Control with binary code

b ! & A ! - b ! ~ A ! - ~ ! -
10508 ROSOd ROW
1 1 0 1 1 1 0

0
Row with imdicator lamps showing 8-bit number, Byte

Bin —» Dec Hex —» Dec
11011010 1101 1010
27 26 05 94 93 92 o1 Sl D A
128 64 22 168 8 4 2 1 161 16!]
128+64+0+16+8 +0+2 +0=218 16 1

1316+ 10-1 =218
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Dec — Bin — Hex — Oct

Dec | Bin |Hex|Dec| Bin | Hex
0 |0000]| O 8 (1000 8
1 (0001 | 1 9 1001 9
2 |0010| 2 [ 10 (1010 | A
3 0011 3 11 |1011 B
4 (0100 | 4 12 {1100 C
5 |0101 | 5 (13 (1101 | D
6 |0110| 6 |14 (1110 | E
7 |0111 | 7 |15 |1111 F
11011010
D A 3 3 2
N\ NN
1101 1010 11 011 010

218,, = 11011010, = DA, = 332,
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Ex 1.1c Decimal to Binary

binary weights: 1024 512 256 128 64 32168421

715="7,
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Ex 1.1c Decimal to Binary

binary weights: 1024 512 256 128 64 32 16 84 2 1
- )
7110 - 2

71, =
(64+7= 64+4+2+1) =1000111,
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Ex. 1.2a Binary to Decimal

binary weights: 1024 512 256 128 64 32168421

101101001, = ?,,
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Ex. 1.2a Binary to Decimal

binary weights: 1024 512 256 128 64 32168421

101101001, = ?,,
101101001, =

(28+2642°+23+20=256+64+32+8+1)
=361,
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Ex 1.3c Binary/Octal/Hexadecimal

100110101, = ?,, = 2,
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Ex 1.3c Binary/Octal/Hexadecimal

100110101, = ?,, = 2,

1 0011 0101, =135,
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Ex 1.3c Binary/Octal/Hexadecimal

100110101, = ?,, = 2,

1 0011 0101, =135,

100 110 101, = 4 6 5,
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Venn-diagram

everything nothing X outside x
Constant "1" Constant "0" Variable x Variable «
XV X+ v X T
X iIn common withy  x together with y X in common with outside y
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Ex. 3.2 De Morgans theorem
with Venn diagram

Prove De Morgans theorem with the use of Venn
Diagram.

X-y=x+y
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EXx. 3.2 De Morgan

X-y=x+y
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EXx. 3.2 De Morgan

X-y=x+y

(0
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EXx. 3.2 De Morgan

X-y=x+y

P
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EXx. 3.2 De Morgan

X-y=x+y

@
i

:lr'_l
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EXx. 3.2 De Morgan

X-y=x+y

0 0

Now proved!
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(Ex. 5.1) How to open the
code-lock? (=minterm)

_|
|
I
I
_|
|
-
I
I
I
R
o
-
|
|
|
|
2]

Which buttons should be L
simultaneously pressed in
order to light up the lamp?
( = open up the lock)
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(Ex. 5.1) How to open the
code-lock? (=minterm)

Which buttons should be L
simultaneously pressed in
order to light up the lamp?
( = open up the lock)

Answer: 4,dand 2,h but
you must simultaneously avoid

pressing abce fgi and k! —
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(Ex. 5.1) How to open the
code-lock? (= mlnterm)

Which buttons should be
simultaneously pressed in
order to light up the lamp?
( = open up the lock)

Answer: 4,dand 2, h but

you must simultaneously avoid
pressing abcefgi andk! —

T=a-b-c-de-f-g-h-ik
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(Ex. 5.1) How to open the
code-lock? (=minterm)

Which buttons should be L
simultaneously pressed in
order to light up the lamp?
( = open up the lock)

Answer: 4,dand 2,h but
you must simultaneously avoid

_|
|
I
I
_|
|
-
I
I
I
R
o
-
|
|
|
|
2]

pressing abce fgi and k! —

T:g.g,.c.d.e.f.g.h.}}

A product-term with all variables is called aiminterm
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Ex 3.3 Venn Diagram

a) Draw a Venn Diagram for thre variables and mark all truth table
minterms in the diagram.

b) Minimize this function with the help of the Venn Diagram.

f = XaX1Xy + X2X, Xy + X, X1 Xy + X, X, Xo + X, X, X,
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Ex. 3.3a Truth Table — Venn diagram

X2X1X0

00 0 | mg

001 |[mgq

010 |mo m
e [
1 00 | my

1 01 ] ms mg
1 10| mg

1 11| m7y
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Ex. 3.3b simplified expression

Orginal expression.

