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1 Versuch Komb1


a 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
b 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
c 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
d 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
y 0 0 1 0 1 0 0 0 1 1 1 0 1 0 1 1


1.1 NAND-NAND-Realisierung
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y = abc + bcd + bcd + abc


y = abc + bcd + bcd + abc


y = (abc) ∗ (bcd) ∗ (bcd) ∗ (abc)


1.2 NOR-NOR-Realisierung
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y = (a + b + c) ∗ (b + c + d) ∗ (b + c + d) ∗ (a + b + c)


y = (a + b + c) ∗ (b + c + d) ∗ (b + c + d) ∗ (a + b + c)


y = (a + b + c) + (b + c + d) + (b + c + d) + (a + b + c)
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1.3 Schaltung
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1.4 VHDL
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in X01_vector(20 downto 13);


z_abcde : out X01_vector(20 downto 13));
end uut;


architecture structure of uut is
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component sn7400 -- 2er-nand
port (x : in X01_vector (1 to 2);


y : out X01);
end component;
component sn7427 is -- 3er-nor
port (x : in X01_vector (1 to 3); y : out X01);


end component;
component sn74260 is -- 5er-nor
port (x : in X01_vector (1 to 5); y : out X01);


end component;
component sn7410 -- 3er-nand
port (x : in X01_vector (1 to 3);


y : out X01);
end component;
component sn7420 is -- 4er-nand
port (x : in X01_vector (1 to 4); y : out X01);


end component;


signal na, nb, nc, nd : X01; -- not a, not b, not c, not d
signal s2 : x01_vector(1 to 4); -- nor zwischenergnisse
signal s3 : x01_vector(1 to 4); -- nand zwischenergnisse


alias a : x01 is x_fghij(20);
alias b : x01 is x_fghij(19);
alias c : x01 is x_fghij(18);
alias d : x01 is x_fghij(17);
alias y2: x01 is z_abcde(20); -- nor ergebnis
alias y3: x01 is z_abcde(19); -- nand ergebnis


begin
-- block1: a,b,c,d => not a, not b, not c, not d
u01: sn7400 port map (x(1)=>a, x(2)=>a, y=>na);
u02: sn7400 port map (x(1)=>b, x(2)=>b, y=>nb);
u03: sn7400 port map (x(1)=>c, x(2)=>c, y=>nc);
u04: sn7400 port map (x(1)=>d, x(2)=>d, y=>nd);


-- block2: 1. nor-ebene
u10: sn7427 port map (x(1)=>a, x(2)=>b, x(3)=>c, y=>s2(1));
u11: sn7427 port map (x(1)=>nb, x(2)=>c, x(3)=>nd, y=>s2(2));
u12: sn7427 port map (x(1)=>b, x(2)=>nc, x(3)=>nd, y=>s2(3));
u13: sn74260 port map (x(1)=>a, x(2)=>nb, x(3)=>nc, x(4)=>nc,


x(5)=>nc, y=>s2(4));


-- block2: 2. nor-ebene
u14: sn74260 port map (x(1)=>s2(1), x(2)=>s2(2), x(3)=>s2(3),


x(4)=>s2(4), x(5)=>s2(4), y=>y2);


-- block3: 1. nand-ebene
u15: sn7410 port map (x(1)=>a, x(2)=>b, x(3)=>c, y=>s3(1));
u16: sn7410 port map (x(1)=>nb, x(2)=>c, x(3)=>nd, y=>s3(2));
u17: sn7410 port map (x(1)=>b, x(2)=>nc, x(3)=>nd, y=>s3(3));
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u18: sn7420 port map (x(1)=>a, x(2)=>nb, x(3)=>nc, x(4)=>nc,
y=>s3(4));


-- block3: 2. nand-ebene
u19: sn7420 port map (x(1)=>s3(1), x(2)=>s3(2), x(3)=>s3(3),


x(4)=>s3(4), y=>y3);
end structure;


1.5 Binäre Simulation


1.5.1 Stimulus


stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 0100----|11------


stimmap dbb2_08 1100----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 1000----|11------


1.5.2 Simulation


1 0000---- -> 00000000
00------


2 0001---- -> 00000000
00------


3 0011---- -> 00000000
00------


4 0010---- -> 11000000
11------


5 0110---- -> 00000000
00------


6 0111---- -> 00000000
00------


7 0101---- -> 00000000
00------


8 0100---- -> 11000000
11------


9 1100---- -> 11000000
11------


10 1101---- -> 00000000
00------


11 1111---- -> 11000000
11------


12 1110---- -> 11000000
11------


13 1010---- -> 11000000
11------


14 1011---- -> 00000000
00------


15 1001---- -> 11000000
11------


16 1000---- -> 11000000
11------


1.6 Ternäre Simulation


1.6.1 Stimulus


stimmap dbb2_08 0000----|00------
stimmap dbb2_08 000X----|--------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 00X1----|--------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 001X----|--------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0X10----|--------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 011X----|--------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 01X1----|--------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 010X----|--------
stimmap dbb2_08 0100----|11------
stimmap dbb2_08 X100----|--------


stimmap dbb2_08 1100----|11------
stimmap dbb2_08 110X----|--------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 11X1----|--------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 111X----|--------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1X10----|--------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|--------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 10X1----|--------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 100X----|--------
stimmap dbb2_08 1000----|11------
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1.6.2 Simulation


1 0000---- -> 00000000
00------


2 000X---- -> 00000000
--------


3 0001---- -> 00000000
00------


4 00X1---- -> 00000000
--------


5 0011---- -> 00000000
00------


6 001X---- -> XX000000
--------


7 0010---- -> 11000000
11------


8 0X10---- -> XX000000
--------


9 0110---- -> 00000000
00------


10 011X---- -> 00000000
--------


11 0111---- -> 00000000
00------


12 01X1---- -> 00000000
--------


13 0101---- -> 00000000
00------


14 010X---- -> XX000000
--------


15 0100---- -> 11000000
11------


16 X100---- -> XX000000
--------


17 1100---- -> 11000000
11------


18 110X---- -> XX000000
--------


19 1101---- -> 00000000
00------


20 11X1---- -> XX000000
--------


21 1111---- -> 11000000
11------


22 111X---- -> 11000000
--------


23 1110---- -> 11000000
11------


24 1X10---- -> XX000000
--------


25 1010---- -> 11000000
11------


26 1011---- -> 00000000
--------


27 1011---- -> 00000000
00------


28 10X1---- -> XX000000
--------


29 1001---- -> 11000000
11------


30 100X---- -> 11000000
--------


31 1000---- -> 11000000
11------
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1.7 Verdrahtung
Von IC PIN NACH IC PIN Bemerkung


X_FGHIJ 20 1 ’00 1 Eingang na
1 1 1 1 ’00 2
1 1 2 2 ’27 1 1. 3er-NOR
2 ’27 1 2 ’260 1 1. 5er-NOR
2 ’260 1 3 ’10 1 1. 3er-NAND
1 ’10 1 3 ’20 1 1. 4er-NAND


X_FGHIJ 19 1 ’00 4 Eingang nb
1 ’00 4 1 ’00 5
1 ’00 5 2 ’27 2 1. 3er-NOR
2 ’27 2 2 ’27 11 3. 3er-NOR
2 ’27 11 3 ’10 2 1. 3er-NAND
3 ’10 2 3 ’10 11 3. 3er-NAND


X_FGHIJ 18 1 ’00 13 Eingang nc
1 ’00 13 1 ’00 12
1 ’00 12 2 ’27 13 1. 3er-NOR
2 ’27 13 2 ’27 4 2. 3er-NOR
2 ’27 4 3 ’10 13 1. 3er-NAND
3 ’10 13 3 ’10 4 2. 3er-NAND


X_FGHIJ 17 1 ’00 10 Eingang nd
1 ’00 10 1 ’00 9
1 ’00 6 2 ’27 3 2. 3er-NOR
2 ’27 3 2 ’260 2 1. 5er-NOR
2 ’260 2 3 ’10 3 2. 3er-NAND
3 ’10 3 3 ’20 2 1. 4er-NAND
1 ’00 11 2 ’27 10 3. 3er-NOR
2 ’27 10 2 ’260 3 1. 5er-NOR
2 ’260 3 2 ’260 13 1. 5er-NOR
2 ’260 13 2 ’260 12 1. 5er-NOR
2 ’260 12 3 ’10 10 3. 3er-NAND
3 ’10 10 3 ’20 4 1. 4er-NAND
3 ’20 4 3 ’20 5 1. 4er-NAND
1 ’00 8 2 ’27 5 2. 3er-NOR
2 ’27 5 2 ’27 9 3. 3er-NOR
2 ’27 9 3 ’10 5 2. 3er-NAND
3 ’10 5 3 ’10 9 3. 3er-NAND
2 ’27 12 2 ’260 4 2. 5er-NOR
2 ’27 6 2 ’260 11 2. 5er-NOR
2 ’27 8 2 ’260 10 2. 5er-NOR
2 ’260 5 2 ’260 9 2. 5er-NOR
2 ’260 9 2 ’260 8 2. 5er-NOR
3 ’10 12 3 ’20 13 2. 4er-NAND
3 ’10 6 3 ’20 12 2. 4er-NAND
3 ’10 8 3 ’20 10 2. 4er-NAND
3 ’20 6 3 ’20 9 2. 4er-NAND
2 ’260 6 Z_ABCDE 20 y1-NOR-NOR
3 ’20 8 Z_ABCDE 19 y1-NAND-NAND
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2 Versuch Komb2


y = f (a, b, c, d) = bcd + bcd + abc + abc
y = abcd ∗ 1 + abcd ∗ 1 + abcd ∗ 0 + abcd ∗ 1 + abcd ∗ 0 + abcd ∗ 1 + abcd ∗ 1 + abcd ∗ 1+


abcd ∗ 0 + abcd ∗ 0 + abcd ∗ 0 + abcd ∗ 1 + abcd ∗ 0 + abcd ∗ 1 + abcd ∗ 0 + abcd ∗ 0


2.1 8-zu-1-Multiplexer-Realisierung


y = abc(d ∗ 1 + d ∗ 1) + abc(d ∗ 0 + d ∗ 1) + abc(d ∗ 0 + d ∗ 1) + abc(d ∗ 1 + d ∗ 1)+
abc(d ∗ 0 + d ∗ 0) + abc(d ∗ 0 + d ∗ 1) + abc(d ∗ 0 + d ∗ 1) + abc(d ∗ 0 + d ∗ 0)


= abc(1) + abc(d) + abc(d) + abc(1)+
abc(0) + abc(d) + abc(d) + abc(0)


y = s2 s1 s0(0) + s2 s1s0(d) + s2s1s0(d) + s2s1s0(0)+
s2s1 s0(1) + s2s1s0(d) + s2s1s0(d) + s2s0s1(1)


s0 s1 s2 d0 d1 d2 d3 d4 d5 d6 d7


c b a 0 d d 0 1 d d 1


2.2 4-zu-1-Multiplexer-Realisierung


y = ab(cd ∗ 1 + cd ∗ 1 + cd ∗ 0 + cd ∗ 1) + ab(cd ∗ 0 + cd ∗ 1 + cd ∗ 1 + cd ∗ 1)+
ab(cd ∗ 0 + cd ∗ 0 + cd ∗ 0 + cd ∗ 1) + ab(cd ∗ 0 + cd ∗ 1 + cd ∗ 0 + cd ∗ 0)


= ab(c + d) + ab(c + d) + ab(cd) + ab(cd)
y = s1s0(cd) + s1s0(cd) + s1s0 (c + d) + s1s0(c + d)


s0 s1 d0 d1 d2 d3


b a cd cd c + d c + d
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2.3 Schaltung
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2.4 VHDL
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in X01_vector(20 downto 13);


z_abcde : out X01_vector(20 downto 13));
end uut;


architecture structure of uut is
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component sn7400 -- 2er-nand
port (x : in X01_vector (1 to 2);


y : out X01);
end component;
component sn7404 is -- not
port (x : in X01; y : out X01);


end component;
component sn74151 is -- 8-zu-1-Multiplexer
port (e : in X01;


s : in X01_vector (2 downto 0);
d : in X01_vector (0 to 7);
y,w : out X01);


end component;
component sn74153 is -- 4-zu-1-Multiplexer
port (e1,e2 : in X01;


s : in X01_vector (1 downto 0);
d1,d2 : in X01_vector (0 to 3);
y1,y2 : out X01);


end component;


signal nc, nd, zero, one : X01; -- not a, not b, not c, not
signal s_nand : X01_vector (1 to 4); -- zwischenergebnisse der nands
signal s_not : X01_vector (1 to 2); -- zwischenergebnisse der not bei nand


alias a : x01 is x_fghij(20);
alias b : x01 is x_fghij(19);
alias c : x01 is x_fghij(18);
alias d : x01 is x_fghij(17);
alias y1: x01 is z_abcde(20); -- 8-zu-1-mux ergebnis
alias y2: x01 is z_abcde(19); -- 4-zu-1-mux ergebnis


begin
-- todo
-- block1-not: 1, c, d => 0, not c, not d
one <= ’1’;
b11: sn7404 port map (x=>one, y=>zero);
b12: sn7404 port map (x=>c, y=>nc);
b13: sn7404 port map (x=>d, y=>nd);
b14: sn7404 port map (x=>s_nand(1), y=>s_not(1));
b15: sn7404 port map (x=>s_nand(2), y=>s_not(2));


-- block1-nand
b16: sn7400 port map (x(1)=>c, x(2)=>nd, y=>s_nand(1));
b17: sn7400 port map (x(1)=>nc, x(2)=>nd, y=>s_nand(2));
b18: sn7400 port map (x(1)=>c, x(2)=>d, y=>s_nand(3));
b19: sn7400 port map (x(1)=>d, x(2)=>nc, y=>s_nand(4));


-- block 2: 8-zu-1-Multiplexer
b2: sn74151 port map (e=>zero, s(2)=>a, s(1)=>b, s(0)=>c,


d(0)=>zero, d(1)=>nd, d(2)=>nd, d(3)=>zero,
d(4)=>one, d(5)=>nd, d(6)=>nd, d(7)=>one, y=>y1);


9







-- block 3: 4-zu-1-Multiplexer
b3: sn74153 port map (e1=>zero, s(1)=>a, s(0)=>b,


d1(0)=>s_not(1), d1(1)=>s_not(2),
d1(2)=>s_nand(3), d1(3)=>s_nand(4), y1=>y2,
e2=>one, d2=>"0000");


end structure;


2.5 Binäre Simulation


2.5.1 Stimulus


stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 0100----|11------


stimmap dbb2_08 1100----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 1000----|11------


2.5.2 Simulation


1 0000---- -> 00000000
00------


2 0001---- -> 00000000
00------


3 0011---- -> 00000000
00------


4 0010---- -> 11000000
11------


5 0110---- -> 00000000
00------


6 0111---- -> 00000000
00------


7 0101---- -> 00000000
00------


8 0100---- -> 11000000
11------


9 1100---- -> 11000000
11------


10 1101---- -> 00000000
00------


11 1111---- -> 11000000
11------


12 1110---- -> 11000000
11------


13 1010---- -> 11000000
11------


14 1011---- -> 00000000
00------


15 1001---- -> 11000000
11------


16 1000---- -> 11000000
11------


2.6 Ternäre Simulation


2.6.1 Stimulus


stimmap dbb2_08 0000----|00------
stimmap dbb2_08 000X----|--------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 00X1----|--------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 001X----|--------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0X10----|--------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 011X----|--------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 01X1----|--------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 010X----|--------
stimmap dbb2_08 0100----|11------
stimmap dbb2_08 X100----|--------


stimmap dbb2_08 1100----|11------
stimmap dbb2_08 110X----|--------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 11X1----|--------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 111X----|--------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1X10----|--------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|--------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 10X1----|--------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 100X----|--------
stimmap dbb2_08 1000----|11------
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2.6.2 Simulation


1 0000---- -> 00000000
00------


2 000X---- -> 00000000
--------


3 0001---- -> 00000000
00------


4 00X1---- -> 00000000
--------


5 0011---- -> 00000000
00------


6 001X---- -> XX000000
--------


7 0010---- -> 11000000
11------


8 0X10---- -> XX000000
--------


9 0110---- -> 00000000
00------


10 011X---- -> 00000000
--------


11 0111---- -> 00000000
00------


12 01X1---- -> 00000000
--------


13 0101---- -> 00000000
00------


14 010X---- -> XX000000
--------


15 0100---- -> 11000000
11------


16 X100---- -> XX000000
--------


17 1100---- -> 11000000
11------


18 110X---- -> XX000000
--------


19 1101---- -> 00000000
00------


20 11X1---- -> XX000000
--------


21 1111---- -> 11000000
11------


22 111X---- -> 11000000
--------


23 1110---- -> 11000000
11------


24 1X10---- -> XX000000
--------


25 1010---- -> 11000000
11------


26 1011---- -> 00000000
--------


27 1011---- -> 00000000
00------


28 10X1---- -> XX000000
--------


29 1001---- -> 11000000
11------


30 100X---- -> 11000000
--------


31 1000---- -> 11000000
11------


2.7 Binärer Stimulus minimaler Länge


2.7.1 Transportbedingungen


f(a,b,c,d):


0
0


0
1


1
2


0
3


1
4


0
5


0
6


0
7


1
8


1
9


1
10


0
11


1
12


0
13


1
14


1
15a


b


c


d


f |a≡0 / f |a≡1 = bcd + bcd + bcd + bcd = bc + bc = b ∼ c
f |b≡0 / f |b≡1 = a cd + acd + acd + acd = ad + acd = ad + ad = a ∼ d
f |c≡0 / f |c≡1 = abd + abd + ab d + abd = ad + ad = a ∼ d
f |d≡0 / f |d≡1 = abc + abc + abc + abc = bc + bc = b / c
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2.7.2 Überdeckungstabelle


Fehler 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 δ(S )
a = 0 1 1 1 1
a = 1 1 1 1 1
b = 0 1 1 1 1
b = 1 1 1 1 1
c = 0 1 1 1 1
c = 1 1 1 1 1
d = 0 1 1 1 1
d = 1 1 1 1 1
y = 0 1 1 1 1 1 1 1 1
y = 1 1 1 1 1 1 1 1 1


2.7.3 vereinfachte Überdeckungstabelle


0 13 2 15 δ(S )
Fehler 0000 1101 0010 1111 S
a = 0 1
a = 1 1
b = 0 1 1
b = 1 1 1
c = 0 1 1
c = 1 1 1
d = 0 1
d = 1 1
y = 0 1 1
y = 1 1 1


2.7.4 Stimulus


stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
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2.8 Verdrahtung
Nach Von Bemerkung


IC PIN IC PIN Funktion Ursprung
’04 1 - - NOT 1 NULL


3 X 18 NOT 2 E: c
5 X 17 NOT 3 E: d
9 ’00 3 NOT 4 NAND 1


11 ’00 6 NOT 5 NAND 2
‘00 1 ’04 3 NAND 1 E: c


2 ’04 6 NOT d
4 ’04 4 NAND 2 NOT c
5 ’00 2 NOT d
9 ’00 1 NAND 3 E: c
10 ’04 5 E: d
12 ’00 4 NAND 4 not c
13 ’00 10 E: d


’151 7 ’04 2 EN NOT 1
11 X 18 S0 E: c
10 X 19 S1 E: b
9 X 20 S2 E: a
4 ’151 7 D0 NOT 1
3 ’04 6 D1 NOT 3
2 ’151 3 D2 NOT 3
1 ’151 4 D3 NOT 1
15 - - D4 EINS
14 ’151 2 D5 NOT 3
13 ’151 14 D6 NOT 3
12 - - D7 EINS


’153 1 ’04 2 EN NOT 1
14 X 19 S0 E: b
2 X 20 S1 E: a
6 ’04 8 D0 NOT 4
5 ’04 10 D1 NOT 5
4 ’00 8 D2 NAND 3
3 ’00 11 D3 NAND 4


Z 20 ’151 5
Z 19 ’153 7
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3 Versuch Komb3


3.1 CLA-Realisierung


c1 = g0 + z0c0
c2 = g1 + z1c1


⇒ c2 = g1 + z1(g0 + z0c0)
c3 = g2 + z2c2


⇒ c3 = g2 + z2(g1 + z1(g0 + z0c0))
c4 = g3 + z3c3


⇒ c4 = g3 + z3(g2 + z2(g1 + z1(g0 + z0c0)))


g0 = a0b0
g1 = a1b1
g2 = a2b2
g3 = a3b3
z0 = a0 + b0
z1 = a1 + b1
z2 = a2 + b2
z3 = a3 + b3


Es werden bei dieser tiefen Realisierung 8 2er-ORs und 8 2er-ANDs benötigt. Dies
sind 4 2er-ORs und 4 2er-ANDs zuviel. Desweiteren bleiben 4 2er-NAND und 6 3er-
NAND übrig.


c4 = g3 + z3(g2 + z2(g1 + z1(g0 + z0c0)))
= g3 + z3g2 + z3z2(g1 + z1(g0 + z0c0))


= g3 ∗ z3g2 ∗ z3z2(g1 + z1(g0 + z0c0))


= g3 ∗ z3g2 ∗ z3z2(g1 + z1g0 + z1z0c0))


= g3 ∗ z3g2 ∗ z3z2(g1 ∗ z1g0 ∗ z1z0c0))


Diese Realisierung lässt sich mit 4 2er-ORs, 4 2er-ANDS, 4 2er-NANDS (davon
2 als Negator) und 4 3er-NANDS realisieren. Durch einsetzen von g0, g1, g2, g3 ver-
schiebt sich die Angabe leicht.


c4 = a3b3 ∗ z3a2b2 ∗ z3z2(a1b1 ∗ z1a0b0 ∗ z1z0c0))


z0 = a0 + b0
z1 = a1 + b1
z2 = a2 + b2
z3 = a3 + b3


Nun werden 4 2er-ORs, 2 2er-NANDS und 6 3er NANDS benötigt.
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3.2 Schaltung CLA


>1


>1


a
0
b
0
a
1
b
1


c
4>1


&
a
2
b
2
a
3
b
3


c
0


>1
&


&


&


& &


& &


3.3 VHDL
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in x01_vector(20 downto 5);


z_abcde : out x01_vector(20 downto 5));
end uut;


architecture structure of uut is
component sn7400 -- 2er-nand
port (x : in X01_vector (1 to 2);


y : out X01);
end component;
component sn7410 is -- 3er-nand
port (x : in X01_vector (1 to 3); y : out X01);


end component;
component sn7432 is -- 2er-or
port (x : in X01_vector (1 to 2); y : out X01);


end component;
component sn7483A is -- 4bit-adder
port (c0 : in x01; b,a : in x01_vector(3 downto 0);


c4 : out x01; s : out x01_vector(3 downto 0));
end component;


-- Eingänge
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alias c0 : x01 is x_fghij(20);


alias b : x01_vector(3 downto 0) is x_fghij(18 downto 15);
alias a : x01_vector(3 downto 0) is x_fghij(13 downto 10);


-- Ausgänge
alias c8 : x01 is z_abcde(20);


alias sum2 : x01_vector is z_abcde(18 downto 15);
alias sum1 : x01_vector is z_abcde(14 downto 11);


signal c4: X01;
signal s_level1 : X01_vector (1 to 6); -- zwischenergebnisse 1. ebene
signal s_level2 : X01_vector (1 to 3); -- zwischenergebnisse 2. ebene
signal s_level3 : X01; -- zwischenergebnisse 3. ebene
signal s_level4 : X01; -- zwischenergebnisse 4. ebene


begin
-- adder1
add1: sn7483A port map (


c0=>c0,
a=>a, b=>b,
s=>sum1);


-- adder2
add2: sn7483A port map (


c0=>c4, c4=>c8,
a=>"0000", b=>"1111",
s=>sum2);


-------CLA-------
-- 1. ebene 1. nand2
l11: sn7400 port map (


x(1)=>a(3), x(2)=>b(3),
y=>s_level1(1));


-- 1. ebene 2. nand2
l12: sn7400 port map (


x(1)=>a(1), x(2)=>b(1),
y=>s_level1(2));


-- 1. ebene 1. or
l13: sn7432 port map (


x(1)=>a(0), x(2)=>b(0),
y=>s_level1(3));


-- 1. ebene 2. or
l14: sn7432 port map (


x(1)=>a(1), x(2)=>b(1),
y=>s_level1(4));


-- 1. ebene 3. or
l15: sn7432 port map (


x(1)=>a(2), x(2)=>b(2),
y=>s_level1(5));


-- 1. ebene 4. or
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l16: sn7432 port map (
x(1)=>a(3), x(2)=>b(3),
y=>s_level1(6));


-- 2. ebene 1. nand3
l21: sn7410 port map (


x(1)=>s_level1(3), x(2)=>c0, x(3)=>s_level1(4),
y=>s_level2(1));


-- 2. ebene 2. nand3
l22: sn7410 port map (


x(1)=>s_level1(4), x(2)=>a(0), x(3)=>b(0),
y=>s_level2(2));


-- 2. ebene 3. nand3
l23: sn7410 port map (


x(1)=>s_level1(6), x(2)=>a(2), x(3)=>b(2),
y=>s_level2(3));


-- 3. ebene 1. nand3
l31: sn7410 port map (


x(1)=>s_level1(2), x(2)=>s_level2(1), x(3)=>s_level2(2),
y=>s_level3);


-- 4. ebene 1. nand3
l41: sn7410 port map (


x(1)=>s_level3, x(2)=>s_level1(5), x(3)=>s_level1(6),
y=>s_level4);


-- 5. ebene 1. nand3
l51: sn7410 port map (


x(1)=>s_level1(1), x(2)=>s_level4, x(3)=>s_level2(3),
y=>c4);


end structure;


3.4 Binäre Simulation


Nicht abgedruckt auf Grund der Größe.


