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REPRESENTATION OF ALPHANUMERIC INFO
IN BINARY FORM = BINARY CODES

ONE UNIT OF ALPHANUMERIC INFO «—3>| CODING > A CODE WORD
(A LETTER, SPECIAL CHARACTER, OR DIGIT) SYSTEM (A SEQUENCE OF BITS )

L e

A CODE IS A COLLECTION OF CODE WORDS, Cg, C, ..., Cq IN WHICH
THERE IS A CODE WORD FOR EACH SYMBOL Sy, Sy, ..., Sg.

A) BINARY CODES FOR DECIMAL DIGITS

B)

WEIGHTED CODES st
» ARE POSITIONALLY WEIGHTED 2322

"~ + e.g.,, BCD : BINARY CODED DECIMAL (OR 8421 CODE)

= ‘THE CODE WORD FOR A DECIMAL DIGIT D IN BCD IS OBTAINED
VIAD=W4XB4+W3XB3+W2X82+WIXBZ
WHERE W,, W3, W,, W; ARE WEIGHTS AND (B4 B3 B2 Bl) = CODE WORL
NON-WEIGHTED CODES
» ARE NOT POSITIONALLY WEIGHTED
+ e.g., XS3 : EXCESS-3 CODE

= CODE WORD FOR A DECIMAL DIGIT IN XS83 =
CODE WORD FOR THE DECIMAL DIGIT IN 8421 + 0011
e.g. 0111 & 0100 + 0011

W)xszs  Dgazr (3gant
SOME BINARY CODES FOR DECIMAL DIGITS

DECIMAL 8421 XS3

DIGIT CODE CODE

0 0000 0011

1 - 0001 0100 Xs3 = [bzcamaﬁ +>J
2 0010 0101 | 2
3 0011 0110

4 0100 0111

5 0101 1000

6 0110 1001

7 0111 1010

8 1000 1011

9 1001 1100

BINARY CODES FOR CHARACTERS
ASCII or EBCDIC (Covered in csil101)
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ENCODING/DECODING

' TRANSMISSION/
SYMBOL-ENCODER}» BIT STREAM|%, STORAGE / (BIT STREAM}5{DECODER}»>SYMBOL
' MEDIUM

N

NOISE

# OF BITS REQUIRED TO REPRESENT EACH SYMBOL DEPENDS ON

*FREQUENCY OF OCCURRENCE OF THE SYMBOL IN AVERAGE INFORMATION
. IFSg, Sy 00 Sq ARE NOT EQUALLY LIKELY TO OCCUR = VARIABLE LENGTH CODE

IF Sg. S1s vvs S‘i ARE EQUALLY LIKELY TO OCCUR = FIXED LENGTH CODE

*PROBABILITY OF SINGLE, DOUBLE, TRIPLE, .... ERRORS OCCURRING IN A
PARTICULAR MEDIUM THROUGH WHICH CODE WORDS WILL BE

TRANSMITTED/STORED
*WHETHER ERRORS IN A RECEIVED/RETRIEVED SEQUENCE SHOULD BE
DETECTED ONLY => ERROR DETECTING CODE
OR CORRECTED => ERROR CORRECTING CODE
Fooridy Goddy
C?’mﬁ? = evenneos or eddion #) #F 1s oo Aegpenc

DECIMAL EVEN OoDD

DIGIT 8421 PARITY PARITY

0 0000 00000 00001

1 0001 00011 00010

2 0010 00101 00100

3 0011 00110 00111

4 0100 01001 01000

5 0101 01010 01011

6 0110 01100 01101

7 0111 01111 01110

8 1000 10001 10000

9 1001 10010 10011

OTHER CODES

HAMMING CODES , .
HUFFMANN CODES P “"a, Bo¢
GRAY CODES

CYCLIC REDUNDANCY CODES
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e.g., TRANSMISSION OF OCTAL DIGITS USING ODD PARITY

SENDER

« has (6)g = (110)2 to send
- performs '"parity generation" to find out the value of the parity bit, P

i'e.’

