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     .  
    

      
      

.
     
     

   .   
    

    
.   

   (    ) 
     

    
.

   
     .

       
    . 

      
        

    .
 Boole

    

.     , 
      
    .

 2.  
.   

   
 .

3.   

     
     

 (  . .    
)     .
   

     :

1.     
   ,   

     .
2.     

     
 ,   

.
3.   « » 
   .
4.     

 .

    
      

 .     
:

1.AND-OR

2.NAND-NAND

3.OR-AND

4.NOR-NOR

 ... ...

1

2

n

Z1

Z2

Zn
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4.  NAND-NAND  NOR – NOR 2

  NAND-NAND  
   AND-OR 

    AND-OR   
NAND        

 .
  NOR-NOR  
   OR-AND 

    OR-AND   
NOR        

 .
   

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

    2-  
      2
  !!

,    
  2   ,   

    2   
NAND – NAND  NOR – NOR .

     
   

 2  ,   
  !!!!      

    
NAND  NOR .   

       
   .

   IC  
   ,    NAND

 NOR    
 AND-OR,  OR-AND, 

  SSI (small scale Ics)  MSI
(medium scale Ics).     

     IC    
     

 IC.
  ( ) 

 NAND, R    
  AND   R,
,    

.   NAND  NOR ICs 
 ,    LSI

(large scale integration)  , 
    

     
    

 .
     

 (    
)   

 ,     

    .

5.  1 bit

A B F1:
A=B

F2:A>B F3:A<B

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

 1.   
1bit.

      1bit
  1.     
         F1, F2,

F3.  F1  1    = .  F2 = 1 
A>    F3 = 1  < .

      
   :

F1 = A’B’ + AB = XNOR(A,B)

F2 = AB’

F3 = A’B

  3   AND-OR
     1bit 

TINA    block   
.  4  
  block   

      
block     .

 3. AND-OR  
   1bit   TINA  

  block    .

Pin1

H
L

A

H
L

B

U1 !XOR U2 SN7404

F1(A=B)

U3 SN7408
U4 SN7404

F2(A>B)

U5 SN7408
U6 SN7404

F3(A<B)

COMP.1BIT
F1(A=B)

F2(A>B)

F3(A<B)

A
B

U7 COMP.1BIT

L1

L2
L3
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 4.    block 
  .

6.  2 bits

A
1

A
0

B
1

B
0

F1
(A=B)

F2
(A>B)

F3
(A<B)

0 0 0 0 1 0 0

0 0 0 1 0 0 1

0 0 1 0 0 0 1

0 0 1 1 0 0 1

0 1 0 0 0 1 0

0 1 0 1 1 0 0

0 1 1 0 0 0 1

0 1 1 1 0 0 1

1 0 0 0 0 1 0

1 0 0 1 0 1 0

1 0 1 0 1 0 0

1 0 1 1 0 0 1

1 1 0 0 0 1 0

1 1 0 1 0 1 0

1 1 1 0 0 1 0

1 1 1 1 1 0 0

 2.   
  2bit.

  2bits   
 2bit.    4  (

2bit   )   . 
     2.

     
   ,  

   5. 
     

  jumper (  6)   
     

     
7-9.

 5. XK    
     .

 6.    Jumper  
Special  .

 7.    F1.

 8.    F2.

 9.    F3.

F3(A<B)

F2(A>B)

F1(A=B)

B

A
U1 !XOR U2 SN7404

U3 SN7408
U4 SN7404

U5 SN7408
U6 SN7404

1

1

1

1

B1B0

A1A0
00 01 11 10

00

01

11

10

1 1 1

1 1

1

B1B0

A1A0
00 01 11 10

00

01

11

10

1

1 1 1

1 1

B1B0

A1A0
00 01 11 10

00

01

11

10

F1 = XNOR(A1,A0,B1,B0) F2=A1B1'+A1A0B0 '+A0B1'B0 ' F3=A1'B1+A0 'B1B0+A1'A0 'B0

A1 A0
B0B1

U2

U3

U4

U5
F1:5

F1=XNOR(A1,A0,B1,B0)

A1
B1

A0 B0

U6

U7

U8

U9

U10

U11

U12

U13
F2:6

F2=A1B1'+A1A0B0'+A0B1'B0'

A1

A0

B1

B0

U14

U15

U16

U17

U18

U19

U20

U21
F3:7

F3=A1'B1+A0'B1B0+A1'A0'B0
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 10   
       F1,

F2, F3     4bit 
      1 0 

1 0     jumpers.

 10.   
 .

 11.   
 .

 12.  
     
  2bit .

Analysis  Digital Timing Analysis
      

   (  11)   
      (

 bit     1 s,    16
     

16 s  16u  ) (  12).
 13   

  4bit   
    (  14).  

    4bit
,     –  

   –     –
 (  15)     

   Pattern  (  16)   
     (Affected

address (low)=00, Affected address (high)=0F,
Step time = 1u, Start address = 00, Stop address =
0F, Fill).

 13.     
 4bit .

 14.     4bit
  Sources  .

 15.    
 4bit.

T

Time (s)
0.00 5.00u 10.00u 15.00u

A1

A0

B1

B0

F1

F2

F3

A1 A0 B1 B0

1
2
3
4

U1

A1:1
A0:2
B1:3
B0:4

Data Generator 4bit
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 16.   
   4bit.

7.  (Coder)

 ,   
     

’   .  
 2

n
 (  )    n
 .     
     
.       

 1     ,  
   .

  3   
    8  3 .
     

 OR,     
       

  :
x = D4 + D5 + D6 + D7

y = D2 + D3 + D6 + D7

z = D1 + D3 + D5 + D7

      
 17.

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

x y z

1 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 1 0

0 0 0 1 0 0 0 0 0 1 1

0 0 0 0 1 0 0 0 1 0 0

0 0 0 0 0 1 0 0 1 0 1

0 0 0 0 0 0 1 0 1 1 0

0 0 0 0 0 0 0 1 1 1 1

 3.   8  3
.  .

 17.   
 8  3.

  ,  
       

    .   
  ,    

 .    
 ,   

     
   ,   

 .
    

 8 - -2  ,    
 ,    

 0.         D
0
=1,

       .   

D0

D1

D2

D3

D4

D5

D6

D7

D4

D5

D6

D7

D2

D3

D6

D7

D1

D3

D5

D7

H
L

D0

H
L

D1

H
L

D2

H
L

D3

H
L

D4

H
L

D5

H
L

D6

H
L

D7

x

y

z

x

y

z
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    ,   
   ,  

      
     .

8.   (Priority
Coder)

   
     

 .   
  ,     
   1 ,    

    .
 4    

  4 .

D
0

D
1

D
2

D
3

X Y V

0 0 0 0 X X 0

1 0 0 0 0 0 1

X 1 0 0 0 1 1

X X 1 0 1 0 1

X X X 1 1 1 1

 4.
.  .

  D3   
.       

 ,      1, 
   xy  11 (  3).  D2 

    .  
 10  D2=1,     

D3=0,       
  .   

 D1     
   0 .  

  V,    1,  
        

1.      0,  V  0  
     

.  17  
        .

 18.  
.

    :

X = D2 + D3
Y = D3 +D1D2’
V = D0 + D1 + D2 + D3

     
   18.

 17.    
 .

9.  (Decoder)

    
    .

    n-bits   

  2
n
   

 . 
 (decoder)  

     

 n      2
n

  .   n-bits
   

 ,    

  2
n
 .  

   

D0

D1

D2

D3

D2

D3

D2 D2'

D1

D2'

D0

D1

D2

D3

H
L

D0

H
L

D1

H
L

D2

H
L

D3

X

X

U1

U2
U3

Y

U4

V

X 1 1 1

1 1 1

1 1 1

1 1 1

D0D1

D2D3
00 01 11 10

00

01

11

10

X 1 1

1 1 1

1 1 1

1 1

D0D1

D2D3
00 01 11 10

00

01

11

10

X=D2+D3 Y=D3+D1D’2
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  n- -m   m
2

n
.        2

n

  n  .
 5   

    3  8
    19    

  .

x y z D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

0 0 0 1 0 0 0 0 0 0 0

0 0 1 0 1 0 0 0 0 0 0

0 1 0 0 0 1 0 0 0 0 0

0 1 1 0 0 0 1 0 0 0 0

1 0 0 0 0 0 0 1 0 0 0

1 0 1 0 0 0 0 0 1 0 0

1 1 0 0 0 0 0 0 0 1 0

1 1 1 0 0 0 0 0 0 0 1

 5.   
  3  8 .

     2
n

  n  . 
  Boole    

   ,
    

    
     OR  

  .     
   n    m

     
 n- -2

n
    m

 OR.

 19.  
  3  8   .

    
     OR,
   Boole 

    .
       

     
    

.    
       n

 .    
OR,    

,    
    .

10.    
(Enable)

    
(enable) (    )  

     
 . .     2   4

:

 =1,     
 , ,     1.

x
x'

y
y'

z
z'

x'
y'
z'

x'
y'
z

x'
y
z'

x'
y
z

x
y'
z'

x
y'
z

x
y
z'

x
y
z

H
L

x

H
L

y

H
L

z

x'

y'

z'

x'y'z'

x'y'z

x'yz'

x'yz

xy'z'

xy'z

xyz'

xyz

D0

D1

D2

D3

D4

D5

D6

D7
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 =0,      
,        0, 

     
  , .

    
   6.

     
  20.

E A B D
0

D
1

D
2

D
3

1 X X 1 1 1 1

0 0 0 0 1 1 1

0 0 1 1 0 1 1

0 1 0 1 1 0 1

0 1 1 1 1 1 0

 6.   
 2  4   (enable).

 20.  
 2  4   (enable) 

.

     
     

      
      .

      
Insert  Block    21.

 Block Wizard   
 22.

 21.    
     block.

 22.    
   block.

 23.    
    , ,    D0,

D1, D2, D3.

     
block     , ,  

,    E   
,   D0  D3.    Block

A
A'

B
B'

E
E'

A'
B'
E'

A'
B
E'

A
B'
E'

A
B
E'

H
L

A

H
L

B

H
L

E

A'

B'

E'

A'B'E'

A'BE'

AB'E'

ABE'

D0

D1

D2

D3
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Wizard       
 23  .    .

  Schematic
Symbol Editor      block

     
(  24).    Schematic Symbol
Editor     

    
       ,

       
 .

     
    block, File

OK    Schematic Symbol Editor.
     block

    
 (  25).

 24.    schematic
symbol editor.

 25.    2x4
.

,    
  block.    block

  « »   .  
       block

       
 Enter Macro, 

  26.

 26.   
  .     

  ,  Enter macro
    « »  block 
    .

     
     block  

   .   
 27.       U1

      
.     

  block     

  .  (  28).
    

   ,   
      

block.    29.
     .

Edit  Copy   30.
    Block

U1  Edit  Paste  
 31.

 27.    block,
     

   .

2x4 Decoder

D0
D1
D2
D3

A

B

E

U1
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 28.   
      

     
   block.

 29.    
.

 30.    
block    

.

    U1   
   30.    

    31,

     U1  

.
       

        
block,      , 

       
 32      

 .
   

(Digital)    33 
      
 .    
  34.

     
   (  35). 
=0, =0, =0,     

 D0      
       

   D0   L1   
D0  block.

 31.   
       .

