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(R A —-AN-G)

R A G
(—RAAAN-G) 0 0 O
O 0 1
O 1 O
(—RANANG) 0 1 1
1 0 O
1 0 1
(RN —-AN-G) 1 1 0
1 1 1
(RANANG)

disjunctive normal form DNF
engineers write + for v, x for A, A’ for =A

and call this a sum of products SOP
R'A'G" + RAG" + R'AG + RA'G" + RAG
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we can also look at the states that do not satisty the property

\ (RAAA-G) )

R A G 22

[ (FRA-ANG)N 0 0 0 1

y 0 0 1 0

0 1 0 1

— (RAN-ANG) 0 1 1 1
1 0 0 1

v i 0 1 o

1 1 0 0

1 1 1 1

Then we apply de Morgan...



\ (RAAA-G) )

R A G 722
[ (FRA-ANG)) 0 0 0
y 0 0 1
0 1 0
- | (RA-AANG) 0 1 1
1 0 O
v 1 0 1
1 1 0
1 1

A(~RA-ANG) (RV AV -G)
A A
= (RA-ANG) = ("RVAV-G)=
A A
—(RANAN-G) (~RV-AVG)
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conjunctive normal form CNF

(AV -G)

e
(-RV-AVG)

engineers write this as

(A+G).(R +A + Q)

a product of sums POS









Boolean Algebra

rV(yVz)=(xVy)Vz e AN(YyANz)=(xANy)Az associative
zV(yNz)=(xVy AN(xVz) xzAN(yVz)=(xAy)V(xAz) distributive
rVy=yVax TNYy=yNx commutative
xrV0==x rN1l==x identity
xV1=1 x A0 =0 annihilation
rVr==x TANx =2 idempotent
xV-x=1 —xANx =0 complements
zV(rAy) =z rAN(xVy) =z absorbtion
—(xVy)=—-x Ay —(x ANy)=—-xV Yy de Morgan

S =X T — Y =T < Y
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Lewis Carroll (The Rev. C.L. Dodgson)
R A G

)

17| G(x) & R(z) < A(z)}

es
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00 01 11 10 | G(z) < R(z) < Az)}

M1

G
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(-GVA)AN(—-RVGV-A)
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Karnaugh Maps B

AG
00011110
00
01
RBH
10

R

4 atoms: 16 states: 64K subsets




Karnaugh Maps B

AG

00011110

000 0 00

01 0(1 1) 0
111011 1] 0
10000 00

Ghp

4 atoms: 16 states: 64K subsets

RB
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Karnaugh Maps B

AG
00011110

4 atoms: 16 states: 64K subsets
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Karnaugh Maps B

AG
00011110

001 1)]o o0
011 1)

110 O
10/ 0 | O

—-AN R -

4 atoms: 16 states: 64K subsets

—

RB

00
00
00
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Karnaugh Maps B

AG
00 01 11 10
00 (1 1)
01l 0 00
0
0

RB11 0
10/ o

BA-R IS
R

4 atoms: 16 states: 64K subsets

| O O|—=
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Karnaugh Maps B

AG
00011110




Karnaugh Maps B




Karnaugh Maps B

AG

00011110

000 0 00

01 0(1 1) 0
111011 1] 0
10000 00

Ghp

4 atoms: 16 states: 64K subsets

RB
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Karnaugh Maps B
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00011110

00 1 1
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01 1[0
B o
100 1 | 1
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4 atoms: 16 states: 64K subsets
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Karnaugh Maps B

AG
00011110

001 1]
01l 1

S
oL

10 /o
(—A /(—IR) V (AE\ R) -
R

4 atoms: 16 states: 64K subsets

—
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Karnaugh Maps B

AG
00011110
00 1 (0 0]
~g01 1 10 0
110 o) 1 A1
10 0 R\

(ﬂR\/A)/\(mb\/R) -

R

SORE

4 atoms: 16 states: 64K subsets
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Karnaugh Maps to produce a DNF / SOP
identity blocks of 1s
AG and write a product for each

00011110

OOE
01

RB11 0
10| o

—

m
o)

- B

ﬁ E 4 atoms: 16 states: 64K subsets
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Karnaugh Maps

to produce a DNF / SOP
identity blocks of 1s

AG and write a product for each
00011110
00(1)o o0 o0
Rg 01 W1 0 o
110 (1)1 1
. (RANA)V(BAN-AANG)V (RN -AN-G)
ﬁ E 4 atoms:16 states: 64K subsets
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Karnaugh Maps

AG
0001 1110
00 1 0| 0]
01 0 0

1

1

1
110 1
o)

RB

10 1

9- -k
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to produce a CNF / POS
identity blocks of Os
and write a sum for each
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Karnaugh Maps to produce a CNF / POS
identity blocks of Os

AG and write a sum for each
00011110
00 1 loJfo o
01 1 10 0
RBH (o) 11 1
10 @@ 1 1 (R'+A+G)(B+A+G)(R+A")
. (-RVAVG)AN(BVAV-G)A(RV-A)

ﬁ E 4 atoms: 16 states: 64K subsets
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