3.5 Binärer Stimulus minimaler Länge


stimmap dbb2_16 0-0000-1111-----|0-11111111------
stimmap dbb2_16 0-1111-0000-----|0-11111111------
stimmap dbb2_16 1-0000-1111-----|1-00000000------
stimmap dbb2_16 1-1111-0000-----|1-00000000------
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3.6 Zeitverhalten


Nach dem Einfügen von “after 10ns“ nach jeder Anweisung innerhalb von SN7400.VHD,
SN7408.VHD, SN7410.VHD, SN7432.VHD und SN7483A.VHD, ergibt sich eine Zeit-
verzögerung von 40ns zwischen c4_r (Carry-Flag 4 des Ripple-Carry-Adders) und c4
(Carry-Flag 4 aus CLA) bzw. zwischen c8_r und c8. Als Eingabe wurde für a “1111“
und für b “0000“ genommen, damit c4_r erst nach dem Berechnen von c1, c2, c3 im
Ripple-Carry-Adder stabil wird. Somit ist der Adder mit dem CLA schon nach 120ns
statt 160ns fertig.


3.7 Verdrahtung
3.7.1 CLA


Nach Von Bemerkung
IC PIN IC PIN Funktion Ursprung
’00 1 X 13 NAND2 1 a3


2 X 18 b3
4 X 11 NAND2 1 a1
5 X 16 b1


’32 1 X 10 OR2 1 a0
2 X 15 b0
4 ’00 4 OR2 2 a1
5 ’00 5 b1
9 X 12 OR2 3 a2


10 X 17 b2
12 ’00 1 OR2 4 a3
13 ’00 2 b3


’10-1 1 ’32 3 NAND3 1 OR2 1
2 X 20 c0


13 ’32 6 OR2 2
3 ’10-1 13 NAND3 2 OR2 2
4 ’32 1 a0
5 ’32 2 b0
9 ’32 11 NAND3 3 OR2 4


10 ’32 9 a2
11 ’32 10 b2


’10-2 1 ’00 6 NAND3 4 NAND2 2
2 ’10-1 12 NAND3 1


13 ’10-1 6 NAND3 2
3 ’10-2 12 NAND3 5 NAND3 4
4 ’32 8 OR2 3
5 ’10-1 9 OR2 4
9 ’00 3 NAND3 6/C4 NAND2 1


10 ’10-2 6 NAND3 5
11 ’10-1 8 NAND3 3
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3.7.2 Ripple-Carry-Adder


Nach Von Bemerkung
IC PIN IC PIN Funktion Ursprung


’83A-1 13 X 20 Adder1 c0
10 X 10 a0
11 X 15 b0
8 X 11 a1
7 X 16 b1
3 X 12 a2
4 X 17 b2
1 X 13 a3


16 X 18 b3


’83A-2 13 ’10-2 8 Adder2 c4
10 ’0’
11 -
8 ’0’
7 -
3 ’0’
4 -
1 ’0’


16 -
Z 11 ’83A-1 9 s0


12 ’83A-1 6 s1
13 ’83A-1 2 s2
14 ’83A-1 15 s3
15 ’83A-2 9 s4
16 ’83A-2 6 s5
17 ’83A-2 2 s6
18 ’83A-2 15 s7
20 ’83A-2 14 c8
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4 Versuch Sequ1


4.1 Untersuchung zweier statischer D-Flipflops


4.1.1 Simulation ohne Berücksichtigung zeitlichen Verhaltens


4.1.2 Simulation mit Berücksichtigung zeitlichen Verhaltens


An Position 800ns erkennt man recht gut das Problem. Hier kommt es durch die
unterschiedliche Anzahl der vorgeschaltenen Gatter zu einer zeitlichen Differenz zwi-
schen dem Signal C und C. Im ersten Flipflop liegt nun bei C und C eine 0 an, weshalb
Q1 seinen aktuellen Zustand verliert und auf 0 wechselt. Beim 2. Flipflop hingegen
liegt bei C und C eine 1 an. Ähnlich sieht es bei 1us am 2. Flipflop aus. Beim Wechsel
von C von 0 auf 1 wechselt zuerst C von 1 auf 0, setzt damit Q2 auf 0, bevor C auf 1
wechselt und somit den Dateneingang übernimmt und Q2 wieder auf 1 springt.


4.2 Flipflop-Substitution


4.2.1 Substitution


J K Q Q’ D
0 0 0 0 0
0 0 1 1 1
0 1 0 0 0
0 1 1 0 0
1 0 0 1 1
1 0 1 1 1
1 1 0 1 1
1 1 1 0 0


�
�


�
��


�
�
�


D:


0
0


1
1


1
2


1
3


0
4


1
5


0
6


0
7


K


Q


J


D = KQ + JQ = KQ ∗ JQ
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4.2.2 Schaltung


Q J K


&
Q


&
&


&
D


4.3 VHDL
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in X01_vector(20 downto 13);


z_abcde : out X01_vector(20 downto 13));
end uut;


architecture structure of uut is
component sn7404 is -- NOR
port (x : in X01; y : out X01);


end component;
component sn7450 is -- AND-OR-Inverter
port (x11,x12,x21,x22 : in X01; y : out X01);


end component;


component sn7400 is -- 1/4 2er-NAND
port (x : in X01_vector (1 to 2); y : out X01);


end component;
component sn7472 is -- JK-MS-Flipflop
port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);


end component;
component sn7474 is -- D-Flipflop
port (s_b,r_b,c,d : in X01; q,q_b : out X01);


end component;


-- D-Flipflops
alias c1 : X01 is x_fghij(20);
alias d1 : X01 is x_fghij(19);
alias q11 : X01 is z_abcde(20);
alias q12 : X01 is z_abcde(19);
signal s11,s12,s13,s21,s22,s23,s24 : x01;
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signal n1,n2 : x01;
signal h1,h2 : x01; -- Hilfsausgänge der D-Flipflops


-- JK-*-Flipflops
alias j : X01 is x_fghij(16);
alias k : X01 is x_fghij(15);
alias c2 : X01 is x_fghij(14);
alias r : X01 is x_fghij(13);
alias q21 : X01 is z_abcde(16);
alias q22 : X01 is z_abcde(15);
signal nc2 : X01; -- not c2
signal nk : X01; -- not k
signal q21_h, nq21_h : X01; -- Hilfsausgänge ’74
signal d : x01; -- Berechneter D-Eingang ’74
signal s31, s32 : X01;


begin
-- D-Flipflop1
d11: sn7404 port map (x=>c1, y=>s11);
d12: sn7404 port map (x=>s11, y=>s12);
d13: sn7404 port map (x=>s12, y=>s13);
d14: sn7450 port map (x11=>h1, x12=>s13,


x21=>c1, x22=>d1,
y=>n1);


d15: sn7404 port map (x=>n1, y=>h1);
q11 <= h1;
-- D-Flipflop2
d21: sn7404 port map (x=>c1, y=>s21);
d22: sn7404 port map (x=>s21, y=>s22);
d23: sn7404 port map (x=>s22, y=>s23);
d24: sn7404 port map (x=>s23, y=>s24);
d25: sn7450 port map (x11=>h2, x12=>s21,


x21=>s24, x22=>d1,
y=>n2);


d26: sn7404 port map (x=>n2, y=>h2);
q12 <= h2;


-- JK-Flipflop1
j11: sn7400 port map (x(1)=>k, x(2)=>k, y=>nk);
j12: sn7400 port map (x(1)=>j, x(2)=>nq21_h, y=>s31);
j13: sn7400 port map (x(1)=>nk, x(2)=>q21_h, y=>s32);
j14: sn7400 port map (x(1)=>s31, x(2)=>s32, y=>d);
j15: sn7474 port map (s_b=>’1’, r_b=>r, c=>c2, d=>d,


q=>q21_h, q_b=>nq21_h);
q21 <= q21_h;


-- JK-Flipflop2
j21: sn7400 port map (x(1)=>c2, x(2)=>c2, y=>nc2);
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j22: sn7472 port map (s_b=>’1’, r_b=>r, c=>nc2,
j(1)=>j, j(2)=>’1’, j(3)=>’1’,
k(1)=>k, k(2)=>’1’, k(3)=>’1’,
q=>q22);


end structure;


4.4 Simulation D-Flipflops


4.4.1 Binäre Stimulusfolge


stimmap dbb2_08 00------|--------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 01------|00------
stimmap dbb2_08 11------|11------


stimmap dbb2_08 01------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 11------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 00------|11------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------


4.4.2 Binäre Simulation


1 00------ -> XX00XX00
--------


2 10------ -> 0000XX00
00------


3 00------ -> 0000XX00
00------


4 00------ -> 0000XX00
00------


5 10------ -> 0000XX00
00------


6 00------ -> 0000XX00
00------


7 01------ -> 0000XX00
00------


8 11------ -> 1100XX00
11------


9 01------ -> 0100XX00
11------
^


10 01------ -> 0100XX00
11------
^


11 11------ -> 1100XX00
11------


12 01------ -> 0100XX00
11------
^


13 00------ -> 0100XX00
11------
^


14 10------ -> 0000XX00
00------


15 00------ -> 0000XX00
00------


4.4.3 Ternäre Stimulusfolge


stimmap dbb2_08 00------|--------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 0X------|00------
stimmap dbb2_08 01------|00------
stimmap dbb2_08 11------|11------


stimmap dbb2_08 01------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 11------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 0X------|--------
stimmap dbb2_08 00------|11------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------


24







4.4.4 Ternäre Simulation


1 00------ -> XX00XX00
--------


2 10------ -> 0000XX00
00------


3 00------ -> 0000XX00
00------


4 00------ -> 0000XX00
00------


5 10------ -> 0000XX00
00------


6 00------ -> 0000XX00
00------


7 0X------ -> 0000XX00
00------


8 01------ -> 0000XX00
00------


9 11------ -> 1100XX00
11------


10 01------ -> 0100XX00
11------
^


11 01------ -> 0100XX00
11------
^


12 11------ -> 1100XX00
11------


13 01------ -> 0100XX00
11------
^


14 0X------ -> 0100XX00
--------


15 00------ -> 0100XX00
11------
^


16 10------ -> 0000XX00
00------


17 00------ -> 0000XX00
00------


4.5 Simulation JK-Flipflop


4.5.1 Binäre Stimulusfolge


stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----11--


stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
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4.5.2 Binäre Simulation


1 ----0001 -> XX00XX00
--------


2 ----0000 -> XX000000
----00--


3 ----0001 -> XX000000
----00--


4 ----0001 -> XX000000
----00--


5 ----0011 -> XX000000
----00--


6 ----0001 -> XX000000
----00--


7 ----0101 -> XX000000
----00--


8 ----0111 -> XX000000
----00--


9 ----0101 -> XX000000
----00--


10 ----1001 -> XX000000
----00--


11 ----1011 -> XX001100
----11--


12 ----1001 -> XX001100
----11--


13 ----0001 -> XX001100
----11--


14 ----0011 -> XX001100
----11--


15 ----0001 -> XX001100
----11--


16 ----1001 -> XX001100
----11--


17 ----1011 -> XX001100
----11--


18 ----1001 -> XX001100
----11--


19 ----0101 -> XX001100
----11--


20 ----0111 -> XX000000
----00--


21 ----0101 -> XX000000
----00--


22 ----1101 -> XX000000
----00--


23 ----1111 -> XX001100
----11--


24 ----1101 -> XX001100
----11--


25 ----1101 -> XX001100
----11--


26 ----1111 -> XX000000
----00--


27 ----1101 -> XX000000
----00--


4.5.3 Ternäre Stimulusfolge


stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0X01|--------
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----XX01|--------
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|--------
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----11--


stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----X001|--------
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----XX01|--------
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----X101|--------
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
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4.5.4 Ternäre Simulation


1 ----0001 -> XX00XX00
--------


2 ----000X -> XX00XX00
--------


3 ----0000 -> XX000000
----00--


4 ----000X -> XX000000
--------


5 ----0001 -> XX000000
----00--


6 ----0001 -> XX000000
----00--


7 ----0011 -> XX000000
----00--


8 ----0001 -> XX000000
----00--


9 ----0X01 -> XX000000
--------


10 ----0101 -> XX000000
----00--


11 ----0111 -> XX000000
----00--


12 ----0101 -> XX000000
----00--


13 ----XX01 -> XX000000
--------


14 ----1001 -> XX000000
----00--


15 ----1011 -> XX001100
----11--


16 ----1001 -> XX001100
----11--


17 ----X001 -> XX001100
--------


18 ----0001 -> XX001100
----11--


19 ----0011 -> XX001100
----11--


20 ----0001 -> XX001100
----11--


21 ----X001 -> XX001100
--------


22 ----1001 -> XX001100
----11--


23 ----1011 -> XX001100
----11--


24 ----1001 -> XX001100
----11--


25 ----XX01 -> XX001100
--------


26 ----0101 -> XX001100
----11--


27 ----0111 -> XX000000
----00--


28 ----0101 -> XX000000
----00--


29 ----X101 -> XX000000
--------


30 ----1101 -> XX000000
----00--


31 ----1111 -> XX001100
----11--


32 ----1101 -> XX001100
----11--


33 ----1101 -> XX001100
----11--


34 ----1111 -> XX000000
----00--


35 ----1101 -> XX000000
----00--


4.6 Simulation JK-MS-Flipflop


4.6.1 Binäre Stimulusfolge


stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----1101|----11--


stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----00--
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4.6.2 Binäre Simulation


1 ----0001 -> XX00XX00
--------


2 ----0000 -> XX000000
----00--


3 ----0001 -> XX000000
----00--


4 ----0101 -> XX000000
----00--


5 ----0111 -> XX000000
----00--


6 ----1111 -> XX000000
----00--


7 ----0111 -> XX000000
----00--


8 ----0011 -> XX000000
----00--


9 ----1011 -> XX000000
----00--


10 ----1001 -> XX000000
----00--


11 ----0001 -> XX000000
----00--


12 ----1001 -> XX000000
----00--


13 ----1101 -> XX000000
----00--


14 ----0101 -> XX000000
----00--


15 ----0111 -> XX000100
----11--


^
16 ----0011 -> XX000100


----11--
^


17 ----0111 -> XX000100
----11--


^
18 ----1111 -> XX000100


----11--
^


19 ----1011 -> XX000100
----11--


^
20 ----1001 -> XX000100


----11--
^


21 ----0001 -> XX000100
----11--


^
22 ----0101 -> XX000100


----11--
^


23 ----1101 -> XX000100
----11--


^


24 ----1111 -> XX001000
----00--


^
25 ----1101 -> XX001000


----00--
^


26 ----1111 -> XX000100
----11--


^
27 ----1101 -> XX000100


----11--
^


28 ----1001 -> XX000100
----11--


^
29 ----1011 -> XX001000


----00--
^


30 ----1001 -> XX001000
----00--


^
31 ----1011 -> XX001100


----11--


32 ----1111 -> XX001100
----11--


33 ----1101 -> XX001100
----11--


34 ----0101 -> XX001100
----11--


35 ----0111 -> XX000000
----00--


36 ----1111 -> XX000000
----00--


37 ----1011 -> XX000000
----00--


38 ----1001 -> XX000000
----00--


39 ----0001 -> XX000000
----00--


40 ----0011 -> XX000100
----11--


^
41 ----1011 -> XX000100


----11--
^


42 ----1001 -> XX000100
----11--


^
43 ----1101 -> XX000100


----11--
^


44 ----1001 -> XX000100
----11--


^
45 ----0001 -> XX000100


----11--
^


46 ----0011 -> XX000000
----00--
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4.6.3 Ternäre Stimulusfolge


stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0X01|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0X11|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----X011|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1X01|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----X101|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----0X11|----11--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----0X11|----11--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----X111|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1X11|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|----11--
stimmap dbb2_08 ----0001|----11--


stimmap dbb2_08 ----0X01|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----X101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1X11|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----X101|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1X11|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----X011|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----00--


4.6.4 Ternäre Simulation


1 ----0001 -> XX00XX00
--------


2 ----000X -> XX00XX00
--------


3 ----0000 -> XX000000
----00--


4 ----000X -> XX000000
--------


5 ----0001 -> XX000000
----00--


6 ----0X01 -> XX000000
----00--


7 ----0101 -> XX000000
----00--


8 ----0111 -> XX000000
----00--


9 ----X111 -> XX000000
----00--


10 ----1111 -> XX000000
----00--


11 ----X111 -> XX000000
----00--


12 ----0111 -> XX000000
----00--


13 ----0X11 -> XX000000
----00--


14 ----0011 -> XX000000
----00--


15 ----X011 -> XX000000
----00--


16 ----1011 -> XX000000
----00--


17 ----1001 -> XX000000
----00--


18 ----X001 -> XX000000
----00--


19 ----0001 -> XX000000
----00--


20 ----X001 -> XX000000
----00--
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21 ----1001 -> XX000000
----00--


22 ----1X01 -> XX000000
----00--


23 ----1101 -> XX000000
----00--


24 ----X101 -> XX000000
----00--


25 ----0101 -> XX000000
----00--


26 ----0111 -> XX000100
----11--


^
27 ----0X11 -> XX000100


----11--
^


28 ----0011 -> XX000100
----11--


^
29 ----0X11 -> XX000100


----11--
^


30 ----0111 -> XX000100
----11--


^
31 ----X111 -> XX000100


----11--
^


32 ----1111 -> XX000100
----11--


^
33 ----1X11 -> XX000100


----11--
^


34 ----1011 -> XX000100
----11--


^
35 ----1001 -> XX000100


----11--
^


36 ----X001 -> XX000100
----11--


^
37 ----0001 -> XX000100


----11--
^


38 ----0X01 -> XX000100
----11--


^
39 ----0101 -> XX000100


----11--
^


40 ----X101 -> XX000100
----11--


^
41 ----1101 -> XX000100


----11--
^


42 ----1111 -> XX001000
----00--


^
43 ----1101 -> XX001000


----00--
^


44 ----1111 -> XX000100
----11--


^
45 ----1101 -> XX000100


----11--
^


46 ----1X01 -> XX000100
----11--


^
47 ----1001 -> XX000100


----11--
^


48 ----1011 -> XX001000
----00--


^
49 ----1001 -> XX001000


----00--
^


50 ----1011 -> XX001100
----11--


51 ----1X11 -> XX001100
----11--


52 ----1111 -> XX001100
----11--


53 ----1101 -> XX001100
----11--


54 ----X101 -> XX001100
----11--


55 ----0101 -> XX001100
----11--


56 ----0111 -> XX000000
----00--


57 ----X111 -> XX000000
----00--


58 ----1111 -> XX000000
----00--


59 ----1X11 -> XX000000
----00--


60 ----1011 -> XX000000
----00--


61 ----1001 -> XX000000
----00--


62 ----X001 -> XX000000
----00--


63 ----0001 -> XX000000
----00--


64 ----0011 -> XX000100
----11--


^
65 ----X011 -> XX000100


----11--
^


66 ----1011 -> XX000100
----11--


^
67 ----1001 -> XX000100


----11--
^


68 ----1X01 -> XX000100
----11--


^
69 ----1101 -> XX000100


----11--
^


70 ----1X01 -> XX000100
----11--


^
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71 ----1001 -> XX000100
----11--


^
72 ----X001 -> XX000100


----11--
^


73 ----0001 -> XX000100
----11--


^
74 ----0011 -> XX000000


----00--


4.7 Verdrahtung


4.7.1 statische D-Flipflops


Nach Von Bemerkung
IC PIN IC PIN Funktion Ursprung


’04-1 1 X 20 NOT 1 C
3 ’04-1 2 NOT 2 NOT 1
5 ’04-1 4 NOT 3 NOT 2
9 ’50 8 NOT 4 AND-OR-INVERTER 1


’04-2 1 X 20 NOT 5 C
3 ’04-2 2 NOT 6 NOT 5
5 ’04-2 4 NOT 7 NOT 6
9 ’04-2 6 NOT 8 NOT 7


11 ’50 6 NOT 9 AND-OR-INVERTER 2
’50 1 ’04-1 8 AND-OR-INVERTER 1 NOT 4


13 ’04-1 6 NOT 3
9 ’04-1 1 C


10 X 19 D
2 ’04-2 10 AND-OR-INVERTER 2 NOT 9
3 ’04-2 2 NOT 5
4 ’04-2 8 NOT 8
5 ’50 10 D


Z 20 ’04-1 8 Q1 NOT 4
Z 19 ’04-2 10 Q2 NOT 9
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4.7.2 Flipflop-Substitution


Nach Von Bemerkung
IC PIN IC PIN Funktion Ursprung


’00-1 1 X 15 NAND 1 K
2 ’00-1 1 K
4 ’74 5 NAND 2 Q
5 ’00-1 3 NAND 1
9 X 16 NAND 3 J


10 ’74 6 Q
12 ’00-1 6 D/NAND 4 NAND 2
13 ’00-1 8 NAND 3


’74 2 ’00-1 11 D-FF D/NAND 4
3 X 14 D-FF C
1 X 13 D-FF R


’00-2 1 X 14 NAND 5 C
2 ’00-2 1 C


’72 3 X 16 D-FF J
12 ’00-2 3 NAND 5
9 X 15 K
2 X 13 R


Z 16 ’74 5 Q1
Z 15 ’72 8 Q2
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5 Versuch Sequ2


5.1 RS-Realisierbare Funktionen


5.1.1 Rücksetzen in den Zustand 00


Re Q Q’ S R
0 0 0 0 -
0 1 1 - 0
1 0 0 0 -
1 1 0 0 1


S:


0
0


0
1


0
2


0
3


Q


Re


S = 0


�
�


�
�


R:


-
0


-
1


0
2


1
3


Q


Re


R = Re


5.1.2 Laden einer 2-Bit-Zahl


LO D Q Q’ S R
0 0 0 0 0 -
0 0 1 1 - 0
0 1 0 0 0 -
0 1 1 1 - 0
1 0 0 0 0 -
1 0 1 0 0 1
1 1 0 1 1 0
1 1 1 1 - 0


�
�


�
�


S:


0
0


0
1


-
2


0
3


0
4


1
5


-
6


1
7


D


Q


LO


S = D ∗ LO


�
�


�
�


R:


-
0


-
1


0
2


1
3


-
4


0
5


0
6


0
7


D


Q


LO


R = D ∗ LO
= D ∗ LO + LO ∗ LO︸    ︷︷    ︸


0
= (D + LO) ∗ LO
= D ∗ LO ∗ LO
= S ∗ LO


5.1.3 Superposition


S i = Di ∗ LO + 0 = Di ∗ LO⇒ S i = Di ∗ LO


Ri = S i ∗ LO + Re⇒ Ri = S i ∗ LO ∗ Re
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5.2 JK-Realisierbare Funktionen


5.2.1 Vorwärtszählen


J0 = 1
K0 = 1


J1 = Q0
K1 = Q0


5.2.2 Einerkomplement


Q1 Q0 Q′1 Q′0 J1 K1 J0 K0


0 0 1 1 1 - 1 -
0 1 1 0 1 - - 1
1 0 0 1 - 1 1 -
1 1 0 0 - 1 - 1


'
&


$
%


J1:


-
0


1
1


-
2


-
3


Q1


Q′1 '
&


$
%


K1:


-
0


-
1


1
2


-
3


Q1


Q′1


J1 = 1
K1 = 1


'
&


$
%


J0:


-
0


1
1


-
2


-
3


Q0


Q′0 '
&


$
%


K0:


-
0


-
1


1
2


-
3


Q0


Q′0


J0 = 1
K0 = 1


5.2.3 Superposition


Funktion cnt compl J1 K1 J0 K0


keine 0 0 0 0 0 0
zählen 1 0 Q0 Q0 1 1


Komplement 0 1 1 1 1 1


�
�


�
�


�
�


�
�


J1 = K1:


0
0


0
1


0
2


1
3


1
4


-
5


1
6


-
7


compl


Q


cnt


J1 = K1 = compl + Q0 ∗ cnt = compl ∗ Q0 ∗ cnt


�
�


�
�


�
�


�
�


J0 = K0:


0
0


1
1


1
2


-
3


cnt


compl


J0 = K0 = compl + cnt = compl ∗ cnt
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5.2.4 Schaltung


Load D
1
D
0


&


R
eset


&


&


C


C
ount


C
om
pl


1


1


&


&


&


1


1
&


S


R


C1


1K


1J


&
&


S


R


C1


1K


1J


Q
1


Q
0


1


5.3 VHDL
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in X01_vector(20 downto 13);


z_abcde : out X01_vector(20 downto 13));
end uut;
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architecture structure of uut is
component sn7400 -- 2er-nand
port (x : in X01_vector (1 to 2);


y : out X01);
end component;
component sn7404 is -- not
port (x : in X01; y : out X01);


end component;
component sn7472 is -- JK-MS-Flipflop
port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);


end component;


alias c : x01 is x_fghij(15);
alias reset : x01 is x_fghij(20);
alias load : x01 is x_fghij(19);
alias d1 : x01 is x_fghij(18);
alias d0 : x01 is x_fghij(17);
alias count : x01 is x_fghij(14);
alias compl : x01 is x_fghij(13);


alias q1: x01 is z_abcde(20); -- ff1 ergebnis
alias q0: x01 is z_abcde(19); -- ff0 ergebnis


signal nreset, ncompl, ncount: X01; -- not reset, not compl, not count
signal ns1, ns0 : X01; -- ergebnis für stat. s eingänge
signal nr1, nr0 : X01; -- ergebnis für stat. r eingänge
signal r1, r0 : X01; -- zwischenergebis für stat. r eingänge
signal jk1, jk0 : X01; -- zwischenergebnis für dyn. jk-eingänge
signal sig11, sig12 : X01; -- zwischenerg. für 1. ff (Q1)
signal sig01, sig02 : X01; -- zwischenerg. für 2. ff (Q0)
signal z_q0 : X01; -- ergebnis 2. ff (Q0)


begin
-- not: reset, compl => nreset, ncompl
b11: sn7404 port map (x=>reset, y=>nreset);
b12: sn7404 port map (x=>compl, y=>ncompl);


