FROM CHAPTER 17

1. Convert the binary number 11001 to a decimal number.

o §Y21
(*) 3

X
2. What is the distance between received words 1)1{60101 and 10101117

(A) 1 (B) 2 (D) 4 jo101 11

(E) more than 4
M[ 2
3. Add the binary sequences 1100101 and 1110001. How many s digits

0o
are in the sum? +015/101005____

A1 ®2)©3 O 4

(E) more than 4

4. Use delta encoding to compress the data
1834 1831 1831 1825 1850, (73 ~3 0 —6 25
By how many characters is the data compressed?

(B) 10 0"“1?5 cod e CAﬁf-u,/‘l'/j
(C) 11 (D) 13 == Cﬁﬁl/'ﬁ;t’;% ” Charackers
Géefqrcff‘/_}
N chz.t ressed b)’
9 char

5. Use the neatest-
word 1 101,&.

((A))1001

(B) 0100
(C) 1101
(D) 1011
(E) None of these

redbor- Venn diagram method to decode the received
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Questions 6 and 7 use the code {1100, 1010, 1001, 0110, 0101, 0011}.

Nn i.S A fAoa~2Cr Qo—o(('woﬂ(J 2 ] i
. h . ¢feer ~1 =
6. What is the weight of this code? i
e I Coredt 272 .0 | o
"%

(A) 0 (B) 1 @ (D)3 (E) 4 =

7. Which one of the following is a true statement about this code?
(A) This code can detect and correct two errors
(B) This code can detect two errors and correct 1 error
C) This code can detect and correct one error.
a This code can detect one error and correct 0 errors
(E) None of these

Question 8 (6 points)
Given binary codes A — 0, C—> 10,1 —-110,S — 1110, B —11110.

(a) Encode the message | CASSI
N S
[ﬁ 0 1/{0 Hla a4 6\ 5/’0:9; @re nel ﬂee/ej

loone oo é— 52

(b) Decode the message 1111#0[1110[110[10/1110
BASTCS

@, 9,43
Question 9 (5 points) What is the code word for the message 110, if the

code word is the message appended with three check digits found using
the parity-check sums a; + a, + a3, a1 +azand a; + a3 ?

Lritg (ro [ftg o ckwds
€ven so OMJ'O oAd so {/0011

CI:'O C:‘):/ C3:/
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Question 10 (7 points)

Use a Huffman code to assign binary codes to the directions that occur

with the probabilities given below. qlrady in increasiey order
Up Down  Left Rjght/
) 0.12 w 0.43
e £LUp
L vy R 0/ /
Y3
e J_Y/' A ,
57 0/\,_
/Q L.vD L L
r"{j ¢57 _
i J R=0 2/\l
& Jib
RLUY L=/ (L 0
/ w=119
21 23 Y5 6 728F 02 B sk (87 20222 23 2¢ 15
ABCDEFGHIJKLMNOPQR STU XY Z

Question 11 (5 points)
Use a decimation cipher with key 9 to encode the word CABLE.

c A B L E
pesition O AV
#al by s O 7 77 36

/

md2e 1§ O 4
Trnslate 5 A \) l/ K
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Ol L3¢ 5 6 Ng Flol 1213 is (6 () (817 2202 2223 24 25
ABCDEFGHIJKLMNOPQR STUVWX Y Z
O0E FGHTJINLMNO P& AKS TV Vwk) 246 (C

Question 12 (5 points) Use a Caesar cipher with a shift of 3 t¢ encode the

word BINARY.

Twe
ey 55 %0 //g :27; L/’“gﬁ
/"'5‘2/»,@« y ol 16 3 0 27 oy
B

/
Transtatte E Z— ﬁ ﬂ [/ 5

O 23 4y 69 Gy o0 1213 (91516 1) (817 202/ 22 23 24 25
ABCDEFGHIJKLMNOPQR STUVWXY Z

Question 13 (6 points) 59 13

Use the Vigenere cipher with the key word PEN to encode BASEBALL.

BASE BA L L
ptn g ¢ 10l
Add p £ WV P v P E
AV S S B 5 ¥

em 16 4 3l 17 526 15

p—

E
7
J
ed ey 5 19 5 13 O I3
F

26
mie Q EF T FV AL




