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REPRESENT ATION OF ALPHANUMERIC INFO
IN BINARY FORM ~ BINARY CODES

ONEUNIT OF ALPHANUMERICINFO ~I CODING
\
~ ~ A CODE WORD

(A LEITER, SPECIAL CHARACTER, OR DIGIT) i SYSTEM (A SEQUENCEOF BITS)

A CODE IS A COLLECTION OF CODE WORDS, CO,Cl, ..., Cq IN WHICH
THERE .IS A CODE WORD FOR EACH SYMBOL SO,Sl' ..., Sq.

A) BINARY CODES FOR DECIMAL DIGITS
WEIGHTED CODES 0
. ARE POSITIONALLY WEIGHTED it;l").
.- e.g., BCD: BINARY CODED DECIMAL (OR 8421 CODE)

~ -THE CODE WORD FOR A DECIMAL DIGIT D IN BCD IS OBTAINED
VIA D =W4 x B4 + W3 x B3 + W2 x B2 + WI x Bl
WHERE W4, W3, W2, WI ARE WEIGHTS AND (B4 B3 B2 B1) =CODE WOR[

NON-WEIGHTED CODES
. ARE NOT POSITIONALLY WEIGHTED
. e.g., XS3 : EXCESS-3CODE

~ CODE WORD FOR A DECIMAL DIGIT IN XS3 =
CODE WORD FOR THE DECIMAL DIGIT IN 8421 + 0011
e.g. 0111 <= 0100 + 0011

(4)XS3 (4)8421 (3)8421

SOME BINARY CODES FOR DECIMAL DIGITS
DECIMAL 8421 XS3
~ CO~E COQE
0 0000 0011
1 0001 0100
2 0010 0101
3 - 0011 0110
4 0100 0111
5 0101 1000
6 0110 1001
7 0111 1010
8 1000 1011
9 1001 1100

B) BINARY CODES FOR CHARACTERS
ASCII or EBCDIC (Covered in csi1101)

xs 3 = l:t.eUfY'JI +;')z
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ENCODING/DECODING

~ ~RANSMISSION/

SYMBOL ENCODE~~IT STREAM} STORAGE / {BITSTRE~DECODER~YMBOLMEDIUM

t
NOISE

# OF BIT~ REQUIRED TO REPRESENT EACH SYMBOL DEPENDS ON

*FREQUENCY OF OCCURRENCE OF THE SYMBOL IN AVERAGE INFORMAnON

:. IF So' S l' ..., Sq ARE NOT EQUALLY LIKELY TO OCCUR => VARIABLE LENGTH CODE

IF So' S l' ..., Sq 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
TRANSMITIED/STORED

*WHETHER ERRORS IN A RECEIVED/RETRIEVED SEQUENCE SHOULD BE
DETECTEDONLY => ERROR DETECTING CODE

OR CORRECTED => ERROR CORRECTING CODE

F~n~ Co~ .
(f~n~ =- eVeJ'\NUd ~ CY-JJ~ 1:iF 15 -V\ R- A-e-r~.

DECIMAL
Illiill
0
1
2
3
4
5
6
7
8
9

421
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

EVEN ODD
PARITY PARITY
00000 00001
00011 00010
00101 00100
00110 00111
01001 01000
01010 01011
01100 01101
01111 01110
10001 10000
10010 10011

Y
fO\.~~ ~L'1-

OTHER CODES
HAMMING CODES
HUFFMANN CODES
GRAY CODES
CYCUC REDUNDANCY CODES
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e.g., TRANSMISSION OF OCTAL DIGITS USING ODD PARITY

SENDER
. has (6)8 = (110)2 to send
. performs "parity generation" to find out the value of the parity bit, P

i.e.,

- Tbtcc-bh mcuap
Jl Y 'z

0 0
0 0,

- 0 1
- p, 1

1 0
'I ,,0
l' 1

. 1 . "1

0
I
0
1
0
1
0
1

'panty bit
IcncralccS' '

I' "