-- not s1 <= load nand d1
b13: sn7400 port map (x(1)=>load, x(2)=>d1, y=>ns1);


-- not r1 <= not ((ns1 nand load) nand nreset)
b14: sn7400 port map (x(1)=>ns1, x(2)=>load, y=>sig11);
b15: sn7400 port map (x(1)=>sig11, x(2)=>nreset, y=>r1);
b16: sn7404 port map (x=>r1, y=>nr1);


-- j1=k1 <= (count nand q0) nand ncompl
b17: sn7400 port map (x(1)=>count, x(2)=>z_q0, y=>sig12);
b18: sn7400 port map (x(1)=>sig12, x(2)=>ncompl, y=>jk1);


-- not s0 <= load nand d0


36







b21: sn7400 port map (x(1)=>load, x(2)=>d0, y=>ns0);


-- not r0 <= not ((ns0 nand load) nand nreset)
b22: sn7400 port map (x(1)=>ns0, x(2)=>load, y=>sig01);
b23: sn7400 port map (x(1)=>sig01, x(2)=>nreset, y=>r0);
b24: sn7404 port map (x=>r0, y=>nr0);


-- j0=k0 <= (not count nand ncompl)
b25: sn7404 port map (x=>count, y=>ncount);
b26: sn7400 port map (x(1)=>ncount, x(2)=>ncompl, y=>jk0);


-- 1. ff (q1)
ff1: sn7472 port map (s_b=>ns1, r_b=>nr1, c=>c,


j(1)=>jk1, j(2)=>’1’, j(3)=>’1’,
k(1)=>jk1, k(2)=>’1’, k(3)=>’1’,
q=>q1);


-- 2. ff (q0)
ff2: sn7472 port map (s_b=>ns0, r_b=>nr0, c=>c,


j(1)=>jk0, j(2)=>’1’, j(3)=>’1’,
k(1)=>jk0, k(2)=>’1’, k(3)=>’1’,
q=>z_q0);


q0 <= z_q0;
end structure;


5.4 Simulation


5.4.1 Binäre Stimulusfolge


stimmap dbb2_08 0000-000|XX------
stimmap dbb2_08 1000-000|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-110|00------
stimmap dbb2_08 0000-010|01------
stimmap dbb2_08 0000-110|01------
stimmap dbb2_08 0000-010|10------
stimmap dbb2_08 0000-110|10------
stimmap dbb2_08 0000-010|11------
stimmap dbb2_08 0000-110|11------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-101|00------
stimmap dbb2_08 0000-001|11------
stimmap dbb2_08 0000-101|11------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-000|00------


stimmap dbb2_08 0010-000|00------
stimmap dbb2_08 0110-000|10------
stimmap dbb2_08 0010-000|10------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-101|10------
stimmap dbb2_08 0000-001|01------
stimmap dbb2_08 0000-101|01------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0001-000|10------
stimmap dbb2_08 0101-000|01------
stimmap dbb2_08 0001-000|01------
stimmap dbb2_08 0000-000|01------
stimmap dbb2_08 0100-000|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0001-000|00------
stimmap dbb2_08 0011-000|00------
stimmap dbb2_08 0111-000|11------
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5.4.2 Binäre Simulation


1 0000-000 -> XX000000
XX------


2 1000-000 -> 00000000
00------


3 0000-000 -> 00000000
00------


4 0000-010 -> 00000000
00------


5 0000-110 -> 00000000
00------


6 0000-010 -> 01000000
01------


7 0000-110 -> 01000000
01------


8 0000-010 -> 10000000
10------


9 0000-110 -> 10000000
10------


10 0000-010 -> 11000000
11------


11 0000-110 -> 11000000
11------


12 0000-010 -> 00000000
00------


13 0000-000 -> 00000000
00------


14 0000-001 -> 00000000
00------


15 0000-101 -> 00000000
00------


16 0000-001 -> 11000000
11------


17 0000-101 -> 11000000
11------


18 0000-001 -> 00000000
00------


19 0000-000 -> 00000000
00------


20 0010-000 -> 00000000
00------


21 0110-000 -> 10000000
10------


22 0010-000 -> 10000000
10------


23 0000-000 -> 10000000
10------


24 0000-001 -> 10000000
10------


25 0000-101 -> 10000000
10------


26 0000-001 -> 01000000
01------


27 0000-101 -> 01000000
01------


28 0000-001 -> 10000000
10------


29 0000-000 -> 10000000
10------


30 0001-000 -> 10000000
10------


31 0101-000 -> 01000000
01------


32 0001-000 -> 01000000
01------


33 0000-000 -> 01000000
01------


34 0100-000 -> 00000000
00------


35 0000-000 -> 00000000
00------


36 0001-000 -> 00000000
00------


37 0011-000 -> 00000000
00------


38 0111-000 -> 11000000
11------


5.4.3 Ternäre Stimulusfolge


stimmap dbb2_08 0000-000|XX------
stimmap dbb2_08 1000-000|00------
stimmap dbb2_08 X000-000|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-0X0|--------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-110|00------
stimmap dbb2_08 0000-010|01------
stimmap dbb2_08 0000-110|01------
stimmap dbb2_08 0000-010|10------
stimmap dbb2_08 0000-110|10------
stimmap dbb2_08 0000-010|11------
stimmap dbb2_08 0000-110|11------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-0X0|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-101|00------
stimmap dbb2_08 0000-001|11------
stimmap dbb2_08 0000-101|11------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0010-000|00------


stimmap dbb2_08 0110-000|10------
stimmap dbb2_08 0010-000|10------
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-101|10------
stimmap dbb2_08 0000-001|01------
stimmap dbb2_08 0000-101|01------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0001-000|10------
stimmap dbb2_08 0101-000|01------
stimmap dbb2_08 0001-000|01------
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0000-000|01------
stimmap dbb2_08 0100-000|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0001-000|00------
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0011-000|00------
stimmap dbb2_08 0111-000|11------
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5.4.4 Ternäre Simulation


1 0000-000 -> XX000000
XX------


2 1000-000 -> 00000000
00------


3 X000-000 -> 00000000
--------


4 0000-000 -> 00000000
00------


5 0000-0X0 -> 00000000
--------


6 0000-010 -> 00000000
00------


7 0000-110 -> 00000000
00------


8 0000-010 -> 01000000
01------


9 0000-110 -> 01000000
01------


10 0000-010 -> 10000000
10------


11 0000-110 -> 10000000
10------


12 0000-010 -> 11000000
11------


13 0000-110 -> 11000000
11------


14 0000-010 -> 00000000
00------


15 0000-0X0 -> 00000000
--------


16 0000-000 -> 00000000
00------


17 0000-00X -> 00000000
--------


18 0000-001 -> 00000000
00------


19 0000-101 -> 00000000
00------


20 0000-001 -> 11000000
11------


21 0000-101 -> 11000000
11------


22 0000-001 -> 00000000
00------


23 0000-00X -> 00000000
--------


24 0000-000 -> 00000000
00------


25 00X0-000 -> 00000000
--------


26 0010-000 -> 00000000
00------


27 0110-000 -> 10000000
10------


28 0010-000 -> 10000000
10------


29 00X0-000 -> 10000000
--------


30 0000-000 -> 10000000
10------


31 0000-00X -> 10000000
--------


32 0000-001 -> 10000000
10------


33 0000-101 -> 10000000
10------


34 0000-001 -> 01000000
01------


35 0000-101 -> 01000000
01------


36 0000-001 -> 10000000
10------


37 0000-00X -> 10000000
--------


38 0000-000 -> 10000000
10------


39 000X-000 -> 10000000
--------


40 0001-000 -> 10000000
10------


41 0101-000 -> 01000000
01------


42 0001-000 -> 01000000
01------


43 000X-000 -> 01000000
--------


44 0000-000 -> 01000000
01------


45 0100-000 -> 00000000
00------


46 0000-000 -> 00000000
00------


47 000X-000 -> 00000000
--------


48 0001-000 -> 00000000
00------


49 00X0-000 -> 00000000
--------


50 0011-000 -> 00000000
00------


51 0111-000 -> 11000000
11------
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5.5 Verdrahtung
Nach Von Bemerkung


IC PIN IC PIN Funktion Ursprung
’04 1 X 20 NOT 1 Reset


3 X 13 NOT 2 Compl
5 ’00-1 8 NOT 3 NAND 3
9 ’00-2 11 NOT 4 NAND 8
11 X 14 NOT 5 Count


’00-1 1 X 19 NAND 1 Load
2 X 18 D1
4 ’00-1 3 NAND 2 NAND 1
5 ’00-1 1 Load
9 ’00-1 6 NAND 3 NAND 2


10 ’04 2 NOT 1
12 ’04 4 NAND 4 NOT 2
13 ’00-2 3 NAND 5


’00-2 1 ’04 11 NAND 5 Count
2 ’72-2 8 Q0
4 ’00-1 5 NAND 6 Load
5 X 17 D0
9 ’00-2 6 NAND 7 NAND 6


10 ’00-2 4 Load
12 ’00-2 8 NAND 8 NAND 7
13 ’00-1 10 NOT 1


’00-3 1 ’00-1 12 NAND 9 NOT 2
2 ’04 10 NOT 5


’72-1 13 ’00-1 3 /S NAND 1
3 ’00-1 11 J NAND 4
12 X 15 C C
9 ’72-1 3 K NAND 4
2 ’04 6 /R NOT 3


’72-2 13 ’00-2 6 /S NAND 6
3 ’00-3 3 J NAND 9
12 ’72-1 12 C C
9 ’72-2 3 K NAND 9
2 ’04 8 /R NOT 4


Z 20 ’72-1 8 Q1 FF1
19 ’72-2 8 Q0 FF0
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6 Versuch Sequ3


6.1 SAR


D Q2 Q1 Q0 Q′2 Q′1 Q′0 J2 K2 J1 K1 J0 K0


0 0 0 0 - - - - - - - - -
0 0 0 1 0 0 0 0 - 0 - - 1
0 0 1 0 0 0 1 0 - - 1 1 -
0 0 1 1 0 1 0 0 - - 0 - 1
0 1 0 0 0 1 0 - 1 1 - 0 -
0 1 0 1 1 0 0 - 0 0 - - 1
0 1 1 0 1 0 1 - 0 - 1 1 -
0 1 1 1 1 1 0 - 0 - 0 - 1
1 0 0 0 - - - - - - - - -
1 0 0 1 0 0 1 0 - 0 - - 0
1 0 1 0 0 1 1 0 - - 0 1 -
1 0 1 1 0 1 1 0 - - 0 - 0
1 1 0 0 1 1 0 - 0 1 - 0 -
1 1 0 1 1 0 1 - 0 0 - - 0
1 1 1 0 1 1 1 - 0 - 0 1 -
1 1 1 1 1 1 1 - 0 - 0 - 0
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6.2 Schaltung
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6.3 VHDL


library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;


entity uut is
port (x_fghij : in X01_vector(20 downto 13);


z_abcde : out X01_vector(20 downto 13));
end uut;


architecture structure of uut is
component sn7400 is -- 1/4 SN7400
port (x : in X01_vector (1 to 2); y : out X01);


end component;
component sn7472 is -- SN7472
port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);


end component;


alias r : X01 is x_fghij(20);
alias c : X01 is x_fghij(19);
alias d : X01 is x_fghij(18);
alias z2 : X01 is z_abcde(20);
alias z1 : X01 is z_abcde(19);
alias z0 : X01 is z_abcde(18);
signal nd : X01; -- nicht d
signal q2, q1, q0, nq2, nq1, nq0 : X01;
begin
not1: sn7400 port map(x(1)=>d, x(2)=>d, y=>nd);


jk2: sn7472 port map(s_b=>r, r_b=>’1’, c=>c,
j(1)=>’0’, j(2)=>’1’, j(3)=>’1’,
k(1)=>nd, k(2)=>nq1, k(3)=>nq0,
q=>z2, q_b=>nq2);


jk1: sn7472 port map(s_b=>’1’, r_b=>r, c=>c,
j(1)=>nq0, j(2)=>’1’, j(3)=>’1’,
k(1)=>nd, k(2)=>nq0, k(3)=>’1’,
q=>z1, q_b=>nq1);


jk0: sn7472 port map(s_b=>’1’, r_b=>r, c=>c,
j(1)=>q1, j(2)=>’1’, j(3)=>’1’,
k(1)=>nd, k(2)=>’1’, k(3)=>’1’,
q=>z0, q_b=>nq0);


not2: sn7400 port map(x(1)=>nq2, x(2)=>nq2, y=>q2);
not3: sn7400 port map(x(1)=>nq1, x(2)=>nq1, y=>q1);
not4: sn7400 port map(x(1)=>nq0, x(2)=>nq0, y=>q0);


end structure;
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6.4 Simulation


6.4.1 Binäre Stimulusfolge


stimmap dbb2_08 000-----|100-----
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 101-----|100-----
stimmap dbb2_08 111-----|100-----
stimmap dbb2_08 101-----|110-----
stimmap dbb2_08 111-----|110-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 111-----|111-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 100-----|111-----
stimmap dbb2_08 110-----|111-----
stimmap dbb2_08 100-----|110-----
stimmap dbb2_08 110-----|110-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 111-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 110-----|101-----


stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 110-----|100-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 101-----|010-----
stimmap dbb2_08 111-----|010-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 111-----|011-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 100-----|011-----
stimmap dbb2_08 110-----|011-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 110-----|010-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 111-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 110-----|001-----
stimmap dbb2_08 100-----|000-----


6.4.2 Binäre Simulation


1 000----- -> 10000000
100-----


2 100----- -> 10000000
100-----


3 101----- -> 10000000
100-----


4 111----- -> 10000000
100-----


5 101----- -> 11000000
110-----


6 111----- -> 11000000
110-----


7 101----- -> 11100000
111-----


8 111----- -> 11100000
111-----


9 101----- -> 11100000
111-----


10 100----- -> 11100000
111-----


11 110----- -> 11100000
111-----


12 100----- -> 11000000
110-----


13 110----- -> 11000000
110-----


14 100----- -> 10100000
101-----


15 101----- -> 10100000
101-----


16 111----- -> 10100000
101-----


17 101----- -> 10100000
101-----


18 100----- -> 10100000
101-----


19 110----- -> 10100000
101-----


20 100----- -> 10000000
100-----


21 110----- -> 10000000
100-----


22 100----- -> 01000000
010-----


23 101----- -> 01000000
010-----


24 111----- -> 01000000
010-----


25 101----- -> 01100000
011-----


26 111----- -> 01100000
011-----


27 101----- -> 01100000
011-----


28 100----- -> 01100000
011-----


29 110----- -> 01100000
011-----


30 100----- -> 01000000
010-----


31 110----- -> 01000000
010-----


32 100----- -> 00100000
001-----


33 101----- -> 00100000
001-----


34 111----- -> 00100000
001-----


35 101----- -> 00100000
001-----


36 100----- -> 00100000
001-----


37 110----- -> 00100000
001-----


38 100----- -> 00000000
000-----
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6.4.3 Ternäre Stimulusfolge


stimmap dbb2_08 000-----|100-----
stimmap dbb2_08 X00-----|--------
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|100-----
stimmap dbb2_08 111-----|100-----
stimmap dbb2_08 101-----|110-----
stimmap dbb2_08 111-----|110-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 111-----|111-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|111-----
stimmap dbb2_08 110-----|111-----
stimmap dbb2_08 100-----|110-----
stimmap dbb2_08 110-----|110-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 111-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 110-----|101-----


stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 110-----|100-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|010-----
stimmap dbb2_08 111-----|010-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 111-----|011-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|011-----
stimmap dbb2_08 110-----|011-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 110-----|010-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 111-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 110-----|001-----
stimmap dbb2_08 100-----|000-----


6.4.4 Ternäre Simulation


1 000----- -> 10000000
100-----


2 X00----- -> 10000000
--------


3 100----- -> 10000000
100-----


4 10X----- -> 10000000
--------


5 101----- -> 10000000
100-----


6 111----- -> 10000000
100-----


7 101----- -> 11000000
110-----


8 111----- -> 11000000
110-----


9 101----- -> 11100000
111-----


10 111----- -> 11100000
111-----


11 101----- -> 11100000
111-----


12 10X----- -> 11100000
--------


13 100----- -> 11100000
111-----


14 110----- -> 11100000
111-----


15 100----- -> 11000000
110-----


16 110----- -> 11000000
110-----


17 100----- -> 10100000
101-----


18 10X----- -> 10100000
--------


19 101----- -> 10100000
101-----


20 111----- -> 10100000
101-----


21 101----- -> 10100000
101-----


22 10X----- -> 10100000
--------


23 100----- -> 10100000
101-----


24 110----- -> 10100000
101-----


25 100----- -> 10000000
100-----


26 110----- -> 10000000
100-----


27 100----- -> 01000000
010-----


28 10X----- -> 01000000
--------


29 101----- -> 01000000
010-----


30 111----- -> 01000000
010-----


31 101----- -> 01100000
011-----


32 111----- -> 01100000
011-----


33 101----- -> 01100000
011-----


34 10X----- -> 01100000
--------


35 100----- -> 01100000
011-----


36 110----- -> 01100000
011-----


37 100----- -> 01000000
010-----


38 110----- -> 01000000
010-----


39 100----- -> 00100000
001-----


40 10X----- -> 00100000
--------


41 101----- -> 00100000
001-----


42 111----- -> 00100000
001-----


43 101----- -> 00100000
001-----


44 10X----- -> 00100000
--------
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45 100----- -> 00100000
001-----


