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N H
HET Operations
m 2IEEEF m  Two binary operations
- MEEEF + — addition +
- BEEHETF - — multiplication -+
n HIEEEF m  Single operation
- WTEETF - — negation —
¥ m  Variables
- 0,1 - 0,1
- ¥R — Binary algebra
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2N (1) Laws (1)
m kA m  Commutativity
— A+B=B+A — A+B=B+A
— A-B=B-A — A-B=B-A
n SEEA] m  Associativity

— A-(B+C)=(A-B)+(A-C)
— A+(B-C)=(A+B)-(A+C)

— A-(B+C)=(A-B)+(A-C)
— A+(B-C)=(A+B)-(A+C)

u HfiT m  |dentity
— A+0=A — A+0=A
— A-1=A — A-1=A
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N (2)

Laws (2)

u T m  Complementation
— A+A=1 - A+A=1
— A'AZO — A'A:O
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n#E (3) Laws (3)
n EEORY m  Characteristics of operation
— HEZAD2EZBB TEEOHDETLEND Second law of associativity is not regular operation
— WEIEHTERLD

— ME-FE-HTOBEEHERTL0,13<FHACS

— Complementation is not inverse

— Result of addition, multiplication, complementatoin
is closed in {0,1}

W RE
- MEEREDERTEANBITLRERRL = Duality principle
— QL1EANEBZ THERIZRL — Result has similar form by exchanging addition and
multiplication
— Same result can be obtained by exchanging 0 and 1
#BEiR -1 SER / Coding Theory and Cryptography o #5HEi#-§5S iR / Coding Theory and Cryptography 10
= .
Bt 7E Duality
n EH m  Theorem
— T—LRETIE, TORD+E- 0E1ERB|LTTEDHE, In Boolean, an equation which exchange + and — as
FTORXDIR (dual) EFESR well as 0 and 1 of the original equation is called
— TLARBIZBNT, HEIEEMNRYILTIE, ZORAERY “dual” of the original
ID

o ERTARBISBVTOILALRETHE. BBER
EAIEICBET .
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In Boolean, if one theorem holds, its dual also holds

= Note: Addition and multiplication are on even
ground where as multiplication is given priority
over addition in the normal algebra.
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BEEfER (1)

m ORMEE(ER

0 (0] 0

0 il il

i 0 i

il il il
n ANDOEE{ER

0 0 0

0 dl 0

i 0 0

il dl il
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Truth Table (1)

®  Truth table of OR

|k |lO|O
R |O|k|O
rlk|k|o

m  Truth table of AND

Il E=RE=]
R |O|k|O
r|o|o|o
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BEEER (2)

m NOTOEHE{ER

(]
1 (0]

m NORMEMEER

L =ak=]

ROk |O
o|o|o|r
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Truth Table (2)

®  Truth table of NOT

(] 1
1 (0]

B Truth table of NOR

L =ak=]

R|O|FR|O
o|o|o|r
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EEEX (3)
m NANDDOEHE{ER
0 0 1
0 1 1
1 0 1
1 1 0
m XOROEE(ER
(©)
0 0 0
0 1 1
1 0 1
1 1 0
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Truth Table (3)

®  Truth table of NAND

0 0 1
0 1 1
1 0 1
1 1 0
B Truth table of XOR

(@)
0 0 0
0 1 1
1 0 1
1 1 0
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EHE (1)

#Ea
— A+(B+C)=(A+B)+C
— A-(B-C)=(A-B)-C

Theorem (1)

Associativity
— A+(B+C)=(A+B)+C
— A-(B-C)=(A'B)-C

IR UR B Absorption
— A+(A-B)=A — A+(A-B)=A
— A-(A+B)=A — A-(A+B)=A
REERF Idempotence
— A+A=A — A+A=A
— A-A=A — A-A=A
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=
EE (2) Theorem (2)
e Contd.
— A+1=1 — A+1=1
— A-0=0 — A-0=0
— A+(A+B)=1 — A+(A+B)=1
~ A“(A'B)=0 ~ A“(A'B)=0

— (A+B)-(A+B)=(A-B)+(A-B)
- (A-B)+(A-B)=(A+B)-(A+B)

F-EILA> DRI

— (A+B)=A-B
— (A-B)=A+B
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— (A+B)-(A+B)=(A-B)+(A-B)
- (A-B)+(A-B)=(A+B)-(A+B)

De Morgan Law

— (A+B)=A-B
— (A-B)=A+B
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K-EJLA>DEE]

i1
- MAOEEF170cmL ETHY, KEIL60kglLITHD
DHBEEI
TFADERIF1L70cmEU ETHY, AE(L60kgL LI THLY,
TlEiK,
IFADHRIFL70cmFKHTHDH, HREIF60kgEKHITHD

2

— TZOR—ILIEFLD, KLV
DHBEEE
TZOR—IVIEERILL, BN
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De Morgan Law

Ex. 1
— “My height is over 170cm and weight is over 60kg”
its negative is not
“My height is less than 170cm and weight is less
than 60kg”
but,

“My height is less than 170cm or weight is less than
60kg”

Ex. 2
— “This ball is blue or red”
its negative is
“This ball is neither blue nor red”
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EHE (3)

Va5
- A(B+(A-C))=(AB)+(A-C)
— A+(B-(A+C))=(A+B)-(A+C)

HHITDRIR
— A+(A'B)=A+B
— A-(A+B)=A-B
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Theorem (3)

B Modular Law

- A*(B+(A-C))=(A-B)+(A-C)
— A+(B-(A+C))=(A+B)-(A+C)

m  Absorption of complement

— A+(A-B)=A+B
— A-(A+B)=A'B
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B DIRER (1)