L Parity bit
Threebil meysage generated® -
x - ¥ ".‘
o 0 0 .
0 6 . 1 0
0 i 0 0
g 1 1 ]

1 0 o0 0.
1.0 i t
T - 1 0 %
a0 1 )
= P=1
- sends (1101)2

RECEIVER

- receives (1101)2
- performs "parity checking" to find out if the #of 1's is odd in (1101)2

i.eﬂ,
" Foug-bity seccived Parity-eriot check
x 'y z 4 <
0 0 o .0 1
o 0 ..0 ! 0o,
o 0t 0 0
¢ ¢ - I ¥ 1
.0t 0 ¢ N
0 { o ot 1
¢ .1 1 0 | I
Y I 1 ! o
- .0 I 0
' 0 0. 1 1
IS R 1
T 1 ! 0
i | . P g 1
Q. BN D 0
A L T R 0
U r §

- Detei’mines there is no error & drops the parity bit to obtain (110)2



SWITCHING ALGEBRA

Boolean Algebra is a set of elements B wilh two binary operators + and « that satisfy the following six axioms
(Huntington postulates)

Pl Bisclosed with respect o+ and +: ie,Vabe B,
a a+be B .
b} a*be B

P2 There exist identity elements, 0 € B and 1 € B, for + and », respectively : ie,Vae B
2 a+0=a
)] arl=a -

P3 + and » are both compnutative : ie,VabeB
a a+b=h+a
b} a+*b=b+a

P4 + (#) is disuributive over» (+): ie,Vab,ce B

a) a+{h +=fa+bd) +{a+c)

b} a+dbrcym(a +by+{a ) _ .
Ps V a ¢ B, there exists an element a' € B (which is calied complement of a) such that

8 - a+a'=l

b) ara'=0
P6 There exist af Jeast two elements a, b€ Bsuch thata#bd

Fundamental Identities of Boolean Algebra

- Universal Bound VYae B,
a a+l=1
b} 2 +0=90
. Absorption : VabeB,
2 a+{n*b)m=a
b) a+{a+b)=a
- Non-Cancellation : Yabce B,
3 a+bza+cpb=¢
b asb=ascphb=c
- Idempotency : Vae B,
a adamg
b a*a=a
- Associativity : YabceB,
) 2 a+b+i=(@+bl+c
b a+*(de+)={a*h)+cC
- De Morgan : Yabe B,
a {a*b)y=a+b
b) (a+b) =3 +p
- Involution : Yae B, @) =a

Principle of Duality : Every algebraic identity deducible from postulates remain valid if -
+ is replaced by +
« is repiaced by +
0is replaced by 1
1is replaced by 0
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BOOLEAN FUNCTIONS f(xy, Xg, wes Xg)

Any boolean function f which takes a boolean constant (i.e., 0 or 1) as its value
is defined over n boolean variables (i.e., x|, X2, ...., X, , €ach of which takes a
boolean constant as its value). '
= (X1 Xg5 vevers Xp)

1) SPECIFICATION OF f(Xq; X35 «ey Xp)

A) TRUTH TABLE.-(TT) Xy X3 x, f
0 - 0 0 0
1 - 0 0 1

2P COMBINATIONS OF 1'S & 0'S
28 . 1 1 1 1 ﬁ‘

VALUE OF £

In a TT for a boolean function (X1, X35 weeser Xp)s
- each combination of values for Xy, X3, ...., X, can be represented as a

MINTERM LI . Lz ® eenn * Ln

which is a product term containing a literal L; for each x;, 1Si<n
or o

MAXTERM L} + Lz T oreeen ¥ Ln

which is a sum_term containing a literal L;for each x;, 1 sisn
where LITERAL L; for x;is either x; or x';, I'Si<n

Minterms and Maxterms for Three Variabies
Minterms Maxterms

x 4 z Tern - Designaiion Ternn Designation

o 0 0 x'y'e’ g x+y+tz M,

0 0 ! x'y't "y x+y+z M,

0 1 0 x'yz’ niy o oxE y' +z M,
0 I 1 x‘yz ny x+y' +2 My

i o ] xy'z' s '+ ytz M.