46 110----- -> 00100000
001-----


47 100----- -> 00000000
000-----


6.5 Verdrahtung
Nach Von Bemerkung


IC PIN IC PIN Funktion Ursprung
’00 1 X 18 NOT 1 D


2 ’00 1 D
4 ’72-1 6 NOT 2 Q2


5 ’00 4 Q2


9 ’72-2 6 NOT 3 Q1


10 ’00 9 Q1


12 ’72-3 6 NOT 4 Q0


13 ’00 12 Q0


’72-1 13 X 20 /S R
3 ’0’ J1 ’0’
12 X 19 C C
9 ’00 3 K1 D
10 ’72-2 6 K2 Z1


11 ’72-2 3 K3 Z0


’72-2 3 ’72-3 6 J1 Z0
12 ’72-1 12 C C
9 ’72-1 9 K1 D
10 ’72-2 3 K2 Z0
2 ’72-1 13 /R R


’72-3 3 ’00 8 J1 Z1
12 ’72-2 12 C C
9 ’72-2 9 K1 D
2 ’72-2 2 /R R


Z 20 ’00 6 NOT 2
19 ’00 8 NOT 3
18 ’00 11 NOT 4


DAC Z2 ’72-1 8 Q2
Z1 ’72-2 8 Q1
Z0 ’72-3 8 Q0
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%% This is file `kvmacros.tex',
%% Version of January 7th, 2002
%% 
%% Copyright (C) 1998-2002 by Andreas W. Wieland, awwieland@gmx.de 
%%
%% This program can be redistributed and/or modified under the terms
%% of the LaTeX Project Public License distributed from CTAN
%% archives in directory macros/latex/base/lppl.txt; either
%% version 1 of the License, or (at your option) any later version,
%% with `The Program' referring to the software `kvmacros.tex' and its
%% accompanying documentation and `The Copyright Holder' referring to the
%% person Andreas W. Wieland.
%% 
%% 
%% 
%% IMPORTANT NOTICE: 
%% 
%% For error reports, comments or suggestions in case of UNCHANGED 
%% versions send mail to:
%% awwieland@gmx.de
%% 
%% Anyway, if you use my macros, send me an eMail, too. I would like to know
%% if they are useful to somebody out there.
%%
%% Please do not request updates from me directly. Distribution is 
%% done through Mail-Servers and TeX organizations. 
%% 
%% You are allowed to distribute this file under the condition that 
%% it is distributed together with `kvdoc.tex', `kvdoc.dvi' and `kvdoc.ps'. 
%% 
%% If you receive this file alone from someone, complain! 
%%
\typeout{}
\typeout{Macros for typesetting Karnaugh maps and Veitch charts}
\typeout{Version of January 7th, 2002}
\typeout{by Andreas W. Wieland, awwieland@gmx.de}
\typeout{}
%%
%% Change History:
%% August 04th, 1998: Original Version
%%
%% August 19th, 1998: Minor changes to make the lines within the maps look
%% better, also moved the variable identifiers from the right to the left and
%% added an identifier for the logic function; since then \kvmap has 5
%% instead of 4 parameters. I also included the documentation in an additional
%% Postscript-file.  
%%
%% September 23rd, 1998: Fixed the problem with double braces by introducing
%% the \compdummy and \ende macros in the \ifx-comparisons (see below): 
%% The parameters that are longer than one character do not have to be
%% enclosed in double braces any longer --- single braces are
%% sufficient. However, double braces will still be processed correctly.
%%
%% May 19th, 1999: Changed the documentation (which was months overdue) after
%% F. M. Brown pointed me to the incorrectness of the term
%% "Karnaugh-Veitch-map". Actually, the macros itself haven't
%% changed. Probably I should introduce macros for typesetting Veitch charts
%% as well (which would be a minor task). This version was actually never
%% released. 
%%
%% May 25th, 1999: Introduced macros for Veitch charts
%% (\veitchfoo) and renamed the macros that are solely related to
%% Karnaugh maps from \kvfoo to \karnaughfoo. Introduced aliases for those
%% macros that are user-callable to maintain compatibility with older versions:
%% \kvmap -> \karnaughmap. However, \kvindex, \kvnoindex and \kvunitlength
%% haven't changed their names as they are related to both Karnaugh maps and
%% Veitch charts. Changed the (plain stupid) algorithm that processes the
%% variable-length arguments so that it takes much less time to produce large
%% maps. Several macros so became redundant and are no longer included. Also I
%% introduced \kvindexsize and \kvcontentsize to adjust the font size of the
%% indices and the contents of a diagram. They default to \tiny and
%% \normalsize. 
%%
%% January 17th, 2001: Changed the eMail-address in the macro file and the
%% accompanying documentation and made minor changes to the documentation.
%%
%% January 7th, 2002: Exchanged the \xdef to \gdef in the definition of
%% \kvargumentstring and \kvgetonechar so that things like {\textbf 1} in the
%% argumentlist of \karnaughmap do not cause error messages any longer. 
%% Thanks to Michal Medveck{\'y} for pointing me to this error.
%%
%%
%%
%% We need a fixed dimension for a single field in a Karnaugh map:
%%
\newdimen\kvunitlength
\kvunitlength=8mm
%%
%% We need a default font size for the indices:
%%
\newcommand{\kvindexsize}{\tiny}
%%
%% And we need a default size for the contents and variable identifiers:
%%
\newcommand{\kvcontentsize}{\normalsize}
%%
%% First, we have to introduce some counters:
%%
%% \kvrecursiondepth is used to control the recursion of the
%% \karnaughmakemap- and \veitchmakechart-macro. 
%%
\newcount\kvrecursiondepth
%%
%% The \kvindexcounter is needed for the indices in the fields of the
%% diagrams. 
%%
\newcount\kvindexcounter
%% 
%% \kvxsize and \kvysize store the dimensions of an entire diagram.
%%
\newcount\kvxsize
\newcount\kvysize
%%
%% Some counters are necessary to compute the marks for the variable
%% identifiers:
%%
\newcount\kvvarno
\newcount\kvxvarno
\newcount\kvyvarno
\newcount\kvmarkstart
\newcount\kvmarklength
\newcount\kvmarknum
\newcount\kvmarkmove
%%
%% And we need a savebox to store the variable marks:
%%
\newsavebox\kvsavebox
%%
%% Single fields in a diagram should be indexed, which makes the map easier to
%% use. This is the default. If you don't want indices, simply call
%% \kvnoindex. If you want indices back, call \kvindex:
%%
\def\kvnoindex{%
\def\kvcurrentindex{}}
%%
\def\kvindex{%
\def\kvcurrentindex{%
\the\kvindexcounter\global\advance\kvindexcounter by 1}%
}
%%
\kvindex
%%
%% We need a macro that computes the powers of two:
%%
\def\kvpoweroftwo#1#2{% Computes #1=2^#2, both of which have to be counters
{\ifnum#2>0 
\global\multiply#1 by 2 
\advance#2 by -1
\kvpoweroftwo{#1}{#2}
\fi}}
%%
%% The macros \kvargumentstring, \kvgetchar and \kvgetonechar are needed to
%% process the variabe-length parameters in \karnaughmap and \veitchchart:
%%
\def\kvargumentstring#1{\gdef\kvdummystring{#1{}\noexpand\end}}
%%
\def\kvgetchar{\expandafter\kvgetonechar\kvdummystring}
%%
\def\kvgetonechar#1#2\end{{#1}\gdef\kvdummystring{#2\noexpand\end}}%
%%
%% The Macro \karnaughmakemap calls itself recursively until the parameter #1
%% equals 1, whereupon it returns a single token from the list of arguments,
%% enclosed in a \makebox plus the index (if enabled) in a smaller \makebox:
%%
\def\karnaughmakemap#1#2{{%
\kvrecursiondepth=\number#1
\ifnum\kvrecursiondepth>1
\divide\kvrecursiondepth by 2
\unitlength=\kvunitlength
\multiply\unitlength by \kvrecursiondepth
%%
\ifcase#2
%%
%% The parameter #2 of \karnaughmakemap is needed because the inner Karnaugh
%% maps need to be mirrored. This is achieved by the following case-statement,
%% which orders the inner Karnaugh maps properly:
%%
%% Case 0: top-left Karnaugh map
\begin{picture}(2,2)%
\put(0,1){\karnaughmakemap{\kvrecursiondepth}{0}}%
\put(1,1){\karnaughmakemap{\kvrecursiondepth}{1}}%
\put(0,0){\karnaughmakemap{\kvrecursiondepth}{2}}%
\put(1,0){\karnaughmakemap{\kvrecursiondepth}{3}}%
\end{picture}%
\or
%% Case 1: top-right Karnaugh map
\begin{picture}(2,2)%
\put(1,1){\karnaughmakemap{\kvrecursiondepth}{1}}%
\put(0,1){\karnaughmakemap{\kvrecursiondepth}{0}}%
\put(1,0){\karnaughmakemap{\kvrecursiondepth}{3}}%
\put(0,0){\karnaughmakemap{\kvrecursiondepth}{2}}%
\end{picture}%
\or
%% Case 2: bottom-left Karnaugh map
\begin{picture}(2,2)%
\put(0,0){\karnaughmakemap{\kvrecursiondepth}{2}}%
\put(1,0){\karnaughmakemap{\kvrecursiondepth}{3}}%
\put(0,1){\karnaughmakemap{\kvrecursiondepth}{0}}%
\put(1,1){\karnaughmakemap{\kvrecursiondepth}{1}}%
\end{picture}%
\or
%% Case 3: bottom-right Karnaugh map
\begin{picture}(2,2)%
\put(1,0){\karnaughmakemap{\kvrecursiondepth}{3}}%
\put(0,0){\karnaughmakemap{\kvrecursiondepth}{2}}%
\put(1,1){\karnaughmakemap{\kvrecursiondepth}{1}}%
\put(0,1){\karnaughmakemap{\kvrecursiondepth}{0}}%
\end{picture}%
\fi
\else
\unitlength=\kvunitlength
\begin{picture}(1,1)
\put(0,0){\makebox(1,1){\kvcontentsize\kvgetchar}}%
\put(0.05,0.05){\makebox(0.9,0.9)[bl]{\kvindexsize\kvcurrentindex}}%
\end{picture}
\fi}}%
%%
%% \karnaughmaketopmark typesets the variable marks of a Karnaugh map that are
%% located on top of the diagram:
%%
\def\karnaughmaketopmark{%
  \unitlength\kvunitlength
  \begin{picture}(\kvxsize,1)
    \kvmarkstart=1
    \kvpoweroftwo{\kvmarkstart}{\kvxvarno} % \kvymarkstart is the start 
                                % position for the \multiput
    \kvmarklength=\kvmarkstart 
    \multiply\kvmarklength by 2 % \kvmarklength is the length of a mark
    \kvmarkmove=\kvmarkstart 
    \multiply\kvmarkmove by 4 % This is the move distance for the \multiput.
    \kvmarknum=\kvxsize
    \divide\kvmarknum by \kvmarkmove % This is the number of repetitions for
                                % the \multiput.  
    %The highest-order variable mark needs a special treatment:
    \ifnum\kvmarknum=0\kvmarknum=1\divide\kvmarklength by 2\fi 
    \savebox\kvsavebox(\kvmarklength,1){% 
      \begin{picture}(\kvmarklength,1)
      \put(0,0.3){\makebox(\kvmarklength,0.7){\kvcontentsize\kvgetchar}} 
      \put(0,0.1){\line(0,1){0.4}} 
      \put(\kvmarklength,0.1){\line(0,1){0.4}}
      \put(0,0.3){\line(1,0){\kvmarklength}} 
      \end{picture}}
    \multiput(\kvmarkstart,0)(\kvmarkmove,0){\kvmarknum}{\usebox\kvsavebox}
  \end{picture}
}
%%
%% \karnaughmakeleftmark typesets the variable marks of a Karnaugh map that are
%% located on the left of the diagram:
%%
\def\karnaughmakeleftmark{%
  \unitlength\kvunitlength
  \begin{picture}(-1,\kvysize)(0,-\kvysize)
    \kvmarkstart=1
    \kvpoweroftwo{\kvmarkstart}{\kvyvarno} % \kvmarkstart is the start 
                                % position for the \multiput
    \kvmarklength=\kvmarkstart 
    \multiply\kvmarklength by 2 % \kvmarklength is the length of a mark
    \kvmarkmove=\kvmarkstart 
    \multiply\kvmarkmove by 4 % This now is the move distance for the
                              % \multiput. 
    \kvmarknum=\kvysize
    \divide\kvmarknum by \kvmarkmove % This now is the number of 
                                % repetitions for the \multiput.  
    %The highest-order variable mark needs a special treatment:
    \ifnum\kvmarknum=0\kvmarknum=1\divide\kvmarklength by 2\fi 
    \advance\kvmarkstart by \kvmarklength
    \savebox\kvsavebox(1,\kvmarklength){%
      \begin{picture}(1,\kvmarklength)
        \put(-0.3,0){\makebox(-0.7,\kvmarklength){\kvcontentsize\kvgetchar}}
        \put(-0.1,0){\line(-1,0){0.4}}
        \put(-0.1,\kvmarklength){\line(-1,0){0.4}}
        \put(-0.3,0){\line(0,1){\kvmarklength}}
      \end{picture}}
    \multiput(0,-\kvmarkstart)(0,-\kvmarkmove){\kvmarknum}{\usebox\kvsavebox}
  \end{picture}
}
%% \karnaughmakemarks calls \karnaughmaketopmark or \karnaughmakeleftmark
%% depending on whether \kvvarno is odd or even.
%%
\def\karnaughmakemarks{%
\ifnum\kvvarno>0
  \let\next=\karnaughmakemarks
  \ifodd\kvvarno % We have to make a mark at the top
    \advance\kvxvarno by -1
    \put(0,\kvxvarno){\karnaughmaketopmark}
  \else % We have to make a mark at the left
    \advance\kvyvarno by -1
    \put(-\kvyvarno,-\kvysize){\karnaughmakeleftmark}
  \fi
  \advance\kvvarno by -1
\else
  \let\next=\relax
\fi
\next
}
%%
%% \karnaughmap is the macro that a user calls if he wants to draw a
%% Karnaugh map:  
%%
\def\karnaughmap#1#2#3#4#5{%
%%
%% #1 is the number of variables in the Karnaugh map
%% #2 is the identifier of the function
%% #3 is the list of identifiers of those variables 
%% #4 is the list of tokens that have to be written into the map
%% #5 is something that you want to draw inside the Karnaugh map
%%
\kvvarno=#1  % \kvvarno is the total number of variables 
\kvyvarno=#1 % \kvyvarno is the number of variable marks at the left 
\divide\kvyvarno by 2
\kvxvarno=#1 % \kvxvarno is the number of variable marks on top 
\advance\kvxvarno by -\kvyvarno
\kvxsize=1
\kvpoweroftwo{\kvxsize}{\kvxvarno}
\kvysize=1
\kvpoweroftwo{\kvysize}{\kvyvarno}
\advance\kvxsize by \kvyvarno
\advance\kvxvarno by \kvysize
\unitlength\kvunitlength
\begin{picture}(\kvxsize,\kvxvarno)(-\kvyvarno,-\kvysize)
\advance\kvxsize by -\kvyvarno
\advance\kvxvarno by -\kvysize
\put(0,-\kvysize){%
\begin{picture}(\kvxsize,\kvysize)
\multiput(0,0)(0,1){\kvysize}{\line(1,0){\kvxsize}}
\multiput(0,0)(1,0){\kvxsize}{\line(0,1){\kvysize}}
\put(0,\kvysize){\line(1,0){\kvxsize}}
\put(\kvxsize,0){\line(0,1){\kvysize}}
#5
\end{picture}}
\put(-\kvyvarno,0){\makebox(\kvyvarno,\kvxvarno){#2}}
\kvindexcounter=0
\kvargumentstring{#4}
\put(0,-\kvysize){\karnaughmakemap{\kvysize}{0}}
\ifodd\kvvarno
{\divide\kvxsize by 2
\put(\kvxsize,-\kvysize){\karnaughmakemap{\kvysize}{1}}}
\fi
\kvargumentstring{#3}
\karnaughmakemarks
%%
\end{picture}
}%
%%
%% The definition of \kvmap is necessary to maintain compatibility with older
%% versions of this macro package:
%%
\def\kvmap{\karnaughmap}%
%%
%%
%% The Macro \veitchmakechart calls itself recursively until the parameter #1
%% equals 1, whereupon it returns a single token from the list of arguments,
%% enclosed in a \makebox plus the index (if enabled) in a smaller \makebox:
%%
\def\veitchmakechart#1{{%
\kvrecursiondepth=\number#1
\ifnum\kvrecursiondepth>1
\divide\kvrecursiondepth by 2
\unitlength=\kvunitlength
\multiply\unitlength by \kvrecursiondepth
%%
\begin{picture}(2,2)%
\put(0,1){\veitchmakechart{\kvrecursiondepth}}%
\put(1,1){\veitchmakechart{\kvrecursiondepth}}%
\put(0,0){\veitchmakechart{\kvrecursiondepth}}%
\put(1,0){\veitchmakechart{\kvrecursiondepth}}%
\end{picture}%
\else
\unitlength=\kvunitlength
\begin{picture}(1,1)
\put(0,0){\makebox(1,1){\kvcontentsize\kvgetchar}}%
\put(0.05,0.05){\makebox(0.9,0.9)[bl]{\kvindexsize\kvcurrentindex}}%
\end{picture}
\fi}}%
%%
\def\veitchmaketopmark{%
  \unitlength\kvunitlength
  \begin{picture}(\kvxsize,1)
    \kvmarkstart=1
    \kvpoweroftwo{\kvmarkstart}{\kvxvarno} % \kvymarkstart is the start 
                                % position for the \multiput
    \kvmarklength=\kvmarkstart % \kvmarklength is the length of a mark
    \kvmarkmove=\kvmarkstart 
    \multiply\kvmarkmove by 2 % This is the move distance for the \multiput.
    \kvmarknum=\kvxsize
    \divide\kvmarknum by \kvmarkmove % This is the number of repetitions for
                                     % the \multiput.  
    \savebox\kvsavebox(\kvmarklength,1){% 
      \begin{picture}(\kvmarklength,1)
      \put(0,0.3){\makebox(\kvmarklength,0.7){\kvcontentsize\kvgetchar}} 
      \put(0,0.1){\line(0,1){0.4}} 
      \put(\kvmarklength,0.1){\line(0,1){0.4}}
      \put(0,0.3){\line(1,0){\kvmarklength}} 
      \end{picture}}
    \multiput(\kvmarkstart,0)(\kvmarkmove,0){\kvmarknum}{\usebox\kvsavebox}
  \end{picture}
}
%%
\def\veitchmakeleftmark{%
  \unitlength\kvunitlength
  \begin{picture}(-1,\kvysize)(0,-\kvysize)
    \kvmarkstart=1
    \kvpoweroftwo{\kvmarkstart}{\kvyvarno} % \kvmarkstart is the start 
                                % position for the \multiput
    \kvmarklength=\kvmarkstart 
    \kvmarkmove=\kvmarkstart 
    \multiply\kvmarkmove by 2 % This now is the move distance for the \multiput. 
    \kvmarknum=\kvysize
    \divide\kvmarknum by \kvmarkmove % This now is the number of 
                                     % repetitions for the \multiput.  
    \advance\kvmarkstart by \kvmarklength
    \savebox\kvsavebox(1,\kvmarklength){%
      \begin{picture}(1,\kvmarklength)
        \put(-0.3,0){\makebox(-0.7,\kvmarklength){\kvcontentsize\kvgetchar}}
        \put(-0.1,0){\line(-1,0){0.4}}
        \put(-0.1,\kvmarklength){\line(-1,0){0.4}}
        \put(-0.3,0){\line(0,1){\kvmarklength}}
      \end{picture}}
    \multiput(0,-\kvmarkstart)(0,-\kvmarkmove){\kvmarknum}{\usebox\kvsavebox}
  \end{picture}
}
%%
\def\veitchmakemarks{%
\ifnum\kvvarno>0
  \let\next=\veitchmakemarks
  \ifodd\kvvarno % We have to make a mark at the top
    \advance\kvxvarno by -1
    \put(0,\kvxvarno){\veitchmaketopmark}
  \else % We have to make a mark at the left
    \advance\kvyvarno by -1
    \put(-\kvyvarno,-\kvysize){\veitchmakeleftmark}
  \fi
  \advance\kvvarno by -1
\else
  \let\next=\relax
\fi
\next
}
%%
\def\veitchchart#1#2#3#4#5{%
%%
%% #1 is the number of variables in the Veitch chart
%% #2 is the identifier of the function
%% #3 is the list of identifiers of those variables 
%% #4 is the list of tokens that have to be written into the chart
%% #5 is something that you want to draw inside the Veitch chart
%%
\kvvarno=#1  % \kvvarno is the total number of variables 
\kvyvarno=#1 % \kvyvarno is the number of variable marks at the left 
\divide\kvyvarno by 2
\kvxvarno=#1 % \kvxvarno is the number of variable marks on top 
\advance\kvxvarno by -\kvyvarno
\kvxsize=1
\kvpoweroftwo{\kvxsize}{\kvxvarno}
\kvysize=1
\kvpoweroftwo{\kvysize}{\kvyvarno}
\advance\kvxsize by \kvyvarno
\advance\kvxvarno by \kvysize
\unitlength\kvunitlength
\begin{picture}(\kvxsize,\kvxvarno)(-\kvyvarno,-\kvysize)
\advance\kvxsize by -\kvyvarno
\advance\kvxvarno by -\kvysize
\put(0,-\kvysize){%
\begin{picture}(\kvxsize,\kvysize)
\multiput(0,0)(0,1){\kvysize}{\line(1,0){\kvxsize}}
\multiput(0,0)(1,0){\kvxsize}{\line(0,1){\kvysize}}
\put(0,\kvysize){\line(1,0){\kvxsize}}
\put(\kvxsize,0){\line(0,1){\kvysize}}
#5
\end{picture}}
\put(-\kvyvarno,0){\makebox(\kvyvarno,\kvxvarno){#2}}
\kvindexcounter=0
\kvargumentstring{#4}
\put(0,-\kvysize){\veitchmakechart{\kvysize}}
\ifodd\kvvarno
{\divide\kvxsize by 2
\put(\kvxsize,-\kvysize){\veitchmakechart{\kvysize}}}
\fi
\kvargumentstring{#3}
\veitchmakemarks
%%
\end{picture}
}%
%%

%%% Local Variables: 
%%% mode: latex
%%% TeX-master: t
%%% End: 
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% ------------------------------------------------------------------------
% File: srcltx.sty
%       ==========
%
% Version 1.002 1999 Sep 3  (modified to change \everypar)
%               by David Carlisle
%
% Version 1.001 1998 Dec 23 (modified to change \output)
%               by Berthold Horn
%
% This package was originally written by Aleksander Simonic (the
% author of WinEdt Shell) to implement a source file tracking and
% DVI "SRC" specials for LaTeX.
%
% This package comes with no guarantees and no reserved rights.
% You can use or modify this file at your own risk.
% ************************************************************************
% NOTE: TeX commands are case sensitive. You have to use uppercase
% \Input to take advantage of this package
%
% This package supports nested \Input commands...
% File extension should be specified in \Input!
%
% This file should be placed in a directory where your LaTeX is
% looking for inputs (eg. ...\localtexmf\tex for MiKTeX).
%
% If you are writing a book with WinEdt and LaTeX simply
% include this file and use \include{mychapter} command...
% This way all the necessary specials for DVI Search and
% Inverse Search are inserted in your DVI File.
%
% WinEdt will be able to track Errors from your LOG file.
%
% ************************************************************************
%
% Some TeX implementations (eg. MiKTeX 1.20 [or later]) can insert
% the SRC specials much better than any macro package. Consult your
% TeX documentation to see if it is better to leave the task to your
% TeX. You can still use the [inactive] version of this package to
% take advantage of the re-defined Input commands and thus allowing
% WinEdt to keep track of errors in included source files.
%
% MiKTeX inserts the SRC specials in the DVI file if you start
% [La]TeX with --src qualifier (see MiKTeX's Manual:
% ...\texmf\Doc\MiKTeX\MiKTeX.pdf for more info).
%
% ************************************************************************
%
% * NOTE: Some TeX implementations add the file type to the "\jobname".
% In that case the definition of the "\MainFile" should be modified to:
%
%     \def\MainFile{\jobname} instead of \def\MainFile{\jobname.tex}.
%
% ************************************************************************
%
% *** Example - Your LaTeX thesis document may look like this:
%
%\documentclass[12pt]{report}
%\usepackage[centertags]{amstex}
%\usepackage{thesis,newlfont,amsthm}
%\usepackage[active]{srcltx}
%%No src specials are written when loading the package by
%%\usepackage[inactive]{srcltx}
%
% .... Preamble ....
%
%\begin{document}
%
% .... Title, Author etc. ....
%
%\WinEdt{?0000} % Do not process any Errors (Overful/Underful Boxes)
%\beforepreface
%\WinEdt{?1111} % Process All Types of Errors from here on
%\include{ABS}
%\include{ACK}
%\afterpreface
%\include{chapter0}
%\include{chapter1}
%\include{chapter2}
%\include{chapter3}
%\bibliographystyle{amsplain}
%\bibliography{xbib}
%\end{document}
%
% ------------------------------------------------------------------------
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{packages/srcltx}[1999/10/11 v1.002 DVI Search]
\newif\ifSRCOK \SRCOKtrue
\DeclareOption{active}{\SRCOKtrue}
\DeclareOption{inactive}{\SRCOKfalse}
\ExecuteOptions{inactive}
\ProcessOptions
% ------------------------------------------------------------------------
\newcount\PAGETOP
\newcount\LASTLINE
\global\PAGETOP=1
\global\LASTLINE=-1
\gdef\MainFile{\jobname.tex}% ".tex" needed for MiKTeX
\gdef\CurrentInput{\MainFile}
\newcount\INPSP
\global\INPSP=0
\def\EJECT{\SRC\eject}
\def\WinEdt#1{\typeout{:#1}}% WinEdt LOG MODE and INPUT
% ------------------------------------------------------------------------
%If your are using DVIWIN remove the \space from the definitions below...
\def\SRC{\ifSRCOK%
  \ifnum\inputlineno>\LASTLINE%
    \ifnum\LASTLINE<0%
      \global\PAGETOP=\inputlineno%
    \fi%
    \global\LASTLINE=\inputlineno%
    \ifnum\INPSP=0%
      \ifnum\inputlineno>\PAGETOP%
        \special{src:\the\inputlineno\space\CurrentInput}%
      \fi%
    \else%
      \special{src:\the\inputlineno\space\CurrentInput}%
    \fi%
  \fi%
\fi}
% ------------------------------------------------------------------------
\def\PUSH#1{%
\SRC%
\ifnum\INPSP=0 \global\let\INPSTACKA=\CurrentInput \else%
\ifnum\INPSP=1 \global\let\INPSTACKB=\CurrentInput \else%
\ifnum\INPSP=2 \global\let\INPSTACKC=\CurrentInput \else%
\ifnum\INPSP=3 \global\let\INPSTACKD=\CurrentInput \else%
\ifnum\INPSP=4 \global\let\INPSTACKE=\CurrentInput \else%
\ifnum\INPSP=5 \global\let\INPSTACKF=\CurrentInput \else%
               \global\let\INPSTACKX=\CurrentInput \fi\fi\fi\fi\fi\fi%
\gdef\CurrentInput{#1}%
\WinEdt{<+ \CurrentInput}%
\global\LASTLINE=0%
\ifSRCOK\special{src:1\CurrentInput}\fi%
\global\advance\INPSP by 1}
%
\def\POP{%
\ifnum\INPSP>0 \global\advance\INPSP by -1  \fi%
\ifnum\INPSP=0 \global\let\CurrentInput=\INPSTACKA \else%
\ifnum\INPSP=1 \global\let\CurrentInput=\INPSTACKB \else%
\ifnum\INPSP=2 \global\let\CurrentInput=\INPSTACKC \else%
\ifnum\INPSP=3 \global\let\CurrentInput=\INPSTACKD \else%
\ifnum\INPSP=4 \global\let\CurrentInput=\INPSTACKE \else%
\ifnum\INPSP=5 \global\let\CurrentInput=\INPSTACKF \else%
               \global\let\CurrentInput=\INPSTACKX \fi\fi\fi\fi\fi\fi%
\WinEdt{<-}%
\global\LASTLINE=\inputlineno%
\global\advance\LASTLINE by -1%
\SRC}
% ------------------------------------------------------------------------
% Dummy Input: can be used as \INPUT{<file>.bbl} to collect \bibitems
\def\INPUT#1{\relax}
% ------------------------------------------------------------------------
% Redefine the original \include command
\let\OldINCLUDE=\include
\def\include#1{%Always ".tex" file type!
\EJECT%
\PUSH{#1.tex}%
\OldINCLUDE{#1}%
\POP}
% ------------------------------------------------------------------------
\def\Input#1{%Specify File Extension!
\PUSH{#1}%
\input #1%
\POP}
% ------------------------------------------------------------------------
% Note that these have been defined to concatenate the \SRC with
% whatever those token lists did before, just in case they were not
% empty token lists.  Of course, later definitions may undo all this...
\let\originalxxxeverypar\everypar
\newtoks\everypar
\originalxxxeverypar{\the\everypar\expandafter\SRC}
%\everypar\expandafter{\the\everypar\expandafter\SRC}
% ??? Remove the following line if you encounter problems:
\everymath\expandafter{\the\everymath\expandafter\SRC}
% ------------------------------------------------------------------------
% Redefine the \bibliography command:
\let\zzzxxxbibliography=\bibliography
\def\bibliography#1{\PUSH{\jobname.bbl}\zzzxxxbibliography{#1}\POP}
%------------------------------------------------------------------------
% Modification to output routine to turn off \SRC while \output is active
\output\expandafter{\expandafter\SRCOKfalse\the\output}
%------------------------------------------------------------------------
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% ------------------------------------------------------------------------
% File: srctex.sty
%       ==========
%
% Version 1.002 1999 Sep 3  (modified to change \everypar)
%               by David Carlisle
%
% Version 1.001 1998 Dec 23 (modified to change \output)
%               by Berthold Horn
%
% This package was originally written by Aleksander Simonic (the
% author of WinEdt Shell) to implement a source file tracking and
% DVI "SRC" specials for TeX.
%
% This package comes with no guarantees and no reserved rights.
% You can use or modify this file at your own risk.
% ************************************************************************
% NOTE: TeX commands are case sensitive. You have to use uppercase
% \Input to take advantage of this package
%
% This package supports nested \Input commands...
% File extension should be specified in \Input!
%
% This file should be placed in a directory where your TeX is
% looking for inputs (eg. ...\localtexmf\tex for MiKTeX).
%
% ************************************************************************
%
% Some TeX implementations (eg. MiKTeX 1.20 [or later]) can insert
% the SRC specials much better than any macro package. Consult your
% TeX documentation to see if it is better to leave the task to your
% TeX. You can still use the [inactive] version of this package to
% take advantage of the re-defined Input commands and thus allowing
% WinEdt to keep track of errors in included source files.
%
% MiKTeX inserts the SRC specials in the DVI file if you start
% TeX with --src qualifier (see MiKTeX's Manual:
% ...\texmf\Doc\MiKTeX\MiKTeX.pdf for more info).
%
% ************************************************************************
%
% If you are writing a book with WinEdt Shell and TeX simply
% include this file and use "\Input{my_chapter}" instead of
% "\input my_chapter". This way all the necessary specials for
% DVI Search and Inverse Search are inserted in your DVI File.
%
% WinEdt will be able to track Errors from your LOG file.
%
% To remove SRC Specials from the dvi file compile the source
% after inserting \SRCOKfalse immediately after
% the \usepackage{srctex} directive...
%
% This package supports nested \Input commands...
% File extension should be specified in \Input!
%
% ************************************************************************
%
% * NOTE: Some TeX implementations add the file type to the "\jobname".
% In that case the definition of the "\MainFile" should be modified to:
%
%     \def\MainFile{\jobname} instead of \def\MainFile{\jobname.tex}.
%
% ************************************************************************
\def\typeout#1{\message{^^J}\message{#1}\message{^^J}}
%
\newif\ifSRCOK \SRCOKtrue
\newcount\PAGETOP
\newcount\LASTLINE
\global\PAGETOP=1
\global\LASTLINE=-1
\def\EJECT{\SRC\eject}
\def\WinEdt#1{\typeout{:#1}}% WinEdt LOG MODE and INPUT
\gdef\MainFile{\jobname.tex}% ".tex" needed for MiKTeX
\gdef\CurrentInput{\MainFile}
\newcount\INPSP
\global\INPSP=0
% ------------------------------------------------------------------------
%If your are using DVIWIN remove the \space from the definitions below...
\def\SRC{\ifSRCOK%
  \ifnum\inputlineno>\LASTLINE%
    \ifnum\LASTLINE<0%
      \global\PAGETOP=\inputlineno%
    \fi%
    \global\LASTLINE=\inputlineno%
    \ifnum\INPSP=0%
      \ifnum\inputlineno>\PAGETOP%
        \special{src:\the\inputlineno\space\CurrentInput}
      \fi%
    \else%
      \special{src:\the\inputlineno\space\CurrentInput}
    \fi%
  \fi%
\fi}
% ------------------------------------------------------------------------
\def\PUSH#1{%
\SRC%
\ifnum\INPSP=0 \global\let\INPSTACKA=\CurrentInput \else%
\ifnum\INPSP=1 \global\let\INPSTACKB=\CurrentInput \else%
\ifnum\INPSP=2 \global\let\INPSTACKC=\CurrentInput \else%
\ifnum\INPSP=3 \global\let\INPSTACKD=\CurrentInput \else%
\ifnum\INPSP=4 \global\let\INPSTACKE=\CurrentInput \else%
\ifnum\INPSP=5 \global\let\INPSTACKF=\CurrentInput \else%
               \global\let\INPSTACKX=\CurrentInput \fi\fi\fi\fi\fi\fi%
\gdef\CurrentInput{#1}%
\WinEdt{<+ \CurrentInput}%
\global\LASTLINE=0%
\ifSRCOK\special{src:1\CurrentInput}\fi%
\global\advance\INPSP by 1}
%
\def\POP{%
\ifnum\INPSP>0 \global\advance\INPSP by -1  \fi%
\ifnum\INPSP=0 \global\let\CurrentInput=\INPSTACKA \else%
\ifnum\INPSP=1 \global\let\CurrentInput=\INPSTACKB \else%
\ifnum\INPSP=2 \global\let\CurrentInput=\INPSTACKC \else%
\ifnum\INPSP=3 \global\let\CurrentInput=\INPSTACKD \else%
\ifnum\INPSP=4 \global\let\CurrentInput=\INPSTACKE \else%
\ifnum\INPSP=5 \global\let\CurrentInput=\INPSTACKF \else%
               \global\let\CurrentInput=\INPSTACKX \fi\fi\fi\fi\fi\fi%
\WinEdt{<-}%
\global\LASTLINE=\inputlineno%
\global\advance\LASTLINE by -1%
\SRC}
% ------------------------------------------------------------------------
% Dummy Input: can be used as \INPUT{<file>.bbl} to collect \bibitems
\def\INPUT#1{\relax}
% ------------------------------------------------------------------------
\def\Input#1{%Specify File Extension!
\SRC%
\PUSH{#1}%
\input #1%
\POP%
\SRC}
% ------------------------------------------------------------------------
% Note that these have been defined to concatenate the \SRC with
% whatever those token lists did before, just in case they were not
% empty token lists.  Of course, later definitions may undo all this...
\let\originalxxxeverypar\everypar
\newtoks\everypar
\originalxxxeverypar{\the\everypar\expandafter\SRC}
%\everypar\expandafter{\the\everypar\expandafter\SRC}
% ??? Remove the following line if you encounter problems:
\everymath\expandafter{\the\everymath\expandafter\SRC}
%------------------------------------------------------------------------
% Modification to output routine to turn off \SRC while \output is active
\output\expandafter{\expandafter\SRCOKfalse\the\output}
%------------------------------------------------------------------------
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\section{Versuch Komb1}

\begin{tabular}{|c|cccccccccccccccc|}
\hline
a & 0 & 0 & 0 & 0 & 0 & 0 & 0 & 0 & 1 & 1 & 1 & 1 & 1 & 1 & 1 & 1 \\
b & 0 & 0 & 0 & 0 & 1 & 1 & 1 & 1 & 0 & 0 & 0 & 0 & 1 & 1 & 1 & 1 \\
c & 0 & 0 & 1 & 1 & 0 & 0 & 1 & 1 & 0 & 0 & 1 & 1 & 0 & 0 & 1 & 1 \\
d & 0 & 1 & 0 & 1 & 0 & 1 & 0 & 1 & 0 & 1 & 0 & 1 & 0 & 1 & 0 & 1 \\
\hline
y & 0 & 0 & 1 & 0 & 1 & 0 & 0 & 0 & 1 & 1 & 1 & 0 & 1 & 0 & 1 & 1 \\
\hline
\end{tabular}