 32.     
  block.
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 33.    
   block.

 34.  
 .

 35.   
  = 000.

    
 01     D1

(  36).

    
 10     D2

(  37).
    

 11     D3
(  38).

   11,    =1
       0 (

39),       
    

 .
:   

   

     
     

 OFF    
     

    
  .

 36.   
  = 010.

 37.   
  = 100.



12

 38.   
  = 110.

 39.   
  = 111.

11.  (Multiplexer)

  (multiplexer)  
      n
  (select),  2n  ,

  .   
     MUX 

       1
(     ). . . 

 40   MUX 4x1.

 40.
-

4x1.

      
       

,        F. 

    MUX  
 7.

A B F
0 0 I0
0 1 I1
1 0 I2
1 1 I3

 7.   
4x1.

 1.      
  MUX 4x1.

 41    
MUX 4x1  ,   . 

 42    
    

   (  7).

 41.    MUX
4x1.

      MUX
4x1        :
F = I0 02 + I1 12 + I2 22 + I3 32
F = I0 S2’ S1’ + I1 S2’ S1 + I2 S2 S1’ + I3 S2 S1.

 42.  
  MUX 4x1.

#

4x1 MUX F

I0
I1
I2
I3

BA

 4x1 MUX

I0

I1
I2
I3

I0

I1

I2

I3

S2

S1

S2

S1

S2

S1

S2'

S1'

I0

S2'

S1'

I1

S2'

S1

I2

S2

S1'

I3

S2

S1

U1

U2

U3

U4

U6

U5

U7

S2

S1

S2:1

S1:2

I0:3

I1:4

I2:5

I3:6

F:7

1
2
3
4

U8

T

Time (s)
0.00 500.00u 1.00m 1.50m 2.00m

S2

S1

I0

I1

I2

I3

F I3

1

1

1

I2

1

0

1

I1

1

1

0

I0

1

0

0
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,  MUX 8x1,  
3         

   43   
  8.

 43.   -  
 8x1.

A B C F

 8.
  8x1.

0 0 0 I0
0 0 1 I1
0 1 0 I2
0 1 1 I3
1 0 0 I4
1 0 1 I5
1 1 0 I6
1 1 1 I7

 2.      
  MUX 8x1.

 44.    MUX 8x1.

 44     
     MUX  8x1.  

 45    

    
   (  8).

      MUX
4x1        :

F = I0 02 + I1 12 + I2 22 + I3 32 + I4 42 + I5 52 +
I6 62 + I7 72

F = I0  S2’  S1’  S0’  +  I1  S2’  S1’  S0  +  I2  S2’  S1
S0’ +
      I3 S2’ S1 S0 + I4 S2 S1’ S0’ + I5 S2 S1’ S0 +
      I6 S2 S1 S0’ + I7 S2 S1 S0.

 45.  
  MUX 4x1.

 3. O  
.

   
,     

 (demultiplexer) (  46).  
     
      

     2
n
  

.      
       n

 .

 46. 1x4

 .

8x1 MUX F

I0
I1
I2
I3
I4
I5
I6
I7

CA B

 8x1 MUX

I0
I1
I2
I3
I4
I5
I6
I7

I0

I1

I2

I3

I4

I5

I6

I7

S2
S1
S0

S2
S1
S0

S2

S1

S0

S2'

S1'

S0'

S2'
S1'
S0'

I0

S2'
S1'
S0
I1

S2'
S1
S0'

I2

S2'
S1
S0
I3

S2
S1'
S0'

I4
S2
S1'
S0
I5

S2
S1
S0'

I6

S2
S1
S0
I7

I0S2'S1'S0'

I1S2'S1'S0

I2S2'S1S0'

I3S3'S2S1

I4S2S1'S0'

I5S2S1'S0

I6S2S1S0'

I7S2S1S0

U9

U10

U11

U12

U13

U14

1
2
3
4

U17

1
2
3
4
5
6
7
8

U18
I0:2

I1:3

I2:4

I3:5

I4:6

I5:7

I6:8

I7:9

F:10
S:1

S2 S2
S1 S1
S0 S0

S[0-2]

T

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

S

I0

I1

I2

I3

I4

I5

I6

I7

F

0000 001b 010b 011b 100b 101b 110b 111b

I5 I7I6I4I3I2I1I0

1

1

1

1

1

1

1

1

1x4 Decoder

D0
D1
D2
D3

E

A B

U1 1x4 Decoder

input

Select
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. .      =10,
  D

2
     ,   

   1.

47.  
 3- -8,   

     
  4- -16.

   
   

    , 
   

   /
.    
    .

  ,  
  AND, NAND  NOR.

  /
      

   
.    47

     3- -
8,        

    4- -16.
  w=0, « »   
   « » 

  .    
w=1.

12.  (Half-Adder)

  2-bits   
    

bits.       
   9.   –

   2-bits  
 48.         

  Sum (   + )  Carry
(    ).

Carry Sum
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 1

 9.  48. Block
 .

     
   :

Sum = A’ B + A B’ = XOR(A,B) = A B

Carry = A B

    
  AND – OR   49.

 49.     
  bits.

13.   (Full Adder)

      bits
   ,    

  (  Cin)   
.      
    10.

 –      
bits   50.

A B Cin Cout Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

 10.   
.

3x8 Decoder

D0
D1
D2
D3
D4
D5
D6
D7

x

y

z

E

U1 3x8 Decoder

3x8 Decoder

D0
D1
D2
D3
D4
D5
D6
D7

x

y

z

E

U2 3x8 Decoder

H
L

x

H
L

y

H
L

z

H
L

w U3 SN7404

L1
L2
L3
L4
L5
L6
L7
L8

L9
L10
L11
L12
L13
L14
L15
L16

Half-Adder Carry
Sum

A
B

 Half-Adder

H
L

A

H
L

B

U2 !XOR

U3 SN7408

Sum

Curry
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 50.  –   
 2 bits.

        Cin
    Sum (   + ) 

Cout (    ).  
      

 :

Sum = Cin’ A’ B + Cin’ A B’ + Cin A B + Cin A’
B’ = Cin  A  B
Cout = Cin’ A B + Cin A’ B + Cin A B’ + Cin A
B = A B + Cin B + Cin A

     
 51.

 51.    
   2bits.

14. 

    
 x   y    D   B.  
    bits x – y  
    D     bit

 B.
    

,    11.
  Boole    

     :
D=x’y+xy’ = xor(x,y)
B=x’y

x y D B
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

 11.  
.

    
  52.  

     
   53.

 52.  .

 53.  
.

15.  

     
  , ,  Bin  Cin  
 v     , 

  Bout    Diff.
      

:
A B Bin Diff Bout
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

 12.   
.

full_adderB
Cin

A

Sum

Cout

 full_adder

U12 SN7408

U13 SN7408

U14 SN7408

U15 4075
Cout

H
L

A

H
L

B

H
L

Cin

U1 !XOR

U2 !XOR Sum

x
y

x
y

x
y

x
y

U1

U2
U3

1
2
3
4

U4

x:1
y:2

D:4

B:3

T

Time (s)
0.00 1.00u 2.00u 3.00u 4.00u 5.00u

x

L

H

y

L

H

B

L

H

D

L

H
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   Boole  
       

  54.

Diff= xor(A,B,Bin)

Bout=BCin+A’B+A’Bin

 54.     
 Diff    out.

    
  55   56
    , 

    .

 55.   .

 56.  
 .

   
      

   57.

 57.   
   .

16.   

  
(PBA)   

   : 
 ( )     (FA).

   n-bit 
    LSB   n-1

     bits.
   bits   

  n  , 
  bit.

    
     LSB  

MSB.       
      MSB.
     

   « » (ripples).
    
.       bits  

,    
      MSB

    PBA    .
    

   .
      

     
 ,     

      
   . 

     
    .
 -   

  4 bits  
58.

Bin

B

A
A

B

B
Bin

A
Bin

A
B

Bin

A

B

Bin

A'B

BBin

A'Bin A'B+BCin+A'Cin

Bout

XOR(A,B)

XOR(XOR(A,B),Bin)

Diff

1
2
3
4

000->111

A

B

Bin

Bout

Diff

A'

A'

T

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

A

L

H

B

L

H

Bin

L

H

Bout

L

H

Diff

L

H

Bin

B

A

A
B

Bin

A

B

Bin

A'B [XOR(A,B)]'Bin Bout

XOR(A,B)
XOR(XOR(A,B),Bin)

Dif f1
2
3
4

000->111

A

B

Bin

Bout

Diff

A' [XOR(A,B)]'

[XOR(A,B)]'Bin + A'B

1

0

0100

110 1

A

y

z

00 01 11 10
Bin

1

0

0101

110 0

A

y

z

00 01 11 10

Bin
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 58.  -  
   4 bits.

17.   -

   
   2,  

   
     

 .
 59  

    – 
4bits.

  XOR    
     1  

(    ).
H OR  1   bits  

.   0.

 59.   –
 4bits.

    0  
      XOR 

      
.

: 0110
: 1101

    1101 (   XOR,  M=0, o B 
)

: 0110  (=610
: 1101  (=1310

----------(+)
  10011  (=1910

    1  
      XOR

     1  
.

: 0110
: 1101

    0010 (   XOR,  M=1, o B 
 1 ( ’))

:  0110 (=610
:   1101 (=1310
’:  0010 (=-1310

----------(+    ’)
     1000  (= 1
     0111   (=710

  ,  
  bit   

   LSB.

: 0110
: 0100

    1011 (   XOR,  M=1, o B 
 -1 ( ’))

:  0110 (=610
:  0100 (=410
’:  1011 (=-410

----------(+    ’)
10001  (= 1

+ 1     
LSB (   )
----------(+)
     0010   (=210

18. 

1.     AND-OR
 4    2    :

  F   1      1
      0 
 .   G  0  

FA Cout
Sum

A
B
Cin

U1 FA

FA
Cout
Sum

A
B
Cin

U2 FA

FA Cout
Sum

A
B
Cin

U3 FA

HA
Cout
Sum

A
B

U4 HA

1
2
3
4

B

1
2
3
4

A

Sum(1)

Sum(2)

Sum(4)

Sum(8)

Cout(16)

A0
A1
A2
A3

B0
B1
B2
B3

S0

S1

S2

S3

S3 S2 S1 S0

A3
B3

A2
B2

A1
B1

A0
B0

FA
Cout
Sum

A
B
Cin

U4 FA

FA Cout
Sum

A
B
Cin

U3 FA

FA Cout
Sum

A
B
Cin

U2 FA

FA
Cout
Sum

A
B
Cin

U1 FA S(1)

S(2)

S(4)

S(8)

C(16)

U8 SN74136

U7 SN74136

U6 SN74136

U5 SN74136

H
L

M

0
1
2
3

0 1 2 3
4 5 6 7
8 9 A B
C D E F

A 0

0
1
2
3

0 1 2 3
4 5 6 7
8 9 A B
C D E F

B 0

0123

Label1 Display
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  1    
   0   1   

       0.

.

 60.  
    4

  2     
.

 61.    2   
 .   

    
    .

 -    
    

60   61     2  
  .   

    
    .

2.    

 62   
       

 ,    
    . 

   - ,  
       

  3  (     ):  1
= , 2  = AND, 3
=OR.

     
      

     
    

  .   
      

  ,    
   .

      
 AND-OR  .  

