2019-10-12

Uktady logiczne

Technika cyfrowa i mikroprocesorowa
dr inz. Dominik tuczak

Algebra Boole’a

Poznan University of Technology
Institute of Control, Robotics and Information Engineering

Operatory

) y

Alo]s v]ol1 -|ol1 @lo|1
. 0]o]o L oJo[1 NCIEE L ofoT
NI CIE 1K NEICIE 1o

Figure 1. Truth tables
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Operatory
Tablica prawdy
dla negacjil®:

P -p Schroder  Peano
Peirce | Russell

Hilbert  Eukasiewicz
0 1
1 0

Negacja 7 ~p P Np
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Operatory
Tablica prawdy dla alternatywy
P q PVyq
0 0 0
0 1 1
1 1] 1

1 1 1

Schroder | Peano, Russell
tukasiewicz
Peirce Hilbert

Alternatywa  p+q pVa Apq
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Operatory - Binegacja

A B ANORB| AvB
o | o 1
o | 1 0
1|0 0
1 1 0
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Operatory
Tablica prawdy dla alternatywy rozigcznej

P q ryq

0 0 0
0 1 1
1 0 1
1 1 0

EOR, EXOR, Vv, V, Vv, ®
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negaciji alternatywy wykluczajacej

Input  Output XNOR operationis S=A© B.
A B AXNORE

00 1
01 0
1/0 0
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Operatory
Tablica prawdy dla koniunkgjil?:
P q phg
0 0 0
0 1 0
1 0 0
1 1 1

Schroder Peano )
Hilbert bukasiewicz
Peirce | Russell

Keniunkeja  p-q p.q | pkgq Kpq
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Operatory
Tablica prawdy dla dysjunkcji
P q pla |PAQ

0 0 1
0 1 1
1 0 1
1 1 0
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Operatory — wybrane zestawienie

NEGACIA —

KONIUNKCIA A
ALTERNATYWA WV
ALTERNATYWA WYKLUCZAJACA @

11

Poznan University of Technology
Institute of Control, Robotics and Information Engineering
Tozsamosci
An0 =0 Av0 = A o2
Anl = A Avl =1 S
AnA = A AvA = A _ =
ANA =0 AvA=1 | -
Przemiennosci T o - | —
AnB = BAA | e |y |
AvB = BvA | S| 23
Ty e R
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tacznosci

AN(BAC) = (AAB)AC

Av(BvC) = (AvB)vC
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rozdzielczo$ci
A A (BvC) = AAB v AnC
Av BAC = (AvB)A(AV()
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ArnA=0
AvA=1
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A=A
AnB = AAB
AvB = AvB
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D Morgana
AnB =
AvB =

wo[lus]

Av
An

AAB + AAB rOZne
AvB + AvB rO0zne
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De Morgana

AABACA ...AD = AvBvCv ...vD

AvBvCv ..vD = AANABACA ... AD
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Redukcja przez absorbcije
Av (AAB)=
Ar(1lv(1aAB))=
=A

AAr(AvB)=AAAvAAB=AvAAB=A
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<

Redukcja
(AAB)v(ArAB)=A(BArB)=A

(AvB)A(AvB)=
(ArA v AAB) v (BAA v BAB)
=A
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L

Redukcja

Av(AAB)=AvB

Ar(AvB)=ArB
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AND operations OR operations: INV operations. |
Totablo | Laws | Tomisbe | taws | Ttablo | Laws

0:00 | A-0=0| 040-0| AsO=A | 0=t | A=A

1:020 [A1=A [ 140=1 | Ast=1 | veo

01wl |AAwA | Osluml AsA=A

Totmt | AA=0 [ 1e1a1 [ AeAat

Associative Laws. Commulative Laws | Distributive Laws

(AB)C = A{BC) = ABC ABC=BAC= A{B+C) = (AB) + (AT)
(A+B)+C = A(BsC) = AsB+C | AvBiC = BsCoA = ... | AS(BC) = (AsB) - (A:C)