\subsection{NAND-NAND-Realisierung}
\karnaughmap{4}{f(a,b,c,d):}{abcd}
{
0010
1000
1110
1011
}{
\put(0.5,2){\oval(0.9,1.9)[c]}
\put(1,0.5){\oval(1.9,0.9)[c]}
\put(3,1.5){\oval(1.9,0.9)[c]}
\put(3.5,0){\oval(0.9,1.9)[t]}
\put(3.5,4){\oval(0.9,1.9)[b]}
}

\noindent\begin{math}
y = abc+\overline{b}c\overline{d}+b\overline{c}\overline{d}+a\overline{b}\overline{c} \\\\
y = \overline{\overline{abc+\overline{b}c\overline{d}+b\overline{c}\overline{d}+a\overline{b}\overline{c}}} \\\\
y = \overline{\overline{(abc)}*\overline{(\overline{b}c\overline{d})}*\overline{(b\overline{c}\overline{d})}*\overline{(a\overline{b}\overline{c})}}
\end{math}

\subsection{NOR-NOR-Realisierung}
\karnaughmap{4}{f(a,b,c,d):}{abcd}
{
0010
1000
1110
1011
}{
\put(1,3.5){\oval(1.9,0.9)[c]}
\put(1.5,2){\oval(0.9,1.9)[c]}
\put(3,2.5){\oval(1.9,0.9)[c]}
\put(2.5,0){\oval(0.9,1.9)[t]}
\put(2.5,4){\oval(0.9,1.9)[b]}
}

\noindent\begin{math}
y = (a+b+c)*(\overline{b}+c+\overline{d})*(b+\overline{c}+\overline{d})*(a+\overline{b}+\overline{c}) \\\\
y = \overline{\overline{(a+b+c)*(\overline{b}+c+\overline{d})*(b+\overline{c}+\overline{d})*(a+\overline{b}+\overline{c})}} \\\\
y = \overline{\overline{(a+b+c)}+\overline{(\overline{b}+c+\overline{d})}+\overline{(b+\overline{c}+\overline{d})}+\overline{(a+\overline{b}+\overline{c})}}
\end{math}

\subsection{Schaltung}
\includegraphics[scale=0.5]{versuch1_schaltplan}

\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;

entity uut is
  port (x_fghij : in  X01_vector(20 downto 13);
        z_abcde : out X01_vector(20 downto 13));
end uut;

architecture structure of uut is
  component sn7400 -- 2er-nand
    port (x : in  X01_vector (1 to 2);
          y : out X01);
  end component;
  component sn7427 is -- 3er-nor
    port (x : in X01_vector (1 to 3); y : out X01);
  end component;
  component sn74260 is -- 5er-nor
    port (x : in X01_vector (1 to 5); y : out X01);
  end component;
  component sn7410 -- 3er-nand
    port (x : in  X01_vector (1 to 3);
          y : out X01);
  end component;
  component sn7420 is -- 4er-nand
    port (x : in X01_vector (1 to 4); y : out X01);
  end component;

  signal na, nb, nc, nd : X01; -- not a, not b, not c, not d
  signal s2 : x01_vector(1 to 4); -- nor zwischenergnisse
  signal s3 : x01_vector(1 to 4); -- nand zwischenergnisse

  alias a : x01 is x_fghij(20);
  alias b : x01 is x_fghij(19);
  alias c : x01 is x_fghij(18);
  alias d : x01 is x_fghij(17);
  alias y2: x01 is z_abcde(20); -- nor ergebnis
  alias y3: x01 is z_abcde(19); -- nand ergebnis
begin
  -- block1: a,b,c,d => not a, not b, not c, not d
  u01: sn7400 port map (x(1)=>a, x(2)=>a, y=>na);
  u02: sn7400 port map (x(1)=>b, x(2)=>b, y=>nb);
  u03: sn7400 port map (x(1)=>c, x(2)=>c, y=>nc);
  u04: sn7400 port map (x(1)=>d, x(2)=>d, y=>nd);

  -- block2: 1. nor-ebene
  u10: sn7427 port map (x(1)=>a, x(2)=>b, x(3)=>c, y=>s2(1));
  u11: sn7427 port map (x(1)=>nb, x(2)=>c, x(3)=>nd, y=>s2(2));
  u12: sn7427 port map (x(1)=>b, x(2)=>nc, x(3)=>nd, y=>s2(3));
  u13: sn74260 port map (x(1)=>a, x(2)=>nb, x(3)=>nc, x(4)=>nc,
                          x(5)=>nc, y=>s2(4));

  -- block2: 2. nor-ebene
  u14: sn74260 port map (x(1)=>s2(1), x(2)=>s2(2), x(3)=>s2(3),
                         x(4)=>s2(4), x(5)=>s2(4), y=>y2);

  -- block3: 1. nand-ebene
  u15: sn7410 port map (x(1)=>a, x(2)=>b, x(3)=>c, y=>s3(1));
  u16: sn7410 port map (x(1)=>nb, x(2)=>c, x(3)=>nd, y=>s3(2));
  u17: sn7410 port map (x(1)=>b, x(2)=>nc, x(3)=>nd, y=>s3(3));
  u18: sn7420 port map (x(1)=>a, x(2)=>nb, x(3)=>nc, x(4)=>nc,
                        y=>s3(4));

  -- block3: 2. nand-ebene
  u19: sn7420 port map (x(1)=>s3(1), x(2)=>s3(2), x(3)=>s3(3),
                        x(4)=>s3(4), y=>y3);
end structure;

\end{verbatim}


\subsection{Binäre Simulation}
\subsubsection{Stimulus}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 0100----|11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 1100----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 1000----|11------
\end{verbatim}
\end{minipage}

\subsubsection{Simulation}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
  1 0000---- -> 00000000
                00------
  2 0001---- -> 00000000
                00------
  3 0011---- -> 00000000
                00------
  4 0010---- -> 11000000
                11------
  5 0110---- -> 00000000
                00------
  6 0111---- -> 00000000
                00------
  7 0101---- -> 00000000
                00------
  8 0100---- -> 11000000
                11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  9 1100---- -> 11000000
                11------
 10 1101---- -> 00000000
                00------
 11 1111---- -> 11000000
                11------
 12 1110---- -> 11000000
                11------
 13 1010---- -> 11000000
                11------
 14 1011---- -> 00000000
                00------
 15 1001---- -> 11000000
                11------
 16 1000---- -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsection{Ternäre Simulation}
\subsubsection{Stimulus}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000----|00------
stimmap dbb2_08 000X----|--------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 00X1----|--------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 001X----|--------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0X10----|--------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 011X----|--------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 01X1----|--------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 010X----|--------
stimmap dbb2_08 0100----|11------
stimmap dbb2_08 X100----|--------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 1100----|11------
stimmap dbb2_08 110X----|--------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 11X1----|--------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 111X----|--------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1X10----|--------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|--------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 10X1----|--------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 100X----|--------
stimmap dbb2_08 1000----|11------
\end{verbatim}
\end{minipage}

\subsubsection{Simulation}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
  1 0000---- -> 00000000
                00------
  2 000X---- -> 00000000
                --------
  3 0001---- -> 00000000
                00------
  4 00X1---- -> 00000000
                --------
  5 0011---- -> 00000000
                00------
  6 001X---- -> XX000000
                --------
  7 0010---- -> 11000000
                11------
  8 0X10---- -> XX000000
                --------
  9 0110---- -> 00000000
                00------
 10 011X---- -> 00000000
                --------
 11 0111---- -> 00000000
                00------
 12 01X1---- -> 00000000
                --------
 13 0101---- -> 00000000
                00------
 14 010X---- -> XX000000
                --------
 15 0100---- -> 11000000
                11------
 16 X100---- -> XX000000
                --------
 17 1100---- -> 11000000
                11------
 18 110X---- -> XX000000
                --------
 19 1101---- -> 00000000
                00------
 20 11X1---- -> XX000000
                --------
 21 1111---- -> 11000000
                11------
 22 111X---- -> 11000000
                --------
 23 1110---- -> 11000000
                11------
 24 1X10---- -> XX000000
                --------
 25 1010---- -> 11000000
                11------
 26 1011---- -> 00000000
                --------
 27 1011---- -> 00000000
                00------
 28 10X1---- -> XX000000
                --------
 29 1001---- -> 11000000
                11------
 30 100X---- -> 11000000
                --------
 31 1000---- -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsection{Verdrahtung}
\begin{tabular}{|c|c|c||c|c|c||r|}
\hline 
Von                & IC  & PIN & NACH & IC  & PIN & Bemerkung\\
\hline
\emph{X\_FGHIJ 20} &     &     &    1 & '00 &   1 & Eingang na\\
1                  &   1 &   1 &    1 & '00 &   2 & \\
1                  &   1 &   2 &    2 & '27 &   1 & 1. 3er-NOR\\
2                  & '27 &   1 &    2 & '260&   1 & 1. 5er-NOR\\
2                  & '260&   1 &    3 & '10 &   1 & 1. 3er-NAND\\
1                  & '10 &   1 &    3 & '20 &   1 & 1. 4er-NAND\\
\hline
\emph{X\_FGHIJ 19} &     &     &    1 & '00 &   4 & Eingang nb\\
1                  & '00 &   4 &    1 & '00 &   5 & \\
1                  & '00 &   5 &    2 & '27 &   2 & 1. 3er-NOR\\
2                  & '27 &   2 &    2 & '27 &  11 & 3. 3er-NOR\\
2                  & '27 &  11 &    3 & '10 &   2 & 1. 3er-NAND\\
3                  & '10 &   2 &    3 & '10 &  11 & 3. 3er-NAND\\
\hline
\emph{X\_FGHIJ 18} &     &     &    1 & '00 &  13 & Eingang nc\\
1                  & '00 &  13 &    1 & '00 &  12 & \\
1                  & '00 &  12 &    2 & '27 &  13 & 1. 3er-NOR\\
2                  & '27 &  13 &    2 & '27 &   4 & 2. 3er-NOR\\
2                  & '27 &   4 &    3 & '10 &  13 & 1. 3er-NAND\\
3                  & '10 &  13 &    3 & '10 &   4 & 2. 3er-NAND\\
\hline
\emph{X\_FGHIJ 17} &     &     &    1 & '00 &  10 & Eingang nd\\
1                  & '00 &  10 &    1 & '00 &   9 & \\
\hline
\emph{1}           & '00 &   6 &    2 & '27 &   3 & 2. 3er-NOR \\
2                  & '27 &   3 &    2 & '260&   2 & 1. 5er-NOR \\
2                  & '260&   2 &    3 & '10 &   3 & 2. 3er-NAND \\
3                  & '10 &   3 &    3 & '20 &   2 & 1. 4er-NAND \\
\hline
\emph{1}           & '00 &  11 &    2 & '27 &  10 & 3. 3er-NOR \\
2                  & '27 &  10 &    2 & '260&   3 & 1. 5er-NOR \\
2                  & '260&   3 &    2 & '260&  13 & 1. 5er-NOR \\
2                  & '260&  13 &    2 & '260&  12 & 1. 5er-NOR \\
2                  & '260&  12 &    3 & '10 &  10 & 3. 3er-NAND\\
3                  & '10 &  10 &    3 & '20 &   4 & 1. 4er-NAND \\
3                  & '20 &   4 &    3 & '20 &   5 & 1. 4er-NAND \\
\hline
\emph{1}           & '00 &   8 &    2 & '27 &   5 & 2. 3er-NOR \\
2                  & '27 &   5 &    2 & '27 &   9 & 3. 3er-NOR \\
2                  & '27 &   9 &    3 & '10 &   5 & 2. 3er-NAND \\
3                  & '10 &   5 &    3 & '10 &   9 & 3. 3er-NAND \\
\hline
\emph{2}           & '27 &  12 &    2 & '260&   4 & 2. 5er-NOR \\
\hline
\emph{2}           & '27 &   6 &    2 & '260&  11 & 2. 5er-NOR \\
\hline
\emph{2}           & '27 &   8 &    2 & '260&  10 & 2. 5er-NOR \\
\hline
\emph{2}           & '260&   5 &    2 & '260&   9 & 2. 5er-NOR \\
2                  & '260&   9 &    2 & '260&   8 & 2. 5er-NOR \\
\hline
\emph{3}           & '10 &  12 &    3 & '20 &  13 & 2. 4er-NAND \\
\hline
\emph{3}           & '10 &   6 &    3 & '20 &  12 & 2. 4er-NAND \\
\hline
\emph{3}           & '10 &   8 &    3 & '20 &  10 & 2. 4er-NAND \\
\hline
\emph{3}           & '20 &   6 &    3 & '20 &   9 & 2. 4er-NAND \\
\hline
\emph{2}           & '260&   6 &    Z\_ABCDE 20 & & & y1-NOR-NOR \\
\hline
\emph{3}           & '20 &   8 &    Z\_ABCDE 19 & & & y1-NAND-NAND \\
\hline
\end{tabular}
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\section{Versuch Komb2}
\begin{math}
\begin{array}{rll}
y = &f(a,b,c,d)=b\overline{c}\overline{d}+\overline{b}c\overline{d}+abc+a\overline{b}\overline{c} \\
%
y = &abcd*1 + abc\overline{d}*1 + ab\overline{c}d*0 + ab\overline{c}\overline{d}*1 + a\overline{b}cd*0 + a\overline{b}c\overline{d}*1 + a\overline{b}\overline{c}d*1 + a\overline{b}\overline{c}\overline{d}*1 + \\
    &\overline{a}bcd*0 + \overline{a}bc\overline{d}*0 + \overline{a}b\overline{c}d*0 + \overline{a}b\overline{c}\overline{d}*1 + \overline{a}\overline{b}cd*0 + \overline{a}\overline{b}c\overline{d}*1 + \overline{a}\overline{b}\overline{c}d*0 + \overline{a}\overline{b}\overline{c}\overline{d}*0
\end{array}
\end{math}

\subsection{8-zu-1-Multiplexer-Realisierung}

\begin{math}
\begin{array}{rll}
y = &abc(d*1 + \overline{d}*1) + ab\overline{c}(d*0 + \overline{d}*1) + a\overline{b}c(d*0 + \overline{d}*1) + a\overline{b}\overline{c}(d*1 + \overline{d}*1) + \\
    &\overline{a}bc(d*0 + \overline{d}*0) + \overline{a}b\overline{c}(d*0 + \overline{d}*1) + \overline{a}\overline{b}c(d*0 + \overline{d}*1) + \overline{a}\overline{b}\overline{c}(d*0 + \overline{d}*0) \\
  = &abc(1) + ab\overline{c}(\overline{d}) + a\overline{b}c(\overline{d}) + a\overline{b}\overline{c}(1) + \\
    &\overline{a}bc(0) + \overline{a}b\overline{c}(\overline{d}) + \overline{a}\overline{b}c(\overline{d}) + \overline{a}\overline{b}\overline{c}(0)\\
%
y = &\overline{s_2}\ \overline{s_1}\ \overline{s_0}(0) + \overline{s_2}\ \overline{s_1}s_0(\overline{d}) + \overline{s_2}s_1\overline{s_0}(\overline{d}) + \overline{s_2}s_1s_0(0) + \\
&s_2\overline{s_1}\ \overline{s_0}(1) + s_2\overline{s_1}s_0(\overline{d}) + s_2s_1\overline{s_0}(\overline{d}) + s_2s_0s_1(1)
\end{array}
\end{math}

\begin{tabular}[b]{|c|c|c||c|c|c|c|c|c|c|c|}
\hline
$s_0$ & $s_1$ & $s_2$ & $d_0$ & $d_1$ & $d_2$ & $d_3$ & $d_4$ & $d_5$ & $d_6$ & $d_7$ \\
\hline
$c$   & $b$   & $a$   & $0$ & $\overline{d}$ & $\overline{d}$ & $0$ & $1$ & $\overline{d}$ & $\overline{d}$ & $1$ \\ 
\hline
\end{tabular}


\subsection{4-zu-1-Multiplexer-Realisierung}
\begin{math}
\begin{array}{rll}
y = &ab(cd*1 + c\overline{d}*1 + \overline{c}d*0 + \overline{c}\overline{d}*1) + a\overline{b}(cd*0 + c\overline{d}*1 + \overline{c}d*1 + \overline{c}\overline{d}*1) + \\
    &\overline{a}b(cd*0 + c\overline{d}*0 + \overline{c}d*0 + \overline{c}\overline{d}*1) + \overline{a}\overline{b}(cd*0 + c\overline{d}*1 + \overline{c}d*0 + \overline{c}\overline{d}*0) \\
%
  = &ab(c+\overline{d}) + a\overline{b}(\overline{c}+\overline{d}) + \overline{a}b(\overline{c}\overline{d}) + \overline{a}\overline{b}(c\overline{d}) \\
%
y = &\overline{s_1}\overline{s_0}(c\overline{d}) + \overline{s_1}s_0(\overline{c}\overline{d}) + s_1\overline{s_0}\ (\overline{c}+\overline{d}) + s_1s_0(c+\overline{d})
\end{array}
\end{math}

\begin{tabular}[c]{|c|c||c|c|c|c|}
\hline
$s_0$ & $s_1$ & $d_0$ & $d_1$ & $d_2$ & $d_3$ \\
\hline
$b$   & $a$   & $c\overline{d}$ & $\overline{c}\overline{d}$ & $\overline{c}+\overline{d}$ & $c+\overline{d}$ \\ 
\hline
\end{tabular}

\subsection{Schaltung}
\includegraphics[scale=0.5]{versuch2_schaltplan}

\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;

entity uut is
  port (x_fghij : in  X01_vector(20 downto 13);
        z_abcde : out X01_vector(20 downto 13));
end uut;

architecture structure of uut is
  component sn7400 -- 2er-nand
    port (x : in  X01_vector (1 to 2);
          y : out X01);
  end component;
  component sn7404 is -- not
    port (x : in X01; y : out X01);
  end component;
  component sn74151 is -- 8-zu-1-Multiplexer
    port (e   : in  X01;
          s   : in  X01_vector (2 downto 0);
          d   : in  X01_vector (0 to 7); 
          y,w : out X01);
  end component;
  component sn74153 is -- 4-zu-1-Multiplexer
    port (e1,e2  : in  X01;
          s      : in  X01_vector (1 downto 0);
          d1,d2  : in  X01_vector (0 to 3);
          y1,y2  : out X01);
  end component;

  signal nc, nd, zero, one : X01; -- not a, not b, not c, not
  signal s_nand : X01_vector (1 to 4); -- zwischenergebnisse der nands
  signal s_not : X01_vector (1 to 2); -- zwischenergebnisse der not bei nand

  alias a : x01 is x_fghij(20);
  alias b : x01 is x_fghij(19);
  alias c : x01 is x_fghij(18);
  alias d : x01 is x_fghij(17);
  alias y1: x01 is z_abcde(20); -- 8-zu-1-mux ergebnis
  alias y2: x01 is z_abcde(19); -- 4-zu-1-mux ergebnis
begin
  -- todo
  -- block1-not: 1, c, d => 0, not c, not d
  one <= '1';
  b11: sn7404 port map (x=>one, y=>zero);
  b12: sn7404 port map (x=>c, y=>nc);
  b13: sn7404 port map (x=>d, y=>nd);
  b14: sn7404 port map (x=>s_nand(1), y=>s_not(1));
  b15: sn7404 port map (x=>s_nand(2), y=>s_not(2));
  
  -- block1-nand
  b16: sn7400 port map (x(1)=>c, x(2)=>nd, y=>s_nand(1));
  b17: sn7400 port map (x(1)=>nc, x(2)=>nd, y=>s_nand(2));
  b18: sn7400 port map (x(1)=>c, x(2)=>d, y=>s_nand(3));
  b19: sn7400 port map (x(1)=>d, x(2)=>nc, y=>s_nand(4));
  
  -- block 2: 8-zu-1-Multiplexer
  b2: sn74151 port map (e=>zero, s(2)=>a, s(1)=>b, s(0)=>c,
                        d(0)=>zero, d(1)=>nd, d(2)=>nd, d(3)=>zero, 
                        d(4)=>one, d(5)=>nd, d(6)=>nd, d(7)=>one, y=>y1);
  
  -- block 3: 4-zu-1-Multiplexer
  b3: sn74153 port map (e1=>zero, s(1)=>a, s(0)=>b,
                        d1(0)=>s_not(1), d1(1)=>s_not(2),
                        d1(2)=>s_nand(3), d1(3)=>s_nand(4), y1=>y2,
                        e2=>one, d2=>"0000");
end structure;
\end{verbatim}

\subsection{Binäre Simulation}
\subsubsection{Stimulus}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 0100----|11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 1100----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 1000----|11------
\end{verbatim}
\end{minipage}

\subsubsection{Simulation}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
  1 0000---- -> 00000000
                00------
  2 0001---- -> 00000000
                00------
  3 0011---- -> 00000000
                00------
  4 0010---- -> 11000000
                11------
  5 0110---- -> 00000000
                00------
  6 0111---- -> 00000000
                00------
  7 0101---- -> 00000000
                00------
  8 0100---- -> 11000000
                11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  9 1100---- -> 11000000
                11------
 10 1101---- -> 00000000
                00------
 11 1111---- -> 11000000
                11------
 12 1110---- -> 11000000
                11------
 13 1010---- -> 11000000
                11------
 14 1011---- -> 00000000
                00------
 15 1001---- -> 11000000
                11------
 16 1000---- -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsection{Ternäre Simulation}
\subsubsection{Stimulus}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000----|00------
stimmap dbb2_08 000X----|--------
stimmap dbb2_08 0001----|00------
stimmap dbb2_08 00X1----|--------
stimmap dbb2_08 0011----|00------
stimmap dbb2_08 001X----|--------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 0X10----|--------
stimmap dbb2_08 0110----|00------
stimmap dbb2_08 011X----|--------
stimmap dbb2_08 0111----|00------
stimmap dbb2_08 01X1----|--------
stimmap dbb2_08 0101----|00------
stimmap dbb2_08 010X----|--------
stimmap dbb2_08 0100----|11------
stimmap dbb2_08 X100----|--------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 1100----|11------
stimmap dbb2_08 110X----|--------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 11X1----|--------
stimmap dbb2_08 1111----|11------
stimmap dbb2_08 111X----|--------
stimmap dbb2_08 1110----|11------
stimmap dbb2_08 1X10----|--------
stimmap dbb2_08 1010----|11------
stimmap dbb2_08 1011----|--------
stimmap dbb2_08 1011----|00------
stimmap dbb2_08 10X1----|--------
stimmap dbb2_08 1001----|11------
stimmap dbb2_08 100X----|--------
stimmap dbb2_08 1000----|11------
\end{verbatim}
\end{minipage}