1" ¢ 1 xy'z ms 'y Ms

1 1 0 xyz' " x'+y' 4z B

i I l xyz ny x'+y 4+ Mq |

-m’;= M; and M’; = m; (From De Morgan's Law) e.g., mp = M

ey Z)Y=x+y+2)
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B) BOOLEAN EXPRESSION (e)
f = e where e is a boolean constant, boolean variable, e * €5, &1 + €5, €', or e,

A boolean expression for f(xy, X3, ....., X,) can be formed

AS A SUM OF MINTERMS for which the value of f is 1
201

= (X1, X9y ceery Xp) = 2 (0 * ) where o; (= 0 or 1) is the value of f
i=0

=> CSOP (CANONICAL SUM OF PRODUCTS) representation of f

AS A PRODUCT OF MAXTERMS for which the value of fis 0
291

= f(Xp, X9, v Xg) =TT (0 + M) where o; (= 0 or 1) is the value of {
i=0 _

= CPOS (CANONICAL PRODUCT OF SUMS) representation of f

e.g., .
CSop f(x1,X9,X3) = 2m(1,4,5,6,7)=m + my + ms + mg + my
= (X1 X X3 H (XX %3 )+ (X 1 X9 R 3)H(X 1 X9 X3 M+ (X XpX3)

CPOS f(Xi,Xz,X::,) - HM(O,Z,B)W MO . M2 - M3
== (X1+X2+X3) . (X1+X2'+X3) . (X1+X2’+X3')

CONVERSIONS AMONG REPRESENTATIONS OF f(xq, X3, ey Xp)
A) TRUTH TABLE < EXPRESSION

i

X1X2X3 f +

M, 000 0 {
m, 001 1 0
m, 010 0 | Csop f(x1,X9,x3) = 2m(1,4,5,6,7)

2?, (1) (1) (1) 2 é Csop f:(x,,;()_};(g)_—_- =m(0,2,3)

me 101 1 0 CPOS  f(xyxy,x3) = [IM(0,2,3)

M 1190 1 0 / .

- 111 1 D cPos {ZC"”XR;@):TTM(!A,?,%?)

B) CPOS « CSOP

a) INTERCHANGE SYMBOLS 2. and []
b) LIST THOSE NUMBERS MISSING IN THE ORIGINAL

e.g., CPOS f(xq,XpX3) = [IM(0,2,3) & CSOP f(x;,X5,X3) = ¥m(1,4,5,6,7)
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EVALUATION OF f(X1, X35 ey Xp)

is based on
- a given combination of values for xy, X5, ..., X,

- a known precedence among operators ( ), ", e+, +

A) BOOLEAN EXPRESSION
Given CSOP for f(xy,x5,X3) and values for xj, X3, x3

€.g.y
f(xl,XZ,X3) e Em(1,4,5,6,7)mm 1+ my -+ Mg + Mg + My

= (XI’XZ’X:;)“F(X1X2’X3')+(X1X2’X3)+(X 1X2X3')+(X 2X2X3)

Given CPOS for f(xy,x5,x3) and values for xq, xﬁ, X3

e.g.,
f(Xl,Xz,X3) = HM(O,Z,:%)Z MO . M2 b M3

= (X;+X2+X3) . (X}+X2'+X3) . (XZ+X2'+X3')

B) TRUTH TABLE
Given TT for f(xy,x;5,x3) and values for xi, x5, X3
X;XoX3
0090

il ek jeud emk G Gan
ok ek O ek d O
b D sk G0N ik O ek
ek ek ek el G G el JU M
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SIMPLIFICATION OF (X1, X3, ey Xg)
(FROM CANONICAL TO STANDARD FORMS OF EXPRESSIONS)

STANDARD FORMS OF EXPRESSIONS

SOP (SUM OF PRODUCTS):

NOT ALL PRODUCT TERMS ARE MINTERMS
e.g., f(x,y,z) =x'yz+xy +yz"

POS (PRODUCT OF SUMS):

A)