T—IVEBEER) DR/NMNELR KR
- f(xy,2)=(x+y)-z

0 0 0 0 X+y+z
(0] (0] 1 0 X+y+z
(0] 1 0 0 X+y+z
(o) il il i X'yrz
1 (o] (o] 0 X+y+2z
1 [0} 1 1 Xy z
1 1 0 0 x+y+z
1 1 1 1 Xy+z
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Normal Form of Formula (1)

B Conjunctive Clause and Disjunctive Clause of Boolean

algebra (3 variables)
- fxy,2)=(x+y)-z

(0] (0] (0] 0 X+y+z
(0] (0] 1 0 X+y+z
(0] 1 0 0 X+y+z
(o) il L i X'yrz
1 0 0 0 X+y+2z
1 [0} 1 1 Xy z
1 1 0 0 x+y+z
1 1 1 1 X'y+z
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B DIRER (2)

RNAEERKIR

— BR/NE: T-LERORE

- RKHE: T-LEHOM

ENEREM EERIERER

- EMERER: JNROMNTHBERR
- EFERER: RRXAOHECTHRERE

%

f(X,y,z)=x"y z+ X*y*z+ X*y-z
=(X+y+2) (X+y+2) - (X+y+2) (X +y+2) - (X +y+2)
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Normal Form of Formula (2)

Conjunctive Clause and Disjunctive Clause
— Conjunctive Clause: Multiplication of Boolean variables
— Disjunctive Clause: Addition of Boolean variables

Disjunctive Normal Form and Conjunctive Normal Form

— Disjunctive Normal Form: Logical formula is represented
by additions of Conjunctive Clauses

— Conjunctive Normal Form: Logical formula is represented
by multiplication of Disjunctive Clauses

Ex.
— f(x,y,2)=x"y z+ X'y z+ X*y*z

S(xHy+2): (X+y+2)* (x+y+2) - (X+y+2) (X +y+2)
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3 0h < A
BB DIZER (3) Normal From of Formula (3)
n EEREROER ®  Modification of Disjunctive Normal Form
— f(x,y,2)=x"y z+ X"y 7+ X'y-z (XY, 2)=X Y 2 XY ZH Xryez
=(x"y+ Xy+ Xy)+z =(Xy+ XY+ XYz
=(Xry+ x-(y+y))-z =(Xry+ x-(y+y))-z
=(xy+ x+1)-z =(xry+x-1)-z
=(xy+ x)°z =(xry+ )2
=(x+y)-z =(x+y)-z
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Gkl Quiz

n EFFREFERHOSTOBEBEET m Derive the original formula from the conjunctive
= f(xY. D)= (x+y+2)  (x+y+2)* (x+Y+2) " (X+y+2)* (x-+Yy+2) normal form

= XY, 2)=(x+y+2): (x+y+2) (x+y+2) (X+y+2) (X+y+2)
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a .
=& (2) Quiz (2)
B A+(A-B)=A+B ZiFBAt & m  Give a proof for A+(A-B)=A+B
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EA - - -
FmIB[E % Logic Circuit
m OR m OR
A A
A+B A+B
B B
m AND m AND
A A
A-B A-B
B B
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I =
A Answer
m A+(A-B)=A+B m A+(A-B)=A+B
m =A-1+ A-B m =A-1+ A-B
B =A-(B+B)+A-B B =A-(B+B)+A-B
m =A-B+A-B+A'B m =A-B+A-B+A'B
B =A-B+ A-B+A-B+A-B B =A-B+ A-B+A-B+A-B
m =(A-B)+(A-B)+(A-B)+(A-B) m =(A-B)+(A-B)+(A-B)+(A-B)
B =A-(B+B)+(A+A)-B B =A-(B+B)+(A+A)'B
m =A-1+B-1 m =A-1+B-1
m =A+B m =A+B
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I q
)] Quiz
1. A(A+B)+B= 1. A(A+B)+B=
2. A(A+B)+B(A+B)= 2. A(A+B)+B(A+B)=
3. A(A+B)= 3. A(A+B)=
4. A(A+B)= 4. A(A+B)=
5. (A+B)(A+B)= 5. (A+B)(A+B)=
6. (A+B)(A+B)= 6. (A+B)(A+B)=
7. (A-B)+B= 7. (A:B)+B=
8. (A+B)+B= 8. (A+B)+B=
9. (A:B)-A= 9. (A:B)-A=

10. (A*B)(A+B)=
11. (A+B)(A+B)+B(A+B)=
12. (A+B)+(A+B)=
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10. (A*B)(A+B)=
11. (A+B)(A+B)+B(A+B)=
12. (A+B)+(A+B)=
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Bz

Answer

1. A(A+B)+B=AA+AB+B=A+B(A+1)=A+B 1. A(A+B)+B=AA+AB+B=A+B(A+1)=A+B

2. A(A+B)+B(A+B)=(A+B)+(A+B)=A+B 2. A(A+B)+B(A+B)=(A+B)+(A+B)=A+B

3. A(A+B)=AA+A-B=A-B=A+B 3. A(A+B)=AA+A-B=A-B=A+B

4. A(A+B)=A-A+A-B= A+A-B=A(1+B)=A 4. A(A+B)=A-A+A-B= A+A-B=A(1+B)=A

5. 5.

#ESER-IESENA / Coding Theory and Cryptography 43 #ESER-I§SEMA / Coding Theory and Cryptography 44

A A :
i -F§ 55 / Coding Theory and Cryptography