\subsubsection{Simulation}
\begin{minipage}[t]{.5\linewidth} 
\scriptsize
\begin{verbatim}
  1 0000---- -> 00000000
                00------
  2 000X---- -> 00000000
                --------
  3 0001---- -> 00000000
                00------
  4 00X1---- -> 00000000
                --------
  5 0011---- -> 00000000
                00------
  6 001X---- -> XX000000
                --------
  7 0010---- -> 11000000
                11------
  8 0X10---- -> XX000000
                --------
  9 0110---- -> 00000000
                00------
 10 011X---- -> 00000000
                --------
 11 0111---- -> 00000000
                00------
 12 01X1---- -> 00000000
                --------
 13 0101---- -> 00000000
                00------
 14 010X---- -> XX000000
                --------
 15 0100---- -> 11000000
                11------
 16 X100---- -> XX000000
                --------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 17 1100---- -> 11000000
                11------
 18 110X---- -> XX000000
                --------
 19 1101---- -> 00000000
                00------
 20 11X1---- -> XX000000
                --------
 21 1111---- -> 11000000
                11------
 22 111X---- -> 11000000
                --------
 23 1110---- -> 11000000
                11------
 24 1X10---- -> XX000000
                --------
 25 1010---- -> 11000000
                11------
 26 1011---- -> 00000000
                --------
 27 1011---- -> 00000000
                00------
 28 10X1---- -> XX000000
                --------
 29 1001---- -> 11000000
                11------
 30 100X---- -> 11000000
                --------
 31 1000---- -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsection{Binärer Stimulus minimaler Länge}
\subsubsection{Transportbedingungen}
\karnaughmap{4}{f(a,b,c,d):}{abcd}
{
0010
1000
1110
1011
}{
}

\noindent\begin{math}
f\vert _{a \equiv 0} \nsim f\vert _{a \equiv 1}= \overline{b}\overline{c}d+bcd+\overline{b}\overline{c}\overline{d}+bc\overline{d}=\overline{b}\overline{c}+bc = b\sim c\\
%
f\vert _{b \equiv 0} \nsim f\vert _{b \equiv 1}= \overline{a}\ \overline{c}\overline{d}+a\overline{c}d+\overline{a}c\overline{d}+acd=\overline{a}\overline{d}+acd = \overline{a}\overline{d}+ad = a\sim d \\
%
f\vert _{c \equiv 0} \nsim f\vert _{c \equiv 1}= \overline{a}b\overline{d}+abd+\overline{a}\overline{b}\ \overline{d}+a\overline{b}d = \overline{a}\overline{d}+ad = a\sim d \\
%
f\vert _{d \equiv 0} \nsim f\vert _{d \equiv 1}= \overline{a}b\overline{c}+\overline{a}\overline{b}c+ab\overline{c}+a\overline{b}c = b\overline{c}+\overline{b}c = b \nsim c
\end{math}

\subsubsection{Überdeckungstabelle}
\begin{tabular}[c]{|r||c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|l|}
\hline
Fehler &  0 &  1 &  2 &  3 &  4 &  5 &  6 &  7 &  8 &  9 & 10 & 11 & 12 & 13 & 14 & 15 & $\delta (S)$ \\
\hline
$a=0$  &    &    &    &    &    &    &    &    &  1 &  1 &    &    &    &    & 1  &  1 & \\
$a=1$  &  1 &  1 &    &    &    &    &  1 &  1 &    &    &    &    &    &    &    &    & \\
$b=0$  &    &    &    &    &  1 &    &  1 &    &    &    &    &    &    &  1 &    &  1 & \\
$b=1$  &  1 &    &  1 &    &    &    &    &    &    &  1 &    &  1 &    &    &    &    & \\
$c=0$  &    &    &  1 &    &    &    &  1 &    &    &    &    &  1 &    &    &    &  1 & \\
$c=1$  &  1 &    &    &    &  1 &    &    &    &    &  1 &    &    &    &  1 &    &    & \\
$d=0$  &    &    &    &  1 &    &  1 &    &    &    &    &    &  1 &    &  1 &    &    & \\
$d=1$  &    &    &  1 &    &  1 &    &    &    &    &    &  1 &    &  1 &    &    &    & \\
$y=0$  &    &    &  1 &    &  1 &    &    &    &  1 &  1 &  1 &    &  1 &    &  1 &  1 & \\
$y=1$  &  1 &  1 &    &  1 &    &  1 &  1 &  1 &    &    &    &  1 &    &  1 &    &    & \\
\hline
\end{tabular}

\subsubsection{vereinfachte Überdeckungstabelle}
\begin{tabular}[c]{|r||c|c|c|c|l|}
\hline
       & 0    & 13   & 2    & 15   & $\delta (S)$ \\
Fehler & 0000 & 1101 & 0010 & 1111 & S \\
\hline
$a=0$  &      &      &      & 1    & \\
$a=1$  & 1    &      &      &      & \\
$b=0$  &      & 1    &      & 1    & \\
$b=1$  & 1    &      & 1    &      & \\
$c=0$  &      &      & 1    & 1    & \\
$c=1$  & 1    & 1    &      &      & \\
$d=0$  &      & 1    &      &      & \\
$d=1$  &      &      & 1    &      & \\	
$y=0$  &      &      & 1    & 1    & \\
$y=1$  & 1    & 1    &      &      & \\
\hline
\end{tabular}

\subsubsection{Stimulus}
\begin{verbatim}
stimmap dbb2_08 0000----|00------
stimmap dbb2_08 0010----|11------
stimmap dbb2_08 1101----|00------
stimmap dbb2_08 1111----|11------
\end{verbatim}


\subsection{Verdrahtung}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN & IC  & PIN & Funktion& Ursprung \\
\hline
'04   &  1 & -    &  - & NOT 1    & NULL \\
      &  3 & X    & 18 & NOT 2    & E: c \\
      &  5 & X    & 17 & NOT 3    & E: d \\
      &  9 & '00  &  3 & NOT 4    & NAND 1 \\
      & 11 & '00  &  6 & NOT 5    & NAND 2 \\
\hline
`00   &  1 & '04  &  3 & NAND 1   & E: c \\
      &  2 & '04  &  6 &          & NOT d \\
      &  4 & '04  &  4 & NAND 2   & NOT c \\
      &  5 & '00  &  2 &          & NOT d \\
      &  9 & '00  &  1 & NAND 3   & E: c \\
      & 10 & '04  &  5 &          & E: d \\
      & 12 & '00  &  4 & NAND 4   & not c \\
      & 13 & '00  & 10 &          & E: d \\
\hline
'151  &  7 & '04  &  2 & EN       & NOT 1 \\
      & 11 &   X  & 18 & S0       & E: c \\
      & 10 &   X  & 19 & S1       & E: b \\
      &  9 &   X & 20 & S2       & E: a \\
      &  4 & '151 &  7 & D0       & NOT 1 \\
      &  3 & '04  &  6 & D1       & NOT 3 \\
      &  2 & '151 &  3 & D2       & NOT 3 \\
      &  1 & '151 &  4 & D3       & NOT 1 \\
      & 15 & -    &  - & D4       & EINS \\
      & 14 & '151 &  2 & D5       & NOT 3 \\
      & 13 & '151 & 14 & D6       & NOT 3 \\
      & 12 & -    &  - & D7       & EINS \\
\hline
'153  &  1 & '04  &  2 & EN       & NOT 1 \\
      & 14 &   X  & 19 & S0       & E: b \\
      &  2 &   X  & 20 & S1       & E: a \\
      &  6 & '04  &  8 & D0       & NOT 4 \\
      &  5 & '04  & 10 & D1       & NOT 5 \\
      &  4 & '00  &  8 & D2       & NAND 3 \\
      &  3 & '00  & 11 & D3       & NAND 4 \\
\hline
Z     & 20 & '151 &  5 &          &  \\
\hline
Z     & 19 & '153 &  7 &          &  \\
\hline
\end{tabular}
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\section{Versuch Komb3}

\subsection{CLA-Realisierung}
\begin{math}
\begin{array}{rll}
c_1 = &g_0 + z_0 c_0 \\
c_2 = &g_1 + z_1 c_1 \\
\Rightarrow c_2 = &g_1 + z_1 (g_0 + z_0 c_0) \\
c_3 = &g_2 + z_2 c_2 \\
\Rightarrow c_3 = &g_2 + z_2 (g_1 + z_1 (g_0 + z_0 c_0)) \\
c_4 = &g_3 + z_3 c_3 \\
\Rightarrow c_4 = &g_3 + z_3 (g_2 + z_2 (g_1 + z_1 (g_0 + z_0 c_0))) \\
\\
g_0 = &a_0 b_0 \\
g_1 = &a_1 b_1 \\
g_2 = &a_2 b_2 \\
g_3 = &a_3 b_3 \\
z_0 = &a_0 + b_0 \\
z_1 = &a_1 + b_1 \\
z_2 = &a_2 + b_2 \\
z_3 = &a_3 + b_3
\end{array}
\end{math}

Es werden bei dieser tiefen Realisierung 8 2er-ORs und 8 2er-ANDs benötigt. Dies sind 4 2er-ORs und 4 2er-ANDs zuviel. Desweiteren bleiben 4 2er-NAND und 6 3er-NAND übrig.

\begin{math}
\begin{array}{rll}
c_4 = &g_3 + z_3 (g_2 + z_2 (g_1 + z_1 (g_0 + z_0 c_0))) \\
    = &g_3 + z_3 g_2 + z_3 z_2 (g_1 + z_1 (g_0 + z_0 c_0)) \\
    = &\overline{\overline{g_3} * \overline{z_3 g_2} * \overline{z_3 z_2 (g_1 + z_1 (g_0 + z_0 c_0))}} \\
\\
    = &\overline{\overline{g_3} * \overline{z_3 g_2} * \overline{z_3 z_2 (\overline{\overline{g_1 + z_1 g_0 + z_1 z_0 c_0}}))}} \\
 = &\overline{\overline{g_3} * \overline{z_3 g_2} * \overline{z_3 z_2 (\overline{\overline{g_1} * \overline{z_1 g_0} * \overline{z_1 z_0 c_0}}))}} \\
\end{array}
\end{math}

Diese Realisierung lässt sich mit 4 2er-ORs, 4 2er-ANDS, 4 2er-NANDS (davon 2 als Negator) und 4 3er-NANDS realisieren. Durch einsetzen von $g_0$, $g_1$, $g_2$, $g_3$ verschiebt sich die Angabe leicht.

\begin{math}
\begin{array}{rll}
c_4 = &\overline{\overline{a_3 b_3} * \overline{z_3 a_2 b_2} * \overline{z_3 z_2 (\overline{\overline{a_1 b_1} * \overline{z_1 a_0 b_0} * \overline{z_1 z_0 c_0}}))}} \\
\\
z_0 = &a_0 + b_0 \\
z_1 = &a_1 + b_1 \\
z_2 = &a_2 + b_2 \\
z_3 = &a_3 + b_3
\end{array}
\end{math}

Nun werden 4 2er-ORs, 2 2er-NANDS und 6 3er NANDS benötigt.

\subsection{Schaltung CLA}
\includegraphics[scale=0.5]{versuch3_schaltplan}

\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;

entity uut is
  port (x_fghij : in  x01_vector(20 downto 5);
        z_abcde : out x01_vector(20 downto 5));
end uut;

architecture structure of uut is
  component sn7400 -- 2er-nand
    port (x : in  X01_vector (1 to 2);
          y : out X01);
  end component;
  component sn7410 is -- 3er-nand
    port (x : in X01_vector (1 to 3); y : out X01);
  end component;
  component sn7432 is -- 2er-or
    port (x : in X01_vector (1 to 2); y : out X01);
  end component;
  component sn7483A is -- 4bit-adder
    port (c0  : in  x01; b,a : in  x01_vector(3 downto 0);
          c4  : out x01; s   : out x01_vector(3 downto 0));
  end component;
  
  -- Eingänge
  alias c0 : x01 is x_fghij(20);
  
  alias b : x01_vector(3 downto 0) is x_fghij(18 downto 15);
  alias a : x01_vector(3 downto 0) is x_fghij(13 downto 10);
  
  -- Ausgänge
  alias c8 : x01 is z_abcde(20);
  
  alias sum2 : x01_vector is z_abcde(18 downto 15);
  alias sum1 : x01_vector is z_abcde(14 downto 11);
  
  signal c4: X01;
  signal s_level1 : X01_vector (1 to 6); -- zwischenergebnisse 1. ebene
  signal s_level2 : X01_vector (1 to 3); -- zwischenergebnisse 2. ebene
  signal s_level3 : X01; -- zwischenergebnisse 3. ebene
  signal s_level4 : X01; -- zwischenergebnisse 4. ebene
begin
  -- adder1
  add1: sn7483A port map (
                 c0=>c0,
                 a=>a, b=>b,
                 s=>sum1);
  -- adder2
  add2: sn7483A port map (
                 c0=>c4, c4=>c8,
                 a=>"0000", b=>"1111",
                 s=>sum2);
                  
  -------CLA-------
  -- 1. ebene 1. nand2
  l11: sn7400 port map (
               x(1)=>a(3), x(2)=>b(3),
               y=>s_level1(1));
  -- 1. ebene 2. nand2
  l12: sn7400 port map (
               x(1)=>a(1), x(2)=>b(1),
               y=>s_level1(2));
  -- 1. ebene 1. or
  l13: sn7432 port map (
               x(1)=>a(0), x(2)=>b(0),
               y=>s_level1(3));
  -- 1. ebene 2. or             
  l14: sn7432 port map (
               x(1)=>a(1), x(2)=>b(1),
               y=>s_level1(4));
  -- 1. ebene 3. or             
  l15: sn7432 port map (
               x(1)=>a(2), x(2)=>b(2),
               y=>s_level1(5));
  -- 1. ebene 4. or             
  l16: sn7432 port map (
               x(1)=>a(3), x(2)=>b(3),
               y=>s_level1(6));
               
  -- 2. ebene 1. nand3
  l21: sn7410 port map (
               x(1)=>s_level1(3), x(2)=>c0, x(3)=>s_level1(4),
               y=>s_level2(1));
  -- 2. ebene 2. nand3
  l22: sn7410 port map (
               x(1)=>s_level1(4), x(2)=>a(0), x(3)=>b(0),
               y=>s_level2(2));                 
  -- 2. ebene 3. nand3
  l23: sn7410 port map (
               x(1)=>s_level1(6), x(2)=>a(2), x(3)=>b(2),
               y=>s_level2(3)); 
               
  -- 3. ebene 1. nand3
  l31: sn7410 port map (
               x(1)=>s_level1(2), x(2)=>s_level2(1), x(3)=>s_level2(2),
               y=>s_level3);
               
  -- 4. ebene 1. nand3
  l41: sn7410 port map (
               x(1)=>s_level3, x(2)=>s_level1(5), x(3)=>s_level1(6),
               y=>s_level4);
               
  -- 5. ebene 1. nand3
  l51: sn7410 port map (
               x(1)=>s_level1(1), x(2)=>s_level4, x(3)=>s_level2(3),
               y=>c4);                
end structure;
\end{verbatim}


\subsection{Binäre Simulation}
\emph{Nicht abgedruckt auf Grund der Größe.}

\subsection{Binärer Stimulus minimaler Länge}
\begin{verbatim}
stimmap dbb2_16 0-0000-1111-----|0-11111111------
stimmap dbb2_16 0-1111-0000-----|0-11111111------
stimmap dbb2_16 1-0000-1111-----|1-00000000------
stimmap dbb2_16 1-1111-0000-----|1-00000000------
\end{verbatim}

\subsection{Zeitverhalten}
\includegraphics[scale=0.5]{versuch3_zeitverhalten}
Nach dem Einfügen von "'after 10ns"' nach jeder Anweisung innerhalb von \emph{SN7400.VHD}, \emph{SN7408.VHD}, \emph{SN7410.VHD}, \emph{SN7432.VHD} und \emph{SN7483A.VHD}, ergibt sich eine Zeitverzögerung von 40ns zwischen $c_4$\_r (Carry-Flag 4 des Ripple-Carry-Adders) und $c_4$ (Carry-Flag 4 aus CLA) bzw. zwischen $c_8$\_r und $c_8$. Als Eingabe wurde für a "'1111"' und für b "'0000"' genommen, damit $c_4$\_r erst nach dem Berechnen von $c_1$, $c_2$, $c_3$ im Ripple-Carry-Adder stabil wird. Somit ist der Adder mit dem CLA schon nach 120ns statt 160ns fertig.


\subsection{Verdrahtung}
\subsubsection{CLA}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN & IC  & PIN & Funktion& Ursprung \\
\hline
'00   & 1   & X   & 13  & NAND2 1 & $a_3$ \\
      & 2   & X   & 18  &         & $b_3$ \\
      & 4   & X   & 11  & NAND2 1 & $a_1$ \\
      & 5   & X   & 16  &         & $b_1$ \\
\hline
'32   & 1   & X   & 10  & OR2 1   & $a_0$ \\
      & 2   & X   & 15  &         & $b_0$ \\
      & 4   & '00 & 4   & OR2 2   & $a_1$ \\
      & 5   & '00 & 5   &         & $b_1$ \\
      & 9   & X   & 12  & OR2 3   & $a_2$ \\
      & 10  & X   & 17  &         & $b_2$ \\
      & 12  & '00 & 1   & OR2 4   & $a_3$ \\
      & 13  & '00 & 2   &         & $b_3$ \\
\hline
'10-1 & 1   & '32 & 3   & NAND3 1 & OR2 1 \\
      & 2   & X   & 20  &         & $c_0$ \\
      & 13  & '32 & 6   &         & OR2 2 \\
      & 3   &'10-1& 13  & NAND3 2 & OR2 2 \\
      & 4   & '32 & 1   &         & $a_0$ \\
      & 5   & '32 & 2   &         & $b_0$ \\
      & 9   & '32 & 11  & NAND3 3 & OR2 4 \\
      & 10  & '32 & 9   &         & $a_2$ \\
      & 11  & '32 & 10  &         & $b_2$ \\
\hline
'10-2 & 1   & '00 & 6   & NAND3 4 & NAND2 2 \\
      & 2   &'10-1& 12  &         & NAND3 1 \\
      & 13  &'10-1& 6   &         & NAND3 2 \\
      & 3   &'10-2& 12  & NAND3 5 & NAND3 4 \\
      & 4   & '32 & 8   &         & OR2 3 \\
      & 5   &'10-1& 9   &         & OR2 4 \\
      & 9   & '00 & 3   & NAND3 6/C4 & NAND2 1 \\
      & 10  &'10-2& 6   &         & NAND3 5 \\
      & 11  &'10-1& 8   &         & NAND3 3 \\
\hline
\end{tabular}

\subsubsection{Ripple-Carry-Adder}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN & IC  & PIN & Funktion& Ursprung \\
\hline
'83A-1& 13  & X   & 20  & Adder1  & $c_0$ \\
      & 10  & X   & 10  &         & $a_0$ \\
      & 11  & X   & 15  &         & $b_0$ \\
      & 8   & X   & 11  &         & $a_1$ \\
      & 7   & X   & 16  &         & $b_1$ \\
      & 3   & X   & 12  &         & $a_2$ \\
      & 4   & X   & 17  &         & $b_2$ \\
      & 1   & X   & 13  &         & $a_3$ \\
      & 16  & X   & 18  &         & $b_3$ \\
\hline
'83A-2& 13  &'10-2& 8   & Adder2  & $c_4$ \\
      & 10  & '0' &     &         &    \\
      & 11  & -   &     &         &    \\
      & 8   & '0' &     &         &    \\
      & 7   & -   &     &         &    \\
      & 3   & '0' &     &         &    \\
      & 4   & -   &     &         &    \\
      & 1   & '0' &     &         &    \\
      & 16  & -   &     &         &    \\
\hline
Z     & 11  &'83A-1& 9  &         & $s_0$ \\
      & 12  &'83A-1& 6  &         & $s_1$ \\
      & 13  &'83A-1& 2  &         & $s_2$ \\
      & 14  &'83A-1& 15 &         & $s_3$ \\
      & 15  &'83A-2& 9  &         & $s_4$ \\
      & 16  &'83A-2& 6  &         & $s_5$ \\
      & 17  &'83A-2& 2  &         & $s_6$ \\
      & 18  &'83A-2& 15 &         & $s_7$ \\
      & 20  &'83A-2& 14 &         & $c_8$ \\
\hline
\end{tabular}
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\section{Versuch Sequ1}

\subsection{Untersuchung zweier statischer D-Flipflops}

\subsubsection{Simulation ohne Berücksichtigung zeitlichen Verhaltens}
\includegraphics[scale=0.5]{versuch4_waveform1}

\subsubsection{Simulation mit Berücksichtigung zeitlichen Verhaltens}
\includegraphics[scale=0.5]{versuch4_waveform2}

An Position 800ns erkennt man recht gut das Problem. Hier kommt es durch die unterschiedliche Anzahl der vorgeschaltenen Gatter zu einer zeitlichen Differenz zwischen dem Signal $C$ und $\overline{C}$. Im ersten Flipflop liegt nun bei $C$ und $\overline{C}$ eine 0 an, weshalb $Q_1$ seinen aktuellen Zustand verliert und auf 0 wechselt. Beim 2. Flipflop hingegen liegt bei $C$ und $\overline{C}$ eine 1 an.
Ähnlich sieht es bei 1us am 2. Flipflop aus. Beim Wechsel von $C$ von 0 auf 1 wechselt zuerst $\overline{C}$ von 1 auf 0, setzt damit $Q_2$ auf 0, bevor $C$ auf 1 wechselt und somit den Dateneingang übernimmt und $Q_2$ wieder auf 1 springt.

\subsection{Flipflop-Substitution}

\subsubsection{Substitution}
\begin{minipage}[t]{.5\linewidth}
\begin{tabular}{|cc|c||c||c|}
\hline
J & K & Q & Q'& D\\
\hline
0 & 0 & 0 & 0 & 0 \\
0 & 0 & 1 & 1 & 1 \\
0 & 1 & 0 & 0 & 0 \\
0 & 1 & 1 & 0 & 0 \\
1 & 0 & 0 & 1 & 1 \\
1 & 0 & 1 & 1 & 1 \\
1 & 1 & 0 & 1 & 1 \\
1 & 1 & 1 & 0 & 0 \\
\hline
\end{tabular}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{3}{D:}{KQJ}
{
011101000
}{
\put(2,1.5){\oval(1.9,0.9)[c]}
\put(1,0.5){\oval(1.9,0.9)[c]}
}

\begin{math}
D = \overline{K}Q+J\overline{Q} = \overline{\overline{\overline{K}Q}*\overline{J\overline{Q}}}
\end{math}
\end{minipage}

\subsubsection{Schaltung}
\includegraphics[scale=0.67]{versuch4_schaltplan}


\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;                               
use work.pack_2.all;                                       
                                                         
entity uut is                                            
  port (x_fghij : in  X01_vector(20 downto 13);
        z_abcde : out X01_vector(20 downto 13));       
end uut;                                                 
                                                       
architecture structure of uut is
 component sn7404 is -- NOR
   port (x : in X01; y : out X01);
 end component;
 component sn7450 is -- AND-OR-Inverter
   port (x11,x12,x21,x22 : in X01; y : out X01);
 end component;
 
 component sn7400 is -- 1/4 2er-NAND
   port (x : in X01_vector (1 to 2); y : out X01);
 end component;
 component sn7472 is -- JK-MS-Flipflop
   port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);
 end component;
 component sn7474 is -- D-Flipflop
   port (s_b,r_b,c,d : in X01; q,q_b : out X01);
 end component;
 
 -- D-Flipflops
 alias c1  : X01 is x_fghij(20);
 alias d1  : X01 is x_fghij(19);
 alias q11 : X01 is z_abcde(20);
 alias q12 : X01 is z_abcde(19);
 signal s11,s12,s13,s21,s22,s23,s24 : x01;
 signal n1,n2    : x01;
 signal h1,h2    : x01; -- Hilfsausgänge der D-Flipflops
 
 
 -- JK-*-Flipflops
 alias j   : X01 is x_fghij(16);
 alias k   : X01 is x_fghij(15);
 alias c2  : X01 is x_fghij(14);
 alias r   : X01 is x_fghij(13);
 alias q21 : X01 is z_abcde(16);
 alias q22 : X01 is z_abcde(15);
 signal nc2 : X01; -- not c2
 signal nk : X01; -- not k
 signal q21_h, nq21_h : X01; -- Hilfsausgänge '74
 signal d : x01; -- Berechneter D-Eingang '74
 signal s31, s32 : X01;
 
begin                                                     
 -- D-Flipflop1
 d11: sn7404 port map (x=>c1, y=>s11);
 d12: sn7404 port map (x=>s11, y=>s12);
 d13: sn7404 port map (x=>s12, y=>s13);
 d14: sn7450 port map (x11=>h1, x12=>s13,
                       x21=>c1, x22=>d1,
                       y=>n1);
 d15: sn7404 port map (x=>n1, y=>h1);
 q11 <= h1;
 -- D-Flipflop2
 d21: sn7404 port map (x=>c1, y=>s21);
 d22: sn7404 port map (x=>s21, y=>s22);
 d23: sn7404 port map (x=>s22, y=>s23);
 d24: sn7404 port map (x=>s23, y=>s24);
 d25: sn7450 port map (x11=>h2, x12=>s21,
                       x21=>s24, x22=>d1,
                       y=>n2);
 d26: sn7404 port map (x=>n2, y=>h2);
 q12 <= h2;
 