Truth tables to verify laws.
A B C|AB[B.C[AC]ABBC [AC ABC) [(A+BHAC)
coojo|o oo oo @ ] o o
oo1fofr[1]ofoafo]| @ 0 0 o
orofr|[r|oflo|o|o]| @ 0 0 o
orafr a1 fe|r|o] @ 0 1 1
roof1|fof1|efofo] @ 0 1 1
IERIEEEEERERERER ] 1 1 1
IR IEEEE R ER RN 1 1 1
(RN N AN AT N I AR 1 1 1
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Zadanie
d=(aAbvc)

Implementacja sprzetowa

24



Poznan University of Technology
Institute of Control, Robotics and Information Engineering

Logic Logic Truth Boolean
function symbol table expression
[a]v]
Butler | A 0_ ¥ o n YeA
1
merer | [aT¥] ~
(NOT gate) ¥ .n Yok
Ae]Y
000
2anput | A -
st [ 2T | |3 0[] | vere
i1
Y
2-ing A 1
(oS D v H V7B
sate | B H
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Bramki logiczne

AB|Y
2-input A AR Y=A+B
ORgale | o ¥ : o1

101
AB|Y
. 001
2-input A ¥
NOR gate B:DC’—V T 418 Yunre

110

A B|Y
Zinput | A HEN B
¥ =
EX-OR B:)D'Y 10]1 ¥EA®B
gate i1]o

ABJY
Zinput | 001
EX-NOR j v 01]o v=A08
S pefe
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Symbole

AND NOR

EC 60617-12 E- -D— E- :‘E‘)- E:— :‘Eb—
renm ) > Po D e e De
e 3 B D> B D D B

XOR
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A AeB Ae—]

OR = A:B=A+B
8 Beo—(
AB Ae—

NAND' o——e A+BuAB
] Be—

NOR | C—e A-B=A+B
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ementacja
d=(aAbvc)
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s ¢
s i
A i
e

S d=(aAbvo)
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https://circuitverse.org/simulator

DEN-K] 0a ouneeers

Poznan University of Technology
Institute of Control, Robotics and Information Engineering

https://logic.ly/
d=(aAbvc)

o ? E =D B
B o bk O 80k o 5
.'-“‘D‘ID L K e L=

N i g
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d=(aAbvc)
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o»e
7
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Zadanie domowe

d=(aAbvaAbvec)

5

Implementacja programowa
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C/C++
| Operator | Meaning | Example | Result |
&& Logical and  (5<2)&&(5>3) False

I Logical or (5<2)”(5>b3) True
! Logical not  !(5<2) True
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C/C++
Operator precedence
! High
&& Medium
Il Low
All B&:C means A || (B && C)

A& B || C& D means (A & B) || (C & D)
A&k B & C || D means ((A&&B)&& QO ||l D

A&k s || C means ((!a) & B) || C

38
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Jezyk C — operatory logiczne
Symbol Nazwa Przyktad Zapis
matematyczny
! Logiczna la -alub a
negacja
[l Logiczna allb alblubavb
alternatywa
(OR)
&& Logiczna a&&b a&blubaAb
koniunkcja
(AND)

39
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Jezyk C

operator
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— operatory logiczne

rodzaj poréwnania
czy rowne

wigkszy

wigkszy badz rowny
mniejszy

mniejszy badz réwny

czy rézny (nieréwny)
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— operatory logiczne
Operator Przyktad Wynik Przyktad Il Wynik Il
== ‘a'== fatsz ‘a'==97 prawda
> 253 fatsz 2>1 prawda
>= 2>=3 fatsz 2>=2 prawda
< 2<1 fatsz 1<'a’ prawda
<= 3.5<=2.5 falsz 2.5<=3.5 prawda
1= a'l="a’ fatsz a'l="b’ prawda
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@peratory bogczne w ETHach homputarowycn

’ = . x x

s —e| e = x x
S “ . x - | x
o o s | e x x x  x

st xe a x x x  x

Tor? x = . - x X x
Fovan 20 ver = x x X x
o e s e, | e, x w | x
s - o . 5 x X ox

- “ . x - | x
o = = . x x % x
- . - | - x x  x

= = e x x  x

’ - = 3 B3|

’ . x x x  x
a e ~ | e xon x x  x
- - - | x x x X
- 3 . “ x x  ox
S . = = | w | x
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C/C++d=(aAbVec)
//Wariant 1

if( I(a && !(bl|c))){

}

43

Poznan University of Technology
Institute of Control, Robotics and Information Engineering

