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Forelasning 2. Boolesk algebra.
Denna forelasning:

¢ Boolesk algebra
e Kretssyntes baserad pa Boolesk algebra
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Forra forelasningen:

e Talsystem, binara tal, hexadecimala tal.
e Grindar.

e Lite praktik, grind fran transistor, hopkopplade
utgangar...
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Binara tal

42 =32 +8+2=101010
Hexadecimala tal:

42 = $2A =2*16 + 10
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Var kommer ettorna Tva spanningsnivaer,
och nollorna fran? max och min

"Matningsspanning"

Spéanningsnivaer!

1 +3.7V VCC
A
max, |
t.ex. S5V 1
Odefinierat, |
forbjudet omrade 0O OV GND —
"Jord"
0
min, |
ov
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AND

OR

NOT

Grindar

| & — NAND

‘> NOR

—{1 b XOR
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...med Booleska uttryck:

AND . —|& — NAND . & p—

A-B AB (A-B)' (AB)'
OR »—1=1—  NOR 21
A +B (A + B)

NOT A— 1 p—v XOR A [ -
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Jag pastod att alla grindar kan skapas
med NAND. Lat oss se hur det gar till.

Manga andra funktioner skapas med
kombinationer av grindar.
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Boolesk algebra

Grindar utfor logiska operationer.

Boolesk algebra beskriver dessa logiska
operationer.

En algebra for tvavarda variabler, sant/
falskt.
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George Boole (1815-1864)

Skapade den Booleska algebran.
"Mathematical analysis of logic".

Claude Shannon (1916-2001) |

Tillampning. "Switching algebra”,
informationsteori, samplingsteoremet.
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Konstanter Operationer
0] (Falskt) + (Eller)
1 (Sant) : (Och)

' (Icke)
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Axiom
0+0=0 O+1=1+0=1
1. 1=1 1-0=0-1=0
1+1=1 0' =
0-0=0 1"=0

Om dessa inte ar sjalvklara sa har vi problem!
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operationer (fran Fé 1)

Och Eller
Y=A-B=AB Y=A+B
aven: aven:
Y=AandB Y=AorB
Y=AAB Y=AVB
Y = A&B Y=AIB
Y = A*B Y=A#B
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Alternativa beteckningar pa

Icke

Y=A

aven:

Y =not A
Y = ~A

Y = 1A
Y=/A

Y = -A
Y=A
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Kuriosa: v och A

v kommer fran "vel" = eller.
A ar bara v upp-och-ner.

Ett ord for "och" ar "at", sa
varfor skriver vi inte @7

14(30)



TSEAZ22 Digitalteknik

& O—

Raknelagar
for en variabel

X + X = X X+ 1=1
X - X =X X-0=0
X + X' = 1 X+ 0=x
X - X'=0 X - 1=x

(x")' = x
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Raknelagar
for flera variabler
X+(y+z)=(X+y)+z Associativa
x(yz) = (Xy)z lagarna
X+y=y+X Kommutativa
Xy = yX lagarna
X(y+2) = Xy + Xz Distributiva lagarna

X+yz=(X+Yy)(X+2z)
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Absorption

X + Xy = X
X(X +y) =X

En term tacker en annan
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Consensus

Xy + X'Z=Xy +X'Z+YyZ
(X +y)(X"+2z)=(x+y)X +2)(y+2)

Tva uttryck tacker
tillsammans ett tredje
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De Morgans lagar

(X +y) =xYy
(xy)' =x"+Y'

Man kan "flytta in" inverteringen
om man vénder pa operationen!
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LT: X + X =X
L2: X - X=X

L3: x + x' =1
L4:x - x'=0
LS:x+1 =1
L6:x - 0=0
L7: x + 0 =X
L8:x - T =x

L9: (x")' = X

Bokens numrering
av lagarna (anvands
| en del l6sningar):

L10:
L11:

L12:
L13:

L14:
L15:
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X+ (Yy+2z2)=(X+Yy)+2z
X(yz) = (xy)z

X+y=Y+X
Xy = yX

X(y+z) = Xy + Xz
X+yz=(X+Yy)(X+2z)
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Och de tre knepigare igen:
. L1e:x+ xy =x
Absorption: 17 x(x + ) = X
_ L18: xy + X'z=Xxy + X'z + yz
Concensus: L19: (x+y)(X'+2)=XX+y)X'+ 2)(y + 2)
De Morgan: L20: (x +y)' =Xy’

L21: (xy)' =x"+V

(men jag sager hellre namnen an ett nummer.)
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Verktyg for att bevisa
lagarna

e Algebraiska uttryck

¢ \VVenn-diagram
¢ Sanningstabell

22(30)



TSEAZ22 Digitalteknik

Algebraiska uttryck

Kombinera lagarna for att
hitta bevis. Expansion och

Venn_diag ram reduktion av utryck, ofta med
absorption och concensus.

Sanningstabell

"Brute force"-l6sning.
Fungerar for mattligt antal
X+y variabler. "Testa alla fall."
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Operationen XOR

adb
Raknelagar: Sanningstabell
050<0 AB|Y
wos 0 0|0
OP1 =T

O 11
1T®0=1 ol
te1=9 1 1]0
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Raknelagar for en variabel:

X® 0 =x
XPx=0

Raknelagar for flera variabler:

XO(YDzZ)=(XDY) D Z
x@y=y@x

X(y ® z)=(xy ® xz)
XPy=XPzey=2
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associativa lagen
kommutativa lagen
distributiva lagen

motsv a+1=b+1 @ a=>b
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Omvandling till och fran
ovriga operationer:

XPYy=XYy+Xxy'
(XDyYy) =xy+x'y' 1-bits komparator

X+Yy=X®Yy DXy
X®1=x Villkorlig inverterare
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Fran uttryck till grindar

y = ab + cd
g —
) &
>1—vy
c
| &
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De Morgan = "tryck ringarna
rakt genom grinden”

y = (ab)' & O—vY

y=a|+bl AAO
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FOor manga inverterare?
Inga problem!
/\ —_—
C & C Y Dubbel invertering =
B Ingenein\r;er(?crereirl;g!g
< /
A —O — A—C
>1 —vy = >
B -O0 B
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NASTA FORELASNING

Karnaughdiagram
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