 
 -- JK-Flipflop1
 j11: sn7400 port map (x(1)=>k, x(2)=>k, y=>nk);
 j12: sn7400 port map (x(1)=>j, x(2)=>nq21_h, y=>s31);
 j13: sn7400 port map (x(1)=>nk, x(2)=>q21_h, y=>s32);
 j14: sn7400 port map (x(1)=>s31, x(2)=>s32, y=>d);
 j15: sn7474 port map (s_b=>'1', r_b=>r, c=>c2, d=>d,
                       q=>q21_h, q_b=>nq21_h);
 q21 <= q21_h;
 
 -- JK-Flipflop2
 j21: sn7400 port map (x(1)=>c2, x(2)=>c2, y=>nc2);
 j22: sn7472 port map (s_b=>'1', r_b=>r, c=>nc2,
                       j(1)=>j, j(2)=>'1', j(3)=>'1',
                       k(1)=>k, k(2)=>'1', k(3)=>'1',
                       q=>q22);
end structure;
\end{verbatim}

\subsection{Simulation D-Flipflops}
\subsubsection{Binäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 00------|--------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 01------|00------
stimmap dbb2_08 11------|11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 01------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 11------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 00------|11------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
\end{verbatim}
\end{minipage}

\subsubsection{Binäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 00------ -> XX00XX00
                --------

  2 10------ -> 0000XX00
                00------

  3 00------ -> 0000XX00
                00------

  4 00------ -> 0000XX00
                00------

  5 10------ -> 0000XX00
                00------

  6 00------ -> 0000XX00
                00------

  7 01------ -> 0000XX00
                00------

  8 11------ -> 1100XX00
                11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  9 01------ -> 0100XX00
                11------
                ^       
 10 01------ -> 0100XX00
                11------
                ^       
 11 11------ -> 1100XX00
                11------

 12 01------ -> 0100XX00
                11------
                ^       
 13 00------ -> 0100XX00
                11------
                ^       
 14 10------ -> 0000XX00
                00------

 15 00------ -> 0000XX00
                00------
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 00------|--------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
stimmap dbb2_08 0X------|00------
stimmap dbb2_08 01------|00------
stimmap dbb2_08 11------|11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 01------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 11------|11------
stimmap dbb2_08 01------|11------
stimmap dbb2_08 0X------|--------
stimmap dbb2_08 00------|11------
stimmap dbb2_08 10------|00------
stimmap dbb2_08 00------|00------
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 00------ -> XX00XX00
                --------

  2 10------ -> 0000XX00
                00------

  3 00------ -> 0000XX00
                00------

  4 00------ -> 0000XX00
                00------

  5 10------ -> 0000XX00
                00------

  6 00------ -> 0000XX00
                00------

  7 0X------ -> 0000XX00
                00------

  8 01------ -> 0000XX00
                00------

  9 11------ -> 1100XX00
                11------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 10 01------ -> 0100XX00
                11------
                ^       
 11 01------ -> 0100XX00
                11------
                ^       
 12 11------ -> 1100XX00
                11------

 13 01------ -> 0100XX00
                11------
                ^       
 14 0X------ -> 0100XX00
                --------

 15 00------ -> 0100XX00
                11------
                ^       
 16 10------ -> 0000XX00
                00------

 17 00------ -> 0000XX00
                00------
\end{verbatim}
\end{minipage}

\subsection{Simulation JK-Flipflop}
\subsubsection{Binäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
\end{verbatim}
\end{minipage}

\subsubsection{Binäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 ----0001 -> XX00XX00
                --------
  2 ----0000 -> XX000000
                ----00--
  3 ----0001 -> XX000000
                ----00--
  4 ----0001 -> XX000000
                ----00--
  5 ----0011 -> XX000000
                ----00--
  6 ----0001 -> XX000000
                ----00--
  7 ----0101 -> XX000000
                ----00--
  8 ----0111 -> XX000000
                ----00--
  9 ----0101 -> XX000000
                ----00--
 10 ----1001 -> XX000000
                ----00--
 11 ----1011 -> XX001100
                ----11--
 12 ----1001 -> XX001100
                ----11--
 13 ----0001 -> XX001100
                ----11--
 14 ----0011 -> XX001100
                ----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 15 ----0001 -> XX001100
                ----11--
 16 ----1001 -> XX001100
                ----11--
 17 ----1011 -> XX001100
                ----11--
 18 ----1001 -> XX001100
                ----11--
 19 ----0101 -> XX001100
                ----11--
 20 ----0111 -> XX000000
                ----00--
 21 ----0101 -> XX000000
                ----00--
 22 ----1101 -> XX000000
                ----00--
 23 ----1111 -> XX001100
                ----11--
 24 ----1101 -> XX001100
                ----11--
 25 ----1101 -> XX001100
                ----11--
 26 ----1111 -> XX000000
                ----00--
 27 ----1101 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0X01|--------
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----XX01|--------
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|--------
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----X001|--------
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----XX01|--------
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----X101|--------
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 ----0001 -> XX00XX00
                --------
  2 ----000X -> XX00XX00
                --------
  3 ----0000 -> XX000000
                ----00--
  4 ----000X -> XX000000
                --------
  5 ----0001 -> XX000000
                ----00--
  6 ----0001 -> XX000000
                ----00--
  7 ----0011 -> XX000000
                ----00--
  8 ----0001 -> XX000000
                ----00--
  9 ----0X01 -> XX000000
                --------
 10 ----0101 -> XX000000
                ----00--
 11 ----0111 -> XX000000
                ----00--
 12 ----0101 -> XX000000
                ----00--
 13 ----XX01 -> XX000000
                --------
 14 ----1001 -> XX000000
                ----00--
 15 ----1011 -> XX001100
                ----11--
 16 ----1001 -> XX001100
                ----11--
 17 ----X001 -> XX001100
                --------
 18 ----0001 -> XX001100
                ----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 19 ----0011 -> XX001100
                ----11--
 20 ----0001 -> XX001100
                ----11--
 21 ----X001 -> XX001100
                --------
 22 ----1001 -> XX001100
                ----11--
 23 ----1011 -> XX001100
                ----11--
 24 ----1001 -> XX001100
                ----11--
 25 ----XX01 -> XX001100
                --------
 26 ----0101 -> XX001100
                ----11--
 27 ----0111 -> XX000000
                ----00--
 28 ----0101 -> XX000000
                ----00--
 29 ----X101 -> XX000000
                --------
 30 ----1101 -> XX000000
                ----00--
 31 ----1111 -> XX001100
                ----11--
 32 ----1101 -> XX001100
                ----11--
 33 ----1101 -> XX001100
                ----11--
 34 ----1111 -> XX000000
                ----00--
 35 ----1101 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}

\subsection{Simulation JK-MS-Flipflop}
\subsubsection{Binäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----1101|----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----00--
\end{verbatim}
\end{minipage}

\subsubsection{Binäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 ----0001 -> XX00XX00
                --------

  2 ----0000 -> XX000000
                ----00--

  3 ----0001 -> XX000000
                ----00--

  4 ----0101 -> XX000000
                ----00--

  5 ----0111 -> XX000000
                ----00--

  6 ----1111 -> XX000000
                ----00--

  7 ----0111 -> XX000000
                ----00--

  8 ----0011 -> XX000000
                ----00--

  9 ----1011 -> XX000000
                ----00--

 10 ----1001 -> XX000000
                ----00--

 11 ----0001 -> XX000000
                ----00--

 12 ----1001 -> XX000000
                ----00--

 13 ----1101 -> XX000000
                ----00--

 14 ----0101 -> XX000000
                ----00--

 15 ----0111 -> XX000100
                ----11--
                    ^   
 16 ----0011 -> XX000100
                ----11--
                    ^   
 17 ----0111 -> XX000100
                ----11--
                    ^   
 18 ----1111 -> XX000100
                ----11--
                    ^   
 19 ----1011 -> XX000100
                ----11--
                    ^   
 20 ----1001 -> XX000100
                ----11--
                    ^   
 21 ----0001 -> XX000100
                ----11--
                    ^   
 22 ----0101 -> XX000100
                ----11--
                    ^   
 23 ----1101 -> XX000100
                ----11--
                    ^   
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 24 ----1111 -> XX001000
                ----00--
                    ^   
 25 ----1101 -> XX001000
                ----00--
                    ^   
 26 ----1111 -> XX000100
                ----11--
                    ^   
 27 ----1101 -> XX000100
                ----11--
                    ^   
 28 ----1001 -> XX000100
                ----11--
                    ^   
 29 ----1011 -> XX001000
                ----00--
                    ^   
 30 ----1001 -> XX001000
                ----00--
                    ^   
 31 ----1011 -> XX001100
                ----11--

 32 ----1111 -> XX001100
                ----11--

 33 ----1101 -> XX001100
                ----11--

 34 ----0101 -> XX001100
                ----11--

 35 ----0111 -> XX000000
                ----00--

 36 ----1111 -> XX000000
                ----00--

 37 ----1011 -> XX000000
                ----00--

 38 ----1001 -> XX000000
                ----00--

 39 ----0001 -> XX000000
                ----00--

 40 ----0011 -> XX000100
                ----11--
                    ^   
 41 ----1011 -> XX000100
                ----11--
                    ^   
 42 ----1001 -> XX000100
                ----11--
                    ^   
 43 ----1101 -> XX000100
                ----11--
                    ^   
 44 ----1001 -> XX000100
                ----11--
                    ^   
 45 ----0001 -> XX000100
                ----11--
                    ^   
 46 ----0011 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0001|--------
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0000|----00--
stimmap dbb2_08 ----000X|--------
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0X01|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----0X11|----00--
stimmap dbb2_08 ----0011|----00--
stimmap dbb2_08 ----X011|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1X01|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----X101|----00--
stimmap dbb2_08 ----0101|----00--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----0X11|----11--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----0X11|----11--
stimmap dbb2_08 ----0111|----11--
stimmap dbb2_08 ----X111|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1X11|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|----11--
stimmap dbb2_08 ----0001|----11--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 ----0X01|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----X101|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1101|----00--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1X11|----11--
stimmap dbb2_08 ----1111|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----X101|----11--
stimmap dbb2_08 ----0101|----11--
stimmap dbb2_08 ----0111|----00--
stimmap dbb2_08 ----X111|----00--
stimmap dbb2_08 ----1111|----00--
stimmap dbb2_08 ----1X11|----00--
stimmap dbb2_08 ----1011|----00--
stimmap dbb2_08 ----1001|----00--
stimmap dbb2_08 ----X001|----00--
stimmap dbb2_08 ----0001|----00--
stimmap dbb2_08 ----0011|----11--
stimmap dbb2_08 ----X011|----11--
stimmap dbb2_08 ----1011|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1101|----11--
stimmap dbb2_08 ----1X01|----11--
stimmap dbb2_08 ----1001|----11--
stimmap dbb2_08 ----X001|----11--
stimmap dbb2_08 ----0001|----11--
stimmap dbb2_08 ----0011|----00--
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 ----0001 -> XX00XX00
                --------

  2 ----000X -> XX00XX00
                --------

  3 ----0000 -> XX000000
                ----00--

  4 ----000X -> XX000000
                --------

  5 ----0001 -> XX000000
                ----00--

  6 ----0X01 -> XX000000
                ----00--

  7 ----0101 -> XX000000
                ----00--

  8 ----0111 -> XX000000
                ----00--

  9 ----X111 -> XX000000
                ----00--

 10 ----1111 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 11 ----X111 -> XX000000
                ----00--

 12 ----0111 -> XX000000
                ----00--

 13 ----0X11 -> XX000000
                ----00--

 14 ----0011 -> XX000000
                ----00--

 15 ----X011 -> XX000000
                ----00--

 16 ----1011 -> XX000000
                ----00--

 17 ----1001 -> XX000000
                ----00--

 18 ----X001 -> XX000000
                ----00--

 19 ----0001 -> XX000000
                ----00--

 20 ----X001 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 21 ----1001 -> XX000000
                ----00--

 22 ----1X01 -> XX000000
                ----00--

 23 ----1101 -> XX000000
                ----00--

 24 ----X101 -> XX000000
                ----00--

 25 ----0101 -> XX000000
                ----00--

 26 ----0111 -> XX000100
                ----11--
                    ^   
 27 ----0X11 -> XX000100
                ----11--
                    ^   
 28 ----0011 -> XX000100
                ----11--
                    ^   
 29 ----0X11 -> XX000100
                ----11--
                    ^   
 30 ----0111 -> XX000100
                ----11--
                    ^   
 31 ----X111 -> XX000100
                ----11--
                    ^   
 32 ----1111 -> XX000100
                ----11--
                    ^   
 33 ----1X11 -> XX000100
                ----11--
                    ^   
 34 ----1011 -> XX000100
                ----11--
                    ^   
 35 ----1001 -> XX000100
                ----11--
                    ^   
 36 ----X001 -> XX000100
                ----11--
                    ^   
 37 ----0001 -> XX000100
                ----11--
                    ^   
 38 ----0X01 -> XX000100
                ----11--
                    ^   
 39 ----0101 -> XX000100
                ----11--
                    ^   
 40 ----X101 -> XX000100
                ----11--
                    ^   
 41 ----1101 -> XX000100
                ----11--
                    ^   
 42 ----1111 -> XX001000
                ----00--
                    ^   
 43 ----1101 -> XX001000
                ----00--
                    ^   
 44 ----1111 -> XX000100
                ----11--
                    ^   
 45 ----1101 -> XX000100
                ----11--
                    ^   
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 46 ----1X01 -> XX000100
                ----11--
                    ^   
 47 ----1001 -> XX000100
                ----11--
                    ^   
 48 ----1011 -> XX001000
                ----00--
                    ^   
 49 ----1001 -> XX001000
                ----00--
                    ^   
 50 ----1011 -> XX001100
                ----11--

 51 ----1X11 -> XX001100
                ----11--

 52 ----1111 -> XX001100
                ----11--

 53 ----1101 -> XX001100
                ----11--

 54 ----X101 -> XX001100
                ----11--

 55 ----0101 -> XX001100
                ----11--

 56 ----0111 -> XX000000
                ----00--

 57 ----X111 -> XX000000
                ----00--

 58 ----1111 -> XX000000
                ----00--

 59 ----1X11 -> XX000000
                ----00--

 60 ----1011 -> XX000000
                ----00--

 61 ----1001 -> XX000000
                ----00--

 62 ----X001 -> XX000000
                ----00--

 63 ----0001 -> XX000000
                ----00--

 64 ----0011 -> XX000100
                ----11--
                    ^   
 65 ----X011 -> XX000100
                ----11--
                    ^   
 66 ----1011 -> XX000100
                ----11--
                    ^   
 67 ----1001 -> XX000100
                ----11--
                    ^   
 68 ----1X01 -> XX000100
                ----11--
                    ^   
 69 ----1101 -> XX000100
                ----11--
                    ^   
 70 ----1X01 -> XX000100
                ----11--
                    ^   
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 71 ----1001 -> XX000100
                ----11--
                    ^   
 72 ----X001 -> XX000100
                ----11--
                    ^   
 73 ----0001 -> XX000100
                ----11--
                    ^   
 74 ----0011 -> XX000000
                ----00--
\end{verbatim}
\end{minipage}

\subsection{Verdrahtung}
\subsubsection{statische D-Flipflops}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN & IC  & PIN & Funktion& Ursprung \\
\hline
'04-1 & 1   & X   & 20  & NOT 1   & C \\
      & 3   &'04-1& 2   & NOT 2   & NOT 1 \\
      & 5   &'04-1& 4   & NOT 3   & NOT 2 \\
      & 9   & '50 & 8   & NOT 4   & AND-OR-INVERTER 1 \\
\hline
'04-2 & 1   & X   & 20  & NOT 5   & C \\
      & 3   &'04-2& 2   & NOT 6   & NOT 5 \\
      & 5   &'04-2& 4   & NOT 7   & NOT 6 \\
      & 9   &'04-2& 6   & NOT 8   & NOT 7 \\
      & 11  & '50 & 6   & NOT 9   & AND-OR-INVERTER 2 \\
\hline
'50   & 1   &'04-1& 8   & AND-OR-INVERTER 1 & NOT 4 \\
      & 13  &'04-1& 6   &         & NOT 3 \\
      & 9   &'04-1& 1   &         & C \\
      & 10  & X   & 19  &         & D \\
      & 2   &'04-2& 10  & AND-OR-INVERTER 2 & NOT 9 \\
      & 3   &'04-2& 2   &         & NOT 5 \\
      & 4   &'04-2& 8   &         & NOT 8 \\
      & 5   & '50 & 10  &         & D \\
\hline
Z     & 20  &'04-1& 8   & Q1      & NOT 4 \\
\hline
Z     & 19  &'04-2& 10  & Q2      & NOT 9 \\
\hline
\end{tabular}

\subsubsection{Flipflop-Substitution}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN & IC  & PIN & Funktion& Ursprung \\
\hline
'00-1 & 1   & X   & 15  & NAND 1   & K \\
      & 2   &'00-1& 1   &          & K \\
      & 4   & '74 & 5   & NAND 2   & Q \\
      & 5   &'00-1& 3   &          & NAND 1 \\
      & 9   & X   & 16  & NAND 3   & J \\
      & 10  & '74 & 6   &          & $\overline{Q}$ \\
      & 12  &'00-1& 6   & D/NAND 4 & NAND 2 \\
      & 13  &'00-1& 8   &          & NAND 3 \\
\hline
'74   & 2   &'00-1& 11  & D-FF     & D/NAND 4 \\
      & 3   & X   & 14  & D-FF     & C \\
      & 1   & X   & 13  & D-FF     & R \\
\hline
'00-2 & 1   & X   & 14  & NAND 5   & C \\
      & 2   &'00-2& 1   &          & C \\
\hline
'72   & 3   & X   & 16  & D-FF     & J \\
      & 12  &'00-2& 3   &          & NAND 5 \\
      & 9   & X   & 15  &          & K \\
      & 2   & X   & 13  &          & R \\
\hline
Z     & 16  & '74 & 5   & Q1      & \\
\hline
Z     & 15  & '72 & 8   & Q2      & \\
\hline
\end{tabular}
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\section{Versuch Sequ2}

\subsection{RS-Realisierbare Funktionen}
\subsubsection{Rücksetzen in den Zustand 00}
\begin{tabular}{|c|c||c||cc|}
\hline
Re& Q & Q'& S & R\\
\hline
0 & 0 & 0 & 0 & -\\
0 & 1 & 1 & - & 0\\
1 & 0 & 0 & 0 & -\\
1 & 1 & 0 & 0 & 1\\
\hline
\end{tabular}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{2}{S:}{Q{Re}}
{
0000
}{
}

\begin{math}
S = 0
\end{math}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{2}{R:}{Q{Re}}
{
--01
}{
\put(1.5,1){\oval(0.9,1.9)[c]}
}

\begin{math}
R = Re
\end{math}
\end{minipage}

\subsubsection{Laden einer 2-Bit-Zahl}
\begin{tabular}{|cc|c||c||cc|}
\hline
LO& D & Q & Q'& S & R\\
\hline
0 & 0 & 0 & 0 & 0 & -\\
0 & 0 & 1 & 1 & - & 0\\
0 & 1 & 0 & 0 & 0 & -\\
0 & 1 & 1 & 1 & - & 0\\
1 & 0 & 0 & 0 & 0 & -\\
1 & 0 & 1 & 0 & 0 & 1\\
1 & 1 & 0 & 1 & 1 & 0\\
1 & 1 & 1 & 1 & - & 0\\
\hline
\end{tabular}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{3}{S:}{DQ{LO}}
{
00-001-1
}{
\put(2.5,1){\oval(0.9,1.9)[c]}
}

\begin{math}
S = D*LO
\end{math}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{3}{R:}{DQ{LO}}
{
--01-000
}{
\put(1.5,1){\oval(0.9,1.9)[c]}
}

\begin{math}
\begin{array}{rl}
R &= \overline{D}*LO\\
  &= \overline{D}*LO+\underbrace{\overline{LO}*LO}_0\\
  &= (\overline{D}+\overline{LO})*LO\\
  &= \overline{D*LO}*LO\\
  &= \overline{S}*LO
\end{array}
\end{math}
\end{minipage}

\subsubsection{Superposition}
\begin{math}
S_i = D_i*LO+0 = D_i*LO \Rightarrow \overline{S_i} = \overline{D_i*LO}\\
R_i = \overline{S_i}*LO+Re \Rightarrow \overline{R_i} = \overline{\overline{\overline{\overline{S_i}*LO}*\overline{Re}}}
\end{math}

\subsection{JK-Realisierbare Funktionen}
\subsubsection{Vorwärtszählen}
\begin{minipage}[t]{.5\linewidth}
\begin{math}
J_0 = 1\\
K_0 = 1
\end{math}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\begin{math}
J_1 = Q_0\\
K_1 = Q_0
\end{math}
\end{minipage}

\subsubsection{Einerkomplement}
\begin{tabular}{|cc|cc||cc||cc|}
\hline
$Q_1$&$Q_0$&$Q'_1$&$Q'_0$&$J_1$&$K_1$&$J_0$&$K_0$\\
\hline
0 & 0 & 1 & 1 & 1 & - & 1 & -\\
0 & 1 & 1 & 0 & 1 & - & - & 1\\
1 & 0 & 0 & 1 & - & 1 & 1 & -\\
1 & 1 & 0 & 0 & - & 1 & - & 1\\
\hline
\end{tabular}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{2}{$J_1$:}{{$Q_1$}{$Q'_1$}}
{
-1--
}{
\put(1,1){\oval(1.9,1.9)[c]}
}
\karnaughmap{2}{$K_1$:}{{$Q_1$}{$Q'_1$}}
{
--1-
}{
\put(1,1){\oval(1.9,1.9)[c]}
}

\begin{math}
J_1 = 1\\
K_1 = 1
\end{math}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{2}{$J_0$:}{{$Q_0$}{$Q'_0$}}
{
-1--
}{
\put(1,1){\oval(1.9,1.9)[c]}
}
\karnaughmap{2}{$K_0$:}{{$Q_0$}{$Q'_0$}}
{
--1-
}{
\put(1,1){\oval(1.9,1.9)[c]}
}

\begin{math}
J_0 = 1\\
K_0 = 1
\end{math}
\end{minipage}

\subsubsection{Superposition}
\begin{tabular}{|c|cc||cc||cc|}
\hline
Funktion & cnt & compl &$J_1$&$K_1$&$J_0$&$K_0$\\
\hline
keine & 0 & 0            & 0 & 0 & 0 & 0\\
zählen & 1 & 0           &$Q_0$&$Q_0$&1&1\\
Komplement & 0 & 1       & 1 & 1 & 1 & 1 \\
\hline
\end{tabular}

\vspace{10pt}
\karnaughmap{3}{$J_1 = K_1$:}{{compl}Q{cnt}}
{
00011-1-
}{
\put(3.5,1){\oval(0.9,1.9)[c]}
\put(2,0.5){\oval(1.9,0.9)[c]}
}

\begin{math}
J_1 = K_1 = compl+Q_0*cnt = \overline{\overline{compl}*\overline{Q_0*cnt}}\\
\end{math}

\karnaughmap{2}{$J_0 = K_0$:}{{cnt}{compl}}
{
011-
}{
\put(1.5,1){\oval(0.9,1.9)[c]}
\put(1,0.5){\oval(1.9,0.9)[c]}
}

\begin{math}
J_0 = K_0 = compl+cnt = \overline{\overline{compl}*\overline{cnt}}\\
\end{math}

\subsubsection{Schaltung}
\includegraphics[scale=0.65]{versuch5_schaltplan}

\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;
use work.pack_2.all;

entity uut is
  port (x_fghij : in  X01_vector(20 downto 13);
        z_abcde : out X01_vector(20 downto 13));
end uut;

architecture structure of uut is
  component sn7400 -- 2er-nand
    port (x : in  X01_vector (1 to 2);
          y : out X01);
  end component;
  component sn7404 is -- not
    port (x : in X01; y : out X01);
  end component;
  component sn7472 is -- JK-MS-Flipflop
    port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);
  end component;

  alias c : x01 is x_fghij(15);
  alias reset : x01 is x_fghij(20);
  alias load : x01 is x_fghij(19);
  alias d1 : x01 is x_fghij(18);
  alias d0 : x01 is x_fghij(17);
  alias count : x01 is x_fghij(14);
  alias compl : x01 is x_fghij(13);
  
  alias q1: x01 is z_abcde(20); -- ff1 ergebnis
  alias q0: x01 is z_abcde(19); -- ff0 ergebnis
  
  signal nreset, ncompl, ncount: X01; -- not reset, not compl, not count
  signal ns1, ns0 : X01; -- ergebnis für stat. s eingänge
  signal nr1, nr0 : X01; -- ergebnis für stat. r eingänge
  signal r1, r0 : X01; -- zwischenergebis für stat. r eingänge
  signal jk1, jk0 : X01; -- zwischenergebnis für dyn. jk-eingänge
  signal sig11, sig12 : X01; -- zwischenerg. für 1. ff (Q1)
  signal sig01, sig02 : X01; -- zwischenerg. für 2. ff (Q0)
  signal z_q0 : X01; -- ergebnis 2. ff (Q0)
begin
  -- not: reset, compl => nreset, ncompl
  b11: sn7404 port map (x=>reset, y=>nreset);
  b12: sn7404 port map (x=>compl, y=>ncompl);
  
  -- not s1 <= load nand d1
  b13: sn7400 port map (x(1)=>load, x(2)=>d1, y=>ns1);
  
  -- not r1 <= not ((ns1 nand load) nand nreset)
  b14: sn7400 port map (x(1)=>ns1, x(2)=>load, y=>sig11);
  b15: sn7400 port map (x(1)=>sig11, x(2)=>nreset, y=>r1);
  b16: sn7404 port map (x=>r1, y=>nr1);
  
