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package NUMERIC_BIT is

constant CopyRightNotice: STRING

:= "Copyright 1995 IEEE. All rights reserved.";

--============================================================================

-- Numeric array type definitions

--============================================================================

type UNSIGNED is array (NATURAL range <> ) of BIT;

type SIGNED is array (NATURAL range <> ) of BIT;

library IEEE;

use IEEE.STD_LOGIC_1164.all;

package NUMERIC_STD is

constant CopyRightNotice: STRING

:= "Copyright 1995 IEEE. All rights reserved.";

--============================================================================

-- Numeric array type definitions

--============================================================================

type UNSIGNED is array (NATURAL range <> ) of STD_LOGIC;

type SIGNED is array (NATURAL range <> ) of STD_LOGIC;





-- Id: A.3

function "+" (L, R: UNSIGNED) return UNSIGNED;

-- Result subtype: UNSIGNED(MAX(L'LENGTH, R'LENGTH)-1 downto 0).

-- Result: Adds two UNSIGNED vectors that may be of different lengths.

-- Id: A.4

function "+" (L, R: SIGNED) return SIGNED;

-- Result subtype: SIGNED(MAX(L'LENGTH, R'LENGTH)-1 downto 0).

-- Result: Adds two SIGNED vectors that may be of different lengths.

-- Id: A.5

function "+" (L: UNSIGNED; R: NATURAL) return UNSIGNED;

-- Result subtype: UNSIGNED(L'LENGTH-1 downto 0).

-- Result: Adds an UNSIGNED vector, L, with a non-negative INTEGER, R.

-- Id: A.6

function "+" (L: NATURAL; R: UNSIGNED) return UNSIGNED;

-- Result subtype: UNSIGNED(R'LENGTH-1 downto 0).

-- Result: Adds a non-negative INTEGER, L, with an UNSIGNED vector, R.

-- Id: A.7

function "+" (L: INTEGER; R: SIGNED) return SIGNED;

-- Result subtype: SIGNED(R'LENGTH-1 downto 0).

-- Result: Adds an INTEGER, L(may be positive or negative), to a SIGNED

-- vector, R.

-- Id: A.8

function "+" (L: SIGNED; R: INTEGER) return SIGNED;

-- Result subtype: SIGNED(L'LENGTH-1 downto 0).

-- Result: Adds a SIGNED vector, L, to an INTEGER, R.



-- this internal function computes the addition of two SIGNED

-- with input carry

-- * the two arguments are of the same length

function ADD_SIGNED (L, R: SIGNED; C: BIT) return SIGNED is

constant L_LEFT: INTEGER := L'LENGTH-1;

alias XL: SIGNED(L_LEFT downto 0) is L;

alias XR: SIGNED(L_LEFT downto 0) is R;

variable RESULT: SIGNED(L_LEFT downto 0);

variable CBIT: BIT := C;

begin

for I in 0 to L_LEFT loop

RESULT(I) := CBIT xor XL(I) xor XR(I);

CBIT := (CBIT and XL(I)) or (CBIT and XR(I)) or (XL(I) and XR(I));

end loop;

return RESULT;

end ADD_SIGNED;



-- Id: A.4

function "+" (L, R: SIGNED) return SIGNED is

constant L_LEFT: INTEGER := L'LENGTH-1;

constant R_LEFT: INTEGER := R'LENGTH-1;

constant SIZE: NATURAL := MAX(L'LENGTH, R'LENGTH);

variable L01 : SIGNED(SIZE-1 downto 0);

-- Synthesis directives :

attribute IS_SIGNED of L:constant is TRUE ;

attribute IS_SIGNED of R:constant is TRUE ;

attribute is_signed of L01:variable is TRUE ;

attribute SYNTHESIS_RETURN of L01:variable is "ADD" ;

begin

if ((L'LENGTH < 1) or (R'LENGTH < 1)) then return NAS;

end if;

return ADD_SIGNED(RESIZE(L, SIZE), RESIZE(R, SIZE), '0');

end "+";

constant NAS: SIGNED(0 downto 1) := (others => '0');