S =X X x0T Xx1 x0T XX X9 T XX Xt x3X1 X

A2 X1 X0

000][O0

001 |1

0101(0 A
011 |1 _ "
1000 |
101 |1

110]1

1111
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Ex. 3.3b simplified expression

Orginal expression.

S =X X x0T Xx1 x0T XX X9 T XX Xt x3X1 X

A2 X1 X0

000][O0

001 |1

0101(0 A
011 |1 _ '
1000 |
101 |1

110]1

1111

Simplified! f=xx1txg
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Boole’s algebra rules

Logical addition "+", OR, and logical multiplication "x", AND, broadly
follows the usual normal algebraic distributive, commutative and associative
laws (with one exception).

A(B+C)=AB+AC
A+(BC)=(A+B)(A+C) Eveption!
AB=BA

A+B=B+A

(AB)C=A(BC)
(A+B)+C=A+(B+C)

Distributiva lagarma

Kommutativa lagaima

Associativa lagarma
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Theorems

Rules
A-4=24 A.-0=0 A+0=4

A+4A=4 A-1=4 A4+1=1
Some theorems

A+A-B=A

Absorption A-(A+B)=4

A-B+A-C=

Consensus A-B+A-C+B.-C

de Morgan

William Sandgvist william@kth.se



Ex. 4.1(a, b, ¢, h) Boolean
algebra

4.1

féf‘ f=u-5-d+u-d
fxf;l ‘=za-(b+a-c+a-b)
('uff =a+b+a-b+c

m _f':m+h-;;-{a-ﬁ+r}
e) f:{u+!-1}-{a+h}-{cr+hj
f) _f':E-!'_)-f+u-h-c‘+5-h-r
g) L,\":;-h;+;-b-;f+{‘-d

{JB}} ;e a+(a-b)

) f=a+a-b+c
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EX. 4.1a

f=a-c-d+a-d ={factorad}=a-d-(c+1)=a-d
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Ex. 4.1b

f=a-(b+a-c+a-b) =a-b+a-a-c+a-a-b=

—ab+0+a-b=a-(b+b)=a
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Ex. 4.1c

f=a+b+a-b+c =
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Ex. 4.1c

f=a+bia-b+c :a+(a+5)-5+5-b+6=

:a+ao5+[5-5+5-b}+5:

=a+a-5+[5-(5+b)]+6=

=... a+5...=1
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Ex. 4.1h
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Ex. 4.1h

n |

f =a+(alb) ={deMorgan}=a+a@lb=a+b
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Ex. 4.4 De Morgan

4.4

(a+bhb+cWa+b+ocia+be+bo)
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EX. 4.4

(a+b+c)(a+b+c)@+bc+bc)=(a+b+c)a+b+c)@a+b+c+bec)=

=(a+b+c)a+b+c)a+b+c)=

(a+b+c)+(a+b+c)+(a+b+c)=abc+abc+abc = abc + abc + abc + abc =

= ac(b +b) +bc(a +a) = ac + be v

Duplicate!
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Logic gates
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

& s -
1—& 0 0
1] 0—] 1—
:}:&J— 0 21p- =1
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND
1— — 0—
o4& [0 1421~ =1
1— 0—] 1—
14&p- 0z [=1p-
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND OR

1 _| 0—
EI?:&—O 1—z1—1 D_=1—
1 0— 1
Hap = O
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND OR XOR
1— 0— 0—
04&—0 14z1—1 __|=1—0
1] 0—] 1—
14&p- 0z [=1p-
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND OR XOR
1— 0— 0—
04&—0 14z1—1 __|=1—0

NAND
1 J&b-0 021 .
1— 0 33="11 1=
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND OR XOR
1— 0— 0—
04&—0 14z1—1 __|=1—0

NAND NOR
1— 0—] 1—]
1I4&p-0 9z1p-1 | |=1p-
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(Ex. 4.5a) Gates

Enter the name and output 1/0 for the following six gate
types when the input signals are as shown in the figure.