C/C++d=(aAbVvc)= e ———
=@ vbvc) -

//Wariant 1

if( 1(a && (bl c)){
1

//Wariant 2 — po
uproszczeniu

if(1a || b || c){
}
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C/C++ Zadanie domowe

d=(@aAbvaAbvVc)
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Gray code -> Binary
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Gray

Decimal Binary | Gray
o 0000 |0000

1 0001 | 0001

2 | o010 |oont

3 oon |oot0 {thmd.

4 | omw0 om0 outost

s 0101 | 01

6

7

s

9

Gray code

0110 | 0101

0111 | 0100 BCD
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Gray soonr o BB sagfa
!

Decimal Binary Gray L@
0 | 0000 |0000 [ | pEE

0001 | 0001

0010 | 0011

1
2

3 0011 | 0010
4 0100 | 0110
5 0101 | 0111
6

7

8

9

0110 | 0101
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Gray code -> Binary
C/C++
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Jezyk C — operatory bitowe

Symbol Nazwa
~ Bitowa negacja
| Bitowa alternatywa (OR)
& Bitowa koniunkcja (AND)
A Bitowa réznica symetryczna (XOR)
>> Bitowe przesuniecie w prawo
<< Bitowe przesuniecie w lewo
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Jezyk C — operatory bitowe
Bitowa negacja
~a 25,,=0x19,,=0001 1001,
~(25),,=~(0001 1001),=1110 0110,

51
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Jezyk C — operatory bitowe
Bitowa alternatywa

ab  251=0x19,,=0001 1001,

52
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a b
8 ? ? 610=0x06,5=0000 0110,
1 o 1 (0001 1001), | (0000 0110),=0001 1111,
1 1 1
00011001,
00000110,
00011111,
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Jezyk C — operatory bitowe

Bitowa koniunkcja

a b agb 1910=0x13,,=0001 0011,
o 0 o 85,=0x55,=0101 0101,
? (1) 8 (0001 0011), & (0101 0101),=0001 0001,
1 1 1
00010011,
& 01010101,
00010001,
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Jezyk C — operatory bitowe

Bitowa roznica symetryczna/alternatywa wykluczajaca

o+ b anp 4510=0x2D=0010 1101,
o o *P 25,-0x19,,-0001 1001,
S L 1 (00101101), A (0001 1001),=0011 0100,
1 1 0
00101101,
00011001,
00110100,

54
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Jezyk C — operatory bitowe

Bitowe przesunigcie w prawo ( >>)

a>>b

a=48,,=0x30,,=0011 0000,
(a>>2) = (0011 0000, >> 2) = 0000 1100, = 12,,

48 48
22 4
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Jezyk C — operatory bitowe

Bitowe przesunigcie w lewo ( <<)

a<<b

a=48,,=0x30,,=0011 0000,
(a<<2) = (0011 0000, << 2) = 1100 0000, = 192,,

48 -22 =48-4 =192
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https://www.online
gdb.com/online_c_
compiler

Decimal Binary Gray
0 0000 | 0000

1 0001 | 0001
2 0010 | 0011
] 0011 | 0010
4 0100 | 0110
5 0101 | 0111
6 0110 | 0101

0111 | 0100
8 1000 | 1100
9 1001 | 1101
10 | 1010 | 1111
1 1011 | 1110
12 1100 | 1010
13 101 | 10n
i 1110 | 1001
15 1000
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Decimal Binary Gray
0 0000 | 0000

1 0001 | 0001

4 0100 | 0110

5 0101 | 0111
6 0110 | 0101
7 0111 | 0100
8 1000 | 1100
9 1001 | 1101
10 | 1010 | 1111
il 1011 0
12 1100 | 1010
13 1101

1 110

15 1
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https://repl.it/languages/c
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