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5.    NAND  –  NOR  –
 BOOLE –  DE

MORGAN

1.  

     
,     

AND-OR  OR – AND .
 ,   P =

X’Y+XZ = (X+Y)(X’+Z).    
    

   AND-OR ,  
     

     OR-
AND .    

    (  1).

) AND-OR 

b) OR-AND 

 1.  AND-OR  OR-
AND .

   ,
 -    

   AND  (OR)    2
   OR (AND).

2.     NAND  NOR

     
    

      NOT,
AND, OR.      

     NAND    
 NOR.    
      NAND  

   NOR.      
  .

  (  3)  
   NOT, AND, OR 

 NAND     NOR.

 2.    NAND.

 3.    NOR.

 a)

 b)
 4.   , a)

   NAND   b)   NOR

U1 SN7404
U2 SN7408

U3 SN7408

U4 SN7432

Z

X

Y

F

U5 SN7432

U6 SN7432

U7 SN7408

X

Y

X'

Z'

F

A A'

A (AA)' = (A)' = A'

A

B
AB

A

B (AB)' ((AB)')'=AB

A

B
A+B

A

B

A'

B'

( A' B' )' = (A')' + (B')' = A + B

A A'

A (A+A)' = (A)' = A'

A

B
AB

A

B

A'

B'

( A' + B' )' = (A')'   (B')' = A  B

A

B
A+B

A

B (A+B)' ((A+B)')'=A+B

U8 SN7400

U9 SN7400

U10 SN7400
X'

Y

X

Z

X'Y+XZ

U11 SN7402

U12 SN7402

U13 SN7402
X

Y

X'

Z

F



25.   NAND – NOR –  BOOLE –  DE MORGAN

   
     
      ,

        
    
 NAND      NOR.  . .  

 4    ,
   NAND      NOR,

    F= X’Y+XZ.
   

 AND-OR  OR-AND  NAND
– NAND  NOR – NOR , 

     2-
    

  2    !!
,    

  2   ,   
    2   

NAND – NAND  NOR – NOR . 
    5  
 D.

     
   

 2  ,   
  !!!

     
    

NAND  NOR .   
       

   .
  NAND   NOR  

.   NOR  
   NAND.  NAND‘ =

NOR NOR ‘ = NAND.     ,
       

   NOR     
    NAND.

 a)

 b)
 5. a)    

  2   ,    b)
    2   

NAND – NAND  NOR – NOR .

   
    NAND,  NOR  
 NOT, AND, OR.

  NAND  NOR
   

      
    

  .
    

Boole   NAND  
    

.        
NOR,    

   .
      

  Boole   NAND  
:

1.     
   .

2.    NAND  
     

  .   
      .

      .
3.    NAND  
 ,   

     
.

4.      
     

       
      

 NAND  .
   Boole  

 NOR     
  .   

     OR  
 ,   

 AND   .
    

 Boole   NOR 
       

 NAND ( - ),   
      

       
NOR      .

     
    NOR   

.
    

     NOR,
     

   
.      F’ 

       F 

A

B

A'

C

AB+A'C+D
D

A

B

A'

C

AB+A'C+D

D
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 .
     , 

    
    Karnaugh,   
       

    .  
    

      
      

    .

3.   XOR    EQUIVALENCE

     
    

XOR,    
/    

EQUIVALENCE.
    

.
   ,  

    AND-OR  
  6.

XY X Y X Y
00 0 1
01 1 0
10 1 0
11 0 1
 6.   , 

    AND-OR 
 XOR  EQUIVALENCE.

 XOR n-   
  Boolean    2n-1

,     
   1.

 EQUIVALENCE n-  
   Boolean   2n-1

     
   1.

     
  ,   

  0      1.
  XOR  EXCLUSIVE  .

     
,      .

4.  –   Boole

  Boole   
      

.
     

   ={0,1}   
  +  *.

   Boole
  :

1.       +   
 *.

2.   0     
  : x+0=x.   1
      

: x*1=x.
3.      

 +: x+y=y+x.  
     *:

x*y=y*x.
4.     *    +

  : x*(y+z)=(x*y)+(x*z) 
x+(y*z)=(x+y)*(x+z).

5.    x   ,   
 x’    (  

  x),   :  x’  +  x  =  1
 x’ * x = 0.