AND OR XOR
1— 0— 0—
04&—0 14z1—1 __|=1—0
NAND NOR  XNOR
12 &p-0 8d21p-1 ||=1p-1
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Ex. 4.7 Timing diagram and
Truth Table

A X g | I_

C
s
xg\wi__rm—rxﬂuuuu
o
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X
1A&C Xz
1
B :21_f}f0
&
D
XQX—IXGf A
000 |0 B
0O 0 1
010 C
0 1 1 D
1 00 f
1 0 1
110
17 1 1
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X
1A&C Xz
1
B :21_f}f0
&
D
XQX—IXGf A
000 |0 B
O 01 |1
010 C
0 1 1 D
1 00 f
1 0 1
110
17 1 1
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A X2
1 o— C
& X
B :21_3‘ XU
&
D
XQX—IXGf A
000 |O B
0 01 1 C
O 1 0 |0
0 1 1 D
1 00 f
1 0 1
1710
17 1 1
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X

1A C 2
& X1

18 _21_'?‘}(0
&p

XQX—IXGf A

000 |0 B

O 01 |1 C

010 |0

01 1 |1 D

1 00 |1 f

101 |1

171 0 |0

1711 |0
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Ex. 4.12 From text to Boolean
eguations

X0 |
X “
X5 Uy
X3 Uy
4

*5

A combinatorical circuit with six input signals Xz, X,, X3, X,, X; and three output
signals u,, u,, Uy, is described in this way:

* U, =1ifandonly if “either both x, and x, are 0 or x, and X; are different”

« u, =1ifand only if "X, and x, are equal and X is the inverse of Xx,”

* Uu,=0ifandonly if ”X, is 1 and some of X, ... X is 0”
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OH 4.12

U, =1 ifand only if AND

XOR )(4 and Xg dl€ dTﬁ:eren¢ XOR

Ug = X, - X, @ (X, ® X )

William Sandgvist william@kth.se



OH 4.12

u, =1 if and only if

"0 x, are cqual and] s the inverse o

XNOR AND XOR

U =Xy X, - (X5 D X,)

— (Xoxl + X, Xl) y (X5 X, + X5X2)

William Sandgvist william@kth.se



OH 4.12

NOT

|
[uz = O} If and only If

"X 1S 1[some of X; ... Xg is

AND OR NOT

U, =X, - (X, + X, + X3+ X4 + X5)

= U, =X, (Xy + X, + X3+ X, + X5) =

= Xo + (X + X5 + Xz + X4 + Xs) =

William Sandgvist william@kth.se



Logic circuits of SoP-form

All the logical functions can be realized by using gate types AND and OR
combined in two steps. We assume here that the input variables are also
available in inverted form, if not then you of course inverters too.

One can realize the gate circuit

AND-OR logic, SoP-form _
J direct from the truth table. Each

—— =p-form "1" in the table is a minterm. The
bl E—E 2 b function is the sum of these
oofo . b L] _ _ minterms. One says that the
D111 &b — =1 +—f=a8r+3.n ) ) :
10l eb T 2 in function is expressed in the SoP
b — 7 b form (Sum of Products).

However, there may exist a simpler circuit with fewer gates that
do the same job.
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Ex. 5.2 SoP and PoS normal form

2

A locic function has this Truth Table:

th

abc | f

:: :: 'l’ {1] Write the function on SoP normal form:

010 10 fla, b, ¢)=

‘1' 1} 1} {i] Write the function on PoS normal form:
0 . S

01 I na, b, c)=

110 |0

111 |1
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Ex. 5.2 SoP-form

A logical function has the following truth table. Specify the function of
SoP-normal form (sum of products).

oy
o
Ta

i N s T s I Y
R e T s R o B o
I e R S N
_\D_'\._\QDD_\|,_H
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Ex. 5.2 SoP-form

A logical function has the following truth table. Specify the function of
SoP-normal form (sum of products).

oy
o
Ta

ab

abc
abc

i N s T s I Y
R e T s R o B o
I e R S N
_\D_'\._\QDD_\|,_H

abc
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Ex. 5.2 SoP-form

A logical function has the following truth table. Specify the function of
SoP-normal form (sum of products).

oy
o
Ta

abc f=a-b-c+a-b-c+a-b-c+a-b-c

abc
abc

N NN o I o Y
SRR o T R o W
A e A o R e R
_\Q_'\._\.(:DD_\|__'1

abc
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Ex. 5.2 SoP-form

A logical function has the following truth table. Specify the function of
SoP-normal form (sum of products).

abeo|f
000 |1 abc f=a-b-c+a-b-c+a-b-c+a-b-c
0010
0100
o110 __
100 |1 abe s
101 |1 abc | &
1100 c—
1111 abe 4
EI—&—‘
E_
2 f
a— mik
b— &
b
g
h— &
b
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Logik circuits of PoS-form

OR-AND logic, PoS form

Alternatively, one can focus on the . Pe-form
truth table Os. If a gate circuit ol a—}_1(a+bj|
reproduces the function 0's correct  80(0 ta+&) b — = [ | .
then of the sarerightto! 10|15 [ @R
en of course the I's are rightto!  1of1 _ piiiy
] [a2+8]

Thus, if the function is to be "0" for a particular variable combination (a, b) for
example (0.0) one is forming the sum (a + b). This sum could only be "0" for
the combination (0.0).