, 1,
0
0
1
0,

I,
. 1

0

=> P=1

. sends (1101)2

L- pVW'~ h.'TRECEIVER
. receives (1101)2
. performs "parity checking"

i.e.,

to find out if the lof 1's is odd in (1101)2

. Determines there is no error & drops the parity bit to obtain (110)2

,'.' Parirtot' cbeck
f.oUf.bl, fClCClvod

Jl " z 1', C

0 0 0 .0 I '
0 '0 ..0 I 0 .
0 " ..0 I 0 0
0 '0 ., I ,1 ' . I
0 ' I 0 ': 0 .0
0 f 0' I ,
0 ,'" ' 0 ,

.0 , I ' 0
" I' , ',0 0 ,0 0

I 0 ' 0': , I
I ,0' ' 0 I,
I .. 0 I I 0

cl
I O. 0 I
I' ,-0 f) 0

I 'I . I ,', 0 0
I I .t ' , I I
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SWITCHING ALGEBRA
Boolean Algebra is a set of elements B with two binary operators + and .that satisfy the following six axioms
(Huntington postulates)

PI

P2

P3

B is closedwith respect to + and .: i.e.,V a, b e B,
a) a+be B
b) a . b e B

There exist identity elements, 0 e B and 1 e B, for + and " respectively: i.e., 'V a e B
a) a+O=a
b) a . I =a

+ and . are both commutative: i.e., 'Va, b e B
a) a+b=b+a
b) a . b=b . a

P4 + (.) is distributiveover. (+): i.e., Va, b, c e B
a) a+~.~=~+~.~+~
~ a.~+~=~.~+~.~

PS 'Va e B, there exists an element a' e B (which is called complement of a) such that
a) a + a' = I
b) a . a'=0

P6 There exist at least two elements a, b e B such that a * b

Fundamental Identities of Boolean Algebra
UniversalBound: V a e B,

a) a+l=1
b) a . 0=0

Absorption

Non-Cancellation

Idempotency

Associativity

De Morgan

Involution

Principleof Duality: Every algebraic identity deducible from postulates remain valid if .

+ is replacedby ..is replacedby+
0 is replaced by I
I is replaced by 0

Va,b e B,
a) a+(a . b)=a
b) a .(a + b) =a

: V a, b, c e B,
a) a+b=a+cp'b=c
b) a .b=a .cpb=c

: Vie B,
a) a+a=a
b) a .a=a

: V a, b, c e B,
II) a + + c) =(a + b) + c
b) a . . c)= (a . b) . c

: V a, b e B,
II) (a . b)' = a' + b'
b) (a + b)' = a' . b'

V a e B, (a')' = a
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BOOLEAN FUNCTIONS f(xt, X2' , xn)
Any boolean function f which takes a boolean constant (Le., 0 or 1) as its value
is defined over n boolean variables (Le., xl' x2, ...o,xn' each of which takes a
boolean constant as its value).
=> f(xt, x2' , xn)
SPECIFICATION OF f(xt, x2' , xn)
A) TRUTH TABLE-(TT)

1)
Xl X2 Xn f

0
1

~
~

0
0

0
0

0
1

2n COMBINATIONS OF l'S & D'S

2n - 1~ 1 1
1 t

VALUE OF f

In a IT for a boolean function f(xI' x2' , xn)'
- each combination of values for xl' x2' .o.o,xn can be represented as a

MINTERM Lt. L2 . . Ln
which is a ~ containing a literal Li for each xi' 1 $; i $; n
or .

MAXTERM L t + L2 + + Ln
which is a sum term containing a literal Li for each xi' 1 $; i < n
where LITERAL Li for xi is either xi or x'i' 1 < i ~ n

-m'j = Mj and M'j = mj (From De Morgan's Law) e.g., m' 0 = MO
(x' . y' . z' )' = (x + y + z)

Mlnterms and Maxterms for Three VarIables--.---- ,"_0.'_".'----
Minterms Maxterms-- --.----------

x y z Term Designation Term Designation.-..----
0 0 0 x'y'z' lIlo x+y+z Mo

0 0 I :e'y'z Ilr. x + y + z' M.