  2  x,y  
  x  y.

   Boole
  :

1. x*x=x, x+x=x.
2. 1+x=1, 0*x=0.
3. x’’=x.
4. x*(y*z) = (x*y)*z, x+(y+z)=(x+y)+z.
5. x*(x+y)=x.
6. x+x*y=x.
7. x+x’*y=x+y.
8.  de Morgan: (x+y)’=x’*y’ ,

(x*y)’=x’+y’.

X

Y
XOR(X,Y )

X

Y
XNOR(X,Y )
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5. 

1.    ,  o  
     

 (2    
NAND,NOR  X OR).

.
NAND

NOR

 XOR

XNOR

NAND NAND(x,y) = (x y)’
NOR NOR(x,y) = (x + y)’
 XOR XOR(x,y) = x’y + xy’ =

x(+)y
XNOR XNOR(x,y) = xy + x’y’ =

(x(+)y)’

NAND

NOR

 XOR

XNOR

 7. NAND, NOR, XOR, XNOR.

2.    
   

NAND, NOR  XOR   
 .

.

OK TTL
 

NAND 74LS00

NOR 74LS02

XOR 74LS86

 8.   NAND, NOR,
XOR.

3.     
NAND, NOR, OR  : a)

  b)
 

.
4.      

 (  9).

.     
.

  
C =

AND(A,B)

C =
OR(A,B)

x

y
NAND(x,y)

x

y
NOR(x,y)

x

y
XOR(x,y)

x

y
XNOR(x,y)

x y NAND(x,y)
0 0 1
0 1 1
1 0 1
1 1 0

NAND

x y NOR(x,y)
0 0 1
0 1 0
1 0 0
1 1 0

NOR

x y XOR(x,y)
0 0 0
0 1 1
1 0 1
1 1 0

XOR

x y XNOR(x,y)
0 0 1
0 1 0
1 0 0
1 1 1

XNOR

1 2 3 4 5 6 7

891011121314

GND

VCC

7400

1 2 3 4 5 6 7

891011121314

GND

VCC

7402

1 2 3 4 5 6 7

891011121314

GND

VCC

7486

NAND SN7400
H
L

A

H
L

B
NAND(A,B)

H
L

A

H
L

B
NOR(A,B)

NOR SN7402
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C =
R(A,B)

 9.   NAND,
NOR, OR  .

5. a)      
  =

A’B’C’+A’BC’+ABC+AB’C  
 AND-OR.  b)    
 Z     

    NAND. c) 
       

.    IC
    

;
.

a)

10.  =
A’B’C’+A’BC’+ABC+AB’C  

 AND-OR.

b)  Z  =  A'B'C'  +  A'BC'  +  ABC  +  AB'C  =
A'C'(B'+B) + AC(B+B') = A'C'1 + AC1 = Z =
A'C' + AC

a)

b)

 11. a)   . b)
    

NAND.

a)

b)

c)

H
L

A

H
L

B
XOR(A,B)

XOR SN7486

A

C

B

A'

B'

C'

A'

B'

C'

A'

B

C'

A

B

C

A

B'

C

H
L

A

H
L

B

H
L

C

U1

U2

U3

U4

U5

U6

U7

U8
Z

A'

C'

A

C

U11

U12
U13

Z

A

C

A'

C'

[A'C']'

[AC]'

A'C'+AC
Z

A

C

B

A'

B'

C'

U9

U10

U23

1
2
3
4

U24

A:1

B:2

C:3

A'

B'

C'

A'

B

C'

A

B

C

A

B'

C

U4

U5

U6

U7

U8
Z

Z:4

A

C

A'

C'

[A'C']'

[AC]'

A'C'+AC
Z2:5

Z2:5
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d)

 12.   ) 
 4bit b)   c) 

  .  d)    
.

c)    .

6. a)      
   13. b) 
     

     NAND. c)
    

    ;
)     

   NAND  PENCIL-
BOX.

 13.   6.

7.       
    : a) 

 DeMorgan   :
(x+y+z)’ = x’y’z’   (xyz)’=x’+y’+z’. b)

   (distributive
law): x+yz = (x+y)(x+z).