   AND – OR  
63.

 62.      
     ,

      
 .

 63.  AND- OR  F =
A’B+AC.

 64   OR  –  AND
    , 

  0    
.

A

B

C

D

F

G

8 4 2 1
10 A B C D F G

0 0 0 0 0 0 1
1 0 0 0 1 0 1
2 0 0 1 0 0 1
3 0 0 1 1 1 1
4 0 1 0 0 0 1
5 0 1 0 1 1 1
6 0 1 1 0 1 1
7 0 1 1 1 0 0
8 1 0 0 0 0 1
9 1 0 0 1 1 1

10 1 0 1 0 1 1
11 1 0 1 1 0 1
12 1 1 0 0 1 1
13 1 1 0 1 0 0
14 1 1 1 0 0 0
15 1 1 1 1 1 0

1

1 1

1 1

1 1

AB

CD
00 01 11 10

00

01

11

10

0

0 0 0

AB

CD
00 01 11 10

00

01

11

10

F= (3,5,6,9,10,12,15) G= (7,13,14,15)

A B C F
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 0 0 0
1 1 1 1

1

1

C
AB

00 01

0

1 1

11 10

F = A’B + AC

H
L

A

H
L

B

H
L

C

A'

A'B

AC

F
F
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 64. OR – AND .

3.    P  P’, :
P(A,B,C,D) = (0,1,5,10,13,14) +
d(4,7,11,15).

.

 65.     
 .

 65      P
 P’.        P

   , ’, ,C,C’,D  6
,    P’   

, ’, ,B’,C,C’,D,D’  8 .

4. BCD  .   
    

   BCD    
 1      
 .

.

 66   
       

 .  
  ,  

.

 66.      
     .

5.    .
    
      2bit

.

.

 67.    
    

0

0

C
AB

00 01

0 0 0

11 10

F = (A+B) + (A’+C)

H
L

A

H
L

B

H
L

C

A'

F
A+B

A'+C

F

1 d

1 1 1

d d d

1 1

CD

AB
00 01 11 10

00

01

11

10

P= A’C’+BD+AC d 1 1

1

1 d

1 1

CD

AB
00 01 11 10

00

01

11

10

P’=BC’D’+AB’C’+A’C =
(B’+C+D)(A’+B+C)+(A+C’)

A B C D F
0 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 1
0 1 1 0 0
0 1 1 1 1
1 0 0 0 0
1 0 0 1 1
1 0 1 0 d
1 0 1 1 d
1 1 0 0 d
1 1 0 1 d
1 1 1 0 d
1 1 1 1 d

d

1 1 d 1

1 1 d d

d d

CD

AB
00 01 11 10

00

01

11

10

F = D

A1 A0 B1 B0 W X Y Z
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 1 0 0 0 1
0 1 1 0 0 0 1 0
0 1 1 1 0 0 1 1
1 0 0 0 0 0 0 0
1 0 0 1 0 0 1 0
1 0 1 0 0 1 0 0
1 0 1 1 0 1 1 0
1 1 0 0 0 0 0 0
1 1 0 1 0 0 1 1
1 1 1 0 0 1 1 0
1 1 1 1 1 0 0 1

1

1 1

B1B0

A1A0

00 01 11 10

00

01

11

10

X = A1 A0’ B1 + A1 B1 B0’

W = A1 A0 B1 B0    .

1 1

1 1

1 1

B1B0

A1A0

00 01 11 10

00

01

11

10

Y = A1’ A0 B1 + A0 B1 B0’ + A1 B1’ B0 + A1 A0’  B0

1 1

1 1

B1B0

A1A0

00 01 11 10

00

01

11

10

Z = A0 B0
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    .

    2bit  
     4bit ,  

  4 .    4 . 
 A1A0     (0-

3)    1 0    (0-3). 
        9

(   4bit   
).

 68   
     

    
      X, Y, Z. 
  W    

    . 
69    
   AND-OR.

 68   
   AND-OR.

6.   - .
 .

    69. 
     3bit

  .     
 3bit.    (parity) 
 3bit     bit,  parity

bit (  ).  parity bit = 1   
 1    , 
 0.   4bit     

       1.  
    parity.   parity bit
       1 

   ,    
 parity.
   (parity checker) 

,    4bit  
  .     1  ,
      

.     1  , 
 .      

,       
  .    

     –
  .    P=0 

  parity  –  checker   
      parity

generator!     
       
.

 69.   
 .

 70.    
   .

 70   
     
   71   

    .

7.   
   .

    
  

   (8 ) 
 (3  ).     

 V     
     

.      
    . 
     4    

D5  D3  1 ;

W

U1

U2

X
Z

U3

U4

U5

U6

Y

W X Y Z

A1

A0

B1

B0

A1

A0'

B1

A1

B1

B0'

A0

B0

A1'

A0

B1

A0

B1

B0'

A1

B1'

B0

A1

A0'

B0

3bits 3bits  bit 3bits

  

X Y Z P
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0

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

 

P X Y Z

X

Y

Z

P



21

.

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

X Y Z V

0 0 0 0 0 0 0 0 X X X 0
1 0 0 0 0 0 0 0 0 0 0 1
X 1 0 0 0 0 0 0 0 0 1 1
X X 1 0 0 0 0 0 0 1 0 1
X X X 1 0 0 0 0 0 1 1 1
X X X X 1 0 0 0 1 0 0 1
X X X X X 1 0 0 1 0 1 1
X X X X X X 1 0 1 1 0 1
X X X X X X X 1  1 1 1 1

 13.    
   

.

 71.    
  .

 13  
    

   .  
V      

  .    
    

.    4   
D5  D3  1  ,    X=1,  Y=0,
Z=1, V=1.

8.    
f(w,y,z)= m(0,1,3,4,6,7)  3- -8

    OR.

.

  , 
    

   .  
 OR,     

,     
 1.     

     
  72.

 72.   
f(w,y,z)= m(0,1,3,4,6,7)  3- -8

    OR.

9.   decoder
( )   4 

    
F1= (1,5,7,11), F2= (3,6,12,15),
F3= (5,13,14,15).

.

73   
 .

P Error
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0

Error X Y Z P

 

X

Y

Z

P

Error

x
x'

y
y'

z
z'

x'
y'
z'

x'
y'
z

x'
y
z'

x'
y
z

x
y'
z'

x
y'
z

x
y
z'

x
y
z

H
L

x

H
L

y

H
L

z

x'

y'

z'

x'y'z'

x'y'z

x'yz'

x'yz

xy'z'

xy'z

xyz'

xyz

D0

D1

D2

D3

D4

D5

D6

D7

U1

U2
L1

f(w ,y,z)= m(0,1,3,4,6,7)

Decoder 3x8

Decoder 4x16

D0
D1
D2
D3
D4
D5
D6
D7
D8
D9

D10
D11
D12
D13
D14
D15

A

B

C

D

U1

U2

U3

U4

L1

L2

L3

H
L

A

H
L

B

H
L

C

H
L

D

F1= (1,5,7,11)

F2= (3,6,12,15)

F3= (5,13,14,15)
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73.
  4  

    F1= (1,5,7,11),
F2= (3,6,12,15), F3= (5,13,14,15).

    
    

  .
,       

      
   .  

,       
 ,    
      

  (    )
    .
    

   OR    .  
 F    k    

     F’ 
2

n
-k  .     

    
 2

n
/2,    F’     

  ’    F.   
    

   NOR   
    F’.  

  NOR      F.

10. BCD-to-7-segment decoder.  BCD-to-
seven-segment decoder  

    
    

(BCD)     
     7-

 (7-segment display)   
    . 

     
7 .     (a,
b,  c,  d,  e,  f,  g)   « »   

   74   
     

  BCD-to-seven-segment
    

 6       
  (     

 off.

.

a) b)

c)

 74. a)   LED
7      ( ).    b)

  7-segment-display  
 BCD  . DP decimal

point (an "eighth segment") is used for the display
of non-integer numbers. c) 16x8-  

  128    7
 [http://en.wikipedia.org/wiki/Seven-

segment_display].

    
,    14.
    
:

a(w,x,y,z)= (0,2,3,5,6,7,8,9)
b(w,x,y,z)= (0,1,2,3,4,7,8,9)
c(w,x,y,z)=  (0,1,3,4,5,6,7,8,9)
d(w,x,y,z)= (0,2,3,5,6,8,9)
e(w,x,y,z)= (0,2,6,8)
f(w,x,y,z)= (0,4,5,6,8,9)
g(w,x,y,z)= (2,3,4,5,6,8,9)

w x y z a b c d e f g
0  0 0 0 1 1 1 1 1 1 0
0  0 0 1 0 1 1 0 0 0 0
0  0 1 0 1 1 0 1 1 0 1
0  0 1 1 1 1 1 1 0 0 1
0  1 0 0 0 1 1 0 0 1 1
0  1 0 1 1 0 1 1 0 1 1
0  1 1 0 1 0 1 1 1 1 1
0  1 1 1 1 1 1 0 0 0 0
1  0 0 0 1 1 1 1 1 1 1
1  0 0 1 1 1 1 1 0 1 1
1  0 1 X 0 0 0 0 0 0 0
1  1 X X 0 0 0 0 0 0 0

 14.    7
.
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.   3-to-8-line

decoders   enable (ENB) 
     4-to-16-line

decoder.       
,     OR
     

 .
 75    

  a, d, e.   
    

.

 75.      a,  d,
e.      

  .

11. 2-to-4    NOR.
    2-to-4 line

decoder     NOR  
   enable  

 .

.

     
  15.

E A B  D0 D1 D2 D3
0  X X 0 0 0 0
1 0 0 1 0 0 0
1 0 1 0 1 0 0
1 1 0 0 0 1 0
1 1 1 0 0 0 1

 15.  
 2- -4.

    
 :

D0= EA’B’=(E’+A+B)’
D1= EA’B =(E’+A+B’)’
D2= EAB’ =(E’+A’+B)’
D3= EAB  =(E’+A’+B’)’

    
  76.

A

B

E

D0

D1

D2

D3

 76.  2-to-8 
enable (E).   NOR.

12.    VHDL.

   VHDL  
    

    (
1).
library ieee;
use ieee.std_logic_1164.all;

entity half_adder is
port (A ,B:in std_logic;
      S, C:out std_logic);
end half_adder;

architecture behavioral of half_adder is
begin

S <= A xor B after 1 ns;
C <= A and B after 1 ns;

end behavioral;
--------------------------------------------------
--TEST BENCH
library ieee;
use ieee.std_logic_1164.all;
entity half_adder_tb is
end half_adder_tb;

architecture behavior of half_adder_tb is
component half_adder is
port (A ,B : in std_logic;
S, C : out std_logic);
end component;
signal A, B, sum, Cout : std_logic;
begin

mapping : half_adder port map (A, B, sum,
Cout);

A <= '0';
B <= '0';
process
begin

A <= '0';
B <= '0';
wait for 5 ns;
A <= '0';
B <= '1';
wait for 5 ns;
A <= '1';
B <= '0';
wait for 5 ns;
A <= '1';
B <= '1';
wait for 5 ns;

end process;
end behavior;
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 1.   
VHDL.

13. a)     
 . b)  

   .

.

    
  77-79.

 77.   
     .

 78.   
 .

 79.  
    = 00, 01, 10, 11.

14. a)      
 . b)  

    
.

