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3.1 Visa att absorptionsregeln géller

x-(x+y)=x
x+x-y)=x
Vi gor en tabell och sater in alla mojliga " n "
virden X |y [xty | x(xty) | xy | x+Hxy)
0 0 0 0 0 0
0 1 1 0 0 0
1 0 1 1 0 1
1 1 1 1 1 1

3.2 Visa att adempotensregeln galler
X-x=x
X+x=x

Vi gor en tabell och sater in alla mojliga varden

X XX X+X

3.3 Visa att den assosiativa regeln géller
x(yz)=(x-y)z
x+(y+z)=x+y)+z

Vi gor en tabell och sater in alla mojliga varden
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x|ylz]yz|x(yz)]| xy | (xy)z]| y+z | x+(y+z) | x+y (x+y)+z
0|j0|0]| O 0 0 0 0 0 0 0
ojoj1]o0 0 0 0 1 1 0 1
oj1(0]o0 0 0 0 1 1 1 1
0|11 1 0 0 0 1 1 1 1
1(0|0] O 0 0 0 0 1 1 1
1(0|1]0 0 0 0 1 1 1 1
1(1|/0]0 0 1 0 1 1 1 1
1(111] 1 1 1 1 1 1 1 1
3.4 Visa att den distributiva regeln galler

x(y+z)=x-y)+(x2)

x+@y-z2)=+y) (x+2)

Vi gor en tabell och sater in alla mojliga varden
X |y | z]ytz | x(y+z) | xy | xz | (xy)+(x-2) | y'z | x+(y:2) | x+y | x+z | (x+y)-(x+2)
0|0|0]| O 0 0|0 0 0 0 0 0 0
ojo|1] 1 0 0|0 0 0 0 0 1 0
0|10} 1 0 0 0 0 0 0 1 0 0
oOj1|1} 1 0 0 0 0 1 1 1 1 1
1({0|0] O 0 0 0 0 0 1 1 1 1
1({0(1] 1 1 0 1 1 0 1 1 1 1
1(1/0] 1 1 1 0 1 0 1 1 1 1
1(1(1] 1 1 1 1 1 1 1 1 1 1

3.5 Visa att distributiva regeln inte galler for heltal

x (y+z)=x-y)+(x-2)

x+@yz)=(x+y) (x+2)

Lat oss ta x=2, y=3 och z=4

2-(3+4)=14
(23)+(2-4)=14

Sa langt stammer det

2+(3-4)=14
(2+43)-(2+4)=30
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Stammer inte

3.6 Visa att visa DeMorgans teorem for fyra variabler

WXy zZz=w+x+y+z

N

wHx+tytz=w-x-y-

Vi gor en tabell och séter in alla méjliga varden. Lat oss boérja med den forsta ekvationsversionen

wixlylzlwaxyz| waxyz |wlzx|y|z|w+tx+y+2
o/ojofo 0 1 1111 1
o/olo|1 0 1 1110 1
ojof1]o0 0 1 1]1]o0]1 1
0/of1]1 0 1 1l1]o0]o0 1
o/1]o0]o0 0 1 1]of1]1 1
0/1/0]1 0 1 1lof1]o0 1
ol1]1]0 0 1 1/ofo]1 1
of1]1]1 0 1 1/oflo]o 1
1]/ofo]o 0 1 o111 1
1]ofo]1 0 1 oj1]1]o0 1
1]of1]0 0 1 o101 1
1]of1]1 0 1 o/1]o]o 1
1]1]o0]o0 0 1 0o/of1]1 1
1]1]o0]1 0 1 ojof1]o0 1
1]1]1]o0 0 1 o/ofo1 1
1]1]1]1 1 0 ojofo]o 0
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Och sa den andra versionen

wix|ylz|lw+x+y+z|wHx+y+z|w | x|y | Z W X"y-Z
0|{0|0]|O 0 1 1111 1
0|0|0|1 1 0 1]1(1]0 0
0|0|1]|0 1 0 11101 0
0|01 ]|1 1 0 111(0]0 0
0({1/0|0 1 0 1011 0
0|1|0]|1 1 0 1010 0
0|1(1/0 1 0 10|01 0
0|11 |1 1 0 1000 0
1/0|(0]0 1 0 Oj1]|]1]1 0
10|01 1 0 oj1|1]0 0
1/0(1]|0 1 0 0Oj1]0]1 0
1/0(1]|1 1 0 0|10 0 0
1(1(0]|0 1 0 0Oj0|1]1 0
1(1(]0]|1 1 0 0j0|1)]0 0
1(1(1]0 1 0 0j0|0]|1 0
1(1(1])1 1 0 0j]0|0]|O0 0