.
a)
x y z x+y+z (x+y+z)’

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

x’ y’ z’ x’y’z’
1 1 1 1
1 1 0 0
1 0 1 0
1 0 0 0
0 1 1 0
0 1 0 0
0 0 1 0
0 0 0 0

x y z xyz (xyz)’
0 0 0 0 1
0 0 1 0 1
0 1 0 0 1
0 1 1 0 1
1 0 0 0 1
1 0 1 0 1
1 1 0 0 1
1 1 1 1 0

x’ y’ z’ x’+y’+z’
1 1 1 1

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

b)
x y z yz x+yz

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

x+y x+z (x+y)(x+z)
0 0 0
0 1 0
1 0 0
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1

8.     
Boole    .
a)  A’C’  +  ABC  +  AC’,  3  .  b)
(x’y’+z)’  +  z  +  xy  +  wz,  3  .  c)
A’B(D’+C’D) + B(A+A’CD), 1 .
d) (A’+C)(A’+C’)(A+B+C’D), 4

.
.

(a)
A’C’ + ABC + AC’ =
A’C’ + AC’ + ABC

T

Time (s)
0.00 2.00u 4.00u 6.00u 8.00u

A

L

H

B

L

H

C

L

H

Z

L

H

Z2

L

H
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= C’(A’+ A) + ABC
= C’ 1 + ABC
= C’ + ABC
= (C’+ AB)(C’+C) [distributive]
= AB + C’

(b)
(x’y’+z)’ + z + xy + wz
= (x’y’+z)’ + z + wz + xy
= (x’y’+z)’ + z(1+ w) + xy
= (x’y’+z)’ + z + xy
= (x + y)z’ + z + xy  [DeMorgan]
= (z + (x + y))  (z + z’)
   + xy [distributive]
= (z + (x + y))  1 + xy
= x + y + z + xy
= x + y + z    [absorption]

(c)
A’B(D’ + C’D) + B(A+A’CD)
= A’BD’ + A’BC’D + AB+ A’BCD
= A’BD(C+C’)+ A’BD’+ AB
= A’BD+ A’BD’+ AB
= A’B(D+D’)+ AB
= A’B+ AB
= B(A’+ A)
= B

(d)
(A’+C)(A’+C’)(A+B+C’D)
= (A’+C)(A’+C’)(A+B+C’D)
= (A’ + CC’)(A + B + C’D)
= A’(A + B + C’D)
= A’A + A’B + A’C’D
= A’B + A’C’D
= A’(B + C’D)

9.    yzxF ;
   0FF  

1FF .
.

yzxF
Dual( F ) x y z
F x y z

0

FF x yz x y z

xx x yz y z

x yz y z
x yy z x yzz

1

1
1

F F

x yz x y z

x yz x x yz y z

yz x yz y z

x yz y z

10.     
 : zyyxxyF .

.
x y z F
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

11.     
 : Y=A’B’+B(A+C),

Y=BC+AC’, Y=A+CD, Y=(A+B)(C’+D).
.

Y=A’B’+B(A+C).

Y=BC+AC’.

U1

U2
U3

U4

A'

B'

A

C

B

Y

U5
B

C

U6
A

C'

U7
Y
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Y=A+CD.

Y=(A+B)(C’+D).

 14.    .

12.    :  F=XY’Z+  X’Y’Z+
W’XY+ WX’Y+ WXY. a)  

  .  b)  
    .  c)

    
    

  Boole.  d)  
   

.   e)     
   

     
     

  b).
.

a)   :
X Y Z W F Fs
0 0 0 0 0 0
0 0 0 1 0 0
0 0 1 0 1 1
0 0 1 1 1 1
0 1 0 0 0 0
0 1 0 1 1 1
0 1 1 0 0 0
0 1 1 1 1 1
1 0 0 0 0 0
1 0 0 1 0 0
1 0 1 0 1 1
1 0 1 1 1 1
1 1 0 0 1 1
1 1 0 1 1 1
1 1 1 0 1 1
1 1 1 1 1 1

b)      F  
 15a.

c)     F:
F= XY’Z+ X’Y’Z+ WXY +  W’XY+ WX’Y =
Y’Z (X+X’) + XY (W+W’) + WX’Y=
Y’Z+ XY+ WX’Y

d)     
     

    a)    
Fs.  F = Fs.

e)     F 
 15b.