.

   80-82  
     

 .

 80.    
  .

 81.    
 .

 82.  
  .

15.     VHDL.

U1 SN7486

U2 SN7408

SumCarry

HA Carry
Sum

A
B

U3 HA
C0 S

1
2
3
4

00,01,10,11

A:
1

B:
2

Carry:3 Sum:4

C0:5 S:6

Sum
Carry

B
A

U1 SN7486

U2 SN7408

T

Time (s)
0.00 1.00u 2.00u 3.00u 4.00u 5.00u

A
L

H

B
L

H

Carry
L

H

Sum
L

H

C0
L

H

S
L

H

A
B
Cin

A
B
Cin

A
B

Cin

A
B

B
Cin

A
Cin

A
B

Cin

U1 SN7486

U2 SN7486

Sum

U3 SN7408

U4 SN7408

U5 SN7408

U6 4075

Cout

FA
Cout
Sum

A
B
Cin

U7 FA
Cout Sum

1
2
3
4

000->111 A:1 B:2 Cin:3

Cout:4 Sum:5

Co:6 S:7

Sum

Cout

Cin

B

A
U1

U2

U3

U4

U5

U6

T

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

A

B

Cin

Cout

Sum

Co

S
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    VHDL (
2).
library ieee;
use ieee.std_logic_1164.all;

entity full_adder is
port(a, b, cin : in std_logic;
     cout, sum : out std_logic);
end full_adder;

architecture behavior of full_adder is
begin
cout <= ((a and b) or (cin and b) or (cin and a))
after 1 ns;
sum  <= ((cin xor a) xor b) after 1 ns;
end behavior;

-- TEST BENCH of full adder
library ieee;
use ieee.std_logic_1164.all;

entity full_adder_tb is
end full_adder_tb;

architecture behavior of full_adder_tb is
component full_adder is

port(a, b, cin : in std_logic;
     cout, sum : out std_logic);
end component;

signal A, B, Cin, sum, Cout : std_logic;
begin
mapping : full_adder port map (A, B, Cin, Cout,
sum);

A <= '0';
B <= '0';
Cin <= '0';
Cout <= '0';
sum <= '0';
process
begin

wait for 5 ns;
A <= '0';
B <= '0';
Cin <= '0';
wait for 5 ns;
A <= '0';
B <= '0';
Cin <= '1';
wait for 5 ns;
A <= '0';
B <= '1';
Cin <= '0';
wait for 5 ns;
A <= '0';
B <= '1';
Cin <= '1';
wait for 5 ns;
A <= '1';
B <= '0';
Cin <= '0';
wait for 5 ns;
A <= '1';
B <= '0';
Cin <= '1';
wait for 5 ns;
A <= '1';
B <= '1';
Cin <= '0';
wait for 5 ns;
A <= '1';
B <= '1';
Cin <= '1';
wait for 5 ns;

end process;
end behavior;

 2.   
 VHDL.

16.      
.   a)     Boole  

 T1  T4. b)  
 F1  F2  

 . c)  
    16 

  ,    T1
 4    F1  F2. d)

    F1  F2 
   

.

.

 83.

a)   Boole   T1  T4  F1 
F2   4   

.
1T B C

2T A B

3 1T A T A B C

4 2T T D
A BD ( A B ) D
A BD ( A B )D
A BD AD B D

b) 

Boole  
F1  F2

 4

 .

1 3 4

1

F T T
A AD A BD B C B D
A( D ) A BD B C B D
( A A )( A BD ) B C B D
A BD B C B D

2 2F D T D A B

c) O     16 
 4    T1  T4    F1
 F2:

A B C D T1 T2 T3 T4 F1 F2
0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1 1 1
0 0 1 0 1 0 1 0 1 0
0 0 1 1 1 0 1 1 1 1
0 1 0 0 0 1 0 1 1 1
0 1 0 1 0 1 0 0 0 1
0 1 1 0 0 1 0 1 1 1
0 1 1 1 0 1 0 0 0 1
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1 0 0 0 0 0 1 0 1 0

1 0 0 1 0 0 1 1 1 1

1 0 1 0 1 0 1 0 1 0

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

1 1 0 1 0 0 1 1 1 1

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

 16.

d)         
  :

DBDBBCAF1

BADF2

 84.

17.     
  x, y and z,   

A, B, and C.     
0, 1, 2,  3,     

  1   .  
   4, 5, 6,  7,  

      
.

.

    ,  
     

     :
x y z A B C
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 0 1 1
0 1 1 1 0 0
1 0 0 0 1 1
1 0 1 1 0 0
1 1 0 1 0 1
1 1 1 1 1 0

 17.

       
   ,   

:

A
yzxyxzA

B
xyzzyxzyxzyxB

C
'zC

 85.

     
   :

1

0

1001

101 0

x

y

z

00 01 11 10

yz

1

0

0101

110 0

x

y

z

00 01 11 10

yz

1

0

1110

000 1

x

y

z

00 01 11 10

yz

0110

0110

1111

0110

1

1

1

A

B

C

D

00

01

11

10

00 01 11 10AB
CD

1111

1111

1001

1110

111

11

11

A

B

C

D

00 01 11 10
00

01

11

10

AB
CD
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yzxzxyA

xyzzyxzyxzyxB

'zC
 86.

     « »  
     (  87):

 87.

18.    
    OR.

.

i  A B Cin Cout Sum
0 0 0 0 0 0
1 0 0 1 0 1
2 0 1 0 0 1
3 0 1 1 1 0
4 1 0 0 0 1
5 1 0 1 1 0
6 1 1 0 1 0
7 1 1 1 1 1

 18.     
   Sum(A,B,Cin) =

(1,2,4,7)  Cout(A,B,Cin) = (3,5,6,7).

    (  18)
    Sum(A,B,Cin) =

(1,2,4,7)  Cout(A,B,Cin) = (3,5,6,7).
     

 3x8   88.

 88.   
   3x8.

19.     

     
    

  bit    bit
   19.

1
MUX.4x1

2
MUX.4x1

i A B
Ci
n

Co
ut F = Cout

Su
m F=Sum

0 0 0 0 0
I0=0

0
I0=Cin1 0 0 1 0 1

2 0 1 0 0
I1=Cin

1
I1=Cin'3 0 1 1 1 0

4 1 0 0 0
I2=Cin

1
I2=Cin'5 1 0 1 1 0

6 1 1 0 1
I3=1

0
I3=Cin7 1 1 1 1 1

 19.   
   

     bit 
  bit .

     
  4x1   89.

3x8 Decoder

D0
D1
D2
D3
D4
D5
D6
D7

x

y

z

E

U1

H
L

A

H
L

B

H
L

Cin

H
L

Enable

U2
Sum = (1,2,4,7)

Cout = (3,5,6,7)
U3
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 89.   
    4x1.

20.     
XOR  NAND.

.
 90  91.

 90.    
NAND  XOR

 91.  
    NAND 

XOR.

21. (VHDL)    2bit  
 std_logic_vector (  

sonata).

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity comparator_2bit is
port(
a : in STD_LOGIC_VECTOR(1 downto 0);
b : in STD_LOGIC_VECTOR(1 downto 0);
equal : out STD_LOGIC;
greater : out STD_LOGIC;
lower : out STD_LOGIC
);
end comparator_2bit;

architecture comparator_2bit_arc
of comparator_2bit is
begin

    equal <= '1' when (a=b) else
'0';

    greater <= '1' when (a<b) else
'0';

    lower <= '1' when (a>b) else
'0';
end comparator_2bit_arc;

.   2bit.

22. (VHDL)   2bit
    .

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity comparator_2bit is
     port(
         a1 : in STD_LOGIC;
         a0 : in STD_LOGIC;
         b1 : in STD_LOGIC;
         b0 : in STD_LOGIC;
         equal : out STD_LOGIC;
         greater : out STD_LOGIC;
         lower : out STD_LOGIC
         );
end comparator_2bit;

architecture comparator_2bit_arc of
comparator_2bit is
begin

equal <= '1' when ((a1=b1) and
(a0=b0)) else '0';

greater <= '1' when ((a1<b1) or
((a1=b1) and (a0<b0)) ) else  '0';

lower <= '1' when ((a1>b1) or
((a1=b1) and (a0>b0)) ) else  '0';

4x1 MUX F

I0
I1
I2
I3

BA

U1 4x1 MUX

4x1 MUX F
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I2
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U2 4x1 MUX

Cout
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L
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HL

A

HL

B

HL

C
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H
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A
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end comparator_2bit_arc;
.   2bit.

 92.    
   2bit.

   VHDL

(        Pedroni,
Circuit Design with VHDL  2005).

   

 VHDL   
   ,  

   /  
:

Package standard  library std
Package std_logic_1164  library ieee
Package std_logic_arith  library ieee
Packages std_logic_signed
std_logic_unsigned  library ieee.

  standard    
BIT, BOOLEAN, INTEGER  REAL.

  std_logic_1164  
 STD_LOGIC  STD_ULOGIC.

  std_logic_arith  
 SIGNED  UNSIGNED  

    :
con_integer(p),
conv_unsigned(p,b),
conv_signed(p, b),
conv_std_logic_vector(p,b)

  std_logic_signed 
std_logic_unsigned   

    
STD_LOGIC_VECTOR  

   SIGNED  UNSINGED
.

  BIT

  BIT (   
BIT_VECTOR)    

 (0  1).     
      
   ”<=”.

.

       
 :

Signal x : bit;
Signal y : bit_vector(3 downto 0);
Signal w : bit_vector(0 to 7);
x<=’1’;
y<=”0111”;
w<=”01110001”;

  STD_LOGIC

  STD_LOGIC (  
STD_LOGIC_VECTOR)  8 

      
 1164.  :

‘ ’ :   (
)

‘0’ :   (  
‘1’)
‘1’:   (  
‘0’)
‘ ’ :  
‘W’ :  
‘L‘ :  
‘H’ :  
‘-‘ :  

  “:=”   
      .

     
  std_logic  

. ,  ‘0’, ‘1’,  ‘Z’ 
  .    

‘ ’ ,     
  ,  

‘ ’ . ,  
   std_logic   

,     
     :

0 1 W L H -
X X X X X X X X X
0 X 0 X 0 0 0 0 X
1 X X 1 1 1 1 1 X
Z X 0 Z Z W L H X
W X 0 W W W W W X

L1 L2 L3

comparator_2bita0
b1
b0

a1
equal

greater
lower

U4 comparator_2bit

H
L

a1

H
L

a0

H
L

b1

H
L

b0
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L X 0 L L W L W X
H X 0 H H W W H X
- X X X X X X X X

.

       
 :

SIGNAL x: STD_LOGIC;
SIGNAL y: STD_LOGIC_VECTOR (3 DOWNTO
0) := "0001";

  STD_LOGIC 
  STD_ULOGIC.   U

     “unresolved”.
,      

STD_LOGIC,    
 ,    

    .   
    ,   

     
    .

  BOOLEAN

   True  False.

  INTEGER

  32-bit 
   – 2,147,483,647  +

2,147,483,647.

  NATURAL

   
    0    +

2,147,483,647.

  REAL

   
 -1.0 38  + 1.0 38.  

 .

 

   
    ,    . .

   .  
 .

 

   
ASCII   (strings)  .

   .

  SIGNED  UNSIGNED

     
std_logic_arith  ieee.