Such a sum is called a maxterm. The function is expressed as a product of all
such maxtermer. Each maxterm contributes with a O from the truth-table. The
function is said to be expressed in the PoS form (Product of Sums).
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Ex. 5.2 PoS-form

A logical function has the following truth table. Specify the function of
PoS-normal form (product of sums).

oy
o
Ta

i N s T s I Y
R e T s R o B o
I e R S N
_\D_'\._\QDD_\|,_H
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Ex. 5.2 PoS-form

A logical function has the following truth table. Specify the function of
PoS-normal form (product of sums).

oy
o
Ta

(a+b+C)
(a+b+c)
(a+b+c)

i N s T s I Y
R e T s R o B o
I e R S N
_\D_'\._\QDD_\|,_H

(a+h+c)
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Ex. 5.2 PoS-form

A logical function has the following truth table. Specify the function of
PoS-normal form (product of sums).

f =(a+b+c)-(a+b+c)-(a+b+c)-(a+b+c)

oy
o
Ta

(a+b+C)
(a+b+c)
(a+b+c)

(a+h+c)

N NN o I o Y
SRR o T R o W
A e A o R e R
_\Q_'\._\.(:DD_\|__'1
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Ex. 5.2 PoS-form

A logical function has the following truth table. Specify the function of
PoS-normal form (product of sums).

f =(a+b+c)-(a+b+c)-(a+b+c)-(a+b+c)

ahe | T

000 |1 i

0010 (ath+c)

0100 (a+b+c) a4
011 |0 {a+b+c) b— 2
10011 C
1011 g
1100 (a+b+c) — =
T1T111

cirl
W

i

t:|r|
W
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> and IT

SoP and PoS-forms are

usually simplifies to a list of SP-form
the included maxtermerm’s / e e AND-OR
= ) - . (103310 1D=5_b ___ =1 f=2.b+3.8
mintermerm’s serial number: S T
f(a,b) = Zm(l,Z) . PS-form
o e OR-AND
f(a,b) = IIM(0,3) L1 s S Py P
(3 11| 0=(3+F) ;: =1 (_EI»;) traby= (033

William Sandgvist william@kth.se



Ex. 5.3 SoP and PoS -form

A minimized function is given on SoP form (Sum of Products).
Specify this function with minterms on SoP normal form, and with maxterms on PoS
(Product of Sums) normal form.

flx.v.z)=xv+vz+ag
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Ex. 5.3

f(,Y,2)=Xy+YZ+x2 =Xy(z+2)+(X+X)yz+X(Y+Y)z=

= xyz + X§E+ XYyZ + XYyZ+ Xyz +§§z
= f(x,y,2)=) m(001,010,011,100,101,110) = > m(1, 2,3, 4,5, 6)

= f(xy.2)=][M@O7)=(x+y+2)(x+y+12)

William Sandgvist william@kth.se



complete logic NAND-NAND

OR AND and NOT could be NAND-NAND
produces with NAND gates. For ‘e ke = 1 L2
logic functions on the SoP form, o o
you can change the AND-OR =F P b = =P o
circuit to NAND-NAND "straight afg bt = o b
off". — il — a:21 Rk
— & Qgiaz_aﬂz b —
b L=1 b
8
" : —& The cost, the number of
—8po{8p4&t &b = gates, will be the same!
@@ i
- —&]
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complete logic NOR-NOR

OR AND and NOT can also NOR-NOR

be produced with NOR gates. ep? = 1R
For logic functions on the PoS S »
form, you can replace the OR-  —=1pHz1p- = —=11—
AND circuit to NOR-NOR igmoEL = . ab
n H " = = ] —
straight off". ﬁﬂﬂi:“ 1S
Tz Haf | =R
" " :ﬂfg— The cost, the number of
—EIP = gates, will be the same!
bz bz —21P
- - — =1
- —21p
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EX. 5.5 NAND-gates

5.5

Change to NAND gates! &
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Ex. 5.5
NAND oates | & FF

a
b— |

C —

Algebraically:

a+b-c=a+b-c=a-b-c

William Sandgvist william@kth.se

& &P




(Ex. 4.11) European and
American Symbols

Try out yourself ...

o [£1-| G | Hap | Btb-| T | IF
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(Ex. 4.11) European and
American Symbols

Try out yourself ...

AND OR NOT NAND NOR XOR XNOR
&— | 21— | 1p— | I &p—| _[21p—| =1 “=1p-
-1 = | d> 2> > | T~

William Sandgvist william@kth.se
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