      F
 5 AND   3 inputs  1 OR  5

inputs.     F(simplified)
  2 AND gates  2 inputs, 1 OR 

3 inputs  1 AND  3 inputs.

a)

b)

 15.   
  . a)   .

b)   .

13.     
   : (a)

F(x,  y,  z)  =  (1,3,7)    (b)  F(A,B,C,D)=
(0,1,2,3,4,6,12).

U8
D

C

A

U10
Y

U9
A

B

U11
C'

D

U12
Y

U13

U14

U15

U16

U17

U18

U19
F

X

Y'

Z

X'

Y'

Z

X

Y

W'

X

Y

W

X'

Y

W

U20
Y'

Z

U21
X

Y

U22
W

X'

Y

U23
Fs
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.
(a)
F(x, y, z)=

(1,3,7) =
(0,2,4,5,6)=

( )( ' )
( ' )( ' ')
( ' ' )

x y z x y z
x y z x y z
x y z

(b)
F(A,B,C,D)=

(0,1,2,3,4,6,12)= (5,7,8,9,10,11,13,14,15) =
( ' ' ) ( ' )
( ' ' ') ( ' ' )
( ' ') ( ' )
( ' ) ( ')
( )

A BC D A BCD
AB C D AB C D
AB CD AB CD
ABC D ABCD
ABCD

14.       XOR 
    .

.
XOR:
X Y  = XY’ + X’Y
Dual of XOR:  =
(X +Y’) (X’+Y) =
XX’+ XY +X’Y’ +YY’ =
XY + X’Y’
Complement of XOR =
(XNOR) =
(X Y)’ =
(XY’ + X’Y)’ =
(X’+Y) (X +Y’) =
 XX’+ XY + X’Y’+ YY’ =
XY + X’Y’

15.       NAND
     NOR  

.
.

NAND
 NAND

(L = 0, H = 1)
 NAND

(L = 1, H = 0)
X Y Z  X Y Z X Y Z
0 0 1 L L H 1 1 0
0 1 1 L H H 1 0 0
1 0 1 H L H 0 1 0
1 1 0 H H L 0 0 1

      
NOR  .

16.     x*(x+y)=x  
   .  
     
.    .

x y x+y x*(x+y)
0 0
0 1
1 0
1 1

17.     x+x*y=x  
   .  
     
.    .

x y x*y x+x*y
0 0
0 1
1 0
1 1

18.     x+x’*y=x+y 
    . 

     
.    .

x y x’ x’*y x+y
0 0
0 1
1 0
1 1

19.     de Morgan:
(x+y)’=x’*y’ , (x*y)’=x’+y’  

   .  
     
.    .

x y x*
y

(x*y
)’

x
’

y
’

x’+
y’

x’*
y’

x+
y

(x+y
)’

0 0
0 1
1 0
1 1
20. (a)  

   
    pencilbox

logic designer     
  de Morgan. (b) 

    
  .

21. (a)       
 A,B,C. (b)   

    
  (NAND  NOR) 

     .  (c)
    

  ;
) A B C + A C + B C = (A+B) C

B) A B D’ + A B’ D + A B’ D’ = A (B’ + D’)
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C) A’ B C + A’ B’ C + A B + A B’ + A’ B’
C’ = A + B’ + C

22. (a)      
   16. (b) 
     

     NAND.  (c)
    

    ;
(d)     

   NAND  pencil-
box

 16.   22.

23.    
Boole     :

a) x’y’ + xy + x’y
b) (x+y)(x+y’)
c) x’y + xy’ + xy + x’y’
d) x’+xy+xz’+xy’z’
e) xy’+y’z+x’z’ (  

 )

24.    
Boole     :

a) xyz + x’y + xyz’
b) x’yz + xz
c) (x+y)’(x’+y’)
d) xy+x(wz+wz’)
e) (yz’+x’w)(xt’+zw’)

25.     
:

a) xy’ + x’y
b) (xy’+z)w’ + f
c) xy(z’w+zw’) + x’y’(z’+w)(x+w’)
d) (x+y’+z)(x’+z’)(x+y)

26.    De Morgan,
   

Boole     
   OR 

.    
    