  STD_LOGIC_VECTOR 
  ,   

 INTEGER.

  

x0 <= '0';
-- bit, std_logic, or
-- std_ulogic value '0'

x1 <= "00011111";
-- bit_vector, std_logic_vector,
-- std_ulogic_vector, signed,
-- or unsigned

x2 <= "0001_1111";
-- underscore allowed to
-- ease visualization

x3 <= "101111"
-- binary representation
-- of decimal 47

x4 <= B"101111"
-- binary representation
-- of decimal 47

x5 <= O"57"
-- octal representation
-- of decimal 47

x6 <= X"2F"
-- hexadecimal representation
-- of decimal 47

n <= 1200;
-- integer

m <= 1_200;
-- integer, underscore allowed

IF ready THEN...
-- Boolean, executed if ready=TRUE

y <= 1.2E-5;
-- real, not synthesizable

q <= d after 10 ns;
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-- physical, not synthesizable

    
   

SIGNAL a: BIT;

SIGNAL b: BIT_VECTOR(7 DOWNTO 0);

SIGNAL c: STD_LOGIC;

SIGNAL d: STD_LOGIC_VECTOR(7 DOWNTO
0);
SIGNAL e: INTEGER RANGE 0 TO 255;

...

a <= b(5);
-- legal (same scalar type: BIT)

b(0) <= a;
-- legal (same scalar type: BIT)

c <= d(5);
-- legal (same scalar type:
-- STD_LOGIC)

d(0) <= c;
-- legal (same scalar type:
-- STD_LOGIC)

a <= c;
-- illegal (type mismatch:
-- BIT x STD_LOGIC)

b <= d;
-- illegal (type mismatch:
-- BIT_VECTOR x STD_LOGIC_VECTOR)

e <= b;
-- illegal (type mismatch:
-- INTEGER x BIT_VECTOR)

e <= d;
-- illegal (type mismatch: INTEGER x
-- STD_LOGIC_VECTOR)

     

 VHDL     
   .  

   
   :  integer 

 enumerated.

     integer

TYPE integer IS RANGE -2147483647 TO
+2147483647;
-- This is indeed the
-- pre-defined type INTEGER.

TYPE natural IS RANGE 0 TO
+2147483647;
-- This is indeed the pre-defined
-- type NATURAL.

TYPE my_integer IS RANGE -32 TO 32;
-- A user-defined subset
-- of integers.

TYPE student_grade IS RANGE 0 TO
100;
-- A user-defined subset of
-- integers or naturals.

     enumerated

TYPE bit IS ('0', '1');
-- This is indeed the
-- pre-defined type BIT

TYPE my_logic IS ('0', '1', 'Z');
-- A user-defined subset
-- of std_logic.

TYPE bit_vector IS ARRAY (NATURAL
RANGE <>) OF BIT;
-- This is indeed the
-- pre-defined type BIT_VECTOR.
-- RANGE <> is used to indicate that
-- the range is unconstrained.
-- NATURAL RANGE <>, on the other
-- hand, indicates that the only
-- restriction is that the range
-- must fall within the NATURAL
-- range.

TYPE state IS (idle, forward,
backward, stop);
-- An enumerated data type, typical
-- of finite state machines.

TYPE color IS (red, green, blue,
white);
-- Another enumerated data type.

    enumerated
    (  
    ). . .  

 color   ,
  bits    
 (   4),  00  
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 red, 01   green, 10   blue
 11   white.

 (subtypes)

    
  .   

       
 ,      

   , 
,    

   .
:

SUBTYPE natural IS INTEGER RANGE 0
TO INTEGER'HIGH;
-- As expected, NATURAL is a subtype
--(subset) of INTEGER.

SUBTYPE my_logic IS STD_LOGIC RANGE
'0' TO 'Z';
-- Recall that STD_LOGIC=
--('X','0','1','Z','W','L','H','-').
-- Therefore, my_logic=
--('0','1','Z').

SUBTYPE my_color IS color RANGE red
TO blue;
-- Since color=(red, green,
-- blue, white), then
-- my_color=(red, green, blue).

SUBTYPE small_integer IS INTEGER
RANGE -32 TO 32;
-- A subtype of INTEGER.

    
   

SUBTYPE my_logic IS STD_LOGIC RANGE
'0' TO '1';

SIGNAL a: BIT;

SIGNAL b: STD_LOGIC;

SIGNAL c: my_logic;

...

b <= a;
-- illegal (type mismatch:
-- BIT versus STD_LOGIC)

b <= c;
-- legal (same "base" type:
-- STD_LOGIC)

 (arrays)

    
  .    ,

,   
     . 
    VHDL  
 (single bit)   

(vector):
Scalars:
BIT,
STD_LOGIC,
STD_ULOGIC,
BOOLEAN.

Vectors:
BIT_VECTOR,
STD_LOGIC_VECTOR,
STD_ULOGIC_VECTOR,
INTEGER,
SIGNED,
UNSIGNED.

    .
        

.        
:

TYPE type_name IS
ARRAY (specification) OF data_type;

SIGNAL signal_name:
type_name [:= initial_value];

    
SIGNAL.   

  CONSTANT 
VARIABLE.      

’  (    
).

  

TYPE row IS ARRAY (7 DOWNTO 0) OF
STD_LOGIC;
-- 1D array

TYPE matrix IS ARRAY (0 TO 3) OF
row;
-- 1Dx1D array

SIGNAL x: matrix;
-- 1Dx1D signal

       
 :

TYPE matrix IS ARRAY (0 TO 3)
OF STD_LOGIC_VECTOR(7 DOWNTO 0);

   
(    vectors):
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TYPE matrix2D IS ARRAY (0 TO 3, 7
DOWNTO 0) OF STD_LOGIC;
-- 2D array

  

... :="0001";
-- for 1D array

... :=('0','0','0','1')
-- for 1D array

... :=(
('0','1','1','1'),
('1','1','1','0')
);
-- for 1Dx1D or
-- 2D array

   
  

TYPE row IS ARRAY (7 DOWNTO 0) OF
STD_LOGIC;
-- 1D array

TYPE array1 IS ARRAY (0 TO 3) OF
row;
-- 1Dx1D array

TYPE array2 IS ARRAY (0 TO 3) OF
STD_LOGIC_VECTOR(7 DOWNTO 0);
-- 1Dx1D

TYPE array3 IS ARRAY (0 TO 3, 7
DOWNTO 0) OF STD_LOGIC;
-- 2D array

SIGNAL x: row;
SIGNAL y: array1;
SIGNAL v: array2;
SIGNAL w: array3;

-- Legal scalar assignments:
-- The scalar (single bit)
-- assignments below are all legal,
-- because the "base" (scalar) type
-- is STD_LOGIC for all signals
-- (x,y,v,w).

x(0) <= y(1)(2);
-- notice two pairs of parenthesis
-- (y is 1Dx1D)

x(1) <= v(2)(3);
-- two pairs of parenthesis
-- (v is 1Dx1D)

x(2) <= w(2,1);
-- a single pair of parenthesis

--(w is 2D)

y(1)(1) <= x(6);

y(2)(0) <= v(0)(0);

y(0)(0) <= w(3,3);

w(1,1) <= x(7);

w(3,0) <= v(0)(3);

-- Vector assignments:

x <= y(0);
-- legal (same data types: ROW)

x <= v(1);
-- illegal (type mismatch: ROW x
-- STD_LOGIC_VECTOR)

x <= w(2);
-- illegal (w must have 2D index)

x <= w(2, 2 DOWNTO 0);
-- illegal (type mismatch: ROW x
-- STD_LOGIC)

v(0) <= w(2, 2 DOWNTO 0);
-- illegal (mismatch:
-- STD_LOGIC_VECTOR
-- x STD_LOGIC)

v(0) <= w(2);
-- illegal (w must have 2D index)

y(1) <= v(3);
-- illegal (type mismatch: ROW x
-- STD_LOGIC_VECTOR)

y(1)(7 DOWNTO 3) <= x(4 DOWNTO 0);
-- legal (same type,
-- same size)

v(1)(7 DOWNTO 3) <= v(2)(4 DOWNTO
0);
-- legal (same type,
-- same size)

w(1, 5 DOWNTO 1) <= v(2)(4 DOWNTO
0);
-- illegal (type mismatch)

  (port array)

VHDL  
   

   . , 
     

(PORTS)   (   
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ENTITY),     
    

.    TYPE 
   ENTITY,     

   
     PACKAGE,    
       

(    ENTITY).  
  :

------- Package:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
----------------------------
PACKAGE my_data_types IS
TYPE vector_array IS ARRAY (NATURAL
RANGE <>) OF
STD_LOGIC_VECTOR(7 DOWNTO 0);
END my_data_types;
------------------------------------
------- Main code: -----------------
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE work.my_data_types.all;
-- user-defined package
---------------------------
ENTITY mux IS
PORT (inp: IN VECTOR_ARRAY (0 TO 3);
... );
END mux;
... ;
------------------------------------

   ,    
    vector_array  

   
 bits   .  (   NATURAL

RANGE <>      
,     

      
NATURAL).     
PACKAGE   my_data_types. 

   ENTITY  
  PORT   inp.
      USE

   my_data_types   
    .

     PACKAGE
  ,     

CONSTANT:
------- Package: -------------------
------------
LIBRARY ieee;
USE ieee.std_logic_1164.all;
----------------------------
PACKAGE my_data_types IS
CONSTANT b: INTEGER := 7;
TYPE vector_array IS ARRAY (NATURAL
RANGE <>) OF
STD_LOGIC_VECTOR(b DOWNTO 0);

END my_data_types;
------------------------------------

 (records)

     
       

  . :
TYPE birthday IS RECORD
day: INTEGER RANGE 1 TO 31;
month: month_name;
END RECORD;

    

  SIGNED  UNSIGNED
   std_logic_arith 

 ieee.     
:

SIGNAL x: SIGNED (7 DOWNTO 0);
SIGNAL y: UNSIGNED (0 TO 3);

      
   STD_LOGIC_VECTOR   

 INTEGER   .
 UNSINGED    

 .    ‘0101’
   5   ‘1101’  13. 

   SIGNED   
      (

   ).    ‘0101’  
   5,   ‘1101’ 
  -3.
   

SIGNED  UNSIGNED    
   std_logic_arith  

 ieee.
   ,  

SIGNED  UNSIGNED  
  ,    

STD_LOGIC_VECTOR, 
 . ,  

 .    
( ) ,   

   .

      
signed/unsigned  

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_arith.all;
-- extra package necessary
...
SIGNAL a: IN SIGNED (7 DOWNTO 0);
SIGNAL b: IN SIGNED (7 DOWNTO 0);
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SIGNAL x: OUT SIGNED (7 DOWNTO 0);
...
v <= a + b;
-- legal (arithmetic operation OK)

w <= a AND b;
-- illegal (logical operation
-- not OK)

     
 std-logic_vector

LIBRARY ieee;
USE ieee.std_logic_1164.all;
-- no extra package required
...
SIGNAL a: IN
STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL b: IN
STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL x: OUT
STD_LOGIC_VECTOR (7 DOWNTO 0);
...
v <= a + b;
-- illegal (arithmetic operation
-- not OK)

w <= a AND b;
-- legal (logical operation OK)

 std_logic_vector
 

  ieee   
std_logic_signed  std_logic_unsigned 

    
std_logic_vector,      SIGNED  
UNSIGNED. . .:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;
-- extra package included
...
SIGNAL a:
IN STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL b:
IN STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL x:
OUT STD_LOGIC_VECTOR (7 DOWNTO 0);
...
v <= a + b;
-- legal (arithmetic operation OK),
-- unsigned

w <= a AND b;
-- legal (logical operation OK)

 

 VHDL    
( ,  .)  