-- Id: A.5

function "+" (L: UNSIGNED; R: NATURAL) return UNSIGNED is

begin

return L + TO_UNSIGNED(R, L'LENGTH);

end "+";

-- Id: A.6

function "+" (L: NATURAL; R: UNSIGNED) return UNSIGNED is

begin

return TO_UNSIGNED(L, R'LENGTH) + R;

end "+";

-- Id: A.7

function "+" (L: SIGNED; R: INTEGER) return SIGNED is

begin

return L + TO_SIGNED(R, L'LENGTH);

end "+";

-- Id: A.8

function "+" (L: INTEGER; R: SIGNED) return SIGNED is

begin

return TO_SIGNED(L, R'LENGTH) + R;

end "+";









--============================================================================

-- Conversion Functions

--============================================================================

-- Id: D.1

function TO_INTEGER (ARG: UNSIGNED) return NATURAL;

-- Result subtype: NATURAL. Value cannot be negative since parameter is an

-- UNSIGNED vector.

-- Result: Converts the UNSIGNED vector to an INTEGER.

-- Id: D.2

function TO_INTEGER (ARG: SIGNED) return INTEGER;

-- Result subtype: INTEGER

-- Result: Converts a SIGNED vector to an INTEGER.

-- Id: D.3

function TO_UNSIGNED (ARG, SIZE: NATURAL) return UNSIGNED;

-- Result subtype: UNSIGNED(SIZE-1 downto 0)

-- Result: Converts a non-negative INTEGER to an UNSIGNED vector with

-- the specified size.

-- Id: D.4

function TO_SIGNED (ARG: INTEGER; SIZE: NATURAL) return SIGNED;

-- Result subtype: SIGNED(SIZE-1 downto 0)

-- Result: Converts an INTEGER to a SIGNED vector of the specified size.



-- Id: D.1

function TO_INTEGER (ARG: UNSIGNED) return NATURAL is

constant ARG_LEFT: INTEGER := ARG'LENGTH-1;

alias XARG: UNSIGNED(ARG_LEFT downto 0) is ARG;

variable RESULT: NATURAL := 0;

-- Synthesis directives :

attribute SYNTHESIS_RETURN of RESULT:variable is "FEED_THROUGH" ;

begin

if (ARG'LENGTH < 1) then

assert NO_WARNING

report "NUMERIC_BIT.TO_INTEGER: null detected, returning 0"

severity WARNING;

return 0;

end if;

for I in XARG'RANGE loop

RESULT := RESULT+RESULT;

if XARG(I) = '1' then

RESULT := RESULT + 1;

end if;

end loop;

return RESULT;

end TO_INTEGER;



-- Id: D.2

function TO_INTEGER (ARG: SIGNED) return INTEGER is

-- Synthesis directives :

variable RESULT : INTEGER ;

attribute IS_SIGNED of ARG:constant is TRUE ;

attribute SYNTHESIS_RETURN of RESULT:variable is "FEED_THROUGH";

begin

if (ARG'LENGTH < 1) then

assert NO_WARNING

report "NUMERIC_BIT.TO_INTEGER: null detected, returning 0"

severity WARNING;

return 0;

end if;

if ARG(ARG'LEFT) = '0' then

return TO_INTEGER(UNSIGNED(ARG));

else

return (- (TO_INTEGER(UNSIGNED(- (ARG + 1)))) -1);

end if;

end TO_INTEGER;



-- Id: D.4

function TO_SIGNED (ARG: INTEGER; SIZE: NATURAL) return SIGNED is

variable RESULT: SIGNED(SIZE-1 downto 0);

variable B_VAL: BIT := '0';

variable I_VAL: INTEGER := ARG;