      OR
 :

a) F = x’y’ + x’z + y’z
b) F = (y+z’)(x+y)(y’+z)

  VHDL

 NAND

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: name, inputs,
outputs
entity nandGate is
   port( A, B : in std_logic;
            F : out std_logic);
end nandGate;

--FUNCTIONAL DESCRIPTION: how the NAND
Gate works
architecture func of nandGate is
begin
   F <= A nand B;
end func;

Testbench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: no inputs, no
outputs
entity nandGate_tb is
end nandGate_tb;

-- Describe how to test the NAND Gate
architecture tb of nandGate_tb is
   --pass nandGate entity to the
testbench as component
   component nandGate is
   port( A, B : in std_logic;
            F : out std_logic);
   end component;

   signal  inA, inB, outF : std_logic;
begin
   --map the testbench signals to the
ports of the nandGate
   mapping: nandGate port map(inA, inB,
outF);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
      inA <= '0';
      inB <= '0';
      wait for 15 ns;
      assert(outF = '1')  report "Error
1" severity error;

A

B
F
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      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      inA <= '0';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '1')  report "Error
2" severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 3
      inA <= '1';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '0')  report "Error
3" severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------
--
      if(errCnt = 0) then
         assert false report "Good!"
severity note;
      else
         assert true report "Error!"
severity error;
      end if;

   end process;
end tb;
----------------------------------------
----
configuration cfg_tb of nandGate_tb is
   for tb
   end for;
end cfg_tb;

 NOR

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: name, inputs,
outputs
entity norGate is
   port( A, B : in std_logic;
            F : out std_logic);
end norGate;

--FUNCTIONAL DESCRIPTION: how the NOR
Gate works

architecture func of norGate is
begin
   F <= A nor B;
end func;

Testbench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: no inputs, no
outputs
entity norGate_tb is
end norGate_tb;

-- Describe how to test the NOR Gate
architecture tb of norGate_tb is
   --pass norGate entity to the
testbench as component
   component norGate is
   port( A, B : in std_logic;
            F : out std_logic);
   end component;

   signal  inA, inB, outF : std_logic;
begin
   --map the testbench signals to the
ports of the norGate
   mapping: norGate port map(inA, inB,
outF);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
      inA <= '0';
      inB <= '0';
      wait for 15 ns;
      assert(outF = '1')  report "Error
1"  severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      inA <= '0';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '0')  report "Error
2"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      --TEST 3
      inA <= '1';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '0')  report "Error
3"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------

A

B
F
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--
      if(errCnt = 0) then
         assert false report "Good!"
severity note;
      else
         assert true report "Error!"
severity error;
      end if;

   end process;
end tb;
----------------------------------------
----
configuration cfg_tb of norGate_tb is
   for tb
   end for;
end cfg_tb;

 XOR

--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: name, inputs,
outputs
entity xorGate is
   port( A, B : in std_logic;
            F : out std_logic);
end xorGate;

--FUNCTIONAL DESCRIPTION: how the XOR
Gate works
architecture func of xorGate is
begin
   F <= A xor B;
end func;

Testbench:
--import std_logic from the IEEE library
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: no inputs, no
outputs
entity xorGate_tb is
end xorGate_tb;

-- Describe how to test the XOR Gate
architecture tb of xorGate_tb is
   --pass xorGate entity to the
testbench as component
   component xorGate is
   port( A, B : in std_logic;
            F : out std_logic);
   end component;

   signal  inA, inB, outF : std_logic;
begin

   --map the testbench signals to the
ports of the xorGate
   mapping: xorGate port map(inA, inB,
outF);

   process
      --variable to track errors
      variable errCnt : integer := 0;
   begin
      --TEST 1
      inA <= '0';
      inB <= '0';
      wait for 15 ns;
      assert(outF = '0')  report "Error
1"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      --TEST 2
      inA <= '0';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '1')  report "Error
2"  severity error;
      if(outF /= '1') then
         errCnt := errCnt + 1;
      end if;

      --TEST 3
      inA <= '1';
      inB <= '1';
      wait for 15 ns;
      assert(outF = '0')  report "Error
3"  severity error;
      if(outF /= '0') then
         errCnt := errCnt + 1;
      end if;

      -------------- SUMMARY -----------
--
      if(errCnt = 0) then
         assert false report "Good!"

severity note;
      else
         assert true report "Error!"

severity error;
     end if;

   end process;
end tb;
----------------------------------------
configuration cfg_tb of xorGate_tb is
   for tb
   end for;
end cfg_tb;

.
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