 .   
     

   .      
  :      

VHDL         
  FUNCTION    -

 PACKAGE   
 .
     ,

(         
,     
),   std_logic_1164  ieee 

   . . .:
TYPE long IS
INTEGER RANGE -100 TO 100;
TYPE short IS INTEGER RANGE -10 TO
10;
SIGNAL x : short;
SIGNAL y : long;
...
y <= 2*x + 5;
-- error, type mismatch
y <= long(2*x + 5);
-- OK, result converted
-- into type long

   
  std_logic_arith  ieee   :

conv_integer(p) :
Converts a parameter p of type
INTEGER, UNSIGNED, SIGNED, or
STD_ULOGIC to an INTEGER value.
Notice that STD_LOGIC_VECTOR is not
included.

conv_unsigned(p, b):
Converts a parameter p of type
INTEGER, UNSIGNED, SIGNED, or
STD_ULOGIC to an UNSIGNED value with
size b bits.

conv_signed(p, b):
Converts a parameter p of type
INTEGER, UNSIGNED, SIGNED, or
STD_ULOGIC to a SIGNED value with
size b bits.

conv_std_logic_vector(p, b):
Converts a parameter p of type
INTEGER, UNSIGNED, SIGNED, or
STD_LOGIC to a STD_LOGIC_VECTOR
value with size b bits.

:
LIBRARY ieee;
USE ieee.std_logic_1164.all;
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USE ieee.std_logic_arith.all;
...
SIGNAL a: IN
UNSIGNED (7 DOWNTO 0);
SIGNAL b: IN
UNSIGNED (7 DOWNTO 0);
SIGNAL y: OUT
STD_LOGIC_VECTOR (7 DOWNTO 0);
...

y <= CONV_STD_LOGIC_VECTOR ((a+b),
8);
-- Legal operation: a+b is
-- converted from UNSIGNED to an
-- 8-bit STD_LOGIC_VECTOR value,
-- then assigned to y.

      
      

std_logic_signed  std_logic_unsigned 
 ieee.     

STD_LOGIC_VECTOR    
 SIGNED  UNSIGNED .

   

  
BIT, BIT_VECTOR 0’, ‘1’
STD_LOGIC,
STD_LOGIC_VECTOR

‘X’, ‘0’, ‘1’, ‘Z’
(resolved)

STD_ULOGIC,
STD_ULOGIC_VECTOR

‘X’, ‘0’, ‘1’, ‘Z’
(unresolved)

BOOLEAN True, False
NATURAL From  0  to +2, 147, 483,

647
INTEGER From -2,147,483,647 to

+2,147,483,647
SIGNED From -2,147,483,647 to

+2,147,483,647
UNSIGNED From 0 to +2,147,483,647
User-defined integer type Subset of INTEGER
User-defined enumerated
type

Collection enumerated by
user

SUBTYPE Subset of any type (pre-
or user-defined)

ARRAY Single-type collection of
any type above

RECORD Multiple-type collection
of any types above

     
    

TYPE byte IS ARRAY (7 DOWNTO 0)
OF STD_LOGIC;
-- 1D array

TYPE mem1 IS ARRAY

(0 TO 3, 7 DOWNTO 0) OF STD_LOGIC;
-- 2D array

TYPE mem2 IS ARRAY (0 TO 3) OF byte;
-- 1Dx1D array

TYPE mem3 IS ARRAY (0 TO 3)
OF STD_LOGIC_VECTOR(0 TO 7);
-- 1Dx1D array

SIGNAL a: STD_LOGIC;
-- scalar signal

SIGNAL b: BIT;
-- scalar signal

SIGNAL x: byte;
-- 1D signal

SIGNAL y: STD_LOGIC_VECTOR
(7 DOWNTO 0);
-- 1D signal

SIGNAL v: BIT_VECTOR (3 DOWNTO 0);
-- 1D signal

SIGNAL z: STD_LOGIC_VECTOR
(x'HIGH DOWNTO 0);
-- 1D signal

SIGNAL w1: mem1;
-- 2D signal

SIGNAL w2: mem2;
-- 1Dx1D signal

SIGNAL w3: mem3;
-- 1Dx1D signal

-------- Legal scalar assignments:

x(2) <= a;
-- same types (STD_LOGIC),
-- correct indexing

y(0) <= x(0);
-- same types (STD_LOGIC),
-- correct indexing

z(7) <= x(5);
-- same types (STD_LOGIC),
-- correct indexing

b <= v(3);
-- same types (BIT),
-- correct indexing

w1(0,0) <= x(3);
-- same types (STD_LOGIC),
-- correct indexing
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w1(2,5) <= y(7);
-- same types (STD_LOGIC),
-- correct indexing

w2(0)(0) <= x(2);
-- same types (STD_LOGIC),
-- correct indexing

w2(2)(5) <= y(7);
-- same types (STD_LOGIC),
-- correct indexing

w1(2,5) <= w2(3)(7);
-- same types (STD_LOGIC),
-- correct indexing

------- Illegal scalar assignments:

b <= a;
-- type mismatch (BIT x STD_LOGIC)

w1(0)(2) <= x(2);
-- index of w1 must be 2D

w2(2,0) <= a;
-- index of w2 must be 1Dx1D

------- Legal vector assignments:

x <= "11111110";
y <=
('1','1','1','1','1','1','0','Z');

z <= "11111" & "000";

x <= (OTHERS => '1');

y <= (7 =>'0', 1 =>'0',
OTHERS => '1');

z <= y;

y(2 DOWNTO 0) <= z(6 DOWNTO 4);

w2(0)(7 DOWNTO 0) <= "11110000";

w3(2) <= y;

z <= w3(1);

z(5 DOWNTO 0) <= w3(1)(2 TO 7);

w3(1) <= "00000000";

w3(1) <= (OTHERS => '0');

w2 <= ((OTHERS=>'0'),(OTHERS=>'0'),
(OTHERS=>'0'),(OTHERS=>'0'));

w3 <= ("11111100",
 ('0','0','0','0','Z','Z','Z','Z',),

(OTHERS=>'0'), (OTHERS=>'0'));

w1 <= ((OTHERS=>'Z'), "11110000"
,"11110000", (OTHERS=>'0'));

------ Illegal array assignments:

x <= y;
-- type mismatch

y(5 TO 7) <= z(6 DOWNTO 0);
-- wrong direction of y

w1 <= (OTHERS => '1');
-- w1 is a 2D array

w1(0, 7 DOWNTO 0) <="11111111";
-- w1 is a 2D array

w2 <= (OTHERS => 'Z');
-- w2 is a 1Dx1D array

w2(0, 7 DOWNTO 0) <= "11110000";
-- index should be 1Dx1D

-- Example of data type independent
-- array initialization:

FOR i IN 0 TO 3 LOOP
FOR j IN 7 DOWNTO 0 LOOP
x(j) <= '0';
y(j) <= '0'
z(j) <= '0';
w1(i,j) <= '0';
w2(i)(j) <= '0';
w3(i)(j) <= '0';
END LOOP;
END LOOP;

    BIT 
BIT_VECTOR

     
    bit  bit

vector.   BIT  BIT_VECTOR,
STD_LOGIC  STD_LOGIC_VECTOR 
STD_ULOGIC  STD_ULOGIC_VECTOR.

    
VHDL .      
AND      

    .  
      bits  

    (  bit  
   bits  ).

ENTITY and2
ISPORT
(a, b: IN BIT;
x: OUT BIT);
END and2;

ENTITY and2
IS PORT
(a, b: IN
BIT_VECTOR
0 TO 3);
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x: OUT
BIT_VECTOR
0 TO 3));
END and2;

ARCHITECTURE and2
OF and2 IS
BEGIN
x <= a AND b;
END and2;

ARCHITECTURE and2
OF and2 IS
BEGIN
x <= a AND b;
END and2;

   Adder

   VHDL  
 4 bit.     

(a,b)    (sum):

      
 SIGNED:

1 ----- Solution 1: in/out=SIGNED --
--------
2 LIBRARY ieee;
3 USE ieee.std_logic_1164.all;
4 USE ieee.std_logic_arith.all;
5 ----------------------------------
--------
6 ENTITY adder1 IS
7 PORT ( a, b : IN SIGNED (3 DOWNTO
0);
8 sum : OUT SIGNED (4 DOWNTO 0));
9 END adder1;
10 ---------------------------------
---------
11 ARCHITECTURE adder1 OF adder1 IS
12 BEGIN
13 sum <= a + b;
14 END adder1;

   4,   
  std_logic_arith,   

  SIGNED.   ,
    7   8,   SIGNED
   , 

   STD_LOGIC_VECTOR  
 INTEGER.

  ,    
INTEGER:
1 ------ Solution 2: out=INTEGER ---
--------
2 LIBRARY ieee;
3 USE ieee.std_logic_1164.all;
4 USE ieee.std_logic_arith.all;
5 ----------------------------------
--------
6 ENTITY adder2 IS
7 PORT ( a, b : IN
SIGNED (3 DOWNTO 0);
8 sum : OUT
INTEGER RANGE -16 TO 15);
9 END adder2;
10 ---------------------------------
11 ARCHITECTURE adder2 OF adder2 IS
12 BEGIN
13 sum <= CONV_INTEGER(a + b);
14 END adder2;

   13   
 ,    a+b   

    sum.
   

  (    
).    
     2.

     2 
 4bit :

Two's complement Decimal
0111 7
0110 6
0101 5
0100 4
0011 3
0010 2
0001 1
0000 0
1111 1
1110 2
1101 3
1100 4
1011 5
1010 6
1001 7
1000 8

a b sum
H00 =0 H00 =0 H0000 =0
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H02 =2 H04 =4 H0006 =6
H04 =4 H08 =-8 H001C =-4
H06 =6 H0C =-4 H0002 =2
H08 =-8 H00 =0 H0018 =-8
H0A =-6 H04 =4 H001E =
H0C =-4 H08 =-8 H0014 =
H0E =-1 H0C =-4 H001A =

   4 bit  VHDL

.