NOT ALL SUM TERMS ARE MAXTERMS
eg, fERyD=x+y)e X +y+2)e(x+y)

ALGEBRAIC SIMPLIFICATION
I) CSOP - SOP

e.g.
f(x,y,z) =2m(0,2,3,4,6,7)= m3+m2+rn6+m4+me+m7
mxyz+xyz +xyz -i-xyz +x'y’z’+xyz
wxyz+xyz +xyz’ + xy'z" + x'yz’ +x’y'z’+xyz
=XY) e Z+2)+xX+X)e(y+y)e 2 +xyz
= Xy+Z+xyz
I) CPOS — POS
e.g.,

f(x,y,z) = HM(Z 4 5 6 7) M4, MS' Mﬁ, M‘y, M2

= (X’ +y+z) (x’ +y+z') » (x° +y ‘+z) (x +y ‘+2) » (x+y'+2)
[(x +y+z) xX'+y+z ) (XY +2) (X +y 42 o[ (X +y 7)o (X +y +2)]
X' +yy +22") o (y + 2z 4+ xx')

K- (Y'+2)
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B) GRAPHICAL SIMPLIFICATION (KARNAUGH MAPS)

‘ ANY 2k ADJACENT SQUARES for k=0,1,2,..n IN AN n -VARIABLE MAP
PRESENTS AN AREA THAT GIVES A TERM OF n-k VARIABLES

IF n=k = ENTIRE AREA OF THE MAP = IDENTITY FUNCTION

IN AN n-VARIABLE MAP, EACH SQUARE HAS n ADJACENT SQUARES

x 0 - 1
my m, 0 xy 1 xy
my | my x{i xy' | xy
yz y
f"‘m"'-'ﬁm“”m"!
x\ 00 01 11 i0
mo | m, my | om, O aye'i xye: sy | 2'yd
m, ”fs my | mg x{ 11y e’ ay'e | xyz | xys
W
z
y2 SR S
waN\_80 0} il 10
my 1 om, my | m, QOjwix'yy|wx'yziw'x'y2iw'x’'yz’| |
my | mg | myqomg oW xy iw' sy el wiaye jway?
- x
- »
Mo | M| gl My, 1HwxY' ' iwxy'z] wxyz | wxyz
w
mg | mg | my | g IOI&'X’y‘z' wx'y'ziwx'yz | walyZ




2%

GIVEN f = e in CSOP, OBTAIN MINIMAL SOP

Procedure-CSOP-t0-SOP

1- MARKfONTHEMAP -
(i.e., PUT 1 INTO SQUARES THAT CORRESPOND TO MINTERMS
FOR WHICH f TAKES VALUE 1) '

5. OBTAIN A MINIMAL e FOR f IN SOP BY COVERING ALL 1-SQUARES WITH
MINIMAL NUMBER OF LARGEST POSSIBLE AREAS OF SIZE 2k k=0,1,2,.
FORMED BY COMBINING ADJACENT 1-SQUARES

e.g., f(x,y) = Zm(, 2, 3)

O\

| vy
gl {Gt,j): X -f'at'

e.g., f(x,y,z) = 2m(2, 3, 4, 5)
o~ |
1D, f09%) = x X

x4 (1! ) X '

V?/

e.g., f(x,y,2) = 2m(3, 4, 6, 7)

!
I o e




e.g., f(x,y,z) = xm(l, 2, 3, 5, 7) |
I

- {: Ul -]CCX;:],X): Z'f‘xg

p

€.8.s f(x,y,2) = > m(0, 2, 4, 5, 6)
!

et it

b e <y

Wb

Z

e.g., f(w,x,y,2) =2m(, 1, 2, 4, 5, 6, 8, 9, 12, 13, 14)

~L

:

Bin

w{ MK I

' L1

L
z,

jgx {(w)x,j}“z) = 3"1" Wz +Xz}

€.8. f(A’B’CJ-)) =m0, 1, 2, 6, 8, 9, 10)

¢ - |
\ ‘N‘T""\

NI &g ]C(A,&)c,g) - Y+ 8 £alc
P(%/T{]' (“\\

L