0 1 0 x'yz' /Il2 x+y'+z M2

0 1 I x'yz Ill) x + y' + z' M,

1 0 0 xy'z' m. x' + y + z M.

1 0 1 xy'z Ill, x' + y + z' M,

I 1 0 xyz' III, x'+y'+z M,

1 I J xyz 1117 x' + y' + I'. M7.
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B) BOOLEAN EXPRESSION (e)
f = e where e is a boolean constant, boolean variable, el . ez, el + eZ' e'I, or e'Z
A boolean expression for f(xI' xz, , xn) can be fonned
AS A SUM OF MINTERMS for which the value of f is 1

2n-l

=> f(x l' xz, , xn) = L «Xi. mi)
j=O

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

AS A PRODUCT OF MAXTERMS for which the value of f is 0
2n-l

=> f(xI' xz, , xn) = TI «Xi+ Mi)
i = 0

=> CPOS (CANONICAL PRODUCT OF SUMS) representation of f
e.g.,
CSOP

where (Xi(= 0 or ~) is the value of f

.

where (Xi(= 0 or 1) is the value of f

f(XI,XZ,x3) = Lm(1,4,5,6,7)=mI+ ID4+ IDS+ ID6+ ID7

= (xI'xZ'x3)+(x IxZ'x3')+(x 1xZ'x3)+(x 1xZx3')+(x 1xZx3)

CPOS f(xI,XZ,x3) = TIM(0,2,3)= Mo. Mz . M3
= (xI+xZ+x3) . (xI+xZ'+x3) . (xI+xZ'+x3')

a) INTERCHANGESYMBOLSL and TI
b) LISTTHOSENUMBERSMISSINGIN THE ORIGINAL.

e.g., CPOSf(xI,xZ,x3)= TIM(0,2,3)H CSOP f(xI,xZ,x3) = Lm(1,4,5,6,7)

2) CONVERSIONS AMONG REPRESENT ATIONS OF f(xI' x2' ...., xn)
A) TRUTH TABLE H EXPRESSION

Xlx2x3 f f'
(fJo 000 0 I
,(), 001 1 D
/Y')z. 010 0 ' CSOP f(xI,xZ,x3) =Lm(1,4,5,6,7)
f()3 0 11 0 '

c.sop f'(1 ,x"'J?<3):; rf'I(o)2.)3)11) 100 1 0
rns- 1 0 1 1 0 CPOS f(xI,xZ,x3)= TIM(0,2,3)
rf16 110 1 0

fcx"')<3) =7P/I(f,,r:; 6,7)rf'171 1 1
1 D Crc>S

B) CPOSH CSOP
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EVALUATION OF f(xI'x2' ,xn)
is based on

- a given combination of values for xl' x2, , xn

- a known precedenceamong operators( ) , , , . , +

3)

A)

B)

BOOLEAN EXPRESSION
Given CSOP for f(xI,x2,x3) and values for xl' X2, x3

e.g.,

f(xt,X2,x3) = Lm(1,4,5,6,7)=mt+ ffi4 + ffiS + II1{)+ ffi7

= (x l'x2'x3)+(x t x2'x3')+(x 1x2'x3)+(x 1x2x3')+(x 1x2x3)

Given CPOS for f(xI,x2,x3) and values for xl' x2, x3

e.g.,

f(xl,x2,x3) = TIM(O,2,3)= Mo. M2 . M3
= (xl+x2+x3). (xl+x{+x3) . (Xt+x2'+x3')

TRUTH TABLE
Given TT for f(xI,x2,x3) and values for xl' x2, x3

xlx2x3 f
000 0
0 0 1 1
010 0
0 1 1 0
100 1
101 1
1 1 0 1
11 1 1
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4) SIMPLIFICA TION OF f(xI' x2, , xn)
(FROM CANONICAL TO STANDARD FORMS OF EXPRESSIONS)