-- 1-bit Adder

LIBRARY IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity BIT_ADDER is
port( a, b, cin         : in  STD_LOGIC;
      sum, cout         : out STD_LOGIC );

end BIT_ADDER;

architecture BHV of BIT_ADDER is
begin

-- Calculate the sum of the 1-BIT adder.
sum <=  (not a and not b and cin) or

(not a and b and not cin) or
(a and not b and not cin) or
(a and b and cin);

-- Calculates the carry out of the 1-BIT
adder.

cout <= (not a and b and cin) or
(a and not b and cin) or
(a and b and not cin) or
(a and b and cin);

end BHV;

--4 bit Adder
LIBRARY IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity add4 is
port( a, b : in STD_LOGIC_VECTOR(3
downto 0);
ans : out STD_LOGIC_VECTOR(3 downto
0);
cout : out STD_LOGIC );
end add4;

architecture STRUCTURE of add4 is

component BIT_ADDER
port( a, b, cin : in  STD_LOGIC;
sum, cout : out STD_LOGIC );
end component;

signal c0, c1, c2, c3 : STD_LOGIC;

begin
c0 <= '0';
b_adder0:
BIT_ADDER port map (a(0),b(0),c0, ans(0), c1);
b_adder1:
BIT_ADDER port map (a(1),b(1),c1, ans(1), c2);
b_adder2:
BIT_ADDER port map (a(2),b(2),c2, ans(2), c3);
b_adder3:
BIT_ADDER port map (a(3),b(3),c3,ans(3), cout);
END STRUCTURE;

-- 4-bit Adder Testbench
LIBRARY IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity TEST_ADD4 is
end TEST_ADD4;

architecture TEST of TEST_ADD4 is
component add4
port( a, b : in  STD_LOGIC_VECTOR(3

downto 0);
ans   : out STD_LOGIC_VECTOR(3

downto 0);
cout : out STD_LOGIC);

end component;

for U1: add4 use entity
WORK.ADD4(STRUCTURE);

signal a, b : STD_LOGIC_VECTOR(3 downto
0);

signal ans : STD_LOGIC_VECTOR(3 downto
0);

signal cout : STD_LOGIC;

begin
U1: add4 port map (a,b,ans,cout);

process
begin
-- Case 1 that we are testing.
a <= "0000";
b <= "0000";
wait for 10 ns;
assert ( ANS = "0000" )

report "Failed Case 1 - ANS" severity error;
assert ( Cout = '0' )

report "Failed Case 1 - Cout" severity error;
wait for 40 ns;
-- Case 2 that we are testing.
a <= "1111";
b <= "1111";
wait for 10 ns;
assert ( ANS = "1110" )

report "Failed Case 2
- ANS" severity error;

assert ( Cout = '1' )
report "Failed Case 2
-- Cout" severity error;

wait for 40 ns;
end process;

END TEST;

.    4
bit  VHDL.

      
     

  

.

.  –  
   .
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 -  4bit

This is the XOR gate
library ieee;
use ieee.std_logic_1164.all;
--
entity xorGate is
   port( A, B : in std_logic;
            F : out std_logic);
end xorGate;
--
architecture func of xorGate is
begin
   F <= A xor B;
end func;

-- This is the FULL ADDER
library ieee;
use ieee.std_logic_1164.all;
--
entity Full_Adder is
   port( X, Y, Cin : in std_logic;
         sum, Cout : out std_logic);
end Full_Adder;
--Dataflow architecture.
--See Full Adder on Teahlab.com for structural
version
architecture func of Full_Adder is
begin
   sum <= (X xor Y) xor Cin;
   Cout <= (X and (Y or Cin)) or (Cin and Y);
end func;

--Now we build the four bit Adder Subtractor
library ieee;
use ieee.std_logic_1164.all;
entity adderSubtractor is
   port( mode             : in std_logic;
          A3, A2, A1, A0  : in std_logic;
          B3, B2, B1, B0  : in std_logic;
          S3, S2, S1, S0  : out std_logic;
                  Cout, V : out std_logic);
end adderSubtractor;
--Structural architecture
architecture struct of adderSubtractor is

   component xorGate is
--XOR component
       port( A, B : in std_logic;
                F : out std_logic);
   end component;

   component Full_Adder is
--FULL ADDER component
      port( X, Y, Cin : in std_logic;
            sum, Cout : out std_logic);
   end component;

   --interconnecting wires
   signal C1, C2, C3, C4: std_logic;
--intermediate carries
   signal xor0, xor1, xor2, xor3 : std_logic;
--xor outputs

begin
   GX0: xorGate port map(mode, B0, xor0);
   GX1: xorGate port map(mode, B1, xor1);
   GX2: xorGate port map(mode, B2, xor2);
   GX3: xorGate port map(mode, B3, xor3);

   FA0:
Full_Adder port map(A0, xor0, mode,  S0, C1);-- S0
   FA1:
Full_Adder port map(A1, xor1, C1,  S1, C2);  -- S1
   FA2:
Full_Adder port map(A2, xor2, C2,  S2, C3);  -- S2
   FA3:
Full_Adder port map(A3, xor3, C3,  S3, C4);  -- S3

Vout: xorGate port map(C3, C4, V);
-- V
   Cout <= C4;
-- Cout

end struct;

-- Program: Four Bit Adder-Substractor VHDL
Testbench

library ieee;
use ieee.std_logic_1164.all;
entity adderSubtractor_tb is -- void input; void
output
end adderSubtractor_tb;

architecture testbench of adderSubtractor_tb is
   component adderSubtractor is
      port( mode : in std_logic;
         A3, A2, A1, A0 : in std_logic;
         B3, B2, B1, B0  : in std_logic;
         S3, S2, S1, S0  : out std_logic;
                Cout, V  : out std_logic);
   end component;

   signal mode, A3, A2, A1, A0 : std_logic;
   signal B3, B2, B1, B0 : std_logic;
   signal S3, S2, S1, S0, Cout, V : std_logic;

begin
   mapping: adderSubtractor port map(
            mode,      A3, A2, A1, A0,
                       B3, B2, B1, B0,
                       S3, S2, S1, S0,
                             Cout, V);
   --concurrent processes. just to save space
   process
   begin
      mode <= '1'; -- do subtraction
      wait for 10 ns;
      mode <= '0'; -- do addition
      wait for 10 ns;
   end process;

   process
      variable errCnt : integer :=0;
   begin
      --TEST 1
      A3 <= '1';
      A2 <= '0';
      A1 <= '1';
      A0 <= '1';
      --
      B3 <= '0';
      B2 <= '1';
      B1 <= '1';
      B0 <= '0';
      --
      wait for 20 ns;
      assert (Cout = '1')
      report "Error" severity error;
      assert (S3 = '0') report "Error" severity
error;
      assert (S2 = '0') report "Error" severity
error;
      assert (S1 = '0') report "Error" severity
error;
      assert (S0 = '1') report "Error" severity
error;
      assert (V = '0') report "Error" severity
error;
      if(Cout /= '1' or V /= '0') then
         errCnt:= errCnt + 1;
      end if;

      --TEST 2
      A3 <= '0';
      A2 <= '1';
      A1 <= '1';
      A0 <= '1';
      --
      B3 <= '0';
      B2 <= '1';
      B1 <= '0';
      B0 <= '1';
      --
      wait for 20 ns;
      assert (Cout = '0')
      report "Error" severity error;
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      assert (S3 = '1') report "Error" severity
error;
      assert (S2 = '1') report "Error" severity
error;
      assert (S1 = '0') report "Error" severity
error;
      assert (S0 = '0') report "Error" severity
error;
      assert (V = '1') report "Error" severity
error;
      if(Cout /= '0' or V /= '1') then
         errCnt:= errCnt + 1;
      end if;

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

   end process;
end testbench;
--------------------------------------------
configuration cfg_tb of adderSubtractor_tb is
   for testbench
   end for;
end cfg_tb;

.   -
 4 bit  VHDL.

   
      

  :
TYPE array1 IS ARRAY (7 DOWNTO 0)
OF STD_LOGIC;

TYPE array2 IS
ARRAY (3 DOWNTO 0, 7 DOWNTO 0)
OF STD_LOGIC;

TYPE array3 IS ARRAY (3 DOWNTO 0)
OF array1;

SIGNAL a : BIT;

SIGNAL b : STD_LOGIC;

SIGNAL x : array1;

SIGNAL y : array2;

SIGNAL w : array3;

SIGNAL z :
STD_LOGIC_VECTOR (7 DOWNTO 0);

1)    ( ,
1D, 2D, 1Dx1D)   .

     .

2)     
        
      .

 
 

  
a <= x(2);
b <= x(2);
b <= y(3,5);
b <= w(5)(3);
y(1)(0) <=
 z(7);
x(0) <= y(0,0);
x <= "1110000";
a <= "0000000";
y(1) <= x;
w(0) <= y;
w(1) <=
 (7=>'1',
OTHERS=>'0');
y(1) <=
 (0=>'0',
OTHERS=>'1');
w(2)(7 DOWNTO
0) <= x;
w(0)(7 DOWNTO
6) <=
z(5 DOWNTO 4);
x(3) <= x(5
DOWNTO 5);
b <= x(5 DOWNTO
5);
y <=
((OTHERS=>'0'),
(OTHERS=>'0'),
(OTHERS=>'0'),
"10000001");
z(6) <= x(5);
z(6 DOWNTO 4)
<=
x(5 DOWNTO 3);
z(6 DOWNTO 4)
<=
y(5 DOWNTO 3);
y(6 DOWNTO 4)
<=
z(3 TO 5);
y(0, 7 DOWNTO
0) <= z;
w(2,2) <= '1';

3)    
INTEGER STD_LOGIC_VECTOR.

    ARRAY1 
ARRAY2   .   

    SUBTYPE.

4)     
,   ,
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  STD_LOGC_VECTOR 
     .

   (Operators and
Attributes)

 (Operators)

 VHDL    
    :

   (assignment)
   (logical)
   (arithmetic)
   (relational)
  (shift)
  (concatenation)

  

    
 ,   . 
 :

<=     
 .

:=     
 VARIABLE,  CONSTANT,  

GENERIC.   
   .

=>     
     
 OTHERS.

:
SIGNAL x : STD_LOGIC;

VARIABLE y :
STD_LOGIC_VECTOR(3 DOWNTO 0);
-- Leftmost bit is MSB

SIGNAL w:
STD_LOGIC_VECTOR(0 TO 7);
-- Rightmost bit is MSB

x <= '1';
-- '1' is assigned to SIGNAL x
-- using "<="

y := "0000";
-- "0000" is assigned to VARIABLE y
-- using ":="

w <= "10000000";
-- LSB is '1', the others are '0'

w <= (0 =>'1', OTHERS =>'0');
-- LSB is '1', the others are '0'

  

   
 .      

 BIT, STD_LOGIC,  STD_ULOGIC (
   : BIT_VECTOR,

STD_LOGIC_VECTOR
STD_ULOGIC_VECTOR).   :

NOT
AND
OR
NAND
NOR
XOR
XNOR

O    
  .

:
y <= NOT a AND b; -- (a'.b)
y <= NOT (a AND b); -- (a.b)'
y <= a NAND b; -- (a.b)'

  

   
 .    

  INTEGER, SIGNED, UNSIGED 
REAL (      

).     
std_logic_signed   std_logic_unsigned 
ieee,    STD_LOGIC_VECTOR 

     
 .    :

+
-
*
/
**
MOD Modulus
REM
ABS  

      
     .

      
.    , 

     2, 
(  ).  ,  

    .  
 mod    rem,   y  mod  x   

  y/x     x,    y  rem  x
    y/x    y. 

 mod, rem, abs,   
   .
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.     

    .
    :

=
/=
<
>
<=
>=

 

   
.       :  <left

operand> <shift operation> <right operand>. 
    

BIT_VECTOR,      
 INTEGER (+  –  ,  ).

     :
SLL Shift Left Logic:    

  0.
SRL Shift Right Logic:    

  0.