3.7 Oklart vad som efterstravas

3.8 Minimera
x+y) x+Y)=xx+xy+x-y+y y==x+xy+x-y+0=
=x+xy+xy=x-1+y+y)=x-1=x

3.9 Minimera

X'y z+x-y+xyzZ=xy Z+2+x-y=xy+x-y=x+x)y=y

Xy Xy
00 01 11 10 _ 00 01 11 10
— 1 I XYyZ .
00{'1‘\‘110 0o |1 ]1]0
z j Xyz z ’ 1 y
11 0 ’ 1 J\ 1] 0 11 O 1 1 0
Xy Figur 3.9b Minimerat Karnaughdiagram

Figur 3.9a Ominimerat Karnaughdiagram

3.10 Minimera

z+xw) - (xy+z-wW)=xyyzZ+y z-ZwWH+x-xy-w+x-z-w-w=0
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3.11 Minimera

xYy+x-Wwz+w-2)=xy+xw-(z+2)=xy+x-w=x-(y+w)

3.12 Minimera

Grunduttrycket ar en XOR-funktion medan inversen dr en XNOR-funktion

3.14 Sok dualfunktionen, dvs inversen tll féljande uttryck. Svara pa normalform

f=xy+x-z+y-z

fP=f=xy+xz+y z=xy'x 2y z=F+y) x+2)-F+2)=
(4 R J+E AT AT D) == (F+F) BT Z+T Z+7)
=@+y) G y+z-GF+y+D=(GF+y) (x-y+2)=

=X X YH+X XY Y+J I=XJHX Z+AXJAY I=X X Z+V 2

3.15 Sok dualfunktionen, dvs inversen tll féljande uttryck. Svara pa normalform

(x (0 D+G D)+ G (0D +GF-D)

fP=f=x(2)+F 2)+x(y-2)+F 2)=

=x(-2D+32)x(y-2D+F-2)=
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=E+0 D+ D)+ 2D+ G2 =

E+YTZ T D) 4y 2T D) =

=x+0F+2) 0+2) x+F+2)-(y+2) =
=(x+yy+yz+y-z+z-z)-(x+y y+y-zZ+y-z+z-2)=
=(x+0+y-z4+y-24+40) - (x+0+y-z2+y-z+0) =
=FX+y-z+y-2)-x+y-z+y-z)=

=xX'x+x'yz+x-yz+x-y-z+y'y-z-z+y-y-z-z+

3.16 Skriv uttrycket pa normalform
fyz)=@-N+&x-2)=xy z+2D)+x ¥+y)z=
=x'yz+x'yz+x-y-z+x-y-z

3.17 Skriv uttrycket pa normalform
foyz)=x=x-+y) - Z+2)=x-y z+y z+y-z+y-2) =

=x-+y) - @+2)=xyz+x 'y Z+x'y-z+x-y-Z

3.18 Skriv uttrycket pa normalform

[y =(x(0-D+F D))+ (7 (0-D+F D))=

=x'y'z+x'y z+x-yz+x-y-z
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3.19 Ta fram en 3-variablers funktion som blir ett (1) da ingen » y " F
eller tva av termerna ar ettor (1). Vi gor en tabell och far 0 0 0 1
ekvationen 0 0 1 0

o _ _ 0 1 0 0
fx,y,z2) =z-y-Z+Xx-y-z+x 'y z+x-y-Z 0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0
Tabell 3.19
3.20 Vi skall ta fram det logiska uttrycket for Figur
A . . g 2 xo—— 0
3.20a. Vi lagger in delresultat i figuren och far >1 —
Figur 3.20b som ger ekvationen
& pO——of
i S v cvar W T oa
fOy)=G+y) - (x+y) = Youe g
=X+ty+x+ty=x-y+x-y= Figur 3.20a
=x'y+x-y o—0 Xty
=
Vilket ar en XOR-funktion o f
e
y O_A_C X+y
Figur 3.20b
3.21 Vi skall ta fram det logiska uttrycket for .
X
Figur 3.21a. Vi lagger in delresultat i &
figuren och far Figur 3.21b som ger yo z1
e
ekvationen zo * & lLof
21
Figur 3.21a
X O X-y
& X-y+Z
y o 21
e é
ke X+z —of
21
[
—© & (X+z)-z
Figur 3.21b
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fyz)=x-y+2) x+2) y=xy+2) - K-y+y-2)=

=xxyy+xyyz+xyz+y z-z=0+0+x-y-z2+0=x-y-Z

3.22 Vi skall ta fram det logiska uttrycket for Figur

N|

3.22a. Vi lagger in delresultat i figuren och far
Figur 3.22b som ger ekvationen &
g
y o & OL
g & Or
& J
z 00—
Figur 3.22a
foy,z)=x"y 2z Xy zx"y 22Xy Z= x o
&
=Xy zZz+x'y z+x'yz+x-y-z |
=x'y'z+x-yz+x-y-z+x 4
e F = vz
vz yo &
*— Xyz
=x"y'z+x'y z+x-yz+x-y-z+x-y-z
t+tx-y-z= e
q &
=x'y Z+2)+x-+y)z+(x+x)y-z — xyz
=x"yt+x-z+y-z
&
z o——