STANDARD FORMS OF EXPRESSIONS

SOP (SUM OF PRODUCTS):
NOT ALL PRODUCTTERMS ARE MINTERMS

&( )
"~ I I

e.g., l' x,y,z =x y z + xy + yz

POS(PRODUCT OF SUMS):
NOT ALL SUMTERMSARE MAXTERMS
e.g., f (x,y,z) = (x + y) - (x' + y + z) - (x + y/)

A) ALGEBRAIC SIMPLIFICATION
I) CSOP ~ SOP

e.g.,
f(x,y,z) = Lm(O, 2, 3, 4, 6, 7) = m3 + m2 + m6 + m4 + mO+ m7

= x/yz + x'yz' + xyz' + xy'z' + x/y'z' + xyz
= x'yz + x'yz' + xyz' + xy/z' + x/yz' + x'y'z' + xyz
= (x/y) - (z + z') + (x + x') - (y + y') - z' + xyz

= X'~ + Zl + xyz.
CPOS~ P~SII)
e.g.,

f(x,y,z) =TIM(2, 4, 5, 6, 7) =M4' Ms, M6' M7' M2
= (x'+y+z) - (x'+y+z') - (x' +y' +z) - (x'+y' +z') - (x+y' +z)
= [(x'+y+z)-(x' +y+z')-(x' +y' +z)-(x' +y'+z')]_[(X+y'+z)-(x' +y' +z)]
= (x' + yy' + zz') - (y' + z + xx')

= X'. (y' + 7-)
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B) GRAPHICAL SIMPLIFICATION (KARNAUGH MAPS)

* . ANY 2k ADJACENT SQUARES for k=O,1,2,...n IN AN n -VARIABLE MAP
PRESENTSAN AREATHAT GNES 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*

y y
x\. 0

--
. 1

mo ml 0 I x'y' x'y

m2 mJ + xy' xy

yz y
x

x{
'--v '"

1.

y

w

x

...
l

.
VV VI 11 10

x'y'z' x')"z x')"/. x')'z'

x)"z' xy'z x)"/. xy::.'

"'0
'" III m

I J 2

"'4 1' S "'7 "'6

"'0 ml mJ m2

nl4 ms "'7 nl6

ml2 "'13 nllS nlI4

nla m9 f"11 11110

. - .
' VV VI II 10

) w'y'z' w'y'z w'x'yz w'x'yz'

I w'xy'z' w'xy'z w'xyz w'xyz'

II wxy'Z' wxy'Z wxyz wxyZ'

10 wx'y'Z' wx'y'z wx'yZ wxt:yZ'
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GIVEN f = e in esop, OBTAIN MINIMAL SOP

Procedure-CSOP-to-SOP"
1 - MARK f ON THE MAP

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

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

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

aB f C?' Ij);: X.f- (1'

e.g., f(x,y,z) = L m(2, 3, 4, 5)

~

xf JiUft9
~

z.

fCX:/J)~)

f I

- Xd + X ((

e.g., f(x,y,z) = L m(3, 4, 6, 7)
'j.~

~\ :R-
v--J

z

I

f (~IJ? J -;;. Xz t'd Z
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e.g., f(x,y,z) =L m(l, 2, 3, 5, 7)

. ~
[][]]ID

d DIillD
~

7-

.f [)C<1,XJ ~ 7- + lCd

e.g., f(x,y,z) =L m(O, 2, 4, 5, 6)
j.......--.---

~
"r~

~

-z

.

f )
I 1

,. [~<jjA =- :z f-X(j

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

~

wf
1x

t J
-:z:.

\ I I f I
fCW)Xjjj"lj -=- ';1r!r-)Z fXZ

e.g., f(A,B,C,D) =:Em(O,1, 2, 6, 8, 9, 10)
c

~

~1

fCA/\ C)1j ~

" I , I ,

0))) tJ3C fAc!J

t t ....-,l-
T I I:...-

I J
t t