 

   VHDL 
   :

D’LOW  
 

D’HIGH   
 

D’LEFT   
  

D’RIGHT   
  

D’LENGTH   
 

D’RANGE  
 

D’REVERSE_RANGE  
 

 
 

:
SIGNAL d :
STD_LOGIC_VECTOR (7 DOWNTO 0);

:

d'LOW=0,
d'HIGH=7,
d'LEFT=7,
d'RIGHT=0,
d'LENGTH=8,
d'RANGE=(7 downto 0),
d'REVERSE_RANGE=(0 to 7)

SIGNAL x: STD_LOGIC_VECTOR (0 TO 7);

-- all four LOOP statements below
are
-- synthesizable and equivalent.

FOR i IN RANGE (0 TO 7) LOOP ...
FOR i IN x'RANGE LOOP ...
FOR i IN RANGE (x'LOW TO x'HIGH)
LOOP ...
FOR i IN RANGE (0 TO x'LENGTH-1)
LOOP ...

     ,
:

d’VAL(pos)   
 

d’POS(value)   
 

d’LEFTOF(value)   
   
 

d’VAL(row, column)   
 

    
   .

 

   s. :
s’EVENT  true 

   s
s’STABLE  true  

   s
s’ACTIVE  true 

s=’1’
s’QUIET <time>  true  

  

 
s’LAST_EVENT   

   
 

s’LAST_ACTIVE   
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 s=’1’
s’LAST_VALUE   

 s    
 

   
   .

       
.  s’EVENT    

  .
.    

    .
 true     (

)  clk      
   (     

clk):
IF (clk'EVENT AND clk='1')...
-- EVENT attribute used with IF
IF (NOT clk'STABLE AND
clk='1')...
-- STABLE attribute used with IF
WAIT UNTIL (clk'EVENT AND
clk='1');
-- EVENT attribute used with WAIT
IF RISING_EDGE(clk)...
-- call to a function

    

 VHDL     
    .  

      .  
      :

ATTRIBUTE attribute_name:
attribute_type;

      :
ATTRIBUTE attribute_name
OF target_name: class IS value;

:
attribute_type

(BIT,
INTEGER,
STD_LOGIC_VECTOR,
etc.)

class TYPE, SIGNAL,
FUNCTION, etc.

value ‘0’, 27, ‘‘00 11 10 01’’,
etc.

:
ATTRIBUTE number_of_inputs: INTEGER;
-- declaration

ATTRIBUTE number_of_inputs OF nand3:
SIGNAL IS 3;
-- specification

...
inputs <= nand3'number_of_pins;
-- attribute call, returns 3

  

    
,     

  ,  
enum_encoding. ’ ,  

 ,   . .
      color:

TYPE color IS
(red, green, blue, white);

     
red = ‘‘00’’, green = ‘‘01’’,
 blue = ‘‘10’’, white =‘‘11’’

 enum_encoding    
   . . .:

ATTRIBUTE enum_encoding OF color:
TYPE IS "11 00 10 01";

    ,
      
,      PACKAGE. 

  ,   , 
     .

 (Operator
overloading)

 ,  ,
     .  

      . . . 
    VHDL
  (+,  -,  *,  /  ,  ).  

     
    ( . .

INTEGER). ,  ,  «+» 
    

BIT.       
,      

       VHDL.  
,    

«+»       
. .    BIT_VECTOR. 
    .

:    
     

 1-bit.   FUNCTION  
    :

FUNCTION "+"
(a: INTEGER, b: BIT)
RETURN INTEGER IS
BEGIN



45

IF (b='1') THEN RETURN a+1;
ELSE RETURN a;
END IF;
END "+";

       
    :

SIGNAL inp1, outp: INTEGER RANGE 0
TO 15;
SIGNAL inp2: BIT;
(...)
outp <= 3 + inp1 + inp2;
(...)

 outp <= 3 + inp1 + inp2;   +  
   (  

 ),    +  
   

  bit.

  (GENERIC)

    .
       
  .

   GENERIC,
     .  

      
(      

    
).     
:

GENERIC (parameter name : parameter
type := parameter value);

:   GENERIC
      n,

 INTEGER,      
 8.    ENTITY  

ARCHITECTURE   n,   
  8:

ENTITY my_entity IS
GENERIC (n : INTEGER := 8);
PORT (...);
END my_entity;
ARCHITECTURE my_architecture OF
my_entity IS
...
END my_architecture:

 ENTITY   
   GENERIC .

. .:
GENERIC (n: INTEGER := 8;
vector: BIT_VECTOR := "00001111");

. M x N

    
 :

   n    2, 
m=log2n.

    :
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY decoder IS
PORT ( ena : IN STD_LOGIC;
sel : IN
STD_LOGIC_VECTOR (2 DOWNTO 0);
 x : OUT
STD_LOGIC_VECTOR (7 DOWNTO 0));
END decoder;

ARCHITECTURE generic_decoder OF
decoder IS
BEGIN

PROCESS (ena, sel)
VARIABLE temp1 :
STD_LOGIC_VECTOR (x'HIGH DOWNTO 0);
VARIABLE temp2 :
INTEGER RANGE 0 TO x'HIGH;
BEGIN
temp1 := (OTHERS => '1');
temp2 := 0;
IF (ena='1') THEN
FOR i IN sel'RANGE LOOP
-- sel range is 2 downto 0
IF (sel(i)='1') THEN
-- Bin-to-Integer conversion
temp2:=2*temp2+1;
ELSE
temp2 := 2*temp2;
END IF;
END LOOP;
temp1(temp2):='0';
END IF;
x <= temp1;
END PROCESS;
END generic_decoder;
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.   

    
      

:

     0   
 1       1 
 .

ENTITY parity_det IS
GENERIC (n : INTEGER := 7);
PORT ( input: IN
BIT_VECTOR (n DOWNTO 0);
output: OUT BIT);
END parity_det;

ARCHITECTURE parity OF parity_det IS
BEGIN
PROCESS (input)
VARIABLE temp: BIT;
BEGIN
temp := '0';
FOR i IN input'RANGE LOOP
temp := temp XOR input(i);
END LOOP;
output <= temp;
END PROCESS;

END parity;

.  

    ,
      

:

     
   bit   

 .    bit 
   0     1 

   ,  1  
. ,     

       1
(  ).
ENTITY parity_gen IS
GENERIC (n : INTEGER := 7);
PORT ( input: IN
BIT_VECTOR (n-1 DOWNTO 0);
output: OUT
BIT_VECTOR (n DOWNTO 0));
END parity_gen;

ARCHITECTURE parity OF parity_gen IS
BEGIN

PROCESS (input)
VARIABLE temp1: BIT;
VARIABLE temp2:
BIT_VECTOR (output'RANGE);
BEGIN
temp1 := '0';
FOR i IN input'RANGE LOOP
temp1 := temp1 XOR input(i);
temp2(i) := input(i);
END LOOP;
temp2(output'HIGH) := temp1;
output <= temp2;
END PROCESS

END parity;

   
 

   
     

,    
.   , 

     
 .    .
,     

 ,    
     
.

    
,      

 :
 1:      

PROCESS       
 .

 2:     
 /      

 .    , 
      

      (
      

      ).
    1 

    
        

      
      
   .    

    ,    
   1    

   .
    2,  

   ,  
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   ,  
      

 (latches)    
.

     
  .   
 :

 x     
,      

      sel.
  y      0  sel=00, 

1  sel=01.
     

    .  
      

 :
sel x y
00 a 0
01 b 1
10 c X
11 d X

,   
    

:
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY example IS
PORT (a, b, c, d: IN STD_LOGIC;
sel: IN INTEGER RANGE 0 TO 3;
x, y: OUT STD_LOGIC);
END example;

ARCHITECTURE example OF example IS
BEGIN
PROCESS (a, b, c, d, sel)
BEGIN
IF (sel=0) THEN
x<=a;
y<='0';
ELSIF (sel=1) THEN
x<=b;
y<='1';
ELSIF (sel=2) THEN
x<=c;
y<=’X’;
ELSE
x<=d;
y<=’X’;

END IF;
END PROCESS;
END example;

    
,       

     flip-flops (
 ).

    
  :

SIGNAL a : BIT := '1';

SIGNAL b :
BIT_VECTOR (3 DOWNTO 0) := "1100";

SIGNAL c :
BIT_VECTOR (3 DOWNTO 0) := "0010";

SIGNAL d :
BIT_VECTOR (7 DOWNTO 0);

SIGNAL e :
INTEGER RANGE 0 TO 255;

SIGNAL f :
INTEGER RANGE -128 TO 127;

1)   :
x1 <= a & c; ->
x1 <= ________

x2 <= c & b; ->
x2 <= ________

x3 <= b XOR c; ->
x3 <= ________

x4 <= a NOR b(3); ->
x4 <= ________

x5 <= b sll 2; ->
x5 <= ________

x6 <= b sla 2; ->
x6 <= ________

x7 <= b rol 2; ->
x7 <= ________

x8 <= a AND NOT b(0) AND NOT c(1);
->
x8 <= ________

d <= (5=>'0', OTHERS=>'1'); ->
d<= ________

2)   :
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c'LOW -> ______
d'HIGH -> ______
c'LEFT -> ______
d'RIGHT -> ______
c'RANGE -> ______
d'LENGTH -> ______
c'REVERSE_RANGE -> ______
3)      

     .

b(0) AND a
a + d(7)
NOT b XNOR c
c + d
e - f
IF (b<c) ...
IF (b>=a) ...
IF (f/=e) ...
IF (e>d) ...
b sra 1
c srl -2
f ror 3
e*3
5**5
f/4
e/3
d <= c
d(6 DOWNTO 3) := b
e <= d
f := 100

  
(Programmable Logic Devices) (PLDs)

   
(PLDs)        

  70.     
     

. ,    
   

     , 
  PLDs   

.   PLD    
,       

        
 .
  PLDs  PAL

(Programmable Array Logic)  PLA
(Programmable Logic Array),    

   .
    (  flip-

flops)     
 .  

  PLDs  .
    flip-flop   

 .    
    .

     80
    

   PLD.    ,
   (macrocell),

,    flip-flop,   
. ,     

,   
  . ,

      
    

,    
.       PLD

 generic PAL (GAL).  
   PALCE  (PAL  CMOS

erasable/programmable device).
    (PAL, PLA, registered

PLD, GAL/PALCE)    
SPLDs (Simple PLDs).  GAL/PALCE 

      
  .

 ,  GAL 
   ,  

 - , 
     

 (   JTAG 
    ).  

      
CPLD  (Complex  PLD).   CPLDs   

     
 ,   

 .
     80,  

  FPGAs (Field Programmable Gate
Arrays).   FPGAs     CPLDs

 ,  , 
    . 

    
   .

  PLDs (   ) 
  (non-

volatile).    
 (OTP = one time programming), 

 fuses   antifuses    
    

EEPROM   Flash.  FPGAs  -
  (volatile), 

 SRAM    
,    ROM

    
     

.  ROM   fuse 
antifuse .
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 PAL

  PAL (Progammable Array
Logic)     
Monolithic Memories     
70.      

 .    
 .  ,

   
    AND

    OR.

    
     

     –
 (SOP  =  Sum  Of  Products),  

   
. ,   AND

    
    OR   

  .
    

,     
  . , 

     70, 
 registered PALs.   

flip-flop    (    
 OR),     

  (   
).

    
PAL,    PAL16L8.   16

  8      VCC
 GND.      

 16R8.
     
        5

   (   )
  200mA.   

    100 Hz   
    PROM

(   (fuses))  EPROM.