Figur 3.22b
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3.23 Vi skall rita schema for ekvationen
fy,z2)=F-y-2)+x-y-2)+(x-y-2)

Och far en koppling enligt Figur 3.23

3.24 Vi skall rita schema for ekvationen

fey,2) = ((x-y) +2) (x-2)

Och far en koppling enligt Figur 3.24

3.25 Vi skall rita schema for ekvationen

f,y,z) =&y +z

Och far en koppling enligt Figur 3.24

3.26 Vi skall skapa uttrycket for en 3-variablers funktion som
blir ett(1) om en (1) eller tva (2) ingangar ar ettor. Vi

staller upp sanningstabellen

fyz2) =%y z+%-y - Z+X-y-z+x-y-Z

EDA322

xo—e—(
&
_C
y o & 21 p—of
+Q
&
zo—Q
Figur 3.23
X O—
& —
y o— 21
z & +—of
o
Figur 3.24
X O—
&
y o0— 2]l p—of
z o—m
Figur 3.25
X y z f
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0
Tabell 3.19

+tx'yz+x-y-
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Och far en koppling enligt Figur 3.26a

Q

L4

Q

21 +—of

@)

[

g

Figur 3.26a

Vi kan ocksa skapa uttrycket som X o—o—d

yo

f,y,z)=xy-Z+x-y-z

\4

O—of

Som ger kopplingen i Figur 3.26b

Figur 3.26b

4.27 Vi skall skriva VHDL-kod for uttrycket

f,y,z)=x-y)+(x-2)

-- ex3 27.vhdl
LIBRARY ieee;
USE ieee.std logic 1164.all;

ENTITY ex3 27 IS
PORT (x:IN STD LOGIC;
y:IN STD LOGIC;
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z:IN STD LOGIC;
f:0UT STD_LOGIC) ;
END ex3 27;

ARCHITECTURE arch ex3 27 OF ex3 27 IS

BEGIN
f <= (x AND y) OR
(NOT (x) AND z);
END arch ex3 27;

Vi kan anvanda en do-fil for att kéra simuleringen i QuestaSim

-— ex3 27.do

restart -f -nowave

view signals wave

add wave x y z f

force x 0 0,1 50ns -repeat 100ns
force y 0 0,1 100ns -repeat 200ns
force z 0 0,1 200ns -repeat 400ns
run 415ns

Vi kan ocksa anvanda oss av en testbank men da
behover vi veta resultatet, de varden f skall vid
olika tidpunkter sa vi staller upp en tabell.

Vi far testbanken

-- ex3 27 tb.vhdl
LIBRARY ieee;
USE ieee.std logic 1164.all;

ENTITY ex3 27 tb IS

END ex3 27 tb;

x|y | z X - f
0|0 O 0 0 0
0|0 |1 0 1 1
0|10 0 0 0
0|1 1 0 1 1
1/0]0 0 0 0
10| 1 0 0 0
1)1 0 1 0 1
1] 1 1 1 0 1
Tabell 3.27

ARCHITECTURE arch ex3 27 tb OF ex3 27 tb IS

COMPONENT ex3 27 IS
PORT (x:IN STD LOGIC;

y:IN STD LOGIC;

z:IN STD LOGIC;

£:00T STD LOGIC) ;
END COMPONENT ex3 27;
SIGNAL x signal:STD LOGIC;
SIGNAL y signal:STD LOGIC;
SIGNAL z signal:STD LOGIC;
SIGNAL f signal:STD LOGIC;

BEGIN

ex3 27 comp:
ex3 27
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PORT MAP (x=>x signal,
y=>y signal,
z=>z signal,
f=>f signal);

X _process:
PROCESS
BEGIN
X signal<='0';
FOR i IN O TO 1 LOOP
WAIT FOR 200 ns;
X signal<=NOT (x signal);
END LOOP;
END PROCESS x process;

y _process:
PROCESS
BEGIN
y_signal<='0"';
FOR i IN O TO 3 LOOP
WAIT FOR 100 ns;
y signal<=NOT (y signal);
END LOOP;
END PROCESS y process;

Z _process:
PROCESS
BEGIN
z signal<='0";
FOR i IN O TO 7 LOOP
WAIT FOR 50 ns;
z signal<=NOT (z signal);
END LOOP;
END PROCESS z process;

f process:

PROCESS

BEGIN
WAIT FOR 10 ns;
ASSERT f signal='0'
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='l"
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='0"
REPORT "Incorrect result"
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SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='1l"
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='0"
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='0"
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='1l"
REPORT "Incorrect result"
SEVERITY WARNING;
WAIT FOR 50 ns;
ASSERT f signal='1l"
REPORT "Incorrect result"
SEVERITY WARNING;

END PROCESS f process;

END arch ex3 27 tb;
och do-filen

-— ex3 27 tb.do

restart -f -nowave

view signals wave

add wave x signal y signal z signal f signal
run 365ns
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