  -- j1=k1 <= (count nand q0) nand ncompl
  b17: sn7400 port map (x(1)=>count, x(2)=>z_q0, y=>sig12);
  b18: sn7400 port map (x(1)=>sig12, x(2)=>ncompl, y=>jk1);
  
  -- not s0 <= load nand d0
  b21: sn7400 port map (x(1)=>load, x(2)=>d0, y=>ns0);
  
  -- not r0 <= not ((ns0 nand load) nand nreset)
  b22: sn7400 port map (x(1)=>ns0, x(2)=>load, y=>sig01);
  b23: sn7400 port map (x(1)=>sig01, x(2)=>nreset, y=>r0);
  b24: sn7404 port map (x=>r0, y=>nr0);
  
  -- j0=k0 <= (not count nand ncompl)
  b25: sn7404 port map (x=>count, y=>ncount);
  b26: sn7400 port map (x(1)=>ncount, x(2)=>ncompl, y=>jk0);

  -- 1. ff (q1)
  ff1: sn7472 port map (s_b=>ns1, r_b=>nr1, c=>c,
                        j(1)=>jk1, j(2)=>'1', j(3)=>'1',
                        k(1)=>jk1, k(2)=>'1', k(3)=>'1',
                        q=>q1);
                        
  -- 2. ff (q0)
  ff2: sn7472 port map (s_b=>ns0, r_b=>nr0, c=>c,
                        j(1)=>jk0, j(2)=>'1', j(3)=>'1',
                        k(1)=>jk0, k(2)=>'1', k(3)=>'1',
                        q=>z_q0);
  q0 <= z_q0;
end structure;
\end{verbatim}

\subsection{Simulation}
\subsubsection{Binäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000-000|XX------
stimmap dbb2_08 1000-000|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-110|00------
stimmap dbb2_08 0000-010|01------
stimmap dbb2_08 0000-110|01------
stimmap dbb2_08 0000-010|10------
stimmap dbb2_08 0000-110|10------
stimmap dbb2_08 0000-010|11------
stimmap dbb2_08 0000-110|11------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-101|00------
stimmap dbb2_08 0000-001|11------
stimmap dbb2_08 0000-101|11------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-000|00------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0010-000|00------
stimmap dbb2_08 0110-000|10------
stimmap dbb2_08 0010-000|10------ 
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-101|10------
stimmap dbb2_08 0000-001|01------
stimmap dbb2_08 0000-101|01------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0001-000|10------ 
stimmap dbb2_08 0101-000|01------
stimmap dbb2_08 0001-000|01------
stimmap dbb2_08 0000-000|01------ 
stimmap dbb2_08 0100-000|00------
stimmap dbb2_08 0000-000|00------ 
stimmap dbb2_08 0001-000|00------ 
stimmap dbb2_08 0011-000|00------
stimmap dbb2_08 0111-000|11------
\end{verbatim}
\end{minipage}

\subsubsection{Binäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 0000-000 -> XX000000
                XX------
  2 1000-000 -> 00000000
                00------
  3 0000-000 -> 00000000
                00------
  4 0000-010 -> 00000000
                00------
  5 0000-110 -> 00000000
                00------
  6 0000-010 -> 01000000
                01------
  7 0000-110 -> 01000000
                01------
  8 0000-010 -> 10000000
                10------
  9 0000-110 -> 10000000
                10------
 10 0000-010 -> 11000000
                11------
 11 0000-110 -> 11000000
                11------
 12 0000-010 -> 00000000
                00------
 13 0000-000 -> 00000000
                00------
 14 0000-001 -> 00000000
                00------
 15 0000-101 -> 00000000
                00------
 16 0000-001 -> 11000000
                11------
 17 0000-101 -> 11000000
                11------
 18 0000-001 -> 00000000
                00------
 19 0000-000 -> 00000000
                00------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 20 0010-000 -> 00000000
                00------
 21 0110-000 -> 10000000
                10------
 22 0010-000 -> 10000000
                10------
 23 0000-000 -> 10000000
                10------
 24 0000-001 -> 10000000
                10------
 25 0000-101 -> 10000000
                10------
 26 0000-001 -> 01000000
                01------
 27 0000-101 -> 01000000
                01------
 28 0000-001 -> 10000000
                10------
 29 0000-000 -> 10000000
                10------
 30 0001-000 -> 10000000
                10------
 31 0101-000 -> 01000000
                01------
 32 0001-000 -> 01000000
                01------
 33 0000-000 -> 01000000
                01------
 34 0100-000 -> 00000000
                00------
 35 0000-000 -> 00000000
                00------
 36 0001-000 -> 00000000
                00------
 37 0011-000 -> 00000000
                00------
 38 0111-000 -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0000-000|XX------
stimmap dbb2_08 1000-000|00------
stimmap dbb2_08 X000-000|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-0X0|--------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-110|00------
stimmap dbb2_08 0000-010|01------
stimmap dbb2_08 0000-110|01------
stimmap dbb2_08 0000-010|10------
stimmap dbb2_08 0000-110|10------
stimmap dbb2_08 0000-010|11------
stimmap dbb2_08 0000-110|11------
stimmap dbb2_08 0000-010|00------
stimmap dbb2_08 0000-0X0|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-101|00------
stimmap dbb2_08 0000-001|11------
stimmap dbb2_08 0000-101|11------
stimmap dbb2_08 0000-001|00------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-000|00------
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0010-000|00------ 
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 0110-000|10------
stimmap dbb2_08 0010-000|10------ 
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-101|10------
stimmap dbb2_08 0000-001|01------
stimmap dbb2_08 0000-101|01------
stimmap dbb2_08 0000-001|10------
stimmap dbb2_08 0000-00X|--------
stimmap dbb2_08 0000-000|10------
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0001-000|10------ 
stimmap dbb2_08 0101-000|01------
stimmap dbb2_08 0001-000|01------
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0000-000|01------ 
stimmap dbb2_08 0100-000|00------
stimmap dbb2_08 0000-000|00------ 
stimmap dbb2_08 000X-000|--------
stimmap dbb2_08 0001-000|00------ 
stimmap dbb2_08 00X0-000|--------
stimmap dbb2_08 0011-000|00------
stimmap dbb2_08 0111-000|11------
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 0000-000 -> XX000000
                XX------
  2 1000-000 -> 00000000
                00------
  3 X000-000 -> 00000000
                --------
  4 0000-000 -> 00000000
                00------
  5 0000-0X0 -> 00000000
                --------
  6 0000-010 -> 00000000
                00------
  7 0000-110 -> 00000000
                00------
  8 0000-010 -> 01000000
                01------
  9 0000-110 -> 01000000
                01------
 10 0000-010 -> 10000000
                10------
 11 0000-110 -> 10000000
                10------
 12 0000-010 -> 11000000
                11------
 13 0000-110 -> 11000000
                11------
 14 0000-010 -> 00000000
                00------
 15 0000-0X0 -> 00000000
                --------
 16 0000-000 -> 00000000
                00------
 17 0000-00X -> 00000000
                --------
 18 0000-001 -> 00000000
                00------
 19 0000-101 -> 00000000
                00------
 20 0000-001 -> 11000000
                11------
 21 0000-101 -> 11000000
                11------
 22 0000-001 -> 00000000
                00------
 23 0000-00X -> 00000000
                --------
 24 0000-000 -> 00000000
                00------
 25 00X0-000 -> 00000000
                --------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 26 0010-000 -> 00000000
                00------
 27 0110-000 -> 10000000
                10------
 28 0010-000 -> 10000000
                10------
 29 00X0-000 -> 10000000
                --------
 30 0000-000 -> 10000000
                10------
 31 0000-00X -> 10000000
                --------
 32 0000-001 -> 10000000
                10------
 33 0000-101 -> 10000000
                10------
 34 0000-001 -> 01000000
                01------
 35 0000-101 -> 01000000
                01------
 36 0000-001 -> 10000000
                10------
 37 0000-00X -> 10000000
                --------
 38 0000-000 -> 10000000
                10------
 39 000X-000 -> 10000000
                --------
 40 0001-000 -> 10000000
                10------
 41 0101-000 -> 01000000
                01------
 42 0001-000 -> 01000000
                01------
 43 000X-000 -> 01000000
                --------
 44 0000-000 -> 01000000
                01------
 45 0100-000 -> 00000000
                00------
 46 0000-000 -> 00000000
                00------
 47 000X-000 -> 00000000
                --------
 48 0001-000 -> 00000000
                00------
 49 00X0-000 -> 00000000
                --------
 50 0011-000 -> 00000000
                00------
 51 0111-000 -> 11000000
                11------
\end{verbatim}
\end{minipage}

\subsection{Verdrahtung}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN  & IC   & PIN  & Funktion & Ursprung \\
\hline
'04   & 1    & X    & 20   & NOT 1    & Reset \\
      & 3    & X    & 13   & NOT 2    & Compl \\
      & 5    &'00-1 & 8    & NOT 3    & NAND 3 \\
      & 9    &'00-2 & 11   & NOT 4    & NAND 8 \\
      & 11   & X    & 14   & NOT 5    & Count \\
\hline
'00-1 & 1    & X    & 19   & NAND 1   & Load \\
      & 2    & X    & 18   &          & $D_1$ \\
      & 4    &'00-1 & 3    & NAND 2   & NAND 1 \\
      & 5    &'00-1 & 1    &          & Load \\
      & 9    &'00-1 & 6    & NAND 3   & NAND 2 \\
      & 10   &'04   & 2    &          & NOT 1 \\
      & 12   &'04   & 4    & NAND 4   & NOT 2 \\
      & 13   &'00-2& 3    &          & NAND 5 \\
\hline
'00-2 & 1    &'04   & 11   & NAND 5   & Count \\
      & 2    &'72-2 & 8    &          & $Q_0$ \\
      & 4    &'00-1 & 5    & NAND 6   & Load \\
      & 5    & X    & 17   &          & $D_0$ \\
      & 9    &'00-2 & 6    & NAND 7   & NAND 6 \\
      & 10   &'00-2 & 4    &          & Load \\
      & 12   &'00-2 & 8    & NAND 8   & NAND 7 \\
      & 13   &'00-1 & 10   &          & NOT 1 \\
\hline
'00-3 & 1    &'00-1 & 12   & NAND 9   & NOT 2 \\
      & 2    &'04   & 10   &          & NOT 5 \\
\hline
'72-1 & 13   &'00-1 & 3    & /S       & NAND 1 \\
      & 3    &'00-1 & 11   & J        & NAND 4 \\
      & 12   & X    & 15   & C        & C \\
      & 9    &'72-1 & 3    & K        & NAND 4 \\
      & 2    &'04   & 6    & /R       & NOT 3 \\
\hline
'72-2 & 13   &'00-2 & 6    & /S       & NAND 6 \\
      & 3    &'00-3 & 3    & J        & NAND 9 \\
      & 12   &'72-1 & 12   & C        & C \\
      & 9    &'72-2 & 3    & K        & NAND 9 \\
      & 2    &'04   & 8    & /R       & NOT 4 \\
\hline
Z     & 20   &'72-1 & 8    & $Q_1$    & FF1\\
      & 19   &'72-2 & 8    & $Q_0$    & FF0\\
\hline
\end{tabular}
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\section{Versuch Sequ3}

\subsection{SAR}
\begin{tabular}{|c|c|c|c||c|c|c||cc|cc|cc|}
\hline
D   &$Q_2$&$Q_1$&$Q_0$&$Q_2'$&$Q_1'$&$Q_0'$&$J_2$&$K_2$&$J_1$&$K_1$&$J_0$&$K_0$\\
\hline
0   & 0   & 0   & 0   & -    & -    & -   & -    & -   & -   & -   & -   & -  \\
0   & 0   & 0   & 1   & 0    & 0    & 0   & 0    & -   & 0   & -   & -   & 1  \\
0   & 0   & 1   & 0   & 0    & 0    & 1   & 0    & -   & -   & 1   & 1   & -  \\
0   & 0   & 1   & 1   & 0    & 1    & 0   & 0    & -   & -   & 0   & -   & 1  \\
0   & 1   & 0   & 0   & 0    & 1    & 0   & -    & 1   & 1   & -   & 0   & -  \\
0   & 1   & 0   & 1   & 1    & 0    & 0   & -    & 0   & 0   & -   & -   & 1  \\
0   & 1   & 1   & 0   & 1    & 0    & 1   & -    & 0   & -   & 1   & 1   & -  \\
0   & 1   & 1   & 1   & 1    & 1    & 0   & -    & 0   & -   & 0   & -   & 1  \\
1   & 0   & 0   & 0   & -    & -    & -   & -    & -   & -   & -   & -   & -  \\
1   & 0   & 0   & 1   & 0    & 0    & 1   & 0    & -   & 0   & -   & -   & 0  \\
1   & 0   & 1   & 0   & 0    & 1    & 1   & 0    & -   & -   & 0   & 1   & -  \\
1   & 0   & 1   & 1   & 0    & 1    & 1   & 0    & -   & -   & 0   & -   & 0  \\
1   & 1   & 0   & 0   & 1    & 1    & 0   & -    & 0   & 1   & -   & 0   & -  \\
1   & 1   & 0   & 1   & 1    & 0    & 1   & -    & 0   & 0   & -   & -   & 0  \\
1   & 1   & 1   & 0   & 1    & 1    & 1   & -    & 0   & -   & 0   & 1   & -  \\
1   & 1   & 1   & 1   & 1    & 1    & 1   & -    & 0   & -   & 0   & -   & 0  \\
\hline
\end{tabular}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$J_2$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
-000
----
-000
----
}{
}

\begin{math}
J_2 = 0
\end{math}

\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$K_2$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
----
1000
----
0000
}{
\put(0.0,3.5){\oval(1.9,0.9)[r]}
\put(4.0,3.5){\oval(1.9,0.9)[l]}
}

\begin{math}
K_2 = \overline{D}*\overline{Q_0}*\overline{Q_1}
\end{math}

\end{minipage}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$J_1$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
-0--
10--
-0--
10--
}{
\put(4,2.0){\oval(1.9,3.9)[l]}
\put(0,2.0){\oval(1.9,3.9)[r]}
}

\begin{math}
J_1 = \overline{Q_0}
\end{math}

\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$K_1$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
--10
--10
--00
--00
}{
\put(4,3.0){\oval(1.9,1.9)[l]}
\put(0,3.0){\oval(1.9,1.9)[r]}
}

\begin{math}
K_1 = \overline{D}*\overline{Q_0}
\end{math}

\end{minipage}

\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$J_0$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
--1-
0-1-
--1-
0-1-
}{
\put(2,2.0){\oval(3.9,1.9)[c]}
}

\begin{math}
J_0 = Q_1
\end{math}

\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\karnaughmap{4}{$K_0$:}{D{$Q_2$}{$Q_1$}{$Q_0$}}
{
-1-1
-1-1
-0-0
-0-0
}{
\put(2,3.0){\oval(3.9,1.9)[c]}
}

\begin{math}
K_0 = \overline{D}
\end{math}

\end{minipage}

\subsection{Schaltung}
\includegraphics[scale=0.69]{versuch6_schaltplan}

\subsection{VHDL}
\begin{verbatim}
library ieee;
use ieee.std_logic_1164.all;                               
use work.pack_2.all;                                       
                                                         
entity uut is                                            
  port (x_fghij : in  X01_vector(20 downto 13);
        z_abcde : out X01_vector(20 downto 13));       
end uut;                                                 
                                                       
architecture structure of uut is
  component sn7400 is -- 1/4 SN7400
    port (x : in X01_vector (1 to 2); y : out X01);
  end component;
  component sn7472 is -- SN7472
    port (s_b,r_b,c : in X01; j,k : in X01_vector(1 to 3); q,q_b : out X01);
  end component;

alias r : X01 is x_fghij(20);
alias c : X01 is x_fghij(19);
alias d : X01 is x_fghij(18);
alias z2 : X01 is z_abcde(20);
alias z1 : X01 is z_abcde(19);
alias z0 : X01 is z_abcde(18);
signal nd : X01; -- nicht d
signal q2, q1, q0, nq2, nq1, nq0 : X01;
begin                                                     
  not1: sn7400 port map(x(1)=>d, x(2)=>d, y=>nd);
  
  jk2:  sn7472 port map(s_b=>r, r_b=>'1', c=>c,
                        j(1)=>'0', j(2)=>'1', j(3)=>'1',
                        k(1)=>nd,  k(2)=>nq1, k(3)=>nq0,
                        q=>z2, q_b=>nq2);
                        
  jk1:  sn7472 port map(s_b=>'1', r_b=>r, c=>c,
                        j(1)=>nq0, j(2)=>'1', j(3)=>'1',
                        k(1)=>nd,  k(2)=>nq0, k(3)=>'1',
                        q=>z1, q_b=>nq1);
  
  jk0:  sn7472 port map(s_b=>'1', r_b=>r, c=>c,
                        j(1)=>q1,  j(2)=>'1', j(3)=>'1',
                        k(1)=>nd,  k(2)=>'1', k(3)=>'1',
                        q=>z0, q_b=>nq0);
  
  not2: sn7400 port map(x(1)=>nq2, x(2)=>nq2, y=>q2);
  not3: sn7400 port map(x(1)=>nq1, x(2)=>nq1, y=>q1);
  not4: sn7400 port map(x(1)=>nq0, x(2)=>nq0, y=>q0);
  
end structure;
\end{verbatim}

\subsection{Simulation}
\subsubsection{Binäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 000-----|100-----
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 101-----|100-----
stimmap dbb2_08 111-----|100-----
stimmap dbb2_08 101-----|110-----
stimmap dbb2_08 111-----|110-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 111-----|111-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 100-----|111-----
stimmap dbb2_08 110-----|111-----
stimmap dbb2_08 100-----|110-----
stimmap dbb2_08 110-----|110-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 111-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 110-----|101-----
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 110-----|100-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 101-----|010-----
stimmap dbb2_08 111-----|010-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 111-----|011-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 100-----|011-----
stimmap dbb2_08 110-----|011-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 110-----|010-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 111-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 110-----|001-----
stimmap dbb2_08 100-----|000-----
\end{verbatim}
\end{minipage}

\subsubsection{Binäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 000----- -> 10000000
                100-----
  2 100----- -> 10000000
                100-----
  3 101----- -> 10000000
                100-----
  4 111----- -> 10000000
                100-----
  5 101----- -> 11000000
                110-----
  6 111----- -> 11000000
                110-----
  7 101----- -> 11100000
                111-----
  8 111----- -> 11100000
                111-----
  9 101----- -> 11100000
                111-----
 10 100----- -> 11100000
                111-----
 11 110----- -> 11100000
                111-----
 12 100----- -> 11000000
                110-----
 13 110----- -> 11000000
                110-----
 14 100----- -> 10100000
                101-----
 15 101----- -> 10100000
                101-----
 16 111----- -> 10100000
                101-----
 17 101----- -> 10100000
                101-----
 18 100----- -> 10100000
                101-----
 19 110----- -> 10100000
                101-----
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 20 100----- -> 10000000
                100-----
 21 110----- -> 10000000
                100-----
 22 100----- -> 01000000
                010-----
 23 101----- -> 01000000
                010-----
 24 111----- -> 01000000
                010-----
 25 101----- -> 01100000
                011-----
 26 111----- -> 01100000
                011-----
 27 101----- -> 01100000
                011-----
 28 100----- -> 01100000
                011-----
 29 110----- -> 01100000
                011-----
 30 100----- -> 01000000
                010-----
 31 110----- -> 01000000
                010-----
 32 100----- -> 00100000
                001-----
 33 101----- -> 00100000
                001-----
 34 111----- -> 00100000
                001-----
 35 101----- -> 00100000
                001-----
 36 100----- -> 00100000
                001-----
 37 110----- -> 00100000
                001-----
 38 100----- -> 00000000
                000-----
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Stimulusfolge}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 000-----|100-----
stimmap dbb2_08 X00-----|--------
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|100-----
stimmap dbb2_08 111-----|100-----
stimmap dbb2_08 101-----|110-----
stimmap dbb2_08 111-----|110-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 111-----|111-----
stimmap dbb2_08 101-----|111-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|111-----
stimmap dbb2_08 110-----|111-----
stimmap dbb2_08 100-----|110-----
stimmap dbb2_08 110-----|110-----
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 111-----|101-----
stimmap dbb2_08 101-----|101-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|101-----
stimmap dbb2_08 110-----|101-----
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
stimmap dbb2_08 100-----|100-----
stimmap dbb2_08 110-----|100-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|010-----
stimmap dbb2_08 111-----|010-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 111-----|011-----
stimmap dbb2_08 101-----|011-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|011-----
stimmap dbb2_08 110-----|011-----
stimmap dbb2_08 100-----|010-----
stimmap dbb2_08 110-----|010-----
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 111-----|001-----
stimmap dbb2_08 101-----|001-----
stimmap dbb2_08 10X-----|--------
stimmap dbb2_08 100-----|001-----
stimmap dbb2_08 110-----|001-----
stimmap dbb2_08 100-----|000-----
\end{verbatim}
\end{minipage}

\subsubsection{Ternäre Simulation}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
  1 000----- -> 10000000
                100-----
  2 X00----- -> 10000000
                --------
  3 100----- -> 10000000
                100-----
  4 10X----- -> 10000000
                --------
  5 101----- -> 10000000
                100-----
  6 111----- -> 10000000
                100-----
  7 101----- -> 11000000
                110-----
  8 111----- -> 11000000
                110-----
  9 101----- -> 11100000
                111-----
 10 111----- -> 11100000
                111-----
 11 101----- -> 11100000
                111-----
 12 10X----- -> 11100000
                --------
 13 100----- -> 11100000
                111-----
 14 110----- -> 11100000
                111-----
 15 100----- -> 11000000
                110-----
 16 110----- -> 11000000
                110-----
 17 100----- -> 10100000
                101-----
 18 10X----- -> 10100000
                --------
 19 101----- -> 10100000
                101-----
 20 111----- -> 10100000
                101-----
 21 101----- -> 10100000
                101-----
 22 10X----- -> 10100000
                --------
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 23 100----- -> 10100000
                101-----
 24 110----- -> 10100000
                101-----
 25 100----- -> 10000000
                100-----
 26 110----- -> 10000000
                100-----
 27 100----- -> 01000000
                010-----
 28 10X----- -> 01000000
                --------
 29 101----- -> 01000000
                010-----
 30 111----- -> 01000000
                010-----
 31 101----- -> 01100000
                011-----
 32 111----- -> 01100000
                011-----
 33 101----- -> 01100000
                011-----
 34 10X----- -> 01100000
                --------
 35 100----- -> 01100000
                011-----
 36 110----- -> 01100000
                011-----
 37 100----- -> 01000000
                010-----
 38 110----- -> 01000000
                010-----
 39 100----- -> 00100000
                001-----
 40 10X----- -> 00100000
                --------
 41 101----- -> 00100000
                001-----
 42 111----- -> 00100000
                001-----
 43 101----- -> 00100000
                001-----
 44 10X----- -> 00100000
                --------
\end{verbatim}
\end{minipage}

\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 45 100----- -> 00100000
                001-----
 46 110----- -> 00100000
                001-----
\end{verbatim}
\end{minipage}
\begin{minipage}[t]{.5\linewidth}
\scriptsize
\begin{verbatim}
 47 100----- -> 00000000
                000-----
\end{verbatim}
\end{minipage}

\subsection{Verdrahtung}
\begin{tabular}{|c|c||c|c||l|l|}
\hline
\multicolumn{2}{|c||}{Nach} &  \multicolumn{2}{|c||}{Von} & \multicolumn{2}{|c|}{Bemerkung} \\
\hline 
IC    & PIN  & IC   & PIN  & Funktion & Ursprung \\
\hline
'00   & 1    & X    & 18   & NOT 1    & D \\
      & 2    & '00  & 1    &          & D \\
      & 4    & '72-1& 6    & NOT 2    & $\overline{Q_2}$ \\
      & 5    & '00  & 4    &          & $\overline{Q_2}$ \\
      & 9    & '72-2& 6    & NOT 3    & $\overline{Q_1}$ \\
      & 10   & '00  & 9    &          & $\overline{Q_1}$ \\
      & 12   & '72-3& 6    & NOT 4    & $\overline{Q_0}$ \\
      & 13   & '00  & 12   &          & $\overline{Q_0}$ \\
\hline
'72-1 & 13   & X    & 20   & /S       & R \\
      & 3    &      & '0'  & J1       & '0' \\
      & 12   & X    & 19   & C        & C \\
      & 9    & '00  & 3    & K1       & $\overline{D}$ \\
      & 10   &'72-2 & 6    & K2       & $\overline{Z_1}$ \\
      & 11   &'72-2 & 3    & K3       & $\overline{Z_0}$ \\
\hline
'72-2 & 3    &'72-3 & 6    & J1       & $\overline{Z_0}$ \\
      & 12   &'72-1 & 12   & C        & C \\
      & 9    &'72-1 & 9    & K1       & $\overline{D}$ \\
      & 10   &'72-2 & 3    & K2       & $\overline{Z_0}$ \\
      & 2    &'72-1 & 13   & /R       & R \\
\hline
'72-3 & 3    &'00   & 8    & J1       & $Z_1$ \\
      & 12   &'72-2 & 12   & C        & C \\
      & 9    &'72-2 & 9    & K1       & $\overline{D}$ \\
      & 2    &'72-2 & 2    & /R       & R \\
\hline
Z     & 20   & '00  & 6    &          & NOT 2\\
      & 19   & '00  & 8    &          & NOT 3\\
      & 18   & '00  & 11   &          & NOT 4\\
\hline
DAC   & $Z_2$&'72-1 & 8    &          & $Q_2$ \\
      & $Z_1$&'72-2 & 8    &          & $Q_1$ \\
      & $Z_0$&'72-3 & 8    &          & $Q_0$ \\
\hline
\end{tabular}
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