-- Synthesis directives :

attribute SYNTHESIS_RETURN of RESULT:variable is "FEED_THROUGH" ;

begin

if (SIZE < 1) then return NAS;

end if;

if (ARG < 0) then

B_VAL := '1';

I_VAL := -(ARG+1);

end if;

for I in 0 to RESULT'LEFT loop

if (I_VAL mod 2) = 0 then

RESULT(I) := B_VAL;

else

RESULT(I) := not B_VAL;

end if;

I_VAL := I_VAL/2;

end loop;

if ((I_VAL/=0) or (B_VAL/=RESULT(RESULT'LEFT))) then

assert NO_WARNING

report "NUMERIC_BIT.TO_SIGNED: vector truncated"

severity WARNING;

end if;

return RESULT;

end TO_SIGNED;





-- Id: R.1

function RESIZE (ARG: SIGNED; NEW_SIZE: NATURAL) return SIGNED is

alias INVEC: SIGNED(ARG'LENGTH-1 downto 0) is ARG;

variable RESULT: SIGNED(NEW_SIZE-1 downto 0) := (others => '0');

constant BOUND: INTEGER := MIN(ARG'LENGTH, RESULT'LENGTH)-2;

-- VERIFIC: The RESIZE() function for signed does NOT behave the same as 

the FEEDTHROUGH pragma does. It does truncation a bit different. Cannot use 

pragma. Issue 2044

-- attribute IS_SIGNED of ARG:constant is TRUE ;

-- attribute SYNTHESIS_RETURN of RESULT:variable is "FEED_THROUGH" ;

begin

if (NEW_SIZE < 1) then return NAS;

end if;

if (ARG'LENGTH = 0) then return RESULT;

end if;

RESULT := (others => ARG(ARG'LEFT));

if BOUND >= 0 then

RESULT(BOUND downto 0) := INVEC(BOUND downto 0);

end if;

return RESULT;

end RESIZE;





-- support constants for STD_MATCH:

type BOOLEAN_TABLE is array(STD_ULOGIC, STD_ULOGIC) of BOOLEAN;

constant MATCH_TABLE: BOOLEAN_TABLE := (

--------------------------------------------------------------------------

-- U      X      0      1      Z      W      L      H      -

--------------------------------------------------------------------------

(FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE,  TRUE), -- | U |

(FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE,  TRUE), -- | X |

(FALSE, FALSE,  TRUE, FALSE, FALSE, FALSE,  TRUE, FALSE,  TRUE), -- | 0 |

(FALSE, FALSE, FALSE,  TRUE, FALSE, FALSE, FALSE,  TRUE,  TRUE), -- | 1 |

(FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE,  TRUE), -- | Z |

(FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE, FALSE,  TRUE), -- | W |

(FALSE, FALSE,  TRUE, FALSE, FALSE, FALSE,  TRUE, FALSE,  TRUE), -- | L |

(FALSE, FALSE, FALSE,  TRUE, FALSE, FALSE, FALSE,  TRUE,  TRUE), -- | H |

( TRUE,  TRUE,  TRUE,  TRUE,  TRUE,  TRUE,  TRUE,  TRUE,  TRUE)  -- | - |

);

-- Id: M.1

function STD_MATCH (L, R: STD_ULOGIC) return BOOLEAN is

variable VALUE: STD_ULOGIC;

begin

return MATCH_TABLE(L, R);

end STD_MATCH;



-- Id: E.1

function RISING_EDGE (signal S: BIT) return BOOLEAN is

begin

return S'EVENT and S = '1';

end RISING_EDGE;

-- Id: E.2

function FALLING_EDGE (signal S: BIT) return BOOLEAN is

begin

return S'EVENT and S = '0';

end FALLING_EDGE;



LIBRARY ieee;

USE ieee.numeric_bit.ALL;

LIBRARY ieee;

USE ieee.numeric_bit.ALL;
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